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ompared to more traditional subspecialties, oncology is a young, vibrant, and
progressive branch of medicine that has relatively few ties to a dogmatic past.
Perhaps for this reason many innovations in oncology have occurred as a con-

sequence of rapid cultural changes within the specialty, and continued change
remains an accepted and integral part of our field. While most other practitioners of
medicine learned a “standard of practice” and some dedicate their practice to clini-
cal and/or basic research, research has been an integral and inseparable part of oncol-
ogy since its inception. Consequently, virtually all oncologists consider clinical trials
and experimental therapeutics as bread and butter and as necessary components of
an ongoing progress. The broad acceptance of the necessity of prospective clinical
trials and the continued testing of new drugs, strategies, and concepts highlights the
need for differentiating hypothesis from fact, experience from experimental results,
and opinion from fact. Such separation is the basis of evidence-based medicine, and
oncology is one of the specialties with perhaps the richest tradition of practicing it.
Considering that medicine has relied almost exclusively on clinical observation,
anecdotal series, and uncontrolled personal experience for the past many centuries,
such rapid adoption of evidence-based medicine is somewhat surprising and attests
to the scientific orientation of our discipline.

For the past three decades several excellent textbooks on oncology were devel-
oped. The leading examples are multiauthored volumes that summarize the results
of clinical trials placed in clinical context by experts on the field. These are ency-
clopedic textbooks in the best tradition of medicine, and several have progressed
through multiple editions. In that context, what will the current textbook contribute
to the field and how is it different from other volumes in the crowded field of oncol-
ogy? Multiple answers to this question emerge from a careful review of this text-
book. First, this book reflects a mature field of oncology; in addition to descriptions
of natural history, clinical course, and the value of commonly used therapeutic strate-
gies, much emphasis is placed on the cost, in terms of unwanted effects or toxicities
associated with treatments. In addition to detailed presentations of acute side effects
and their management, there is careful presentation of long-term effects, most of
which are irreversible and some, potentially lethal. Only such careful assessment and
tabulation of quantifiable therapeutic affects placed on the balance along with acute
and long-term toxicities can provide a true picture of the therapeutic ratio of an inter-
vention, which can then be translated in the context of each patient’s clinical situ-
ation, risk of progression, recurrence, or death. Second, the book presents a
systematic approach to issues of survivorship. Physicians with a major interest in
survivorship describe some of these, while survivors themselves describe others, pro-
viding a poignant perspective not found in books entirely authored by medical spe-
cialists. This aspect is the logical consequence of the increasing integration of users
in breast cancer research and allocation of resources. Patient perspectives have con-
tributed in a major way to identification of research fund over the past decade, and
their participation in the activities of multiple research groups have contributed to
identification of important questions to be addressed and the prioritization of
research activities in cancer centers, SPOREs, and other multi-investigator activities.
Such contributions are irreplaceable and of great importance to reaching the ultimate
goals of cancer research: improvements in quality and duration of life.

The third, and perhaps most important contribution of this volume, is the empha-
sis on determining the quality of evidence in the integration of research results into
guidelines or recommendations for patient care or design of subsequent research. The
first chapter is dedicated to the definitions of research quality, systematic approaches
to quantify levels of evidence, and providing examples of such systematic approach
to grading quality of cancer investigation. It is no accident that the editor in chief of
the Journal of the National Cancer Institute, dedicated for many years to the assess-
ment of the quality of research publications is the senior author of this chapter. In

C
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earlier decades, assessment of the quality of research was an intuitive process, and
most seasoned oncologists based their enthusiasm for specific reports or research
results on their subjective assessment of the research in question. Such subjective
assessments were based, in part, on the name recognition of the reporting investiga-
tor(s), the reputation of the center or group behind the research, the sample size, and
often the biases of those engaged in the assessment. The systematic approach to
assigning specific levels of evidence to research reports goes a long way toward
removing subjectivity from these assessments, focusing more on the methodology
and the inherent strengths and weaknesses of any particular research approach than
on the concordance of the results with preconceived biases or favored hypothesis.
Identifying reports with the highest levels of evidence often clarifies seemingly con-
fusing collections of data and often points out the glaring weaknesses or deficiencies
of specific fields of interest. Sometimes it becomes apparent that despite decades of
accepted treatment approaches, no evidence exists on which to base such approaches.
It is apparent from such application of evidence-based scrutiny that modern medi-
cine is still a hybrid filed, where evidence-based approaches coexist and often comin-
gle with old observations, qualitative personal experiences, opinions, and anecdotes.
It is amply clear that the generation of high-quality evidence requires time and
resources, including the willing participation of users, in this case, research subjects
and patients. It is also clear that in many situations, physicians will have to con-
tinue using clinical judgment, extrapolate from related evidence and utilize common
sense in the day-to-day management of clinical problems, because only a relatively
small proportion of oncological treatments have been subjected to strict, controlled,
prospective clinical trials, and not every question will be the subject of high-quality
clinical trials in the future. Limitations in time and resources and the ongoing supply
of high-priority biological questions will always displace questions of lower priority.

Let us examine then other features of this remarkable book. The first few chap-
ters review the basic approaches to treat cancer. Surgery, radiotherapy, and
chemotherapy are carefully presented, with a clear description of mechanisms of
action and in the context of modern biological understanding of the malignant
process. The chapter about radiation therapy is an example of the enormous progress
made in our understanding of this highly technological branch of cancer treatment
and the major progress that has occurred in this specialty over the past few years.
Targeted therapy is the latest addition to our armamentarium, but it is one of the
most exciting aspects of systemic treatments because it is based on clear under-
standing of the molecular underpinnings of the biological advantage of certain malig-
nant cells over their normal components, biological characteristics that drive the
proliferation, invasion, metastasis, and survival of such cells. The recent success of
specific forms of targeted therapies (imatinib, trastuzumab, bevacizumab, and the
endocrine agents) emphasize the enormous potential of this approach in the devel-
opment of more specific treatments with fewer expected consequences on nonma-
lignant tissue. This chapter also highlights the many challenges encountered in the
development of targeted agents, such as the need to validate molecular targets, to
demonstrate in vivo that the agent accomplishes its desired effect on the target and,
in consequence, can be expected to produce a specific clinical effect. These challenges
have proved to be major obstacles in the case of certain targets, yielding easily in the
case of others.

Tumor markers are an inherently attractive concept. Would it not be desirable to
have a marker of disease extent, activity or malignant potential that one can iden-
tify and quantify in a minimally invasive or noninvasive manner? Would it not be
helpful to relay on such markers to determine the efficacy of therapy early in a ther-
apeutic intervention? The author of Chapter 7 is a recognized expert in this field and
has contributed to our conceptual systematization of the tumor marker field with
the development of clear criteria for validating markers and guidelines for their uti-
lization, as well as recommendations to avoid obvious pitfalls in this area.

Much of the high-level evidence we have today was derived from prospective clin-
ical trials. The chapter describing these master tools is authored by enormously expe-
rienced clinical trials who have contributed both conceptually and practically to the
definition, implementation and analysis of randomized clinical trials. This chapter
provides an excellent roadmap for current and future investigators.

The ethics of human experimentation are a critical subject for all investigators
and patients. Decades of controversy have refined our approach to randomized trials,
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no treatment or placebo controls, and defined optimal approaches for analysis and
release of trial results. High-quality evidence can only be generated in the context of
a highly ethical trial design. Screening and early diagnosis present particular chal-
lenges, largely because they relate to asymptomatic subjects, most of whom will not
need nor benefit from these interventions. Therefore, these approaches benefit a few,
while exposing many to potential risks. Trial design, ethics, and economics meet and
often collide in this field.

As increasing emphasis has been placed on patient autonomy and as the popula-
tion at large has gained increasing access to medical information, issues related to
alternative and complementary therapies have also become prominent. This field
includes IT, where assessment of levels of evidence can provide enormous benefits
to our patients and also to healthcare providers, who often have only a passing knowl-
edge of such popular, but often untested approaches, to the treatment of cancer or
its symptoms. The lead author is clearly one of the most knowledgeable experts on
this field and provides a broad overview of the issues.

Outstanding contributions cover the potential etiologies of cancer, as well as the
basic biological principles of malignant transformation, invasion, and metastases.
The role of the immune system is receiving increasing attention, as greater effort is
being expended on the development of vaccines and other immunological approaches
to cancer control.

One of the outstanding examples of the application of evidence-based medicine
is Chapter 23. The authors describe the complexity of research that brings together
epidemiology, basic sciences, and chemoprevention trials, in a field where isolated
causes of cancer are seldom identified and where control of all variables is an 
unrealistic expectation. These issues are highlighted in examples of dietary inter-
vention or the use of specific components of the human diet, such as vitamins, min-
erals, and other micronutrients.

The identification of genes involved in cancer predisposition has dramatically
changed our approach to familial cancer syndromes. Our ability to precisely identify
subjects at risk for certain malignant tumors has also placed in evidence complex
social, psychological, financial, and ethical issues that need to be addressed with sub-
jects potentially eligible for genetic screening or preventive interventions. Such
advances have also uncovered potential leads for identifying other genes that influ-
ence the development of more common, apparently sporadic cancers in the popula-
tion, and eventually point to future therapeutic strategies.

The chapters dedicated to specific malignant tumors bring together updated infor-
mation about epidemiology, carcinogenesis, natural history, diagnostic procedures,
and therapeutic interventions. The book highlights, in general, that optimal care
requires close interdisciplinary collaboration, both in the diagnostic process and ther-
apeutic strategies. There is much emphasis on the results of randomized trials, as
the major theme of the book would indicate. It is painfully clear, however, that for
common adult malignancies there is much evidence generated from prospective ran-
domized trials that allows the development of evidence-based treatment guidelines;
however, this is often not the case for less common tumors, especially those most
resistant to systemic treatments. For these, treatment strategies are often based on
observational or single-arm prospective trials. The recent identification of molecu-
lar targets for some of these tumors (renal cell or pancreatic cancers) has led to
renewed interest and some notable successes in recent clinical trials. 

Chapter 63 is an excellent example of how the editors envision the presentation
of systematic knowledge about a specific disease condition. The authors synthesized
an enormous body of information derived from clinical trials if patients with acute
leukemia or myelodysplastic syndromes. The highest quality evidence, based on mul-
tiple phase III trials, is presented first, followed in descending order of quality by
other types of evidence. 

The stepwise development of therapeutic interventions, comparing the best
“standard” to an investigational approach, is a logical candidate for evaluation in
prospective randomized trials. Patient selection can be predetermined, and, in
general, treatments can be compared on relatively homogeneous groups of patients.
That is clearly not the case for complications of malignancy or treatment; such
events occur at different times of the clinical course of the disease, and of course,
patients cannot be selected a priori. Rather, the development of the complication
selects the patients and treatments must be adjusted to the patients’ circumstances.
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For these reasons it is all the more satisfying to review Chapter 71 about acute CNS
complications. Such complications are almost always dramatic and require prompt
intervention. It is, therefore, all the more admirable to find level I evidence and Grade
A recommendations for the management of an oncological emergency. The sec-
ondary message of these results is that appropriate controlled trials can be ethically
developed in almost every circumstance in the oncological patient, and high level
evidence can be generated for optimal management of subsequent patients.

Another excellent chapter, Chapter 76, summarizes current knowledge and ther-
apeutic approaches to infectious complications of malignant disease and their treat-
ments. While not presented with detailed assessment of levels of evidence, this
chapter highlights current approaches to common and uncommon infections, the
appropriate use of antibiotics and hematopoietic growth factors, and introduces
methods to prevent or reduce the risk of infectious complications. It is gratifying
how, from the number one cause of treatment-related mortality a few decades ago,
infectious complications have become a much more manageable, and in fact, almost
completely preventable complications of cancer treatment, especially in patients
with solid tumors. 

Chapter 83 focuses on a difficult field of research, the assessment, management,
and prevention of nausea and emesis. While a common side effect of cancer treat-
ment, especially chemotherapy and radiotherapy, nausea and emesis are difficult
research subjects because of the major subjective component, interindividual vari-
ability, and the lack of external, validated, hard endpoints, short of counting the
numbers of emetic episodes. Despite these obstacles, multiple prospective random-
ized have been conducted, comparing antiemetics with placebo or no treatment, or
two antiemetics, or single antiemetics with combination therapy. The tables not only
describe the results of such research, but list them in the order of higher to lower
level of evidence. Such ranking facilitate the assessment of relative value of infor-
mation derived from different clinical trials and also identifies opportunities to
conduct additional research to clarify or complement existing evidence.

Other fields of research, especially those in the psychosocial and behavioral dis-
ciplines, have made less progress in the implementation of levels of evidence to
research results. This observation is largely based on the predominantly “soft” end-
points utilized in many of these disciplines—endpoints that lend themselves less to
easy quantification. As validated instruments are developed and employed in
prospective research, this is also likely to change, and we can expect an increasing
emphasis on evidence-based recommendations and guidelines in these fields too.

Much progress has been made since the War on Cancer was declared in 1971.
Some of it was the result of the outstanding laboratory based research conducted
with the support of the National Institutes of Health, National Cancer Institute,
American Cancer Society, and multiple foundations, and resulted in marked
improvement in our understanding of the basic biological underpinnings of malig-
nant disease and the processes that give it its life-threatening characteristics. Some
progress was derived from the technological progress in developing new diagnostic
methods, refining our ability for early diagnosis, staging, and focusing of therapeutic
interventions. Some progress was the result of successful drug development result-
ing in more effective therapeutic interventions that reduced markedly the probabil-
ity of recurrence and mortality for patients diagnosed with several common human
solid tumors and hematological malignancies. However, progress has been costly in
financial terms, infrastructure building, and human resources. With more than 1800
new oncological drugs in the pipeline, and almost half of them at some stage of clin-
ical development, resources are becoming even scarcer and more precious. It
behooves us, as a community, to find or develop more effective and more cost-effec-
tive methods to assess the efficacy of drugs and procedures, to identify patients more
and less likely to benefit from a specific intervention, and to minimize waste in the
utilization of the multiple diagnostic and therapeutic approaches we have available
to us today. Such urgent need for cost-effective approaches is even more dramatically
highlighted by the plight of the majority of countries with limited resources around
the globe. Squandering precious resources in poorly designed healthcare strategies
limits access to life saving procedures. Our best hope is the increasingly stringent
application of high-level evidence to decision making at the level of public health
officials but also at the level of each individual physician. To enhance our probabil-
ity of success, we need to speak in the language of evidence, think of levels of evi-
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dence in the design of research projects and clinical trials, and increasingly limit our
recommendations to those interventions supported by the highest levels of evidence.
Anything less will limit access to high-quality care and dilute our efforts to serve
our patients. We hope that this textbook and subsequent editions of it will lead the
way towards the implementation of evidence-based oncology and set the tone for
future textbooks in other medical fields.

Gabriel N. Hortobagyi, MD, FACP
Professor and Chair

Department of Breast Medical Oncology
Director of the Multidisciplinary Breast Cancer Research Program

The University of Texas
M. D. Anderson Cancer Center
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new textbook in oncology?! What is different about this book compared to
other established texts that have already been published? Why do we need a
new book? For anyone in the market for a textbook, the main reason is to

keep pace with the knowledge base that is growing ever so rapidly in oncology, a
field that is evolving faster than all other medical fields. This book does not attempt
to be an encyclopedic summary of that information. Rather, this textbook strives to
organize that knowledge into a unified approach that categorizes and summarizes
the evidence that is currently available. We realize that clinicians are too busy to
keep up with the literature that is published in the many available journals. There-
fore, a key feature of this book is the evidence-based tables that collate the best avail-
able evidence from the literature, enabling the reader to make decisions on the basis
of data. We have chosen current experts to create evidence-based chapters on topics
that span the field from basic and translational science to prevention to clinical prac-
tice, and ultimately to survivorship, totaling 113 chapters written by more than 250
contributors. The tone of this book is established in the first chapter, “Evidence-
Based Approach to Oncology,” which reviews the history of evidence-based medi-
cine and describes the different levels of evidence. This book will be informative to
residents, fellows, practicing clinicians, and allied health professionals. 

This book has several unique features. Section One, “Principles of Oncology,”
contains several chapters that discuss areas that have only recently matured. The
topics include the biologic principles of hematopoietic stem cell therapies; infor-
matics infrastructure; economics of cancer care; and, patient decision making. The
section on “Translational Basic Science,” includes chapters that review the basic con-
cepts of cancer biology; these are written from the perspective of clinical transla-
tional science and how it is relevant to the physician. The chapter entitled
“Technologies in Molecular Biology: Diagnostic Applications” is both timely and
concise, while exploring the application of genomics to daily clinical practice. In the
section on “Cancer Prevention and Control,” the chapter, “Behavioral Modification”
is unique in the literature. Similarly, the section on “Cancer Imaging” has a chapter
on the “Imaging of Gastrointestinal Stromal Tumor,” which is not found in current
oncology textbooks. The chapter on PET imaging investigates the promise of that
modality. In the “Practice of Oncology” section, several chapters discuss the care of
subpopulations of patients who pose different challenges to the clinician: immuno-
suppressed patients; elderly patients; patients with organ dysfunction; and pregnant
women. Foremost, an entire section of 13 chapters is devoted to “Cancer Survivor-
ship.” These innovative chapters represent a broad and in-depth review of the long-
term consequences of cancer treatment with respect to specific malignancies. A
chapter on “Cancer Advocacy” from the perspectives of cancer survivors is in this
section.

Most of the chapters fall into sections on Solid Tumors, Hematologic Malignan-
cies, and the Practice of Oncology. These sections cover site-specific malignances,
treatment toxicities, oncologic emergencies, and supportive care. They focus on the
latest multimodality approach to the patient, with an emphasis on the best-available
evidence from the literature. Where available, we have asked authors to include Level
1 clinical, treatment, and management data for each site-specific chapter. In those
instances where Level 1 evidence may not be available, the best clinical practices
based on published clinical experience are summarized. As opposed to review arti-
cles or standard textbook chapters, the evidence-based chapters presented in this
book strive to present the reader with a thorough search of the evidence, judgment
of the scientific quality of the evidence, and lastly a bias-free conclusion of the 
evidence.

This new book offers readers a user-friendly approach to the vast amount of infor-
mation in the oncology literature. It is our intention that this book will become a
useful tool for the improvement of readers’ clinical practices. The Editorial Board

A
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Evidence-Based Approach
to Oncology

Emily DeVoto and Barnett S. Kramer*

n the early years of the 21st century, clinicians and
medical researchers often use the term evidence-based
medicine. Cancer prevention, screening, diagnosis, and

therapy, we hear, must be based on the best evidence to
provide the best care. But is this approach new? And if it is,
what have we been doing until now? In this chapter, we hope
to provide perspectives on this question, by examining what
evidence-based medicine (EBM)—oncology, in particular—is
and is not, and by looking at the history of clinical inquiry,
up to and including current research. We also hope to provide
readers with a theoretical framework that will be useful in
placing the results of new research into the context of exist-
ing knowledge, with the ultimate goal of improving clinical
practice.

The principles of EBM were delineated by a working group
in Canada (led by Gordon Guyatt of McMaster University)
and published in JAMA in 1992.1 According to Sackett and
colleagues, some of the earliest promoters of the principles of
the concept, EBM is “the integration of best research evidence
with clinical expertise and patient values.”2 Thus, EBM is not
cookbook practice performed by technicians without regard
to experience, training, or independent clinical judgment. The
practice of EBM has occurred with the recognition that up-
to-date, scientifically valid medical information is needed on
a regular basis; that traditional sources of information (such
as textbooks, expert opinion, and the flood of new research)
are either unreliable or overwhelming; and that patient and
other demands limit clinicians’ time available for keeping
skills current and for identifying the most relevant informa-
tion. In response, medicine has developed strategies and infor-
mation systems for tracking down useful information quickly
and mechanisms for stringent, systematic review and evalu-
ation of clinical research.2 The purpose of textbooks such as
this, and other forums for EBM, is to empower practicing clin-
icians with the skills to evaluate the literature, to identify 
relevant clinical guidelines and recommendations, and to
understand the study design factors that affect the quality of
medical evidence, in support of sound clinical decision
making.

Sackett and colleagues propose the following five steps for
clinicians in making evidence-based decisions: “(1) Convert-
ing the need for information into an answerable question; (2)

Tracking down the best evidence to answer the question; (3)
Critically evaluating that evidence; (4) Integrating the critical
evaluation with clinical expertise and knowledge of the
patient; (5) Evaluating our effectiveness and efficiency in
steps 1 to 4 and seeking ways to improve both for next time.”2

Later in this chapter, we elaborate on these steps to
provide a practical framework for clinical decision making.
First, however, we attempt to place the development of the
concept of medical evidence in a historical context, focusing
on aspects of research that point to quality of evidence.

The History of Evidence in Medicine

Francois Joseph Victor Broussais (1772–1838) was a professor
of General Pathology at Paris and one of the leading physi-
cians in France. His central theoretical model of disease phys-
iology was that vital processes depended on external stimuli,
especially heat; these stimuli produced chemical changes,
which modified normal tissue function. He conceived that if
the stimuli are in balance, one is healthy, but if they are too
weak or too strong, disease results. All disease is local, he
held, but is transmitted to other organs by sympathy or via
the gastrointestinal mucosa; he believed gastroenteritis was
the basis of all pathology (Table 1.1).

P.C.A. Louis (1787–1872), a French contemporary of
Broussais, agreed with Broussais that objective observation is
central to medicine, but in their methods of observation and
the conclusions they drew, their views diverged greatly, and
this is why Louis has the more-lasting legacy in the annals of
medicine. Louis devoted himself to the observation of inflam-
matory diseases such as typhoid fever and pneumonia. Until
his time, bloodletting (using leeches) was the unchallenged
treatment for inflammatory disease. Louis and a few con-
temporaries were the first to question explicitly whether 
full-force application of leeches was appropriate under all cir-
cumstances, and Louis was the first to test the hypothesis. To
address this question, Louis examined the medical records of
79 pneumonia patients in his practice and analyzed their
disease duration and mortality experience with respect to the
time of their first bleeding relative to the course of the
disease. He also took into account the number of bleedings
and the subjects’ ages. Of note, he started the investigation
with a belief that bloodletting was effective. The finding of
the study, that the beneficial effect of bloodletting was “much
less than has been commonly believed,” probably contributed
to the demise of bloodletting as a widespread practice.3

1

*The opinions expressed in this manuscript are those of the authors
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or the federal government.
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Louis was well ahead of his time in his use of standard-
ized data collection and in his framing of research questions,
but perhaps more importantly to the history of evidence-
based medicine, Louis clearly recognized the limitations of
his work. He wrote of the possibility that alternative, unmea-
sured factors (besides bloodletting) could explain his findings.
He understood that his patients may have differed for reasons
unrelated to treatment and that these differences might have
had a more important influence on their outcomes than the
treatment itself.3 That is, Louis questioned the cause-and-
effect relationship between bloodletting and increased sur-
vival, whether or not he articulated it as such.

The first historic example of the use of comparison
control groups in clinical investigation comes from the well-
known story of James Lind, an 18th-century British physician
(1716–1794) who addressed the issue of scurvy in the British
Navy. The value of fresh fruit in treating and preventing
scurvy had been suggested by an earlier scholar, but Lind was
the first to apply an experimental design to the investigation
of this hypothesis. In 1747, he selected 12 patients/seamen
on board a navy vessel, as he said, “as similar as I could have
them,” and then assigned 2 each to various treatments, one
of which was to eat two oranges and one lemon per day
(others were given cider or seawater). He found, of course, that
the 2 who received the citrus fruits recovered the best, with
those taking cider recovering next best. Although not a ran-
domized design (he stated that “two of the worst” received
the course of seawater), Lind at least attempted to start with
a homogeneous group, reflecting his intent to reduce the

effect of confounding. Although there was no formally
declared untreated group, and each treatment group was quite
small, the systematic, prospective construction of compari-
son groups was new to medical science.4

Florence Nightingale (1820–1910) collected data on the
mortality experience of solders injured in the Crimean War
(1853–1856). Her presentation of statistics on the vast
improvement in patient outcomes following the introduction
of hygienic practices into the field hospital led to widespread
reforms in military medicine. Nightingale found, based on
careful record keeping and comparisons to civilian popula-
tions, that infection among soldiers led to a doubling of
expected mortality; this required development of new statis-
tical methods. From this experience, Nightingale collaborated
with other scientists to develop a systematic method for 
collecting data on disease and mortality in hospitals. The key
data elements collected in this system were the counting of
all patients entering and leaving the hospital, and the mean
duration of stay, thus providing denominators for the report-
ing of true rates of morbidity and mortality.5

After scientists of the 19th century (such as Nightingale)
developed their work in vital statistics, the growth of statis-
tical theory, including ideas about randomization, flowered in
the first half of the 20th century.6 Ronald Fisher, an agricul-
tural scientist, pioneered the theory and use of randomization
in experiments. Fisher asserted that a “properly designed”
experiment is one about which one can say that “Chance
would so rarely cause such a large difference in outcome that
I shall attribute the observed difference to the treatments,”
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TABLE 1.1. Historical landmarks in the development of evidence-based medicine.

1747 • First use of comparison groups in a James Lind: experiments to
clinical experiment treat scurvy in British

sailors
1828 • First application of mathematical P.C.A. Louis: observations

analysis to test a hypothesis of the effect of timing of
• Introduction of concept of bloodletting on pneumonia

confounding (i.e., patients’ response outcomes
may vary for reasons other than
treatment)

1853–1856 • First systematic use of statistics in Florence Nightingale
medicine presented data on mortality

• Development of systematic data in field hospitals during
collection Crimean War, leading to

• Calculation of rates of morbidity and fundamental changes in
mortality, based on hospital intake patient hygiene
and discharge data

1920s–1930s • Development of statistical Ronald Fisher, as described
methods: accounting for the role of in his book Design of
chance in scientific studies Experiments (1935)

• Development of experimental study
design

1948 • First randomized clinical trial (RCT) Sir Austin Bradford Hill
assessed the use of
streptomycin in treating
tuberculosis

1970s • U.S. 6th Circuit Court of Appeals
grants RCTs status as a standard of
evidence in the regulatory authority
of the Food and Drug Administration

1992 • Principles of evidence-based medicine Working group led by
delineated and published Gordon Guyatt, McMaster

University



and that the only two possible explanations are chance and
the treatments, that is, not bias or confounding. Another key
feature of the randomized design is to vary the essential 
conditions only one at a time. In summary, the two main
principles of the experimental method are numerical balance
(equal numbers of subjects in the test and control group) and
randomization of all the factors that are not being tested.7

In the area of observational medical science, or epidemi-
ology, Austin Bradford-Hill developed a set of criteria to 
evaluate cause-and-effect relationships in disease. Around 
the same time, Bradford-Hill launched the first randomized 
clinical trial, investigating the efficacy of streptomycin in
treating tuberculosis, which introduced the only clinical
study design able to assess the question of cause and effect
directly (more on this design follows). The introduction of the
randomized trial to clinical cancer research followed a few
years thereafter.

The design of clinical trials evolved in the 1950s and
1960s through the many trials that were initiated as a result
of demand from the pharmaceutical industry, which wished
to introduce to the market new drugs that met the standards
of rigorous clinical testing. Despite struggles by research clin-
icians against rigorous randomized clinical trial designs (typ-
ically in the interest of providing all patients the opportunity
of palliation or preventing disease progression), some impor-
tant trials proceeded. In the 1970s, the U.S. 6th Circuit Court
of Appeals granted randomized trials status as a standard of
evidence toward the U.S. Food and Drug Administration’s 
regulatory authority over the pharmaceutical industry.8 Trials
of chemotherapeutic agents and analgesics often gave disap-
pointing results; however, a landmark randomized trial
showing segmental mastectomy with axillary node dissection
for breast cancer to be as effective as total mastectomy in
demonstrating long-term survival was published by Bernard
Fisher and colleagues in the National Surgical Adjuvant
Breast and Bowel Program9 and produced a demonstrable
breakthrough in breast cancer care. At the same time, the
results overturned centuries-old assumptions about the
biology of breast cancer and how it spreads.

Evidence-Based Medicine as a Tool for Clinical
Decision Making

Dr. A, a first-year oncology resident, sees patient X, a 47-year-
old woman referred to the service with a 2-cm ductal carci-
noma in situ found on a screening mammogram. How does
Dr. A approach the management of patient X?

The classic approach Dr. A. might take is to consult
someone who has treated similar patients before. She can also
call on her knowledge from coursework. Finally, she can
consult the literature, which might well be a daunting task
in itself. The primary literature consists of scores of thou-
sands of original research articles; the secondary literature
consists of thousands of review articles.

Asking Answerable Clinical Questions

The first stage of evidence-based decision making is to look
closely at the information available. When a clinical scenario
is written down, the practitioner can scan it with regard to a

set of central clinical issues to identify gaps in knowledge that
need to be filled with additional clinical information, or by
turning to the literature, or both. These issues are (1) clinical
findings, (2) etiology, (3) clinical manifestations of disease, (4)
differential diagnosis, (5) diagnostic tests, (6) prognosis, (7)
therapy, (8) prevention, (9) patient experience and meaning,
and (10) practitioner self-improvement.2 Then, the questions
can be formulated, and the questions should comprise four
components: description of the patient or target disorder of
interest, intervention, comparison intervention (relevant for
therapy questions), and outcome.10 Using the previous
example, the clinician might ask, “For a 47-year-old woman
with ductal carcinoma in situ, what is the likelihood that
lumpectomy followed by radiation, compared to lumpectomy
alone, will prevent recurrence?”

Research Design and Quality of Evidence

Central to the idea of evidence-based medicine is the idea that
there is a hierarchy of quality of evidence that is related to
the design and conduct of the study or studies from which it
arose. It should be kept in mind as well that different study
designs on the same topic often answer rather different ques-
tions from one another. The hierarchy of study designs is
illustrated in the pyramid in Figure 1.1, which also reflects
the relative numbers of studies in each category.

As described previously, P.C.A. Louis’ writings were cen-
turies ahead of his time in terms of suggesting the possibil-
ity of alternative explanations for his findings, or the concept
of confounding, defined as a factor that tends to co-occur with
the predictive (presumed causal) factor under study and that
also tends to co-occur with the outcome. Louis, for example,
found that bloodletting later in the disease process was asso-
ciated with longer survival. To our knowledge, Louis did not
make note of his patients’ diet. It is possible that those who
consumed more calories would have on the one hand received
the bloodletting intervention later in their disease course,
because they looked healthier to begin with, and on the other
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hand would have survived their disease better because in fact
they were healthier. Diet would thus have been a confounder
of the apparent association between timing of bloodletting
and improved survival.

Unmeasured confounding is a central reason for distortion
of study results, although it arises in different ways, which
we discuss as they appear throughout this chapter. One of
those is selection bias: in the case of Louis’ work, patients
may have been selected for late treatment as opposed to the
early-treatment group for reasons other than random chance,
thus leaving open the likelihood that factors (that is, the con-
founders) other than the treatment influenced the outcome.

Randomized Clinical Trials

Random allocation to a treatment or control group is the basis
of all experimental design, and it is the only way to isolate
the effect of a single factor under study on a given outcome
and thus avoid the distorting effects of confounding. Even
though potential confounding variables still exist among
study subjects, randomization is designed to distribute them
evenly between the test and control groups, thus removing
their effects. The power of the randomized design is that it
should provide equal balance not only of known confounding
factors but also of unknown potential confounders. We
discuss a few refinements to the randomized study design in
the remainder of this chapter, but an entire chapter of this
book is dedicated to randomized trials in cancer as well (see
Chapter 8).

Another central (and related) tenet of scientific inquiry is
the idea of a comparison or control group. In clinical research,
in the absence of a control group similar in every way to the
test group receiving an investigational intervention, it is
impossible to discern how many subjects benefited from
treatment as opposed to improving on their own.

An important factor to consider when evaluating oncol-
ogy research, particularly studies of cancer therapy, is the
choice of endpoints. Endpoints include health outcomes (total
mortality, cause-specific mortality, quality of life) or indirect
surrogates for any of these. Examples of surrogate endpoints
are disease-free survival, progression-free survival, or tumor
response rate. Studies of surrogate endpoints represent
weaker, more indirect, evidence; however, a clinician may
weigh studies differently depending on patient values.

The bulk of our understanding of risk factors and preven-
tive factors for cancer comes from observational studies (that
is, those described here). Recent research has moved toward
testing hypotheses generated by observational studies in the
context of clinical trials, sometimes with unexpected results,
such as a study of prevention of cancer by beta-carotene in
smokers that found that beta-carotene increased lung cancer
incidence compared with placebo.11 This finding stood in con-
trast to results from nonrandomized observational studies,
which had suggested a benefit.

Cohort Studies in Oncology

A cohort study identifies a group of subjects on the basis of
their naturally occurring exposure to an agent or agents of
interest and follows them in time to observe their experience
(incidence) of disease. Data can be collected from the present

into the future (prospective cohort study) or use historic data,
such as records of occupational exposure, to look from the
present into the past (retrospective cohort study). For cancer,
the cohort study design tends to be inefficient, because cancer
is considered to be a relatively rarely occurring outcome
requiring the following over time of rather large initial 
populations to observe statistically meaningful results. Most
prospective cohorts that study cancer were constructed to
study other diseases, such as heart disease (for example, the
Framingham Heart Study), or a range of diseases (for example,
the Nurses Health Study). The benefit of a prospective cohort
design is that exposures are evaluated in individuals before
their diagnosis of disease; thus, the disease cannot distort the
measurement of exposure as in cross-sectional or retrospec-
tive study designs. Often cohort studies collect baseline expo-
sure information in great detail that is highly useful (although
imperfect) in controlling for confounding.

A drawback of prospective cohort studies is the attrition
of participation over time, or loss to follow-up. Cohort studies
often involve the repeated filling out of lengthy, detailed ques-
tionnaires on diet and other lifestyle factors, clinical exami-
nations, and/or telephone interviews. Subjects remaining in
such studies tend to be healthy relative to those who drop
out, or the most motivated by health concerns, and may differ
from those who drop out in other respects that are difficult
to measure, which can result in confounding. Other reasons
for attrition are illness, changing residence, and other changes
in life circumstances that may be associated with unmea-
sured characteristics which differ between those who remain
in a cohort study and those lost to follow-up and that are 
associated with disease risk. Such differences can distort the
results or make study results less representative of the 
original target population.

In addition, cohort studies can be extremely expensive.
Designing and implementing a cohort study that provides
adequate richness of data and study outcomes and avoids
issues of loss to follow-up is resource intensive, as are main-
tenance and analysis of the data, keeping track of the details
of protocols, and many other administrative tasks.

Nested Case-Control Studies

A nested case-control study selects, from subjects in a cohort
study, subjects who have the disease of interest (called case
subjects) and a sample of subjects who are disease free at the
time of sampling as controls. Similar to a conventional case-
control study, this study design is efficient for studying rare
diseases. It is a useful design if it is too expensive to measure
a risk factor for every subject within a cohort study. It also
shares with cohort studies the advantage of having subjects
selected at baseline from the same population, so that case
and control subjects chosen later are likely to be more com-
parable than those in a conventional case-control study.

It is possible, if the exposure of interest is not measured
before subjects in the nested case-control study are selected,
that such measurement will be essentially retrospective, for
example, if a detailed dietary frequency questionnaire is
administered, which results in the same limitations as a con-
ventional case-control study. However, this design is useful
for studying biologic markers of exposure that are measurable
in blood or other tissue samples and that remain stable in
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storage, especially freezing. Often blood samples are taken
from all subjects of a cohort at baseline and frozen for later
analysis. As an example, the Kaiser Permanente Health Main-
tenance Organization collected and froze serum samples for
all subjects on enrollment. Their record-keeping system 
provided longitudinal data on patients, including data on
disease incidence. Researchers who wished to investigate the
association between exposure to the pesticide DDT
(dichlorodiphenyltrichloroethane) first selected, from the
Kaiser cohort, breast cancer case subjects and a sample of
control subjects who were disease free when the case was
diagnosed. They then retrieved frozen serum samples that, for
the case subjects, were taken at least several years before diag-
nosis with breast cancer, and measured the concentration of
DDT in the samples to compare the concentrations in case
and control subjects.12

Case-Control Studies

Many life-threatening diseases studied by epidemiologists are
relatively rare. Consider, for example, the likelihood of being
diagnosed with breast cancer in a given year, compared with
that of coming down with a cold. If you only had the resources
to study 500 women aged 50, with average risk factors, over a
5-year period, only 5 or 10 of them would be expected to be
diagnosed with breast cancer during that time, whereas a large
majority of them are likely to come down with a cold at least
once in 5 years. The number of breast cancer cases is simply
not adequate to allow valid comparisons among different
hypothesized risk factors between women who are diagnosed
with breast cancer and those who are not. On the other hand,
if you set out to identify 250 women newly diagnosed with
breast cancer (case subjects) in a given population, and simul-
taneously identified a suitable comparison group of 250
women (control subjects), you could substantially improve the
statistical power (also called efficiency) of the study.

A study in which subjects are identified on the basis of
their disease status has what is known as a case-control
design. Once you identify the subjects, you can then inter-
view them about hypothesized disease risk factors such as
diet, pharmaceuticals, sun exposure, pregnancy history, and
so on. This is the bread-and-butter design of the bulk of
cancer epidemiology. However, it is particularly prone to
sources of bias and confounding that randomized controlled
trials and cohort studies are not.

The most important downside of case-control studies is
potential bias from errors in recalling and reporting risk
factors. For example, many people tend to underestimate or
underreport their alcohol consumption. If people with 
and without a disease under study underestimate their 
consumption to a similar degree, then a true association
between alcohol consumption and the disease would be more
difficult to observe. In contrast, if someone diagnosed with a
disease believes that his or her past alcohol consumption may
have played a role in the disease, that consumption could
either be further underreported or overreported relative to the
true exposure. In any case, it is quite possible that the recall is
different from that of someone without the disease. Just as it
is difficult to predict which way someone is likely to misre-
port exposure, it is by extension difficult to predict the effect

of such misreporting on estimates of disease association or
risk.

Another drawback of case-control studies is the fact that
exposures reported to occur at a given point in time might
not represent the exposures that actually cause the disease.
This consideration is important in diseases such as cancer
that have a long latency period, that is, the time between a
causal exposure and the diagnosis of disease. Conceivably,
cancer itself could alter dietary or lifestyle patterns in the
period before diagnosis, thus reversing the cause-and-effect
sequence. In addition, if a marker of a hypothesized disease
risk factor is measured in a body tissue, such as the concen-
tration of a pesticide in blood, it is possible that the mea-
surement could be affected by the disease, resulting in a
spurious association or masking a true association.

Selection of an appropriate control group is particularly
important, but also particularly difficult, for case-control
studies. Bias, used here to mean systematic error in an esti-
mate, can arise if case subjects and control subjects arise from
populations with different underlying baseline characteris-
tics. The more the case and control populations differ from
one another, the more difficult it is to ensure that observed
differences in risk factors are not due to extraneous, unmea-
sured factors, or confounders, that are associated with the
factors under study and with the disease. For example, a study
might find that people with lung cancer are more likely to
drink alcohol than a group of control subjects similar in age.
Rather than assuming that this finding indicates that alcohol
is a risk factor for lung cancer, it is prudent to consider
whether alcohol consumption is related to smoking, an estab-
lished cause of lung cancer.

In summary, case-control studies are often more conve-
nient to assemble than the preceding study designs when a
rare disease or outcome is being studied, and they are less
expensive than cohort (follow-up) or experimental studies.
However, because exposure is assessed retrospectively, errors
in recall are often a problem. In addition, it is sometimes dif-
ficult to generalize the results or to avoid bias from con-
founding because of the ways in which patient and control
groups are selected. For these reasons, case-control studies
tend to provide a lower level of evidence than cohort studies
or experimental studies.

Cross-Sectional Studies

A cross-sectional study estimates the prevalence of disease
(the number of cases of a disease) and possible disease risk
factors in a given population at one point in time. Such
studies are most usefully conducted by random sampling,
which helps ensure that their results are representative of the
larger population of interest. A special case of the cross-
sectional design, which is, technically, a survey follow-up
study because it is repeated on a regular basis, can be found
in the Behavioral Risk Factor Surveillance System
(http://www.cdc.gov/brfss/), an annual national survey that
selects a representative sample of U.S. residents and inter-
views them about such behavioral factors as exercise, human
immunodeficiency virus (HIV) awareness, drug use, and
smoking. Statistics describing the prevalence of these factors
can then be compared from year to year, and a new set of 
subjects is sampled each year.
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Similar to cohort studies, subjects in cross-sectional
studies are not selected for study on the basis of their disease
status. Similar to case-control studies, however, measure-
ment of risk factors is either nondirectional or retrospective,
and the presence of risk factors cannot be shown to precede
disease; that is, the temporality requirement for declaration
of cause and effect is lost. Therefore, although cross-sectional
studies are sometimes used to evaluate associations between
risk factors and disease and to generate hypotheses, their
ability to support evidence of causation is more limited than
that of other observational studies.

Ecologic Studies

In studies of ecologic design, the number of people with an
exposure is known, as is the number of people with a disease
or outcome (mortality, for example), but the number of people
with both the exposure and the disease is not known. In
general, relevant information on individuals in the population
is unknown. A study that is at least partly ecologic in design
may be the only feasible option in the case of an environ-
mental exposure experienced by an entire population. A well-
known example of an ecologic study stemmed from the
observation that the number of deaths in London increased
sharply relative to average death rates during a period of 
particularly heavy smog and was closely proportional to the
ambient temperature during that period.

Generally, however, the level of evidence provided by eco-
logic studies is considered quite weak, primarily because of
the studies’ inability to correct for other variables, that is,
confounders, at the individual or aggregate level that could
explain the observed associations. Indeed, such confounding
remains a possibility in the London smog example, in which
the agent that caused the excess deaths cannot be known with
certainty. A commonly encountered example of ecologic data
is the observation that rates of certain kinds of cancer, espe-
cially breast cancer, are high in countries with high con-
sumption of dietary fat and that cancer rates are low in those
countries reporting low dietary fat consumption. Such obser-
vations are useful in generating hypotheses for further study;
however, as in the example of dietary fat and breast cancer,
epidemiologic studies based on individual-level data with the
ability to adjust for confounding factors often show little or
no association between dietary fat and breast cancer.

Case Series and Case Reports

Reports of individual cases and case series represent the ear-
liest known method of accumulating medical knowledge on
most diseases. Although their importance is lower today
given the availability of controlled studies, particularly clin-
ical trials, they remain a popular mode of publication by clin-
icians of their investigations and observations. As evidence,
however, case series and reports pose a number of problems
and should be interpreted with substantial caution.

Many case series are collected retrospectively from
medical records, and recording of information may be selec-
tive and subject to incompleteness or other forms of error
compared to information collected according to a predefined
plan. Selection bias can occur when the series is not repre-
sentative of the general population, in particular when sub-
jects with similar prognosis are selectively lost to follow-up.

Case series based on medical records are also likely to lack
adequate (if any) information on confounders. Finally, the
decision as to which data to report may be selective, partic-
ularly if eligibility criteria are not established in advance. For
example, striking results may lead to report of a case or a
series of cases, distorting the sense of what would be expected
in general. Unfortunately, for some exceedingly rare diseases,
clinical knowledge rests on case series and case reports for
lack of sufficient numbers to support more robust study
designs (J. Lau, unpublished observation).

Preclinical Studies

Laboratory studies using immortalized cell lines, whole
tumors, or some other system below the level of the organism
are important in basic oncology, but their purpose is to isolate
small subsets of the complex tumor biology machinery to elu-
cidate mechanisms (Table 1.2). Rarely should they be taken in
isolation as evidence for or against a given treatment strategy.
They do represent a level of control that may never be attain-
able or ethical in whole humans; on the other hand, it is their
very lack of organismal context that makes them unreliable to
extrapolate to humans. Despite a tendency of some researchers
and the media to tout breakthroughs in biomedical research
on the basis of laboratory studies, they should be seen by prac-
ticing clinicians for their intent: mechanistic, preliminary, and
hypothesis generating in relation to medical practice.

The toxic or beneficial effects of drugs, environmental
agents, and foods are typically evaluated using laboratory
rodents or other small mammals, according to stringent
experimental and statistical analytic protocols. These proto-
cols allow statistically efficient estimates of beneficial, 
safe, or toxic doses of chemicals in genetically homogeneous
animals. Laboratory animals may also be used for mechanis-
tic studies, for example, using gene knockout models. It is
important to be able to test chemicals with uncertain safety
on nonhumans. However, because mice and rats are not
humans, assumptions must be made regarding the extrapola-
tion of results to humans and again should not be used by the
clinician in isolation for clinical decision making.

Expert Opinion
Until modern times, ‘facts’ were deduced by arguments from
premises approved by tradition and authority, without appeal to
experimental validation. Even when observation ran counter to
‘facts,’ it was still believed that in some mysterious way authority
must still be correct, particularly at a time in history when the fabric
of society was such as to frown upon the challenge of authority. 
The modern therapeutic trial offers an alternative by relying upon
impartial observance without regard for authoritarianism. Such an
approach provides the foundation of scientific medicine.”

—Bernard Fisher13

In other words, the evidence of expert opinion is only as
strong as the empiric evidence from which it is derived. As
Albert Einstein pointed out: “Propositions arrived at purely by
logical means are completely empty as regards reality. Because
Galileo saw this, and particularly because he drummed it into
the scientific world, he is the father of modern physics—indeed
of modern science altogether.” (From Ideas and Opinions,
Modern Library, 1994)
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The Role of Meta-Analyses and 
Literature Reviews

For many clinical questions, the practitioner will find that
much of the work of reviewing and evaluating research has
already been done, or at least addressed, and that summaries
of literature exist. The end of this chapter offers a number 
of readily available sources of comprehensive literature 
reviews, along with other convenient sources of evidence-
based medical knowledge. By way of definition, an overview
or review of literature may be any type of summary, whereas
the term meta-analysis describes a quantitative summary 
of results from different studies. Because a meta-analysis
attempts to combine results from a number of studies into a
summary statistic, it is important to be sure that the studies
have a common outcome measure. Also, the underlying
assumption is made that the studies are drawn from the same
pool or universe of studies and can therefore be legitimately
combined. Statistical tests for homogeneity are therefore
often used to test this assumption. Also, the validity of a
meta-analysis depends upon the assumption that there has
not been substantial selective reporting of studies depending
on their result (e.g., greater likelihood to report small positive
studies than small negative studies). Funnel plots are used 
to assess this possibility graphically. In a funnel plot, the
outcome variable for each study is graphed versus its 
variance.

Literature reviews may be systematic or rely on the recall
of the author. In a systematic review, a complete computer
search is made of the relevant literature using specific search
terms and prospective rules for inclusion or exclusion of
studies found in the systematic search.

To begin evaluating a review, the practitioner should ask
two questions: does it ask a carefully focused clinical ques-
tion, and is the method for including studies reasonable and
appropriate? The latter question can be expanded as follows:
are methodological standards articulated (for example, those
laid out in this chapter), and do the studies chosen address
the research question articulated by the reviewer? Stating
inclusion criteria up front helps avoid any biases toward 
preconceived conclusions a reviewer might hold. Aspects 
of oncology studies to keep in mind when reviewing a 
review are outcomes (as described previously) and latency
periods. Review writers should demonstrate that they exhaus-
tively searched appropriate bibliographic databases (such as
Medline), but also that they contacted experts in the area who
might be aware not only of published studies not yet appear-
ing in Medline, but of unpublished studies; this is important
because studies with negative findings are less likely to reach
publication.

Practitioners reading reviews should consider whether
results of reasonably comparable studies are similar. Meta-
analyses study formally and quantitatively whether results of
similar studies differ more than would be expected by chance
alone. If so, it is likely that study designs differ enough to
account for observed differences in results.

A review should not simply compare the number of pos-
itive and negative studies of a given question to obtain an
answer, as this fails to give different weight to large and small
studies, large studies being more likely to show a positive
result because of increased statistical power or efficiency. In
addition, such a comparison ignores effects other than the

primary outcome of interest, and says nothing about the mag-
nitude of an effect, its clinical importance, or the relatively
quality of individual studies.

Ranking the Evidence: The Role of Study
Design and Study Quality

Looking at evidence in the field of oncology is similar to anal-
ogous processes in other fields of medicine. An example evi-
dence rating system for research on cancer screening and
prevention is used by the Physician’s Data Query (PDQ) of
the U.S. National Cancer Institute and can be found at
http://cancer.gov. It rates evidence based on five domains of
quality:

• Study design (evidence from the best studies available,
ranked in descending order of strength)

• Internal validity (“quality” of execution within the study
design)

• Consistency (coherence)/volume of the evidence
• Direction and magnitude of effects for health outcomes

(both absolute and relative risks; as quantitative as pos-
sible; may vary for different populations)

• External validity/generalizability to other populations

When evaluating therapy studies, the strength of study
endpoints (described under Randomized Clinical Trials)
should be combined with the strength of the study design in
ranking results (Table 1.3).

Illustration: Postmenopausal Hormone Therapy

Recently, the administration of hormones to postmenopausal
women was brought into the spotlight. For decades, doctors
had prescribed various combinations of estrogen and proges-
terone not only to relieve menopausal symptoms but also 
to reduce women’s risk of osteoporosis, heart disease, and
Alzheimer’s disease. Consistent evidence for the beneficial
effect of these hormones for prevention of several chronic dis-
eases came from a large number of prospective cohort studies
(as well as observational studies of other designs) comprising
hundreds of thousands of women. In 2002, the practice of 
prescribing hormones returned abruptly to attention when
results from the Women’s Health Initiative, a large random-
ized controlled trial, showed that the drug PremPro (com-
bined estrogen plus progestin) not only did not appear to
protect women from heart disease and Alzheimer’s disease
but actually produced a modest increase in cardiovascular
outcomes and cognitive disorders as well as breast cancer.14

How is it possible that such a large, apparently authoritative
body of evidence could give an answer at odds with that of 
a randomized trial, and the landscape of hormone therapy
change so rapidly? In an observational cohort study, women
are free to take postmenopausal hormones or not. Women
who do choose hormone therapy tend to be more healthy and
health conscious: they are more likely to see a physician on
a regular basis, eat a healthful diet, and exercise. All these
variables could affect the development and incidence of
disease. Although an observational study can take such dif-
ferences into account, there may remain other, unmeasured
factors (confounding), or there may be systematic imprecision
(bias) in the measurement of known factors, both of which
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can distort estimates of risk and benefit. Such unmeasured
confounding is believed to have resulted from the crucial bias
(selection bias) that rather impressively provided such con-
sistency of results among observational studies of combined
hormone therapy. The Women’s Health Initiative, in contrast,
was able to eliminate whatever confounders were at play by
virtue of its randomized placebo-controlled design.

Applying Research Evidence to the Individual

After identifying relevant studies, the clinician must think
about their applicability to the individual patient, because
even the best studies report estimates of effect in terms of an
average. Study participants and real-world patients are likely
to differ by degree, rather than grossly, in their response 
to treatment.15 Individualizing treatment decisions involves
estimation of the balance of risks and benefits, combined
with a consideration of patient values. The number needed to
treat (NNT) is the number of patients that need to be treated
to prevent one additional adverse event, and it is the inverse

of the absolute risk reduction, as described by McAlister 
et al.,16 who provide a detailed guide to individualizing evi-
dence from research. The number needed to harm (NNH), in
contrast, is the number of patients treated who would be
expected to experience one adverse event. NNT and NNH
illustrate the balance between benefits and risks of a given
intervention; in oncology, this is particularly relevant with
regard to screening, which may result in harms from follow-
up of false positives, and treatment, which often produces
dose-dependent toxicity.

Clinicians should also consider the following levels of
decision making when thinking about applying evidence to a
particular patient, as conceptualized by Dr. Leon Gordis of
Johns Hopkins University:

Level 1: “Would you have this done for yourself or for
someone else in your immediate family?” Influenced by
one’s personal experience with the disease and capacity to
deal with risk.

Level 2: “Would you make this recommendation for your 
own patients?” Also influenced by prior experience, but 

TABLE 1.2. Summary of study designs.

Study design Description + -

Systematic reviews Summarize findings from a number Meta-analyses have greater Must meet assumption that
and meta-analyses of studies addressing a given clinical statistical power than studies can legitimately be

question; meta-analyses quantitatively single studies to address combined (based on population,
estimate effects based on combining questions. Convenient study design, etc.).
data from different studies. way to summarize findings Literature searches must be

from a range of studies. performed systematically and
studies included without bias.

Randomized clinical Subjects randomly assigned to an Represents true experiment. Expensive: requires extensive
trial intervention or control group. Randomization removes study infrastructure and 

Randomization ensures that the effects of confounding and training of staff.
intervention is the only factor to vary bias. May be unethical or
between the comparison groups. Considered gold standard impracticable for some

among clinical studies. hypotheses.
The most efficient method 

to test definitively for 
causal relationships between 
an intervention and health
outcomes.

Prospective cohort Exposures of subjects assessed at More efficient for common Often expensive: requires 
study (includes beginning of study; disease or other diseases. large study infrastructure.
nested case- outcomes evaluated over time. Allows assumption that Time consuming (subjects 
control study) exposure precedes disease. often followed for years).

Allows consideration of a Subject to confounding
wide range of confounders. (measured or unmeasured).

Attrition of study population 
can affect generalizability.

Retrospective cohort Exposures of subjects assessed Useful for assessing past Assumption that exposure
study retrospectively, e.g., occupational exposures of large numbers precedes disease may be less

exposures via historic job records. of subjects over time. strong than in prospective
design.

Confounders may have to be
assessed at the present, and
proxies for nonliving subjects
may introduce bias.

Case-control study Prior exposure and disease assessed at More efficient for relatively Disease itself may affect
a point in time. Subjects selected on rare diseases such as cancer. evaluation of exposure (changes
the basis of disease status (with or May allow consideration of a to biochemical measurement,
without); past exposures evaluated wide range of confounders. selective recall).
retrospectively. Subject to various types of error

in evaluation of past exposure.
Subject to confounding

(measured or unmeasured).
Exposure does not necessarily

precede disease.



the strength of the scientific evidence may play a greater
role.

Level 3: “Would you make an across-the-board recommenda-
tion for a population?” Must be based even more on 
rigorous assessment of the scientific evidence.

Level 1 is the level at which we all operate when we are
making our own personal decisions regarding a procedure; it
rests heavily on our own personal value systems and trade-
offs. Nevertheless, it is important not to impose our own
value systems on our patients. Level 2 is one in which clini-

cians engage in informed and shared decision making with
patients. It is hoped that it involves reliance on strong evi-
dence, although it is also heavily influenced by personal
values of the patient if the decision is to be truly shared with
the patient. Quick sound bites do not lend themselves to this
format of informed decision making. By contrast, Level 3
involves an across-the-board recommendation for the entire
population. Complexities are often sacrificed to strengthen
the message. The messages are often sanitized of any mention
of potential harms inherent in any test, procedure, or treat-
ment. Here, therefore, recommendations should be based on
particularly strong evidence.
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TABLE 1.2. (continued)

Study design Description + -

Nested case-control Analysis similar to case-control study, For prospective studies, See prospective cohort study.
study but subjects sampled from within combines efficiency of 

cohort study. case-control design with 
ability to demonstrate 
that exposure precedes
disease.

Cross-sectional study Exposure and disease assessed at one Useful for measuring Exposure cannot be shown to
(also called prevalence point in time. prevalence of an exposure precede disease.
study) May be repeated with different or disease. Inefficient for studying rare

population samples at set time Useful for generation of diseases.
intervals (e.g., annual surveys). hypotheses and evaluating

associations (as opposed to
cause and effect).

Repeated sampling design
allows evaluation of
population trends.

Ecologic studies Population-wide disease incidence or Useful for generating Does not allow consideration 
prevalence is compared with hypotheses. of interindividual differences,
population-wide exposure estimates. Useful for exposures that which obscures confounding

cannot be estimated effects.
on an individual level 
(e.g., ambient
pollution).

Case series or case Descriptions of disease manifestations May be the only feasible Lack control group.
reports or therapy outcomes in single or design for extremely rare Subject to selection bias.

multiple individual subjects, without diseases. Tend to lack information on
controls; data often collected confounders.
retrospectively.

Preclinical studies: Experimental design using animals, Large studies of animals May be inappropriate to
animal studies typically genetically homogeneous. (especially rodents) are extrapolate from rodent and

useful for screening drugs other species to humans.
and other chemicals for Doses of chemicals used in
toxic or therapeutic effects. toxicity studies may not 

be extrapolatable to doses 
likely to be experienced by
humans.

Preclinical studies: Experimental design utilizing Represent a level of control Lack organismal context, and
laboratory studies controlled conditions, often involving usually unattainable or therefore difficult to extrapolate
below the whole- effects of toxins or drugs on unethical in humans. to whole humans.
organism level immortalized cancer cell lines or other Generate hypotheses for

cells. human studies.
Can elucidate biological

mechanisms.

TABLE 1.3. Levels of evidence.

I Evidence obtained from at least one properly randomized controlled trial
II-1 Evidence obtained from well-designed controlled trials without randomization
II-2 Evidence obtained from well-designed cohort or case-control analytic studies, preferably from more than one center or research group
II-3 Evidence obtained from comparisons between times or places with or without the intervention; dramatic results in uncontrolled

experiments (such as the results of treatment with penicillin in the 1940s) could also be included in this category
III Opinions of respected authorities, based on clinical experience, descriptive studies, or reports of expert committees

From Canadian Task Force on the Periodic Health Examination. Can Med Assoc J 1979;121:1193–1254.



Are We Practicing Evidence-Based Medicine?

The goal of using evidence in medicine is to come closest to
practice that represents best practice and to produce optimal
health outcomes. Thus, it is desirable to evaluate the impact
of medical knowledge on actual practice, in terms of both 
the practices themselves and, ultimately, their public health
impact. On one level, the impact of evidence-based guidelines
can be assessed by measuring practitioners’ beliefs and
knowledge over a time period relevant to the introduction of
new knowledge by means of surveys. However, such surveys
may not fully reflect actual practice and are an indirect sur-
rogate for health outcomes.

The translation of knowledge into practice is often mea-
sured using administrative datasets such as Medicare claims
data, which are assumed to reflect some robust proportion of
procedures performed on enrollees, for example, screening
mammography examinations. Such data are more objective
than physician self-report, but may not capture all procedures
of interest, as enrollees may undergo procedures outside the
Medicare reimbursement system. For example, Medicare
analyses are usually restricted to procedures in the age 65+
population for which the U.S. government is billed.

Looking at effects of guidelines on health outcomes (such
as cancer incidence and mortality) is of great interest.
However, these endpoints are often the most difficult to eval-
uate with confidence in terms of their link to new knowl-
edge, because so many other factors are likely to influence
rates of disease. For the United States, the most comprehen-
sive data on disease incidence and mortality are compiled 
by the SEER program (Surveillance, Epidemiology, and End
Results). SEER is a national dataset that is designed to reflect
the total cancer experience of the U.S. population. Despite
these caveats, occasionally a breakthrough in cancer medi-
cine results in clearly measurable improvements in out-
comes. Feuer et al.17 reported on dramatic improvements in
testicular cancer outcome statistics in SEER after the com-
pletion of a successful clinical trial of cisplatin, vinblastine,
and bleomycin; improved survival rates then reached a
plateau, apparently indicating the limits of diffusion of the
results of the trial into medical practice.

Questions of impact of knowledge may be addressed by
looking at rates of disease and mortality over a time frame
relevant to the introduction of a given guideline, or to media
coverage of, for example, a diagnosis of cancer in or a cancer
screening or treatment procedure undergone by a celebrity.
This approach is essentially an ecologic study design and is
subject to the limitations described earlier. In one notable
case, rates of breast-conserving surgery, which had been
increasing (relative to mastectomies) in the 1980s, appeared
to decline abruptly, albeit briefly, after widespread publicity
about a mastectomy undergone by then First Lady Nancy
Reagan. Nattinger et al.18 carefully documented this change
by analyzing news reports and the appropriate time period of
subsequent SEER data.

Despite this evidence, other unmeasured factors affecting
these rates are undoubtedly still at play, and outside of the
context of a controlled trial it is extremely difficult to estab-
lish a causal effect that an intervening factor may have had
on population mortality rates.

Progress in fighting cancer is often measured in terms 
of SEER-derived statistics; again, however, it is difficult to

ascribe changes to a single factor. Recent reductions in deaths
from breast cancer could be related to more widespread 
mammography screening, but improvements in breast cancer
therapy are also likely to have an effect on mortality, and it
is impossible to tease apart their effects on population-based
mortality rates.

Another example of the use of national data to assess the
impact of evidence-based medicine is that of colorectal
cancer. The U.S. Preventive Services Task Force recommends
screening for colorectal cancer by any of four methods;
however, the reported prevalence of screening is below 50%
in many states. As for the rates of disease, long-term declines
in colorectal cancer incidence have slowed. Although screen-
ing is thought to play a role in reducing incidence and mor-
tality, risk factors for colorectal cancer—physical inactivity
and obesity—have increased in the population.19 Although it
is not possible to separate the effects of screening, improve-
ments in therapy, and risk factors completely, they do act 
in different directions; the increase in physical obesity 
could conceivably explain the slowing of declines in 
incidence.

A common error in interpreting population cancer statis-
tics is in the use of 5-year survival as a gauge of progress
against a disease. Five-year survival is an appropriate outcome
in a trial of a therapy, where all subjects in the numerator and
denominator of the survival rate have the disease and a com-
parison is made between two groups randomly assigned to
treatment after their diagnosis. In the general population,
however, 5-year survival is much more likely to be a function
of the date of diagnosis relative to the course of the disease.
As a result, 5-year survival is unrelated to mortality and 
is ultimately a misleading statistic in this context.20 For
example, changes in screening patterns can advance the date
of diagnosis without changing risk of death, thus artifactually
lengthening survival time.

Other relevant outcomes beyond physician practice but
shy of hard health outcomes include smoking rates, which
are known to be closely related to rates of lung and oral cancer
as well as a number of other health outcomes and total mor-
tality. The Behavioral Risk Factor Surveillance Survey and
National Household Survey on Drug Abuse measure the
prevalence of smoking in the United States and can be used
to estimate the impact of smoking-cessation programs and
tobacco-related policies.

Evidence-Based Medicine and Societal Issues

Given finite resources, the medical system cannot provide
every intervention no matter how small its potential benefit.
From a societal perspective, it is therefore important for clin-
icians to judge interventions based on a balance between mag-
nitude of benefit, quality of evidence, and resources. That is,
one must keep in balance two questions: (1) Does it work?
and (2) Should we do it? Otherwise, we could diminish the
net health of the community by diverting resources from
highly effective intervention to more marginally effective
ones. The methods for such prioritization, however, are not
yet well established. Cost-effectiveness analysis and cost-
utility analysis are tools that can help, but many value judg-
ments are necessary that go beyond quality of evidence. In
the meantime, adhering to evidence-based principles of 
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evaluating, for example, screening and diagnostic tools, may
help eliminate ineffective redundancy and thus save costs
while still achieving needed health outcomes.

Summary

This introduction has attempted to put evidence-based deci-
sion making in a useful, practical framework with special
attention to issues relevant to the study and practice of oncol-
ogy. We hope we have made it clear that evidence-based med-
icine is neither theoretical nihilism nor cookbook practice, in
that it incorporates clinicians’ knowledge and training with
systematic methods for asking answerable questions, criti-
cally evaluating research, and taking into account patient
values (thus marrying the tools of evidence-based medicine
with the ethical concept of patient autonomy).

Resources

The landscape of medical research changes constantly, and
thus the best resources for practitioners of evidence-based
medicine are those that adapt databases, recommendations,
and guidelines regularly to take into account new findings.
Key online resources relevant to oncology are the Physicians’
Data Query (PDQ) at http://cancer.gov, the public Website of
the National Cancer Institute. The PDQ has several topical
committees that meet regularly to develop and update Web-
based resources and explicitly spell out their methodology for
ranking evidence. The U.S. Agency for Healthcare Research
and Quality (http://www.ahrq.gov) posts links to evidence-
based guidelines, including their own U.S. Preventive Ser-
vices Task Force, at the National Guidelines Clearinghouse
(http://www.guideline.gov), and also offers access to compre-
hensive literature reviews on a wide variety of clinical 
questions. The Cochrane Library (http://www.cochrane.org)
regularly updates its evidence-based databases on health care
and publishes comprehensive literature reviews according to
stringent rules of evidence.

Two journals relevant to general medicine and oncology
exist to help summarize the vast sea of new research into a
manageable format and according to an evidence-based
approach: ACP Journal Club (published by the American
College of Physicians) and Cancer Treatment Reviews (from
Elsevier; this journal now incorporates the former Evidence-
Based Oncology).

Further instruction in the general nuts and bolts of 
evidence-based medicine can be found in texts by the inno-
vators of the field: David Sackett and colleagues (Evidence-
Based Medicine: How to Practice and Teach EBM; Churchill
Livingston, 2000) and the JAMA Users’ Guide to the Medical
Literature: A Manual for Evidence-Based Clinical Practice.
The JAMA guides are a compilation of a previously published
series of articles in JAMA and can also be accessed online by
subscription.
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Principles of
Chemotherapy

Grace K. Dy and Alex A. Adjei

uring World War II, sailors who were accidentally
exposed to nitrogen mustard following the explosion
of a ship developed marrow and lymphoid hypopla-

sia.1 This serendipitous discovery led to the first clinical trial
conducted in 1942 using nitrogen mustard in patients with
malignant lymphomas at Yale University.2 This marked the
beginning of a new era of research in the quest for effective
and safe drugs used in cancer chemotherapy.

The term chemotherapy has been loosely applied to the
myriad systemic therapeutic options in cancer treatment
exclusive of irradiation and surgical approaches. In this
chapter, we confine our discussion of chemotherapy to refer
to the use of conventional cytotoxic agents. Use of targeted
and biologic agents such as hormone or signal transduction
manipulation and gene therapy is explored in other chapters.

Cancer Cell Population Kinetics

The discussion that follows briefly describes the various par-
adigms of tumor growth and response to cytotoxic agents to
facilitate understanding of the rationale and basis for the
approaches to cancer therapy with cytotoxic agents.

Skipper’s Exponential Tumor 
Growth/Log-Kill Hypothesis

One of the pioneer investigations in tumor growth kinetics
was made by Skipper and his colleagues,3 who described the
first model of tumor growth kinetics. Despite its flaws and
oversimplified nature, the empiric observations derived from
this model underlie many of the tenets in cancer chemother-
apy. A conclusion derived from his L1210 mouse leukemia
model was the exponential (logarithmic) growth of tumor
cells. Doubling time of cancer cells was proposed to be con-
stant, yielding a straight line on a semilog plot (Figure 2.1).
Another conclusion generated from their experiments was
the log-kill hypothesis, which proposes that anticancer drugs
act with first-order kinetics, and hence, assuming homoge-
neous sensitivity to the drug, they will eliminate a constant
proportion rather than a constant number of tumor cells
regardless of the initial size of the tumor; that is, magnitude
of tumor cell kill is a logarithmic function.3 By this a poste-
riori reasoning, if sufficient drug is given, cure can be
achieved when fewer than 1 tumor cell remains. Similarly,
therapy against small-volume tumors or micrometastatic

disease should be easily successful in effecting cures.
However, clinical experience in adjuvant chemotherapy has
not borne out this deductive assumption as successfully as
hoped.

Gompertzian Model of Tumor Growth

With further studies, it became clear that Skipper’s model was
oversimplified and applied only to the proliferating segment
within the tumor. Some early-stage malignancies, such as 
testicular germ cell tumor, may behave in such a way when
they are composed of proliferating cells highly responsive 
to chemotherapeutic agents. However, most human solid
tumors do not respond to chemotherapy, contrary to what
would have been expected if tumor growth was exponential.
Rather, the experimental data in human solid tumors support
the Gompertzian kinetics of tumor growth, akin to the
sigmoid curve seen in microbial kinetics under a controlled
environment, where the initial growth phase is steep at
smaller volumes, eventually plateauing and decreasing with
time once a critical mass is reached4 (Figure 2.2). As many
anticancer agents are cell cycle specific and are usually most
active against cells that are proliferating, a critical factor in
drug responsiveness of tumors to cell-cycle-specific drugs
depends on the particular phase the tumor is in its growth
curve. This model also helps explain why, unless cure was
effected, varying degrees of residual tumor volume result in
similar relapse-free survival over time.

Norton–Simon Model

In Skipper’s model, the exponential growth of tumors is pre-
sumed to be homogeneous. The Norton–Simon model takes
into account the heterogeneity of a tumor cell population fol-
lowing the Gompertzian growth curve.5,6 The log kill would
be greater for very small cancers than for larger tumors.
However, smaller cancers also regrow faster. The greater frac-
tional kill, such as against micrometastases in the adjuvant
setting, is offset by fractional repopulation of tumor cells at
the same fast rate. Thus, tumors are difficult to eradicate
under this model. As already stated, this model predicts the
observation that adjuvant chemotherapy does not have much
impact on overall survival, as opposed to the improvement in
disease-free survival. Survival can thus be improved only
when tumor cell populations are eradicated or rendered
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dormant during the early growth phase. Another implication
is that effective therapy should be delivered at reduced inter-
vals to maximize the chances of tumor eradication and to
minimize tumor regrowth in between cycles of therapy.

Goldie and Coldman Hypothesis

An important corollary to tumor growth is the development
of drug resistance resulting from spontaneous mutations that
occur with cell proliferation, independent of the resistance
inherent to the heterogeneity in cell kinetics described
earlier. Goldie and Coldman had hypothesized that this
occurs at a rate of 1 of 105 cells per gene.7 If 1g tumor, the
minimum size for detection, contains 109 cells, then such a
tumor might contain 104 clones resistant to any given drug.
However, resistance to two drugs would be seen in fewer than
1 cell in a 10-g (1010 cells) tumor. This idea is consistent with
the known observation that combination chemotherapy is
more effective than single-agent regimens. Nevertheless,
single agents have remained successful in the treatment of

certain tumors, such as Burkitt’s lymphoma at sizes greater
than 1g.8 This hypothesis is one basis for the idea that
chemotherapy should theoretically be started when tumor
burden is smallest, to be effective; concomitant or alternat-
ing administration of noncross-resistant drugs is preferred to
sequential chemotherapy. However, delaying therapy does
not necessarily result in decreased responsiveness in many
cases.9,10 Similarly, administration of chemotherapy preoper-
atively, although it may be predicted to be more beneficial
based on this model, does not confer any significant improve-
ment in the clinical outcomes in resectable early-stage breast
cancer. This model also assumes a stepwise development of
resistance to individual agents and thus does not account for 
multidrug resistance patterns.

Tumor cell growth kinetics are complex and poorly under-
stood. There are no available models that accurately describe
all aspects of clinical behavior of solid tumors. The hetero-
geneous genetic abnormalities of different tumors underlie
their behavior, making it impossible to make broad 
predictions.

Chemotherapy Approaches in the Management
of Cancers

Cancer chemotherapy has principally been used in the man-
agement of advanced or metastatic disease, following failed
local therapies, or in disease for which no alternative therapy
is effective. Chemotherapy is curative for several advanced
human cancers, such as gestational trophoblastic disease,
certain hematologic malignancies, or germ cell testicular
cancer. However, most common solid tumors are not curable
with current chemotherapeutic regimens when metastatic
(Table 2.1).

The roles of chemotherapy are manifold: induction
chemotherapy denotes its use as primary therapy when there
is no alternative treatment available or subsequently suitable
even with tumor response, such as in hematologic malignan-
cies, where disease is systemic. As an adjunct in combined
modality therapy, chemotherapy is adjuvant when systemic
treatment is applied after the tumor has been controlled by
an alternative modality, such as surgery and/or radiotherapy,
or neoadjuvant (primary) chemotherapy when localized
cancer will otherwise not be optimally managed if systemic
chemotherapy is not used before definitive local therapy.

Dose Intensity Versus Dose Density

Multiple laboratory experiments have established the pro-
portionate dose–response curve, such that log kill is greater
for the regimen with a higher dose intensity (i.e., by increas-
ing the dose level delivered over a standard time interval). The
slope of the curve is often steeper for tumors with a higher
growth fraction. This observation underlies one of the prin-
ciples in cancer chemotherapy—the administration of the
highest possible dose of drugs in the shortest possible time
intervals. The latter is typically limited by the recovery
period of host organ function, such as the gastrointestinal
tract and, in particular, the bone marrow, and thus explains
the familiar 14- to 28-day intervals between cycles of therapy.

Progress in understanding of tumor growth kinetics has
led to the emergence of new concepts in the schedules and
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FIGURE 2.2. Gompertzian model of tumor growth (x-axis, time for
tumor growth; y-axis, tumor volume).



dosing of cytotoxic agents. Dose intensity refers to the dose
level or total amount of drug received over a fixed unit of
time. It is a function of the magnitude of the dose level.
Achieving a certain effective dose level is analogous to the
concentration-dependent killing of some antibiotics, such as
aminoglycosides, wherein increasing bactericidal activity is
achieved with exposure to a higher dose until a threshold con-
centration of maximal efficacy is achieved. Dose intensity is
an important concept derived from the well-observed steep
dose–response effect of chemotherapy agents demonstrated in
randomized trials such as in germ cell tumors.11

However, achieving a higher dose intensity by adminis-
tration of higher dose levels of chemotherapy is hampered by
concomitant increase in frequency and severity of toxicities.
In addition, this concept may not be applicable in metastatic
solid tumors, when tumor burden is largest. This restriction
is illustrated by the negative results of myeloablative doses
of chemotherapy compared to conventional chemotherapy in
women with metastatic breast carcinoma.12 Moreover, it has
been observed in vitro that one of the important determinants
of cytotoxicity is the duration of drug exposure beyond a
threshold drug concentration. Indeed, there may be a readily
tolerable minimal dose level for tumors, as implied in a recent
trial by the Cancer and Leukemia Group B (CALGB) trial. In
that study, there was no survival benefit to the administra-
tion of a more dose-intense regimen of 5-fluorouracil, adri-
amycin, and cyclophosphamide (FAC) in the adjuvant setting
among women whose tumors did not express the HER/2 neu
oncoprotein.13

In contrast, dose density refers to the total amount of drug
received over a variable given period of time. To illustrate,
giving 2x amount of drug in cycles of y days (A) is twice more
dose intense than x drug in y days (B), whereas B is less dose
dense than x drug given in y/2 days (C). C is as dose intense

and dose dense as A. Simply, dose density is a function of fre-
quency of dose administration within a treatment cycle. Dose
density is analogous to the time-dependent killing activity of
penicillins and cephalosporins wherein bactericidal activity
is directly related to the time of exposure above the minimum
inhibitory concentration (MIC), after which it becomes inde-
pendent of drug concentration. A tumor thus relapses when
subtotal eradication upon initial drug administration leads to
tumor growth and development of drug resistance in between
treatment cycles when the interval between therapy is pro-
longed. The dose-dense therapy may inhibit tumor regrowth
between cycles and limit the emergence of malignant cell
populations resistant to chemotherapy. Dose-dense strategy
is the logical conclusion derived from the Norton–Simon
model of tumor growth and drug response. Moreover, recent
preclinical studies have shown that frequent administration
in vivo of low doses of chemotherapeutic drugs, so-called
“metronomic” dosing, may affect tumor endothelium and
inhibit tumor angiogenesis, thus resulting in a better thera-
peutic index with reduced significant side effects (e.g., myelo-
suppression) involvingother tissues. In solid tumors, this may
be exemplified by the successful use of weekly paclitaxel in
metastatic breast cancer.14

Chemotherapeutic Drugs

Anticancer drugs may be subdivided into two large groups
based on the dependence of their mechanism of action on the
cell cycle (Table 2.2). Cell-cycle-nonspecific drugs, which
include alkylating agents and most antitumor antibiotics, kill
tumor cells in both the resting and cycling phases. On the
other hand, it was previously mentioned that cell-cycle-
specific drugs are most effective when tumor cells are 
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TABLE 2.1. Responses of tumors to chemotherapy.

Curable Prolonged survival Palliative/minimal

Hodgkin’s lymphoma Non-Hodgkin’s lymphoma Multiple myeloma
Non-Hodgkin’s lymphoma (e.g., follicular) Chronic leukemias

(e.g., Burkitt’s, diffuse large cell) Bladder cancer Malignant melanoma
Breast cancer Renal cell carcinoma

Acute leukemias Lung cancer Glioblastoma multiforme
Testicular cancer Colorectal cancer Pancreatic carcinoma
Ovarian cancer Oligodendrogliomas Hepatocellular carcinoma
Choriocarcinoma Head and neck cancers
Childhood cancers (e.g., Esophageal carcinoma

rhabdomyosarcoma, Wilm’s Gastric carcinoma
tumor, Ewing’s sarcoma) Prostate carcinoma

TABLE 2.2. Drugs according to cell-cycle effects.

Cell cycle Agents

Cell cycle nonspecific Nitrogen mustards, aziridines, nitrosoureas, alkyl alkane
sulfonates, nonclassic alkylating agents, anthracyclines,
actinomycins, anthracenediones

Cell cycle specific
S Bleomycin, antimetabolites, camptothecins, epipodophyllotoxins
G2 Bleomycin, epipodophyllotoxins 
M Vinca alkaloids, taxanes



proliferating, that is, in cycles other than resting G0 phase
(Figure 2.3). Moreover, these drugs are usually most active in
a specific phase of the cell cycle. Cell-cycle-specific drugs
include the antimetabolites, antitubulin agents, and drugs
targeting topoisomerase. Tables 2.3 and 2.4 describe common
toxicities for each drug that is discussed in more detail in the
subsequent sections.

Classic Alkylating Agents

Alkylating agents were the first class of agents to be clinically
tested for cancer therapeutics. The alkylating agents form
covalent bonds with nucleophilic cellular molecules, such as
oxygen-, nitrogen-, phosphorus-, or sulfur-containing sites,
through their alkyl groups. As a class, alkylating agents lack
tumor selectivity but are generally active at very low doses.
The bifunctional alkylating agents (two alkylating groups) not
only alkylate but also crosslink DNA, leading to DNA 
template damage, subsequent cessation of DNA synthesis,
and initiation of apoptosis upon recognition by cell-cycle
checkpoint proteins such as p53. Alkylating agents thus are
cytotoxic, teratogenic, and carcinogenic. Most secondary
malignancies resulting from their use are acute leukemias.

Dose-dependent myelosuppression is the usual toxicity
common to alkylating agents. Dose-dependent nausea and
vomiting are frequently encountered. Gonadal atrophy and
alopecia are also common sequelae of alkylating agent treat-
ment. Because of the steep dose–response curve, alkylating
agents are standardly included in myeloablative high-dose
chemotherapy regimens in various hematologic malignan-
cies. In such cases, pulmonary toxicity, veno-occlusive
disease of the liver (nitrosoureas, busulfan, thiotepa,
cyclophosphamide, mitomycin C), and neurotoxicity
(lipophilic agents such as ifosfamide, nitrosourea, thiotepa,
busulfan, nitrosourea) may arise and are life threatening.

The classic alkylating agents typically contain a
chloroethyl group. They are classified as nitrogen mustards,
aziridines, nitrosoureas, and alkyl alkane sulfonates. Non-
classic monofunctional alkylating agents, on the other hand,
feature a common N-methyl group, do not produce DNA
crosslinks, and are essentially prodrugs requiring metabolic

transformation into active intermediates. Included in this
latter group are procarbazine, dacarbazine, hexamethylme-
lamine, and temozolomide.

Nitrogen Mustards

MECHLORETHAMINE

Nitrogen mustards have been the most commonly used 
alkylating agents. The prototype is the vesicant
mechlorethamine. It has an extremely short half-life of 15 to
20 minutes, as it undergoes rapid hydrolysis in the plasma 
to reactive metabolites. Its chief uses currently are in the
treatment of lymphoma and mycosis fungoides (topical).
Derivatives of mechlorethamine that have gained broader
clinical use are the oxazaphosphorines cyclophosphamide and
ifosfamide, chlorambucil, and melphalan.

CYCLOPHOSPHAMIDE

Both cyclophosphamide and ifosfamide require metabolic
transformation by the cytochrome P-450 mixed-function oxi-
dases in hepatic microsomes into their reactive intermedi-
ates.15 They are also capable of induction of the microsomal
enzymes responsible for their metabolism. In the case of
cyclophosphamide, the intermediates 4-hydroxycyclophos-
phamide and aldosphosphamide that escape oxidation by
aldehyde dehydrogenase are converted by tumor cells into
acrolein and phosphoramide mustard,16 the active alkylating
agent that is responsible for the biologic effects of cyclophos-
phamide; this reaction is similar for ifosfamide. Because these
metabolites are renally cleared, accumulation of acrolein in
urine is responsible for hemorrhagic cystitis unique to these
two agents,17 especially ifosfamide. Transitional cell carci-
noma of the bladder developing as a late sequela has been
described.18 Bladder toxicity may be reduced by hydration, fre-
quent bladder emptying, and the use of thiol-containing
agents such as N-acetyl cysteine (NAC) and mercaptoethane
sulfonate (MESNA). These protectants are rich in sulfhydryl
groups that bind and inactivate the charged toxic metabolites.

Cyclophosphamide can be administered orally or intra-
venously. Nausea and vomiting are usually delayed, occurring
hours after drug administration. Relative sparing of the
platelet count at doses less than 30mg/kg is very character-
istic. Moreover, it exhibits a stem cell-sparing effect even at
high doses, in contrast to busulfan and melphalan, because of
the high levels of aldehyde dehydrogenase in the early bone
marrow progenitor cells. Cyclophosphamide is the most
immunosuppressive anticancer agent available. Cardiac 
toxicity is dose limiting in high-dose administration,19

although no cumulative toxicity of low to moderate doses is
evident. A toxic tubular effect has also been described
wherein water retention, and an SIADH-like (syndrome of
inappropriate antidiuretic hormone) picture can occur with
the use of 50mg/kg or higher doses.20,21 Cyclophosphamide is
used in various settings, such as in breast cancer, bone
marrow transplant, and non-Hodgkin’s lymphoma (NHL), to
name a few.

IFOSFAMIDE

Similar to cyclophosphamide, ifosfamide is well absorbed
after oral administration. However, the oral metabolite chlo-
racetaldehyde is highly neurotoxic and hence the oral form is
not commercially available.22,23 It has a lower affinity for its
activating enzymes, and thus its transformation to alkylating
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FIGURE 2.3. Cell-cycle-specific chemotherapeutic drugs and spe-
cific cell-cycle phase.
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metabolites proceeds more slowly than that of cyclophos-
phamide. Ifosfamide is more likely than cyclophosphamide to
produce renal damage, and a Fanconi-like syndrome has been
described after ifosfamide therapy. Central nervous system
(CNS) toxicities of varying degrees such as hallucinations,
cerebellar ataxias, weakness, aphasia, seizures, and coma are
more likely to occur in patients with renal impairment or low
serum albumin levels receiving high-dose chemotherapy.25 It
has greater activity against sarcomas and testicular cancer.

Aziridines

THIOTEPA

Thiotepa is a representative agent of the class of analogues of
the closed-ring intermediates of the nitrogen mustards called
aziridines. Thiotepa inhibits not only DNA but RNA and
protein synthesis as well. It is primarily administered intra-
venously because of variable oral absorption. Intrathecal
treatment of meningeal carcinomatosis and intravesical
instillation for superficial transitional cell carcinoma (TCC)
of the bladder is also used. It is extensively metabolized by
the mixed-function oxygenases of the cytochrome P-450
system in the liver into the active desulfurated metabolite tri-
ethylenephosphoramide (TEPA). Both thiotepa and TEPA
have cytotoxic activity, although nadirs in leukocytes and
platelets correlate best with the AUC (area under the drug
concentration–time curve) of thiotepa. It is used in breast and
ovarian cancer, as well as in the high-dose transplant settings
for these two malignancies. Mucositis, skin changes (bronz-
ing, rash, hyperpigmentation), and altered mental status may
be seen at high doses.

MITOMYCIN C
Mitomycin C belongs to the family of related antibiotics from
Streptomyces caespitosus,26 and thus can also be classified
under the antitumor antibiotic group. The mitomycins are
the only known naturally occurring compounds containing
an aziridine ring. Biochemical reduction of its quinone
moiety transforms the drug into a highly reactive alkylator,
thus the term bioreductive alkylation.27 Both aerobic and
anaerobic mechanisms of activation exist, each giving rise to
different reactive species, although alkylation may be more
likely to occur in a hypoxic environment.28 Its role as a
radiosensitizer arises from this cytotoxicity in hypoxic cells.
Although it is not currently used in first-line therapy of any
malignancy, it is used in combined modality treatment of
squamous cell carcinoma of the anus and head and neck
malignancies. It is also intravesically administered for super-
ficial bladder cancer.

Nitrosoureas

CARMUSTINE AND LOMUSTINE

Because of their lipophilicity and ability to cross the
blood–brain barrier, chloroethylnitrosoureas such as carmus-
tine (BCNU) and lomustine (CCNU) are used principally for
the treatment of brain tumors. They may also be used in
certain regimens for lymphomas. At physiologic pH, the
chloroethyldiazonium hydroxide molecules and isocyanates
that arise from the spontaneous decomposition of BCNU
alkylate DNA, inhibit enzymes involved in DNA and RNA
synthesis, respectively.29–32 CCNU is relatively unionized 
at physiologic pH and is hepatically metabolized by the

cytochrome P-450 system into active intermediates. In con-
trast to other agents, nitrosoureas exhibit a characteristic
delayed myelosuppression.33 Onset of leukocyte and platelet
depression occurs 3 to 4 weeks after drug administration.
Platelet counts may reach nadir before neutrophil counts.
Nadir typically occurs at 4 to 6 weeks and may persist for an
additional 1 to 3 weeks. Transient elevation of the serum
transaminases develops in the majority of patients within 
1 week of BCNU administration. Hepatic veno-occlusive
disease may be observed in up to 20% of patients receiving
high-dose BCNU therapy. Pulmonary fibrosis and renal 
toxicity may be evident when a cumulative dose of 1,000 to
1,400mg/m2 is exceeded for both nitrosoureas.

STREPTOZOTOCIN

Unlike the other nitrosourea analogues, streptozotocin has no
effect on RNA or protein synthesis. It does not form DNA
crosslinks, although it can methylate DNA. This methylni-
trosourea, isolated from Streptomyces, is remarkable for its
lack of bone marrow toxicity.34 When myelosuppression
occurs, it is usually mild, with nadir occurring at 1 to 2
weeks. Nevertheless, when in combination with other cyto-
toxic agents, there is considerable synergism in regard to
hematologic toxicity. Nausea and vomiting can be quite
severe. Its diabetogenic effect in animals is correlated with its
specific toxicity against pancreatic beta cells, hence its use in
islet cell carcinoma of the pancreas. It has demonstrated clin-
ically significant activity against islet cell carcinoma of the
pancreas and carcinoid tumors.

Alkyl Alkane Sulfonates

BUSULFAN

Busulfan is the major representative of this class of agents. Its
lipophilicity and low protein-binding affinity account for its
penetration into the CNS.35 It reacts more extensively with
the thiol groups of amino acids and proteins than do the nitro-
gen mustards.36 It is selectively more toxic against myeloid
than lymphoid cells, in contrast to nitrogen mustards and
nitrosoureas.37 It is well absorbed orally and has a short dura-
tion of action because of extensive hepatic conjugation with
glutathione. Consequently, acetaminophen may potentiate
host toxicity when given 72 hours before busulfan due 
to interference with hepatic metabolism. Its metabolism
exhibits circadian rhythmicity, especially in children.38 Pro-
longed bone marrow aplasia may be seen after its adminis-
tration, attributed to its cytotoxicity against hematopoietic
stem cells. Hyperpigmentation of the skin, especially the
palmar creases, is not uncommon. Seizures and hepatic veno-
occlusive disease occur in a substantial proportion of patients
with high-dose therapy in the transplant setting. Prophylac-
tic anticonvulsant therapy is thus recommended with high-
dose busulfan. It is used as a component of most regimens for
chronic myelogenous leukemia, although it is no longer the
frontline therapy.

Nonclassic Alkylating Agents

PROCARBAZINE

Procarbazine (PCB) is widely distributed in most tissues,
including the cerebrospinal fluid (CSF), with oral administra-
tion. It is a hydrazine analogue that inhibits DNA, RNA, and
protein synthesis. An oral prodrug, its active end products and
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the mechanism of their cytotoxicity remain unclear, although
the free radical species that arise from the decomposition 
of methyl- or benzylazoxy intermediates generated by the
hepatic cytochrome P-450 system seem to be the most likely
candidates. Current evidence favors its role as a methylating
agent. The importance of first-pass hepatic metabolism is
demonstrated by the neurotoxicity and lack of antitumor
activity with intravenous administration.39 In contrast, the
most common dose-limiting toxicity of PCB given orally is
myelosuppression. Nausea and vomiting often abate with
continued administration. Because it inhibits monoamine
oxidase (MAO) and is in turn extensively metabolized by the
hepatic microsomes, the potential for drug and food interac-
tions is increased. Gonadal toxicity resulting in azoospermia
or ovarian failure is not uncommon. Its immunosuppressive
property may contribute to increased risk of infections.40 It is
primarily used in the treatment of Hodgkin’s disease (MOPP
regimen) and brain tumors.

DACARBAZINE

Dacarbazine (DTIC) is a dimethyltriazene prodrug that is
administered intravenously. It is hepatically demethylated by
the cytochrome P-450 mixed-function oxidase to form 5-(3-
methyltriazeno)imidazole-4-carboxamide (MTIC), which tau-
tomerizes to the methyldiazonium ion species that acts as the
active methylating agent. It was originally developed as a
purine antimetabolite. However, it is not cell cycle specific.
Evidence is also sufficient to suggest that its antitumor activ-
ity does not result from inhibition of purine synthesis. DTIC
inhibits DNA, RNA, and protein synthesis in vitro.41 Aside
from its cytotoxicity, DTIC has antimetastatic properties in
vivo, which may be related to its ability to enhance tumor
immunogenicity.42 Unlike procarbazine, it has poor CSF pen-
etration. Myelosuppression is dose-limiting.43 It is an active
single agent used in the treatment of metastatic melanoma
and Hodgkin’s lymphoma.

TEMOZOLOMIDE

Temozolomide (TMZ) is an oral imidazotetrazinone whose
ring structure spontaneously opens under physiologic condi-
tions to generate the monomethyl triazine MTIC, the same
methylating metabolite formed by metabolic dealkylation of
DTIC.44 The spontaneous conversion to MTIC, as opposed to
the inefficient and variable demethylation of DTIC to MTIC
in humans, accounts for its advantage over DTIC. This con-
version is pH dependent, acidic conditions favoring the closed
stable form of TMZ. In contrast, MTIC rapidly degrades 
to the methyldiazonium ion at pH less than 7.0.45 TMZ’s
lipophilicity accounts for its CNS penetration. It is used in
the treatment of metastatic melanoma, high-grade gliomas,
and anaplastic astrocytoma. It is also being investigated for
treatment of brain metastases from lung cancer and other
tumors.

Platinum Compounds

Antitumor activity of platinum compounds was extrapolated
and tested from the initial observations of Rosenberg and
coworkers on the inhibition of Escherichia coli growth by a
current delivered between platinum electrodes.46 The core
structure of the intravenously administered platinum ana-
logues cisplatin, carboplatin, and oxaliplatin is based on the

cis configuration of platinum in its +2 oxidation state, desig-
nated as Pt(II). The cis isomers are cytotoxic whereas the trans
isomers are much less potent. In addition to the oxidation
state and isomeric configuration, clinical activity and toxic-
ity of the platinum analogues seem to be related to the type
of carrier ligand and leaving groups attached to the core cis-
platinum structure. As shown in Figure 2.4, carboplatin
differs from cisplatin by its cyclobutane dicarboxy leaving
group, whereas oxaliplatin differs from carboplatin by its 1,2-
diaminocyclohexane ring as its carrier ligand. Cisplatin
undergoes an aquation reaction intracellularly wherein the
chloride ions (the leaving groups) are displaced because of low
intracellular chloride concentration. This reaction yields
mono- and di-aquo platinum complexes that form strong
covalent bonds with RNA as well as DNA and protein 
(in descending order of affinity), with intrastrand DNA
crosslinks (also termed DNA adducts) being correlated with
cytotoxicity and clinical outcomes.47,48 In the case of cis-
platin, detection of cisplatin-induced DNA adducts initiates
a nucleotide excision DNA repair pathway (NER) as well as
a signaling cascade that results in apoptosis mediated by the
mismatch repair proteins (MMR). Consequently, increased
NER or defective MMR protein is associated with resistance.

Cisplatin

All three compounds are primarily cleared by the kidneys,
although the extent of this clearance as well as their toxicity
profiles differ. Platinum compounds, particularly cisplatin,
appear to inhibit cytochrome P-450 activity, which may
account for drug interactions in combination regimens with
other chemotherapeutic agents. Cisplatin is generally admin-
istered with forced saline diuresis, as nephrotoxicity is dose
limiting and cumulative. Its high emetogenic potential also
warrants the maintenance of adequate fluid hydration.
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Nephrotoxicity is manifested early as potassium and magne-
sium wasting, in addition to a reduction in glomerular filtra-
tion rate. The electrolyte derangements may be ascribed to
inhibition of the Na+/K+ ATPase activity as well as the Ca2+

channel in renal tubular tissue.49,50 Morphologic kidney
damage is greatest in the renal tubules. Peripheral neuropa-
thy, predominantly sensory, also commonly ensues after
repeated administration and often may be irreversible.
Approximately 85% of patients suffer this complication when
cumulative dose exceeds 300mg/m2.51 Cumulative and dose-
dependent irreversible ototoxicity is not unusual. It is used
as first-line agent in treating various malignancies, such as
germ cell tumor, head and neck cancers, lung cancers,
osteogenic sarcoma, genitourinary neoplasms, and upper 
gastrointestinal (GI) malignancies.52

Carboplatin

Carboplatin is 100 times less reactive than cisplatin in under-
going the intracellular aquation reaction. It requires 10-fold-
higher drug concentrations and 7.5-fold-longer incubation
time than cisplatin to induce the same degree of DNA
damage. Unlike cisplatin, carboplatin is not significantly
secreted by renal tubules. Its clearance is linearly related to
the glomerular filtration rate (GFR). There is a good correla-
tion between its AUC and dose-limiting thrombocytopenia.
The AUC is the ratio of the amount of a drug that reaches
the systemic circulation and the clearance of the drug. As car-
boplatin excretion has relatively simple pharmacokinetics, a
formula relating the dose to AUC and renal function has been
established. Calvert’s formula [carboplatin dose (mg) = target
AUC (mg/mL ¥ min) ¥ GFR (mL/min) + 25] uses the AUC
and creatinine clearance to derive dose levels. Target AUC
values of 5 and 7mg/mL ¥ minute are recommended for
single-agent carboplatin in previously treated and untreated
patients, respectively. The efficacy of carboplatin appears to
be suboptimal at AUCs below 5mg/mL ¥ min and appears 
to plateau above an AUC of 7.5mg/mL ¥ minute. It is less
emetogenic and neurotoxic than cisplatin, although more
myelosuppressive.

As suggested previously, there is cross-reactivity between
cisplatin and carboplatin and thus a similar reaction may be
seen when one analogue is substituted for another. Carbo-
platin has confirmed activity for many of the diseases that are
treated with cisplatin. It is of clinically equivalent efficacy as
cisplatin in the treatment of non-small cell lung cancer
(NSCLC), extensive-stage SCLC, and suboptimally debulked
ovarian cancer. Cisplatin is clinically superior in treating
germ cell, head and neck, and esophageal cancers.52

Oxaliplatin

Oxaliplatin is a third-generation platinum compound that
undergoes spontaneous nonenzymatic conversion to its
active metabolite. Oxaliplatin differs from both cisplatin and
carboplatin by its unique carrier ligand, which is thought 
to cause reduced recognition and repair of oxaliplatin–DNA
adducts.53 It produces inter- and intrastrand DNA crosslinks
more rapidly than cisplatin. It demonstrates both in vitro and
in vivo activity against various tumor cell lines, even those
resistant to cisplatin and carboplatin.54 Although defects in
certain MMR proteins, such as those seen in colorectal
cancers, lead to cisplatin resistance, this is not the case with

oxaliplatin, which remains effective. Oxaliplatin is synergis-
tic with fluorouracil (5-FU)/leucovorin in vitro, and its activ-
ity in vivo is significantly enhanced by combination with
5-FU. It is not nephrotoxic and has minimal hematologic,
auditory, or cardiac toxicity. Certain toxicities are unique to
oxaliplatin. Neurotoxicity, chiefly sensory neuropathy, is
exacerbated or triggered by exposure to cold. Although dose
limiting, this effect is generally reversible on discontinuation
of oxaliplatin. Acute dysesthesias in the upper extremities
and laryngopharyngeal region with episodes of difficulty
breathing or swallowing may be observed within hours or the
first few days after therapy. Diarrhea is more marked with
combination chemotherapy, usually given in the regimen
with 5-FU and leucovorin in metastatic colon cancer.

Antitumor Antibiotics and Related 
Synethetic Compounds

Most of the antitumor antibiotics were initially isolated from
various Streptomyces species. Central to their cytotoxic
profile is the presence of numerous mechanisms by which
each individual antibiotic interacts with DNA. The variety of
chemical structures present in each compound participate in
multiple mechanisms responsible for their activity against
cells. The polycyclic chromophore structure intercalates with
DNA and is also responsible for conferring the characteristic
bright color of these drugs. Ring structures, such as the
quinone group, not only interfere with electron transport, but
also bind metal cations, intercalate into DNA and RNA, and
generate reactive oxidant species, to name a few actions.
DNA-modifying enzymes, such as topoisomerases and heli-
cases, are common cellular enzymes targeted by these drugs.

Dose-limiting toxicities are related to myelosuppression
and mucositis. Variable susceptibility to congestive car-
diomyopathy is an associated complication from cumulative
dose administration of anthracyclines. Emetogenic potential
is considerable. Reversible alopecia is not unusual. They are
also among the most potent vesicants available, and thus
scrupulous attention should be given during the administra-
tion of these agents to prevent tissue extravasation. Photo-
sensitivity, hyperpigmentation, and pigmentation of the nails
and urine are common. Another interesting toxicity is the
radiation recall phenomenon. As the term suggests, pain, 
erythema, and blistering or ulceration occur on previous 
radiation sites within 3 to 7 days of administration of the 
antitumor antibiotic. This phenomenon may be observed on
any epithelial surface and may thus manifest as dermatitis,
enteritis, pneumonitis, or stomatitis. The drugs most com-
monly implicated are the anthracyclines doxorubicin and
daunorubicin, dactinomycin, and bleomycin.

Anthracyclines

The anthracyclines doxorubicin and daunorubicin are com-
monly incorporated into standard therapy regimens for mul-
tiple cancer types, given their broad antitumor activity over
a wide range of doses and administration schedules as well as
the lack of antagonistic interactions with other commonly
used chemotherapy agents.

Anthracyclines exert pleiotropic mechanisms by which
they effect cytotoxicity. Aside from DNA intercalation,
anthracyclines inhibit DNA topoisomerase II, an enzyme that
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releases the torsional strain in DNA by actively inserting
stable DNA strand breaks, facilitating the passage of one of
the DNA strands through the other in the helix and then rean-
nealing the strand break.55 Anthracyclines form a ternary
‘cleavable complex’ with DNA topoisomerase II, which then
‘traps’ the DNA strand passage intermediates. This inhibition
of topoisomerase II can be detected as protein-associated
DNA single- and double-strand breaks linked to the enzyme.
Another target is a group of nuclear enzymes, the helicases,
that is critical in duplex DNA dissociation into single
strands.56 Their anthraquinone structure enables them to
undergo one-electron reduction reactions catalyzed by flavin
dehydrogenases or reductases. These reactions generate free
radicals and other reactive oxidant species that damage intra-
cellular macromolecules.57 Moreover, certain signal trans-
duction pathways, such as protein kinase C and the
sphingomyelin pathway, can be modulated by anthracyclines,
the end effects of which include apoptosis.58,59

DOXORUBICIN

Doxorubicin is primarily hepatically metabolized. The lipo-
somal formulation has a small volume of distribution and
hence is mainly confined to the intravascular compartment.
It has a slower plasma clearance and prolonged terminal half-
life compared to the regular formulation. Doxorubicin can
induce histamine release, manifesting as facial flushing.
Atrial and ventricular dysrhythmia may arise acutely with
anthracycline administration, although these are usually not
life threatening. Congestive cardiomyopathy is a late com-
plication, occurring at less than 5% with cumulative dosage
of greater than 400mg/m2 with intermittent schedules, 
550mg/m2 with weekly, or up to 800 to 1,000mg/m2 with
continuous infusion schedules. Risk factors that predispose
to earlier development of congestive heart failure are old 
age; cardiovascular disorder associated with increased left
ventricular outflow tract gradients, such as uncontrolled
hypertension, aortic stenosis, or underlying cardiomyop-
athy; history of congestive heart disease; and mediastinal 
irradiation.

EPIRUBICIN

Epirubicin is a derivative of doxorubicin. It is hepatically glu-
curonidated and its metabolites are excreted in bile. It was
developed in efforts to reduce cardiotoxicity seen with dox-
orubicin. Epirubicin has a more favorable therapeutic index,
with 30% less hematologic toxicity at equimolar doses. Risk
of congestive heart failure, which may not differ from dox-
orubicin at equimyelosuppressive doses,60 increases signifi-
cantly with cumulative doses greater than 900mg/m2. Similar
to doxorubicin, continuous infusion and weekly schedules are
associated with decreased risk of cardiotoxicity. Epirubicin is
used as a component of regimens used in adjuvant therapy in
breast and gastric cancer.

DAUNORUBICIN

Daunorubicin was the prototype anthracycline studied in the
1960s. It is more lipid soluble than doxorubicin, owing to the
absence of one hydroxyl group. As compared to doxorubicin,
there is a lower incidence of mucositis and colonic perfora-
tion. The renal clearance is approximately twice that for dox-
orubicin, thus making dose adjustments in patients with
hepatic dysfunction unnecessary in many situations. Cardiac

toxicity is likewise limiting. Its current use is mainly in the
remission induction regimens for acute leukemias.

IDARUBICIN

Idarubicin is a 4-demethoxy derivative of daunorubicin that
is orally bioavailable, has a longer half-life, and less potential
for cardiotoxicity. Because of the alteration in its ring struc-
ture, it has a yellow color in aqueous solutions, as opposed to
the characteristic red color of doxorubicin and daunorubicin.
The primary metabolite of idarubicin, 13-idarubicinol, is
cytotoxic and largely renally excreted. Although it has sig-
nificant activity in the treatment of acute myelogenous
leukemia (AML), it is less active against solid tumors.

Anthracenediones

MITOXANTRONE

Mitoxantrone, a dark blue anthracenedione originally syn-
thesized as a stable dye, intercalates nucleic acids and thus
inhibits DNA and RNA synthesis. It also inhibits topoisom-
erase II by the formation of a cleavable complex, thus 
causing protein-associated single-strand DNA breaks.61 In
spite of its quinone structure, free radical production is
limited, and in one model, mitoxantrone inhibited the rate of
lipid peroxidation induced by doxorubicin.62 This is clinically
observed in the reduced severity of its cardiac effects in con-
trast to doxorubicin. It is used mainly in prostate and breast
cancers, as well as leukemias and lymphomas.

BLEOMYCIN

Bleomycin is a cell-cycle-specific polypeptide antibiotic that
requires a metal ion cofactor for its activity, such as copper
or iron, without which single- and double-strand breaks
(approximately 10 :1) in DNA cannot be produced.63 Inhibi-
tion of cell growth occurs at the S phase, although it can also
induce a G2 arrest.64 It is a mixture of multiple glycopeptides,
the predominant active component of which is the A2
peptide, comprising 70% of the commercial preparation.

Bleomycin has a short half-life.65 Renal excretion is the
primary route of eliminating up to 70% of unchanged drug
after a given dose. It is inactivated in the tissues by the
enzyme bleomycin hydrolase, the concentrations of which
are lowest in skin and lung,66 thus explaining the clinical tox-
icities encountered. Fever within the first 12 hours of admin-
istration is almost universally observed. Hypotension is seen
with rapid intravenous infusions of higher doses. Anaphylac-
toid reactions have been described, mostly in lymphoma
patients receiving their first dose.67 The most feared com-
plication, however, is pulmonary interstitial fibrosis, which
appears to be cumulatively dose dependent at 300 units total
dose.66 Pulmonary fibrosis appears earlier in those with
impaired renal function. Exposure to high oxygen tensions
even after prior therapy with bleomycin is associated with
increased risk of developing this pulmonary toxicity. Onset
is unpredictable, as it may occur during treatment or after
cessation of therapy, and may progress even after discontinu-
ation of the drug.68 It is used in curative regimens for testic-
ular cancer and Hodgkin’s lymphoma.

DACTINOMYCIN (ACTINOMYCIN D)
Actinomycin D has a tricyclic phenoxazone ring, which
imparts its yellow color, attached to two symmetric cyclic
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polypeptides. It binds DNA, and also inhibits RNA and protein
synthesis, by intercalating DNA through its chromophore
structure between base pairs, whereas the peptide lactone rings
lie in the minor groove of DNA.69 Its rapid tissue uptake and
long terminal half-life permit intermittent administration. The
radiation recall phenomenon was first described in patients
who received actinomycin, even years after irradiation. Toxic-
ities are similar to the other antitumor antibiotics and seem to
be of greater severity. It is used in curative regimens for several
childhood tumors, refractory germ cell tumors.

Antimetabolites

Antimetabolites are structurally similar to natural com-
pounds necessary for cell division. They act as competitive
substrates for critical purine or pyrimidine nucleoside syn-
thesis pathways. As expected from their mechanism of action
through disruption of DNA synthesis, antimetabolites are
most effective against tumors with a high growth fraction,
and in particular during the S phase. In general, antimetabo-
lites are not mutagenic, exhibit a plateau in cytotoxic effect,
and require enzymatic conversion to an active form.

Folate Antagonists

Folates exist predominantly as polyglutamates within cells to
facilitate intracellular retention in excess of the freely trans-

portable monoglutamate form. They must first be reduced to
tetrahydrofolate (FH4) by the enzyme dihydrofolate reductase
(DHFR) to become active coenzymes in one-carbon transfer
reactions, among which are those required for the de novo
purine synthesis mediated by glycineamide ribonucleotide
formyltransferase (GARFT) and aminoimidazole carboxamide
ribonucleotide transformylase (AICART), as well as the
methylation of 2-deoxyuridylate for de novo synthesis of
thymidylate through thymidylate synthetase (TS). Antifo-
lates inhibit these reactions (Figure 2.5), which lead to for-
mation of DNA strand breaks upon depletion of thymidylate
and purine nucleotides, accumulation of deoxyuridine
monophosphate (dUMP), and incorporation of deoxyuridine
triphosphate (dUTP) into DNA. They are transported into the
cell primarily via the reduced folate carrier (RFC) and to a
smaller extent by the folate receptor protein (FRP). The
primary toxicities seen with antifolates are myelosuppression
and mucositis.

Methotrexate

Methotrexate (MTX) is the most commonly used antifolate
agent in cancer chemotherapy. Cellular uptake of MTX is
faster in rapidly dividing cells, with a concomitant decreased
rate of efflux as opposed to slowly growing cells. It is then
subsequently polyglutamated by the enzyme folylpolyglu-
tamyl synthetase (FPGS), although less avidly and at slower
rates compared to, in order of decreasing affinity, FH2, FH4, or
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FIGURE 2.5. Mechanism of action of fluoropyrimidines and 
antifolates. AICART, aminoimidazole carboxamide ribonucleotide
transformylase; dTMP, deoxythymidine monophosphate; dUMP,
deoxyuridine monophosphate; DHFR, dihydrofolate reductase;
DHFU, dihydrofluorouracil; CH2-FH4, 5,10-methylenetetrahydrofo-
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leucovorin. Polyglutamated MTX is a more potent and avid
reversible inhibitor of DHFR than monoglutamated MTX.
The ability to generate MTX polyglutamates seem to corre-
late with cytotoxicity in both murine and human tumor
cells,70,71 whereas increasing concentration of reduced folates
can competitively reverse MTX toxicity.

MTX is rapidly absorbed orally, although incompletely at
higher doses. It has a rather long terminal half-life, up to 27
hours.72 CSF penetration at conventional doses is poor. It is
thus administered intrathecally in prophylactic CNS therapy
for ALL. MTX slowly penetrates third-space fluid collections
such as pleural effusion and ascites. The half-life of MTX
sequestered in these situations is further prolonged because
of slow reentry into the bloodstream. Enhanced clinical tox-
icity may be observed if fluid collections are not drained
before methotrexate therapy. MTX is primarily cleared by the
kidneys within the first 12 hours after administration, mostly
as unchanged drug. It should therefore be used cautiously in
patients with renal insufficiency. In these circumstances, 
the enterohepatic circulation may assume a more important
role in drug excretion,73 and use of activated charcoal or
cholestyramine may be tried to enhance plasma clearance
through enhanced biliary excretion.74,75 Carboxypeptidase G,
an enzyme that removes the terminal glutamate residue from
MTX, leads to MTX inactivation and is another effective
alternative.

STANDARD INTRAVENOUS ADMINISTRATION

Major toxicities are myelosuppression and mucositis. Gas-
trointestinal epithelial cells are more sensitive to the effects
of MTX, being inhibited at half the concentrations required
to inhibit DNA synthesis in the bone marrow.76 Mucositis
typically appears 3 to 5 days after treatment and precedes the
fall in leukocytes or platelets by several days. Unless drug
clearance is severely impaired, such as in renal failure, myelo-
suppression and mucositis are usually reversed within 2
weeks.

HIGH-DOSE THERAPY

High-dose MTX yields therapeutic concentrations in the CSF.
Nephrotoxicity, manifested as oliguria and azotemia, is the
major adverse effect of high-dose MTX therapy. Although
MTX may be a direct tubular toxin per se, nephrotoxicity
arising from high-dose therapy is mainly attributed to
intratubular precipitation of MTX and its less-soluble
metabolites, 7-OH MTX and 2,4-diamino-N-10-methyl
pteroic acid (DAMPA), in acidic urine. Vigorous hydration and
urine alkalinization can diminish such complication. Some
myelosuppression and mucositis may occur. Leucovorin
rescue (described next) reduces the likelihood of systemic tox-
icity. Acute transient transaminase elevations commonly
occur after high-dose therapy, but late occurrence of liver
failure or cirrhosis has not been reported. Repeated courses of
high-dose MTX therapy can result in encephalopathy, demen-
tia, paresis, and seizures.

LEUCOVORIN RESCUE

Methotrexate blood levels should be assayed every 24 hours
with high-dose therapy in patients with impaired renal func-
tion as well as patients who have had excessive toxicity with
prior MTX therapy. Leucovorin rescue is initiated at 12 to 24
hours after the start of high-dose drug infusion and should

continue until MTX level is less than 50nM/L. Leucovorin is
typically administered as 10mg/m2 intravenously followed by
oral doses given every 6 hours for 10 to 12 more doses. If MTX
levels are above 500nM/L, 1mM/L, or 2mM/L at 48 hours, a
general guideline is that leucovorin should be administered
at 15mg/m2, 100mg/m2, or 200mg/m2, respectively, every 6
hours over 48 more hours. Patients should be vigorously
hydrated using bicarbonate-enriched fluids (2.5–3.5L/m2/day
IV fluids + 45–50mEq bicarbonate/L IV fluid) to maintain
high urine output (more than 100mL/h) and alkaline urine
(above pH 7.0) for 12 hours before and 48 hours after high-
dose therapy (more than 1g/m2) to avoid renal failure. MTX
is used clinically in leukemia, lymphoma, breast cancer, head
and neck cancer, osteogenic sarcoma, and choriocarcinoma.

Raltitrexed

Raltitrexed is a potent quinazoline analogue that selectively
inhibits thymidylate synthase (TS). Similar to MTX, polyglu-
tamation by folylpolyglutamyl synthetase (FPGS) is corre-
lated with increasing cytotoxicity.77 It is poorly absorbed
orally. Its excretion, mostly as unchanged drug, is similarly
correlated with creatinine clearance. Patients with insuffi-
cient folate intake may be at increased risk for clinical toxic-
ity. Transient elevation of liver enzymes may be seen with its
convenient IV dosing once every 3 weeks. It is an effective
alternative to 5-FU-based therapy in patients with metastatic
colorectal cancer. Another advantage over 5-FU is lesser fre-
quency of mucositis. It also exhibits antitumor activity in
non-small cell lung and breast cancers. It is approved in
several countries in Europe, Canada, Asia, and Australia.

Pemetrexed

Pemetrexed is a pyrrolo-pyrimidine-based antifolate analogue
whose main activity is inhibition of TS. It is transported into
cells via the RFC, with transport kinetics similar to that of
methotrexate. It binds to folate receptor-a with a very high
affinity, similar to that of folic acid. Furthermore, cellular
influx is also facilitated by the presence of high-affinity and
highly specific transport systems for pemetrexed in malignant
mesothelioma cell lines.78 This transport system has a rela-
tively low affinity for other inhibitors of DHFR or TS such as
methotrexate and raltitrexed. Pemetrexed is likewise poly-
glutamated by FPGS to enhance intracellular concentration,
and consequently, cytotoxicity. The polyglutamation reaction
occurs 90- to 195-fold more efficiently with pemetrexed than
methotrexate.79 Polyglutamated pemetrexed is more than 60-
fold more potent in its inhibition of TS than the monogluta-
mate. Its prolonged intracellular retention allows for bolus
intermittent dosing schedules. At high concentrations, peme-
trexed causes an S-phase block and apoptosis. Under the same
conditions, it also exhibits multitarget inhibition of several
crucial folate-requiring enzymes such as DHFR, GARFT, and,
to a lesser extent, AICART and C1-FH4 synthase.

Pemetrexed causes a rapid depletion of deoxythymidine-,
deoxycytosine-, and deoxyguanosine triphosphates. Cells that
rely on de novo purine synthesis and do not have purine
salvage pathways are expected to be particularly sensitive to
pemetrexed. It has been shown that pleural mesothelioma
cells frequently (approximately 90%) exhibit codeletion of the
gene coding for the enzyme methylthioadenosine phosphory-
lase (MTAP) with the CDKN2A gene.80 Homozygous deletion
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of CDKN2A gene, which encodes for the cell-cycle regulatory
proteins p16 and p14ARF, may be seen in 75% of pleural
mesotheliomas.80 As MTAP catalyzes an important purine
salvage pathway, the frequency of its codeletion with
CKDN2A, as well as the presence of highly specific transport
systems for pemetrexed in malignant mesothelioma, may in
part account for its efficacy in this tumor type.

Folic acid has been shown to be 100- to 1,000-fold less
effective than leucovorin in protecting tumor cells against 
the cytotoxic effects of pemetrexed.81 Nevertheless, folic acid
reduces toxicity in mice while preserving the antitumor
activity of pemetrexed. Myelosuppression and mucositis can
be significantly ameliorated by folate and vitamin B12

supplementation without any demonstrable reduction in
antitumor efficacy.

Pemetrexed has demonstrated broad antitumor activity in
a wide variety of solid tumors, including mesothelioma, non-
small cell lung, breast, cervical, colorectal, head and neck,
and bladder cancers in a variety of Phase II trials. It exhibits
synergistic antitumor activity with alkylating agents, irinote-
can, and gemcitabine.82 Promising activity has been demon-
strated when pemetrexed is combined with cisplatin and
gemcitabine.82,83 A pivotal Phase III trial indicates the superi-
ority of pemetrexed in combination with cisplatin versus 
cisplatin alone in malignant pleural mesothelioma.84

Pemetrexed demonstrated equivalent efficacy to docetaxel,
but with significantly less toxicity, in second-line NSCLC.85

Pyrimidine Antagonists

Pyrimidine antagonists comprise nucleic acid base analogues
and their prodrugs as well as nucleoside analogues that gen-
erate substrates which ultimately become incorporated into
the elongating DNA and RNA strand, thus inhibiting DNA,
RNA, and ultimately protein, synthesis. All require intracel-
lular anabolic conversion into active nucleotide substrates.

5-Fluorouracil

5-Fluorouracil (5-FU) is the simplest and most successful
uracil derivative to date in clinical use. This fluoropyrimidine
undergoes anabolic activation intracellularly into fluorodi-
nated nucleosides and deoxynucleotides [fluorouridine
monophosphate (FUMP); fluorouridine triphosphate, FUTP;
fluorodeoxyuridine monophosphate, FdUMP; fluorodeoxyuri-
dine triphosphate, FdUTP)] (see Figure 2.5). FdUMP inhibits
TS and prevents formation of, and consequently depletes the
available pool of, thymidylate necessary for generating dTTP;
as a result, FdUTP and dUTP become the “preferred” sub-
strates of reactions catalyzed by DNA polymerase, affecting
DNA stability. Moreover, incorporation of FUTP in RNA
interferes with proper RNA synthesis and function. 5-
Flurodeoxyuridine (5-FUDR) or floxuridine is a fluoropyrimi-
dine deoxynucleoside analogue that also undergoes similar
metabolic conversion intracellularly to generate FUTP,
FdUTP, and TS-inhibiting FdUMP. Genetic polymorphisms in
TS may also affect treatment response. In vivo and in vitro
studies have shown that lower TS activity is correlated with
better antitumor response.

After intravenous administration, 5-FU readily penetrates
the CSF and extracellular third-space fluid collections, such
as ascites or pleural effusions. It has a short half-life (10–15
minutes). Both 5-FU and 5-FUDR are extensively catabolized

(more than 85%). The initial rate-limiting step in degradation
involves the enzyme dihydropyrimidine dehydrogenase
(DPD), which is widely expressed in tissues including the
liver, GI mucosa, leukocytes, and kidney. Thus, 5-FU is
poorly absorbed orally. Because of its size, the liver has the
highest total content of DPD and is a major site of 5-FU
metabolism. DPD is subject to genetic polymorphisms, with
8- to 21-fold intersubject variability. Those with low DPD
activity are susceptible to severe toxicity. Greater first-pass
effect (more than 90%) through the liver results in lower sys-
temic drug levels (and, consequently, fewer side effects) with
FUDR, making it the preferred agent for hepatic arterial infu-
sion (HAI). When administered with IV bolus schedules,
FUDR is catabolized to the predominant 5-FU form.86 Several
important interactions between 5-FU and other agents have
been described. Leucovorin expands the pool of reduced
folates to enhance the inhibition of TS. Methotrexate pre-
treatment increases the formation of 5-FU nucleotides. 5-FU
may interfere with the repair of platinum-associated DNA
damage. Ionizing radiation augments DNA damage. All these
agents demonstrate preclinical as well as Phase III trial evi-
dence for improvement in clinical activity.

Meta-analysis of several randomized trials comparing
various 5-FU schedules of administration has shown the supe-
riority of continuous infusion of 5-FU over bolus administra-
tion when given as a single agent.87 Moreover, bolus drug
administration cannot achieve effective radiosensitization, as
this requires constant drug exposure given the short half-life
of 5-FU. Clinical toxicities also have some correlation with
schedule of administration. Myelosuppression, especially
leukopenia, is more pronounced with IV bolus schedules than
with continuous infusion. Mucositis along the GI tract can
be debilitating and dose limiting, especially with continuous
infusion. Other GI symptoms, such as nausea, vomiting, and
anorexia, can also be more severe with continuous infusion.
With HAI regimens, systemic toxicities of 5-FU are dose lim-
iting whereas hepatitis is usually mild. On the other hand,
local-regional toxicities such as gastritis, gastric ulcers,
enteritis, hepatitis, cholestasis, or cholecystitis predominate
with HAI using 5-FUDR. 5-FU is currently used for GI malig-
nancies and esophageal, head and neck, and breast cancers. 
5-FUDR is principally used for HAI therapy of GI adeno-
carcinoma metastatic to the liver.

Capecitabine

Capecitabine is an oral fluropyrimidine carbamate precursor
of 5-FU. It was developed to overcome the degradation of 5-
FU in the GI tract when administered orally. With daily
administration, it simulates continuous 5-FU IV infusion,
without the inconvenience and morbidity associated with
indwelling catheters. It is initially metabolized by hepatic
carboxylesterase into 5¢-deoxy-5-fluorocytidine, which in
turn is converted to 5¢-deoxy-5-fluorouridine (5¢-dFUR) by 
the enzyme cytidine deaminase found in the liver as well as
tumor tissues (Figure 2.6). The final step involves thymidine
phosphorylase (TP), expressed at higher levels in tumor
tissues than normal cells, which converts 5¢-dFUR into 5¢-FU.
This preferential formation of 5-FU within tumor cells results
in relatively low circulating plasma levels of 5-FU. Its current
use is chiefly in the treatment of metastatic breast and colo-
rectal cancer.

3 0 chapter 2



Cytosine Arabinoside

Cytosine arabinoside (Ara-C) is one of the cornerstone agents
in AML therapy. It was originally extracted from the sponge
Cryptothethya crypta. This cytidine analogue differs from the
native cytidine by the substitution of the sugar moiety ara-
binose for ribose. It is intracellularly activated after phos-
phorylation by different kinases into its triphosphate form
(Ara-CTP) such as deoxycytidine kinase, deoxycytidine
monophosphate kinase, and nucleoside dephosphate kinase.
Deoxycytidine kinase activity is highest during the S phase
of the cell cycle and is the rate-limiting step in the anabolic
conversion of various other nucleoside analogues. Ara-CTP
then competes with and depletes the dCTP pool and
reversibly inhibits DNA polymerase. More importantly, the
degree of incorporation of ara-CTP into DNA, leading to
chain termination and inhibition of DNA synthesis, corre-
lates with cytotoxicity.76 It also inhibits ribonucleotide re-
ductase, the enzyme that catalyzes the synthesis of other
deoxynucleoside triphosphates. Likewise, ara-C inhibits 
the formation of CDP-choline integral to the synthesis 
of membrane glycoproteins and glycolipids. Balancing these
are deaminating reactions, catalyzed by cytidine deaminase
and dCMP deaminase, that degrade the active ara-C 
metabolites. Cytidine deaminase is widely distributed in
normal cells, including the liver, GI mucosa, and mature
granulocytes.

Ara-C enters cells by a saturable carrier-mediated trans-
port system in common with physiologic nucleosides. It has
been shown that the transport system is the rate-limiting
factor in the formation ara-CTP.88 At drug levels above 
10mmol/L, passive diffusion occurs and the ability to accu-
mulate ara-CTP becomes saturated. Thus, high-dose regi-
mens may overcome resistance in some cases associated with
deficiencies in the transport system. In spite of its water 

solubility, ara-C penetrates the CNS quite effectively, 20% to
40% of plasma levels at steady state, to reach threshold cyto-
toxic levels for leukemia cells in the CSF at conventional
doses. Because of the high concentrations of cytidine deami-
nase in the GI tract, oral administration yields significantly
lower plasma levels, and therefore this route is precluded.
Myelosuppression and GI toxicities are the major adverse
effects of ara-C. Diarrhea and mucositis occur frequently.
High-dose ara-C intensifies the severity of these toxicities.
Moreover, certain syndromes unique to high-dose therapy are
notable. Neurotoxicity in the form of cerebral-cerebellar 
dysfunction manifested as ataxia, dementia, slurred speech,
and coma may lead to permanent disability in up to 40% of
affected patients. An irreversible acute respiratory distress
syndrome can occur in association with a high incidence of
Streptococcus viridans pneumonia, especially in children.
Steroid-responsive conjunctivitis is a frequent side effect. An
unusual febrile state in conjunction with cutaneous eruption
of plaques of nodules, termed neutrophilic eccrine hydradeni-
tis, is also associated with high-dose therapy.

Gemcitabine

Gemcitabine (2,2-difluorodeoxycytidine, dFdC) is the most
important cytidine analogue currently in use for solid tumors.
Cellular influx also occurs via the nucleoside transport
system. Intracellular activation by deoxycytidine kinase is
the rate-limiting step necessary for antitumor activity. The
diphosphate form (dFdCDP) inhibits ribonucleotide reductase
more effectively than ara-C,89 whereas the triphosphate
dFdCTP not only inhibits DNA polymerase but also leads to
DNA strand termination upon its incorporation into the elon-
gating DNA strand. Similar to ara-C, cytidine deaminase cat-
alyzes the major catabolic pathway in degrading gemcitabine
to difluorodeoxyuridine (dFdU). Deamination requires activa-
tion by dCTP, whose level in turn is reduced upon inhibition
of ribonucleotide reductase by dFdCDP. Moreover, dFdCTP
directly inhibits cytidine deaminase. The preclinical finding
that prolonged exposure to gemcitabine leads to dramatically
greater antitumor effect is consistent with the concept of self-
potentiation leading to prolonged intracellular concentrations
of its primary cytotoxic metabolite, dFdCTP. Affinity of gem-
citabine for deoxycytidine kinase and cytidine deaminase is
much lower than deoxycytidine itself. Nevertheless, gem-
citabine is a better substrate for the nucleoside transporter of
tumor cells and has greater affinity for deoxycytidine kinase
than ara-C. DFdCTP has a longer half-life than ara-CTP.
Moreover, dFdCDP is a more potent inhibitor of ribonu-
cleotide reductase than ara-CTP. Gemcitabine enhances the
formation of DNA adducts, and thus cytotoxicity, by cis-
platin. It also potently sensitizes cells to ionizing radiation.
This radiosensitization is dose- and time-dependent and is
maximal when radiation follows gemcitabine exposure.
Because dFdCTP is present intracellularly for several days
after drug administration, gemcitabine is able to radiosensi-
tize cells for several days after bolus administration.
However, this also underlies the unwanted side effect 
of increased treatment-related morbidity and, in some 
cases, mortality.90 Gemcitabine is currently used in pancre-
atic and non-small cell lung cancers and is active in breast,
bladder, and ovarian cancers, lymphomas, and head and neck
cancers.
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Purine Antagonists

These purine analogues, similar to their pyrimidine counter-
parts, require metabolic conversion before activation, which
results in inhibition of de novo purine synthesis, and are con-
sequently incorporated into DNA. Some also inhibit DNA
polymerase and ribonucleotide reductase. These drugs enter
cells via the nucleoside transport system. Myelosuppression
is the major toxicity shared by all these agents.

6-Mercaptopurine and Thioguanine

6-Mercaptopurine (6-MP) and thioguanine (6-TG) are ana-
logues of hypoxanthine and guanine, respectively, wherein
there is a substitution of a sulfhydryl group for the endoge-
nous 6-OH position. Both are intracellularly anabolized
through the hypoxanthine-guanine phosphoribosyl trans-
ferase (HGPRT) pathway to form 6-thioinosine monophos-
phate (TIMP) and 6-thioguanylic acid (TGMP), respectively,
which inhibit de novo purine synthesis mediated by 5-
phosphoribosyl-1 pyrophosphate (PRPP) amidotransferase.
Cytotoxicity arises from the incorporation of 6-thioguanosine
triphosphate (6-TGTP) and the deoxytriphosphate form into
DNA and RNA, which triggers the mismatch repair pathway
leading into apoptosis. In spite of these similarities, cross-
resistance between these two agents is not complete, as 6-TG
remains active in HGPRT-deficient cells resistant to 6-MP.91

Both 6-MP and 6-TG are converted to inactive metabo-
lites by the enzyme thiopurine methyltransferase (TPMT),
with 6-TG being more extensively S-methylated than 6-MP.
Genetic polymorphisms in the TPMT gene associated with
reduced enzyme activity have been described. 6-TG is also
inactivated upon deamination by the enzyme guanase. 6-MP,
unlike 6-TG, is catabolized by xanthine oxidase, high con-
centrations of which can be found n the intestinal mucosa
and liver. Both 6-MP and 6-TG have poor and variable oral
bioavailability that is further reduced with food intake. In the
case of 6-MP, this arises from the large first-pass effect as the
drug is metabolized by xanthine oxidase. Allopurinol, a 
xanthine oxidase inhibitor, prevents catabolism of 6-MP.
Moreover, concomitant allopurinol intake increases 6-MP
bioavailability fivefold.92 Dose reduction of 6-MP is thus 
warranted in patients taking allopurinol.

Anorexia, nausea, and vomiting may occur, especially
among adults, more commonly with 6-MP than 6-TG. Hepa-
totoxicity, usually in the form of reversible cholestatic jaun-
dice, has been reported for either drug. Acute hepatic necrosis
may also ensue with high-dose 6-MP therapy, whereas fatal
veno-occlusive disease has been reported with 6-TG. High-
dose therapy with 6-MP or 6-TG can cause tubular precipita-
tion and crystalluria. 6-MP is used in ALL whereas 6-TG is
active in AML.

Fludarabine

Fludarabine is a 2-fluoromonophosphate derivative of adeno-
sine arabinoside (ara-A) that is relatively water soluble and
resistant to rapid deamination by adenosine deaminase
(ADA). Upon dephosphorylation in plasma to 2-fluoro-ara-A,
intracellular rephosphorylation by deoxycytidine kinase to its
active form, 9-b-d-arabinofuranosyl-2-fluoroadenine triphos-
phate (F-ara-ATP), is necessary for cytotoxicity. F-ara-ATP
inhibits several important enzymes in DNA replication,

including DNA polymerase and ribonucleotide reductase. Its
incorporation into DNA leads to DNA chain termination, 
primarily at the 3¢-end, in contrast to ara-C, which is incor-
porated into 5¢-termini. It demonstrates synergism with 
ara-C and cisplatin.93,94

Fludarabine is cleared primarily by the kidneys. Although
it has good oral bioavailability, an oral formulation is not yet
available for commercial use. Myelosuppression is dose
related and may be cumulative. Development of autoimmune
hemolytic anemia may occur most commonly during the first
three cycles of treatment. Fever occurs in approximately 25%
of patients, although about one-third of these patients have a
serious documented infection. Increased risk for opportunis-
tic infections is in consequence to significant and protracted
reduction in CD4+ T cells; hence, prophylaxis against Pneu-
mocystis pneumonia is required. Pulmonary toxicity, mani-
fested as fever, cough, and interstitial pneumonitis, has also
been associated with this drug. Fludarabine is active not only
against actively dividing cells but also in malignancies with
low growth fraction such as chronic lymphocytic leukemia
(CLL) and low-grade lymphomas.

Cladribine

Cladribine (2-CdA) is a deoxyadenosine analogue with a chlo-
ride attached to the 2-position of the adenine ring that renders
it resistant to breakdown by ADA. Intracellular phosphoryla-
tion by deoxycytidine kinase to the active 5¢-triphosphate
(2-CdATP) results in incorporation into DNA, leading to 
DNA chain termination and strand breaks; inhibition of
DNA polymerases and ribonucleotide reductase ultimately
results in inhibition of DNA synthesis. Cells with a high ratio
of deoxycytidine kinase to deoxynucleotidase activity, such
as lymphocytes, are particularly sensitive to the effects of
cladribine. Similar to fludarabine, cladribine is cytotoxic to
both actively dividing and nondividing cells. In resting 
cells, 2-CdATP seem to initiate the caspase cascade leading
to apoptosis.95

Bioavailability of cladribine administered subcutaneously
reaches nearly 100%. It can penetrate the blood–brain barrier,
the CSF concentrations reaching about 25% of the plasma
concentrations during continuous IV infusion. Cladribine is
renally cleared and hence, should be used with caution in
patients with renal insufficiency. Similar to fludarabine, it
increases the intracellular concentrations of ara-CTP and
probably other pyrimidine analogues as well. Immuno-
suppression results from prolonged suppression of CD4+ T
lymphocytes; thus, opportunistic infections, in addition to
myelosuppression, are the major adverse complications with
this drug. Cladribine is highly active in the treatment of hairy
cell leukemia, Waldenstrom’s macroglobulinemia, indolent
lymphomas, and leukemias. Its activity in fludarabine-
resistant cases however, is much diminished.

Pentostatin

Pentostatin, or 2¢-deoxycoformycin, is an adenosine analogue
originally isolated from Streptomyces antibioticus but is now
synthetically derived. It is a potent inhibitor of ADA, leading
to high levels of deoxyadenosine and its triphosphate, which
in turn inhibit ribonucleotide reductase in a negative feed-
back loop. Cells with high levels of deoxynucleoside kinase
activity over 5-nucleotidase activity, such as lymphocytes,
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are most susceptible to the effects of ADA inhibition.96 Pos-
tulated mechanisms of cytotoxicity are similar to the other
adenosine analogues. In addition, it also prevents methylation
reactions mediated by S-adenosylhomocyteine hydrolase.

Renal elimination accounts for most of the clearance of
pentostatin (more than 90%). Pentostatin is per se a nephro-
toxic agent, and renal failure is dose limiting. Opportunistic
infections arising from immunosuppression may occur.
Nausea and vomiting are the most common nonhematologic
toxicities. It is highly active in hairy cell leukemia, Walden-
strom’s macroglobulinemia, indolent lymphomas, and
leukemias.

Microtubule-Targeting Drugs

Microtubules are integral components of the mitotic spindle
apparatus during metaphase in dividing cells. They are also
involved in many nonmitotic functions such as intracellular
scaffolding, locomotion and chemotaxis, secretory processes,
anchorage of subcellular organelles, and neurotransmission.
They are composed of tubulin heterodimers that assemble
into 13 protofilaments aligned side by side around a hollow
central core. Posttranslation modification after tubulin 
polymerization accounts for the functional diversity of 
microtubules in various tissues.

There is a constant flux between the microtubule and the
intracellular pool of tubulin. Each tubulin molecule is asso-
ciated with two molecules of guanosine triphosphate (GTP).
GTP is found only at the rapidly growing, or plus end, of the
microtubule. Its hydrolysis after tubulin polymerization is
not essential for microtubule growth at the plus end;
however, hydrolysis of GTP does lower the concentration of
the free tubulin subunit required for net polymerization at
the plus end. The plus end switches spontaneously and
rapidly between slow growth and rapidly shrinking states.97

This “dynamic instability” occurs once the GTP “cap” is lost
from the end of microtubule upon hydrolysis and depoly-
merization occurs. In contrast, the “minus end” is where net
disassociation occurs because protofilaments align slowly at
this end.

Vinca Alkaloids

Most antimicrotubules agents are alkaloids, structurally
complex plant-derived organic bases. Vinca alkaloids are the
first widely used class of antimicrotubule agents in cancer
chemotherapy. They are cell-cycle-specific vesicants derived
from the pink periwinkle plant, Catharanthus roseus (L.) G.
Don. Vincristine and vinblastine are the two representative
compounds. Vinorelbine is a vinblastine semisynthetic deriv-
ative with broad antitumor activity as a single agent that may
not be completely cross-resistant with vincristine and vin-
blastine. Their antitumor and toxicity spectra vary signifi-
cantly. This variability may arise from different tubulin
isotypes, lipophilicity, or cellular retention.

Cytotoxicity of vinca alkaloids is principally related to the
microtubular depolymerization by inhibiting microtubule
assembly, resulting in metaphase arrest in G2 and M cell-cycle
phases in dividing cells. This explanation is oversimplified,
as the lowest drug concentration that induces metaphase
arrest and antiproliferative effects results in little or no dis-

ruption of the mitotic spindle apparatus or depolymerization.
The vinca alkaloids have pleitropic biologic effects not 
necessarily related to their effects on microtubules, such as
inhibiting purine, DNA, RNA, and protein synthesis. They
are also potent inhibitors of angiogenesis. As microtubules
function in cell processes other than mitosis, vinca alkaloids
also affect cells in the nonmitotic phases of the cell cycle.

Thse vinca alkaloids are primarily eliminated by hepatic
metabolism and biliary excretion. Hepatic metabolism is
principally mediated by P-450 CYP3A. Agents that can
increase toxicity include l-asparaginase and CYP3A
inhibitors such as erythromycin. On the other hand, they can
reduce the bioavailability of certain drugs such as digoxin and
phenytoin. Vinca alkaloids are administered intravenously.
Vinorelbine is orally bioavailable, although a commercial 
formulation is not yet available. Vincristine has the longest
terminal half-life and the lowest clearance rate, whereas
vinorelbine has the shortest half-life and the highest clear-
ance rate. Vinca alkaloids should never be administered
intrathecally, as the global dissolution of brain and spinal cord
neurofilaments that ensues is fatal.

Vincristine

Vincristine has the greatest affinity for tubulin and has the
highest degree of intracellular accumulation among the vinca
alkaloids. These characteristics, together with its pharmaco-
kinetic properties, are implicated in the associated neurotox-
icity. Neurotoxicity is cumulative and the severity is related
to total dose and duration of therapy. Motor dysfunction is
usually irreversible. Autonomic neuropathy may be manifest
as ileus, constipation, urinary retention, orthostatic hypoten-
sion, or hypertension. Central effects, such as seizure and
blindness, have been reported. Aside from drug discontinua-
tion or dose/schedule modification, approaches to prevent or
reduce neuropathy include the use of folinic acid and glu-
tamic acid. Severe myelosuppression is rare. In therapy, vin-
cristine is unique in that a single maximum dose delivered is
typically limited to 2mg to prevent and/or delay the devel-
opment of neurotoxicity. It is an integral component in
chemotherapy regimens for lymphomas, Ewing’s sarcoma,
rhabdomyosarcoma, leukemias, and neuroblastoma.

Vinblastine and Vinorelbine

Neurologic effects are much less common and severe with
vinblastine and least with vinorelbine. Myelosuppression,
especially neutropenia, is the major dose-limiting toxicity of
both vinblastine and vinorelbine. Mucositis and stomatitis
happen more frequently with vinblastine than vincristine.
Constipation, as with vincristine, occurs frequently. Vin-
blastine is an important component for regimens used in 
testicular carcinomas and lymphomas. Vinorelbine has
demonstrated activity in advanced non-small cell lung
cancer, breast cancer, and ovarian carcinomas as well as 
lymphomas.

Taxanes

Taxanes affect microtubules through a mechanism of action
unique from the vinca alkaloids. Unlike the vinca alkaloids,
which facilitate microtubule depolymerization, taxanes shift
the dynamic equilibrium toward microtubule assembly,
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prevent depolymerization, and therefore suppress microtubu-
lar reorganization. The binding site for taxanes is different
from that for vinca alkaloids, GTP, podophyllotoxins, and
colchicine. Sustained mitotic arrest at the metaphase–
anaphase boundary, apoptosis, and antiangiogenesis may be
observed even at low concentrations where increase in micro-
tubule bundling is not seen. Taxanes also exert inhibitory
effects on nonmitotic cell-cycle phases, attesting to the
myriad functions subserved by microtubules. They have also
been shown to be effective radiosensitizers. This radiosensi-
tizing effect is most likely related to their ability to cause cell-
cycle arrest in the G2 and M phases of the cell cycle, when
tumor cells are highly susceptible to the effects of radiation.
Taxanes are intravenously administered because of poor oral
bioavailability, due in part to the constitutive overexpression
of P-glycoprotein in enterocytes as well as the first-pass
metabolism in the liver and/or intestines. They are widely
distributed to almost all tissues and third-space fluid collec-
tions except the CNS. Plasma protein binding is high (more
than 90%), and elimination half-lives are long. The principal
route of metabolism is through the hepatic cytochrome P-450
system. Biliary excretion is the main route of elimination as
renal clearance accounts for less than 10%. Dose reductions
are therefore necessary in patients with hepatic dysfunction.
Reversible and noncumulative neutropenia is the principal
toxicity of the taxanes in clinical use.

Paclitaxel

The prototype taxane, paclitaxel, is a complex alkaloid ester
initially isolated from the bark of the Pacific yew tree, Taxus
brevifolia. It is currently a semisynthetic derivative from 10-
deacetylbaccatin III and other precursors found in the needles
of other more abundant Taxus species, such as the European
yew, Taxus baccata. Paclitaxel binds to the N-terminal 31
amino acids of the b-tubulin subunit of the tubulin
oligomers.98 Aside from its effects on the microtubular
system, in vitro experiments also showed inhibition of
endothelial cell proliferation, motility, and invasiveness in a
dose-dependent manner. Paclitaxel also inhibits the produc-
tion of matrix metalloproteinases, which are enzymes that
degrade matrix and thereby contribute to tumor invasiveness.

Clinical activity and toxicity of paclitaxel is highly dose-
and schedule-dependent. Early clinical studies of paclitaxel
were limited to 24-hour infusion schedules largely due to the
severity of hypersensitivity reactions on shorter infusion
schedules. However, the development of effective premed-
ication regimens enabled reevaluation of shorter infusion
schedules. The extensive distribution and high affinity of
taxanes to peripheral tissue may explain the lack of signifi-
cant differences in antitumor activity between the short and
protracted infusion schedules. Patients treated with higher
doses and/or shorter infusion schedules are more prone to
neurotoxicity as compared to those treated with longer infu-
sion. In contrast, both dose and duration of infusion are
directly proportional to the degree of myelosuppression.
Weekly treatment (80–100mg/m2/week), although more
inconvenient than the conventional once every 3 weeks
schedule (135mg/m2 over 24 hours or 175mg/m2 over 3
hours), has gained clinical acceptance. Weekly administration
not only results in dose-dense therapy, it achieves a higher
dose intensity, total cumulative dose over a 3-week period

being higher than could be given in one dose. Weekly admin-
istration results in less myelosuppression and allows for
better control of toxicities, as a dose may be omitted but treat-
ment resumed the following week. This regimen results in
sustained exposure of tumor cells to paclitaxel and simulates
“metronomic” dosing as well that enhances its antiangio-
genic activity.

The severity of myelosuppression seems to be related to
prolonged infusions. Because of poor aqueous solubility, pacli-
taxel is formulated in polyoxyethylated castor oil (cremophor
EL), which leaches the plasticizer out of polyvinylchloride
containers and tubings. Cremophor, known to induce 
histamine release, is most likely responsible for the well-
recognized hypersensitivity reactions seen with paclitaxel.
Major anaphylactoid manifestations include bronchospasm,
urticaria, and hypotension that usually occurs within 2 to 
3 minutes after administration. The taxane structure itself
may be contributory. Before the routine use of premedication
with antihistamines and corticosteroids, severe acute hyper-
sensitivity reactions occurred in 20% to 30% of patients
treated with paclitaxel in early Phase I trials. With standard
premedication, the incidence of major hypersensitivity reac-
tions nowadays is low (less than 5%) and similar for the 3- or
24-hour infusion. Particularly pertinent to paclitaxel is its
effect on atrioventricular conduction, as it causes brady-
arrhythmias, which are mostly reversible and asympto-
matic. A direct causal relationship observed between 
paclitaxel and ventricular and atrial tachycardias has yet to
be proven. Combination of paclitaxel and doxorubicin results
in a higher frequency of congestive heart failure than would
have been expected from an equivalent cumulative dose of
doxorubicin given alone.

Docetaxel

Docetaxel is a more water-soluble taxane semisynthetically
derived from 10-deacetylbaccatin III, obtained from the
needles of the European yew (Taxus baccata). It is more
potent than paclitaxel and has nearly twofold-higher affinity
for the b-tubulin subunit. In comparative studies, docetaxel
has been found to be 1.3- to 12-fold more cytotoxic in vitro
than paclitaxel. It has linear pharmacokinetics at clinically
relevant doses, and its maximal activity can be achieved with
fairly rapid infusion, in contrast to paclitaxel. Schedule-
dependent activity thus seems not to be evident with doc-
etaxel. It is highly protein bound, primarily to a-acid
glycoprotein. CYP3A4 and CYP 3A5 constitute the major
cytochrome P-450 isoforms responsible for the bulk of its
metabolism.

Major anaphylactoid reactions induced by docetaxel are
similar to those seen with paclitaxel although, unlike pacli-
taxel, docetaxel is suspended in a polysorbate 80 formulation.
Whether the polysorbate or the taxane moiety itself or both
are responsible for the hypersensitivity reactions is unclear.
With corticosteroid and histamine antagonist premedication,
incidence of major hypersensitivity reactions is reduced to
1% to 3%. Peripheral neuropathy is less common and less
severe with docetaxel. Unlike paclitaxel, adverse cardio-
vascular events such as arrhythmias are rare with its use, and
docetaxel can be combined with anthracyclines without
excessive cardiac toxicity. On the other hand, fluid retention
mimicking capillary leak syndrome characterized by edema,
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pleural effusions, ascites, or anasarca is noted with docetaxel,
particularly at cumulative doses that exceed 400mg/m2. Doc-
etaxel also causes an erythematous, pruritic maculopapular
rash over the forearms and hands in up to 75% of patients. 
It is associated with palmar-plantar erythrodysesthesia that
may respond to cooling or pyridoxine. Premedication with
corticosteroids has been shown to reduce the incidence of 
dermatologic toxicities and fluid retention.

Drugs Targeting Topoisomerase

Unwinding of the DNA helix generates a torsional strain from
supercoiling of the helix above and below the region of
ongoing nucleic acid during DNA replication, transcription,
or recombination. DNA topoisomerase I is a ubiquitous
nuclear enzyme that relaxes this torsional strain by catalyz-
ing a transient single-stranded nick in the DNA. This results
in covalent linkage of the enzyme to the 3¢-terminus of the
cleaved DNA. It also reanneals the strand break after passage
of the intact single strand through the gap in the cleaved DNA
strand. Topoisomerase I is expressed in both mitotic and non-
mitotic cells alike throughout the cell cycle, with higher
levels of its mRNA and the topoisomerase protein found 
in malignant tumors than in their normal tissue 
counterparts.99,100

Topoisomerase II exists in two isoforms in mammalian
cells. Although topoisomerase IIb is expressed throughout the
cell cycle, expression of topoisomerase IIa is cell cycle spe-
cific, highest during G2–M phases of the cell cycle, and its
concentrations are higher in rapidly proliferating cells. The 
a-isoenzyme is preferentially targeted by the topoisomerase
II inhibitors at drug concentrations reached with standard
doses. Unlike topoisomerase I, topoisomerase II is energy
cofactor dependent, requiring ATP and magnesium for its 
catalytic activity. It becomes covalently attached to the 5¢-
terminus of the cleaved DNA. It then facilitates strand
passage through another and thereafter religates the strand
break. Furthermore, it can create double-stranded DNA gaps,
orchestrate concerted strand passage, and can catalyze
“unknotting” or decatenation of intertwined DNA, attesting
to its role in mitosis.

Topoisomerase I-Targeting Agents

Camptothecin (CPT), a naturally occurring, relatively water-
insoluble alkaloid extract from the bark and wood of the
Chinese tree Camptothecan acuminata, is the prototype
topoisomerase I-targeting agent. Its clinical development was
halted early due to its toxicity and only upon the introduc-
tion of water-soluble forms was it reintroduced into clinical
testing. The analogues have greater in vivo and in vitro activ-
ity and less severe and more predictable toxicity than camp-
tothecin. All CPT analogues exhibit stereospecific-inhibition
of topoisomerase I activity, with the naturally occurring S-
isomer being up to 100 times more biologically active than
the R-isomer. Nevertheless, they differ from classic enzyme
inhibitors by not merely preventing the function of topoisom-
erase alone; CPTs trap the enzyme in a covalent complex
bound to DNA, leading to persistence of single-strand breaks
and accumulation of stabilized cleavable complexes, which
by themselves are not lethal because the strand breaks are

reversible upon drug removal. Active DNA synthesis is a
crucial component to CPT-induced cytotoxicity,101–103 making
camptothecins relatively S-phase-specific agents, although
non-S-phase-specific cytotoxicity has been described. Accord-
ing to the fork collision model,102 lethal damage to DNA
occurs once a DNA replication fork encounters a cleavable
complex, resulting in a cytotoxic double-stranded break in
DNA. CPTs thus are more aptly termed topoisomerase 
I-targeting agents.

All CPTs undergo a rapid, reversible, pH-dependent,
nonenzymatic hydrolysis of the lactone ring to generate the
less-active open-ring hydroxy carboxylate in aqueous solu-
tions. The latter species predominate at physiologic or alka-
line pH. This finding is clinically relevant because the low
pH in the bladder favors the active closed lactone ring species
that can cause severe hemorrhagic cystitis. Among the CPT
analogues, irinotecan is structurally unique in that it lacks
direct activity per se. It is a prodrug that must undergo cleav-
age of its bulky dipiperidino side chain by a carboxylesterase-
converting enzyme to produce the metabolite SN-38 for
biologic activity.

Topotecan

Topotecan was the first water-soluble CPT analogue approved
for clinical use. It has a relatively higher CNS penetration
than most other CPTs, due in part to its low plasma protein
binding. Schedule-dependent synergism with radiation (con-
current, preradiation, or within 30 minutes after radiation) in
vitro has been observed. Renal excretion is the main route of
drug elimination. Dosage adjustments are recommended for
patients with moderate renal impairment (20–39mL/min).
Hepatic metabolism by cytochrome P-450 enzymes is
minimal. At the standard dose of 1.5mg/m2/day for 5 con-
secutive days every 3 weeks, noncumulative and reversible
neutropenia is the most common dose-limiting toxicity, with
grade 4 neutropenia occurring in 81%, febrile neutropenia in
26%, grade 4 thrombocytopenia in 26%, and severe anemia
(Hb less than 8g/dL) in 40%. Topotecan is approved for use
in cisplatin-refractory ovarian cancer, recurrent small cell
lung cancer failing frontline chemotherapy, and leukemias.

Irinotecan

As mentioned earlier, irinotecan (CPT-11) has little inherent
antitumor activity in vitro. Its water-insoluble deesterifica-
tion metabolite SN-38 is 1,000-fold more potent than the
parent compound. SN-38 has a longer half-life and high
binding affinity to plasma proteins, especially albumin. In
contrast with topotecan and other CPT analogues, the lactone
form of SN-38 is preferentially stabilized by albumin, hence
the equilibrium is shifted toward the formation of the lactone
in physiologic conditions. Although SN-38 formation occurs
in the plasma and intestinal mucosa, conversion of irinote-
can to SN-38 predominates in the liver. Moreover, differen-
tial activity of carboxylesterase in malignant tissues may
contribute to tumor sensitivity to this agent.104 SN-38 under-
goes glucuronidation in the liver mediated by UGT1A1
isoform of hepatic uridine diphosphate glucuronosyltrans-
ferase. UGT1A1 expression is highly variable, and its activ-
ity varies 17- to 52-fold among individuals. UGT1A1 activity
is deficient in patients with Gilbert’s syndrome, which can
occur in up to 15% of the population. Biliary excretion of SN-
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38 and irinotecan is the major route of elimination. Entero-
hepatic recirculation occurs as the glucuronidated SN-38
metabolite can be deconjugated by bacterial b-glucuronidases,
thereby increasing exposure of the intestinal epithelium to
SN-38. Ability to conjugate SN-38 and bilirubin, the endoge-
nous substrate, is inversely related to myelosuppression, 
suggesting that agents that induce UGT activity, such as 
phenobarbital, may improve the therapeutic index of CPT-11.
Certain polymorphisms of UGT1A1, such as in the promoter
region with Gilbert’s syndrome, have been correlated with
decreased glucuronidating activity, resulting in increased risk
for myelosuppression and diarrhea. Further elucidation of
such polymorphisms and other pharmacogenetic variables
will hopefully enable clinicians to better predict drug
responses and toxicities. CPT-11 is approved for frontline
therapy in metastatic colorectal carcinoma in combination
with 5-FU and leucovorin.

DNA Topoisomerase II Inhibitors

The podophyllotoxins are extracts of the mayapple or man-
drake plant, Podophyllum peltatum, long known in folk 
medicine. Two glycosidic derivates, etoposide (VP-16) and
teniposide (VM-26), are currently in clinical use. The main
mechanism of cytotoxicity was initially ascribed to tubulin-
binding properties, at sites distinct from vinca alkaloids that
result in inhibition of microtubule assembly and consequent
S–G2 phase block and cell death. However, new evidence
demonstrates that the antimicrotubular effects occur only at
concentrations severalfold higher that were not reached with
clinically relevant doses. Moreover, the epipodophyllotoxins
produce both single- and double-strand DNA breaks that were
distinct from the cellular changes seen with antimicrotubule
agents.105 Epipodophyllotoxins, and anthracyclines as well,
bind to topoisomerase II, stabilize the enzyme–DNA complex
(termed cleavable or cleavage complex), and inhibit the rean-
nealing of the cleaved DNA, thus resulting in both single- and
double-stranded DNA strands. Similar to topoisomerase I
inhibitors, replication fork collision with this cleavable
complex increases the degree of lethal DNA fragmentation
that ultimately leads to apoptosis.

Etoposide

VP-16 is available in both intravenous and oral formulations.
Mean oral bioavailability is 50%, and nonlinear at doses
beyond 200 to 250mg/m2. It exhibits high plasma protein
binding such that patients with low serum albumin seem to
be at risk for associated toxicities. It is eliminated by both
renal and hepatic mechanisms. Up to 40% of unchanged drug
is cleared through the kidneys. Dose reduction is recom-
mended in patients with impaired creatinine clearance.
Administration of cisplatin before VP-16 reduces VP-16 clear-
ance, likely secondary to the effects on cytochrome P-450.
Sequence-dependent synergism and reduced myelosuppres-
sion are also observed when paclitaxel administration 
precedes VP-16. VP-16 phosphate is a water-soluble prodrug
that is completely and rapidly converted to VP-16. Its chief
advantage lies in the reduced incidence of hypersensitivity
reactions and better safety and tolerability profile. Pharma-
cokinetic, toxicity, and antitumor activity of VP-16 apply to
VP-16 phosphate. Single-agent randomized studies demon-

strate its marked schedule-dependent activity such that 
multiple daily divided-dose schedules result in higher rates 
of response and survival than continuous administration of
the same total dose over 1 day. Antitumor activity seems to
correlate with the duration of exposure above a threshold 
concentration; this is not seen in combination regimens.

Teniposide

VM-26 is more extensively metabolized by the liver, although
its plasma clearance is slower than VP-16. It has an even
higher degree of protein binding than VP-16 (99% versus
94%). Although CSF penetration is low, VM-26 is generally
considered more clinically effective than VP-16 in the treat-
ment of gliomas. Although it is only available for IV admin-
istration, this formulation may be administered orally, with
a bioavailability of approximately 40%.

Noncumulative myelosuppression, chiefly neutropenia,
is the principal dose-limiting toxicity of the epipodophyllo-
toxins. Nausea and vomiting are the main gastrointestinal
toxicities, although usually mild to moderate in severity.
Mucositis may be seen with high-dose VP-16 therapy. Other
side effects seen with high-dose therapy are metabolic acido-
sis and reversible hepatotoxicity. Rapid infusion may result
in transient hypotension. Hypersensitivity reactions, seen in
less than 2% of patients receiving IV VM-26 and VP-16 but
not oral VP-16, may result in part from the diluent used and
occurs more frequently with rapid infusion. Incidence of sec-
ondary leukemias ranges from 0.37% to 4.7% and appears to
be dose related. VP-16 is approved for use in small cell lung
carcinoma and testicular carcinomas. VM-26 is used as part
of the induction therapy of refractory childhood acute lym-
phoblastic leukemias.

Pharmacogenetics

One of the important factors affecting antitumor efficacy and
clinical toxicity of cancer chemotherapeutic drugs and their
complex interaction is an individual’s genotype. It has been
observed as early as the 1950s that responses to certain drugs
may be heritable. The field of pharmacogenetics, which
studies the genetic basis for interindividual variability in drug
response, classically involved investigations on drug metabo-
lism but currently also encompasses various pharmacoki-
netic and pharmacodynamic elements that participate in
determining drug response. The ensuing discussion high-
lights selected pharmacogenetic variables well recognized in
current clinical practice of cancer chemotherapy.

Thiopurine Methyltransferase

Thiopurine methyltransferase (TPMT) is a methylating
enzyme whose gene is encoded on chromosome 6. It plays an
important role in the catabolism of 6-MP and its prodrug 
azathioprine, thus preventing generation of thioguanine
nucleotides. Early studies revealed that TPMT activity is
inherited as an autosomal codominant trait.106 About 1 in 300
individuals carry two mutant TPMT alleles, thus resulting in
deficient activity. Approximately 10% of the population are
heterozygotes with intermediate TPMT activity.107 It has
been shown that the various single-nucleotide polymor-

3 6 chapter 2



phisms do not result in altered levels of mRNA or TPMT
protein. However, these mutations render the translated
protein susceptible to degradation through the ubiquitin-pro-
teasome system, decreasing the half-life to 30 minutes com-
pared to 18 hours for the wild-type protein.108 TPMT*3A,
TPMT*3C, and TPMT*2 mutant alleles, which harbor point
mutations resulting in amino acid substitutions, account for
more than 95% of deficient TPMT activity among whites.

As there is no endogenous substrate for TPMT, individu-
als with defective enzyme activity are asymptomatic until
exposure to thiopurine drugs results in severe myelosuppres-
sion that may be life threatening. On the other hand, indi-
viduals with high or high-normal TPMT are relatively
resistant to the action of thiopurine drugs and thus may not
achieve clinical remission if these drugs are used at standard
dosages. An allele with increased TPMT activity has been
described. TPMT activity can be influenced by various factors
such as age and renal function. TPMT activity in red blood
cells serves as a surrogate marker for TPMT activity in other
tissues.

Dihydropyrimidine Dehydrogenase

Dihydropyrimidine dehydrogenase (DPD) catalyzes the initial
rate-limiting step in the catabolism of endogenous pyrim-
idines and 5-FU. It is encoded on chromosome 1. DPD 
activity is inherited as an autosomal codominant trait.
Approximately 0.1% of the population carry homozygous
inactivating mutations whereas 3% are heterozygotes. DPD
activity has a normal distribution in the population and there
is manifold interindividual variability, although not obvi-
ously age- or gender-related. The most common mutant
allele, DPYD*2A, results from a G to A transition that leads
to deletion of exon 14 and thus ending with a truncated
protein, which is subsequently degraded by the ubiquitin-
proteasome system.

Individuals with deficient DPD activity experience pro-
found systemic toxicity (myelosuppression, diarrhea, neuro-
toxicity) upon exposure to 5-FU, which may potentially result
in fatalities. Assessment of DPD activity in human periph-
eral blood mononuclear cells correlates well with total body
enzyme activity. On the other hand, high level of DPD
mRNA expression in colorectal tumors confers resistance to
5-FU.109

Uridine Diphosphate Glucuronosyltransferase

Uridine diphosphate glucuronosyltransferase (UGT) is an
enzyme that catalyzes the phase II catabolic reaction in which
uridine diphosphate glucuronic acid is conjugated with drugs
or poorly soluble endogenous substrates. There are two gene
families (UGT1 and UGT2), each of which has various iso-
forms. The most important of these isoforms is UGT1A1,
which is encoded on chromosome 2q37. Polymorphisms of
the gene encoding UGT1A1 give rise to the hyperbilirubine-
mia phenotype of the rare Crigler–Najjar syndrome and the
relatively common Gilbert syndrome.

UGT1A1 plays an important role in the metabolism of the
active metabolite of irinotecan, SN38 by changing it into the
more polar SN 38 glucuronide, which is mainly excreted in
the bile. Reduced UGT1A1 expression, often associated with
elevated levels of unconjugated bilirubin, is inherited in an

autosomal-recessive pattern. Polymorphisms in the number
of TA repeats in the promoter region, which is inversely
related to UGT1A1 enzyme activity, constitute the most
common abnormality. The wild-type promoter region has a
(TA)6TAA sequence whereas the most common mutation
results in an extra TA, thus the sequence becoming (TA)7TAA
(UGT1A1*28). Patients with Gilbert syndrome are homozy-
gous for this promoter variation, which leads to a 70% reduc-
tion in UGT1A1 expression. (TA)7TAA homozygosity occurs
in about 0.5% to 23% in various populations. Other muta-
tions in the promoter region of UGT1A1 gene alter tran-
scription and have been associated with deficient or increased
UGT1A1 activity.

Patients with the UGT1A1*28 allele are susceptible to
severe, at times life-threatening, toxicities of irinotecan,
mainly leukopenia and diarrhea.
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Principles of Radiation
Oncology

Timothy J. Kinsella, Jason Sohn, and Barry Wessels

he medical specialty of radiation oncology has evolved
significantly over the past 50 years, having begun as a
subspecialty within diagnostic radiology in the 1930s

and 1940s. Today, more than 50% of newly diagnosed cancer
patients receive radiation therapy, typically as a part of 
curative combined modality treatment with surgery and/or
chemotherapy. Additionally, a majority of patients who
present with metastatic disease or who develop metastases
following initial cancer treatment require palliative radiation
therapy. As such, the radiation oncologist plays a major role
in the management of most adult cancers and certain groups
of pediatric and adolescent cancers. The intent of this chapter
is to provide an overview of radiation biology, newer
approaches to radiation treatment planning, the use of 
specialized applications of radiation therapy, and the mecha-
nisms of drug–radiation interactions leading to radiosensiti-
zation, as well as the evolving area of targeted radiation
therapy. It is hoped that this overview provides the necessary
fundamental knowledge of radiation oncology for the 
reader (particularly nonradiation oncologists) to then better
understand the rationale for the use of radiation therapy in
specific cancers as detailed in other chapters throughout this
textbook.

The Biologic Basis of Radiation Oncology

The Concept of Therapeutic Ratio

Shortly after the turn of the last century, radiation therapy
began as a new modality for cancer treatment based on the
discovery of X-rays by Roentgen and radium by the Curies.
The pioneering use of X-rays and radium in the first two
decades of the 20th century involved the use of large single
doses of radiation therapy delivered in short treatment inter-
vals, which, although resulting in a reduction of the tumor
mass, was also associated with severe acute and late normal
tissue toxicities. The concept of radiation dose fractionation
(i.e., the use of smaller radiation doses given in multiple, 
typically daily, fractions) over several weeks evolved from an
in vivo experiment in the 1920s using the testes of a rabbit as
a model system for tumor proliferation.1 These early French
radiobiologists found that multiple radiation treatments com-
pared to a large single dose of radiation resulted in sterility
(the desired effect) without producing severe injury to the 
surrounding scrotum. The initial clinical use of radiation dose
fractionation was then applied to patients with head and neck

cancers as early as the 1930s, with improved tumor responses
and reduced acute and late normal tissue toxicities.2,3 Thus,
the concept of a therapeutic ratio or index for radiation
therapy was initially recognized more than 75 years ago.

The concept of the therapeutic ratio for radiation therapy,
which compares the radiation dose–response curves for both
tumor control rates and normal tissue(s) complication rates,
is illustrated in three separate panels in Figure 3.1. The upper
panel represents a theoretical optimal therapeutic ratio,
where the tumor control curve lies always to the left of the
normal tissue complication curve, whereas the middle panel
shows an unacceptable therapeutic ratio in which the tumor
control and normal tissue complication curves are reversed.
Obviously, it would be easy to recommend the clinical use of
radiation therapy for this idealized situation depicted in the
upper panel. Conversely, in the middle panel, the radiation
oncologist would need to carefully weight the type (acute,
late) and grade (severity) of expected normal tissue(s) compli-
cations before recommending radiation therapy. Indeed, as
illustrated in the section on radiation treatment planning
(later in this chapter), the current use of three-dimensional
conformal radiation treatment (3-D CRT), intensity-
modulated radiation treatment (IMRT) planning, and image
guided radiation therapy (IGRT) allows the radiation oncolo-
gist to quantitate the dose–volume histograms for each
normal tissue included in the treatment volume so as to
change an unacceptable therapeutic ratio (middle panel) to
the bottom panel in Figure 3.1, which is the most realistic
graph of tumor control and normal tissue injury as a function
of radiation dose as found in many clinical settings. In actu-
ality, for most common solid cancers the curves are not par-
allel, and the tumor control curve for most solid tumors is
less steep than the normal tissue injury curves. Actual
dose–response curves derived from in vivo experimental data
or from clinical trials in humans are often more variable than
the illustration in the bottom panel of Figure 3.1, particularly
depending on the tumor type. Indeed, as is presented in other
chapters on specific tumor types throughout this textbook, it
is only by carefully designed and controlled clinical trials that
the concept of a therapeutic ratio for radiation therapy can be
quantitated for a specific tumor type.

Radiation Interactions with Biologic Materials

Ionizing radiation deposits energy as it trasverses various
types of biologic materials or media (e.g., air, soft tissue, bone)
within a human. The interaction of ionizing radiation with
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these biologics is a random process, with the frequency and
density of energy deposition termed the linear energy trans-
fer (LET). As human cells and tissues (as well as tumors) are
principally considered to be dilute aqueous (water) solutions
containing biomolecules, the localized but randomly distrib-
uted energy depositions from ionizing radiation can have
either direct effects on important biomolecules such as DNA

or indirect effects produced by intermediate radiation prod-
ucts resulting from interactions with water, which consti-
tutes up to 90% of a cell or tissue as calculated on a weight
basis. The most highly reactive species produced by the radi-
olysis of water is the hydroxyl radical (•OH), although there
are many other types of free radicals produced by ionizing
radiation, including DNA free radicals resulting from direct
ionizations. These free radicals are generated within 10-2 to
10-12 seconds and subsequently cause chemical damage to
DNA. It has been determined that ionizing radiation-induced
cell killing in mammalian cells (including human tumor
cells) results from a greater contribution (@70%) of initial indi-
rect ionizing effects on water than direct effects on essential
biomolecules, principally DNA. These ionizing radiation-
produced free radicals are highly reactive chemically within
the cell and undergo a cascade of reactions to either acquire
new electrons or to rid themselves of unpaired electrons, typ-
ically resulting in breakage of chemical bonds in DNA in very
localized areas, called clusters, or multiply damaged sites.
Because DNA is considered to be the most essential cellular
biomolecule, the types of DNA damage caused by this
sequence of initial energy deposition, production of free rad-
icals and subsequent clustered breakage of chemical bonds
can include DNA single-strand breaks (SSB), DNA double-
strand breaks (DSB), DNA crosslinks, and DNA base damage.
The creation of a DSB and, more specifically, an unrepaired
DSB is considered the most cytotoxic DNA lesion resulting
from ionizing radiation damage.4,5 The molecular and bio-
chemical processes involved in ionizing radiation damage and
repair in human normal and malignant tissues are reviewed
in the next section.

At the cellular level, the biologic effects of these initial
physical interactions of ionizing radiation with biologic mate-
rials and the secondary chemical effects (i.e., DNA effects)
can result in a cell’s loss of reproductive capability. Func-
tionally, the consequence of this reproductive loss can result
in terminal differentiation, accelerated senescence, necrosis,
or apoptosis.6,7 A cell that has been lethally damaged by ion-
izing radiation may undergo a few cell divisions before death,
and this lethally damaged cell’s progeny are also destined to
die. In the radiation biology laboratory, the radiation sensi-
tivity of a cell (both normal and malignant) can be quanti-
tated by analysis of cell survival curves. A radiation survival
curve plots the fraction of cells surviving on a log scale
against the radiation dose given (in cGy or Gy) on a linear
scale (Figure 3.2). Survival is determined by the ability of a
cell to form a macroscopic colony, usually defined as more
than 50 cells (@5–6 cell divisions). A typical radiation survival
curve for a mammalian cell population has an initial “shoul-
der” in the low-dose region (up to 1–3Gy), followed by a ter-
minal exponential slope. The importance of this exponential
relation is that, for a given radiation dose increment, a con-
stant proportion (not a constant number) of cells are killed by
ionizing radiation.6,7 The shoulder region indicates a reduced
efficiency of cell killing or, conversely, a higher efficiency of
repair of sublethal or potentially lethal ionizing radiation
damage. The resulting survival curve for mammalian cells
based on a standard clonogenic survival assay is best
described by a linear quadratic (LQ) model, according to the
following formula:
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FIGURE 3.1. The concept of therapeutic ratio for radiation therapy
under conditions in which the relationship between the normal
tissue tolerance and tumor control dose–response curves is optimal
(upper panel), unacceptable (middle panel), and acceptable (lower
panel).
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where S = surviving fraction, a = initial “repairable” radiation
damage, b = irrepairable radiation damage, and D = ionizing
radiation dose measured in grays (Gy).

Interestingly, this two-parameter (a, b) exponential model
is reproduced when multiple fractions of ionizing radiation
are given to either a normal or malignant cell population if
the time interval between radiation doses (fractions) is suffi-
cient to allow for initial radiation damage repair (usually 1–3
hours). However, the differential effects of ionizing radiation
on cell kill in a malignant versus a normal cell population are
not completely explained by this LQ model or any other
mathematical model, as discussed later.

The discussion on radiation interactions at the cellular
level so far has concerned sparsely ionizing radiation (low
LET), such as produced by photons or high-energy electrons
that are generated by linear accelerators used clinically for
most cancers treated today. High linear energy transfer (high-
LET) radiation can also be used clinically and involves the use
of charged particles such as alpha particles and pi mesons.
Additionally, intermediate-LET sources such as neutrons and
protons are also used clinically, with a recent resurgence of
interest in proton radiation therapy in the United States and
Japan.8,9 Because of these different LET radiation sources, the
parameter of relative biologic effectiveness (RBE) is used in
experimental radiation biology and clinical radiation therapy.
The RBE is the dose ratio of different LET sources to produce
the same biologic effect. Typically, with high- or inter-
mediate-LET radiation, the radiation survival curve has a
reduced or absent “shoulder” and a steeper exponential slope.
The general explanation of the change in radiation survival
(a, b parameters) with use of intermediate- to high- and inter-
mediate-LET radiations compared to low-LET radiation is
that the ionizing energy deposition is so dense with high- and
intermediate-LET radiations that the DNA damage cannot be
repaired as efficiently. There may also be less effect from the
oxygenation state of a cell or tissue with high LET. However,
as discussed later, the advantage of intermediate- and high-
LET radiations in the radiation survival curve may not be
easily translated to the clinic, as one must carefully weight
the RBE of the tumor and the RBE of normal tissues. Thus,
the therapeutic gain for a specific tumor and specific dose-

limiting normal tissues may not be improved with high- or
intermediate-LET radiation compared to low-LET radiation.
Clinically, this is clearly the case for neutron beam irradia-
tion, based on the past 20 years of human testing. As such,
the recent renewed interest in proton beam irradiation should
be tempered until prospective clinical data are available for
specific patient groups in which proton beam treatments are
compared to the standard of use of photons from conventional
linear accelerators.9

Molecular and Cellular Radiation Biology

Repair of Ionizing Radiation Damage: 
Cellular and Molecular Mechanisms

As mentioned, ionizing radiation can cause a variety of lesions
through direct interactions with DNA or, more commonly,
through damage induced in adjacent water molecules within
a cell or adjacent cells. These damages to DNA include damage
to the deoxyribose backbone, base damage, single-strand
breaks (SSBs), and double-strand breaks (DSBs).4 Because expo-
sure to ionizing radiation was inevitable during evolution,
human cells have developed multiple repair pathways to
handle the diverse types of DNA damage created by ionizing
radiation.5 Understanding these complex and sometimes
redundant repair pathways in human cells has been a major
focus in radiation biology during the past 10 to 15 years that
will continue in the future.10 These studies on radiation repair
pathways also have many links to ionizing radiation effects on
the cell cycle, which is discussed later in this chapter.

Repair of Base Damage and DNA
Single-Strand Breaks

Repair of ionizing radiation-induced base damage involves 
a sequence of biochemical processes termed base excision
repair (BER). DNA single-strand breaks (SSBs) are one of the
most common lesions occurring in human cells, either spon-
taneously or as intermediates of enzymatic repair of base
damage during BER. In BER, a single damaged base or locally
multiply damaged bases are recognized and removed by spe-
cific glycosylases, resulting in apurinic or apyrimidinic (AP)
sites that require cleavage by an AP endonuclease, followed
by resynthesis using the complementary strand as a template,
and finally by ligation of the repaired strand.11,12 Ionizing radi-
ation-induced DNA SSB repair is completed in steps similar
to BER, in which a normal DNA strand serves as a template
for repair. When DNA SSBs caused directly by ionizing radi-
ation or arising as BER intermediates are not promptly and
efficiently processed, the presence of clusters of damaged sites
and of stalled replication forks can then result in DSBs.4

The availability of cellular models characterized by defi-
ciencies in specific DNA repair proteins have proved to be
good models to clarify the molecular mechanisms underlying
BER and SSB repair.10 For example, it has been shown that
transfection of the human gene XRCC1 (X-ray repair cross-
complementing gene 1) can correct mouse cells that have a
deficiency in rejoining DNA SSB induced by ionizing radia-
tion and alkylating agents. The XRCC1 protein acts as a scaf-
folding protein, which binds tightly to at least three other
factors involved in BER and DNA SSB repair mechanisms
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FIGURE 3.2. Log-linear illustration of in vitro radiation survival of
a typical human cancer cell line showing an initial shoulder (a cell
kill) at lower doses (usually 1–2Gy) followed by a terminal slope 
(B-cell kill) at higher doses (≥3Gy).



including DNA ligase III, DNA polymerase b, and poly (ADP-
ribose) polymerase (PARP).12 The importance of XRCC1 in the
response of a human cell population to DNA damage has been
the subject recently of several studies evaluating whether
polymorphism of the human XRCC1 gene contributes sig-
nificantly to an increased cancer risk in selected popula-
tions.12 Indeed, a genetic change in a single amino acid at
codon 399 has been linked to an increased risk of several types
of gastrointestinal cancers (gastric, pancreatic, colorectal) as
well as breast cancer. Additionally, functional analysis of
these polymorphisms suggest that these variants of XRCC1
may contribute to a hypersensitivity to ionizing radiation.12

Repair of DNA Double-Strand Breaks

It is well recognized that the most important lesion caused
by ionizing radiation is a DSB.4,5 Unrepaired or misrepaired
DSBs can produce chromosomal deletions, translocations,
and acentric/dicentric chromosomes, which result in cell
lethality or genetic instability. Unlike repair of DNA SSB
where the complementary normal DNA strand serves as a
template, DSB repair is a more complicated process and can
involve homologous recombination (HR) or nonhomologous
end joining (NHEJ). Typically, ionizing radiation induces
DNA DSBs where one or both DNA ends have a protruding
DNA single-strand overhang. It is known from genetic and
biochemical studies in radiosensitive yeast mutants that only
one unrepaired (or misrepaired) DSB can result in cellular
lethality.5,10 The induction of DSBs by ionizing radiation
shows a linear function with dose whereas the kinetics of
unrepaired (unrejoined) DSBs has a linear quadratic (a, b) rela-
tionship with dose.13 With low radiation doses, the quadratic
component is insignificant. Thus, the survival curve for a
DSB repair-proficient cell would have an initial “shoulder” (a
component) at low radiation doses followed by a terminal
exponential slope (b component), as previously illustrated in
Figure 3.2. In contrast, the “shoulder” region is normally not
observed in DSB repair-deficient cells, such as normal skin
fibroblasts or normal lymphocytes from patients affected
with the autosomal recessive disease ataxia telangiectasia
(AT). DSB repair (including both HR and NHEJ) is presumably
the fundamental process that mechanistically explains the
previously described cellular responses to ionizing radiation
damage termed sublethal damage repair (SLDR) and poten-
tially lethal damage repair (PLDR).4 However, in spite of
numerous attempts to define DSB repair and survival follow-
ing ionizing radiation in mathematical terms (such as the LQ
model), other contributing factors such as cell-cycle check-
points, hypoxia, genetic background diversity (polymor-
phism), induction of apoptosis, and bystander effects (e.g.,
autocrine or paracrine pathways) may significantly influence
the survival response of a cell or tissue (including normal and
malignant). These complex genetic and biochemical interac-
tions are not easily simulated by mathematical modeling.

Homologous recombination (HR) is one of two major
repair pathways in humans for repair of ionizing radiation-
induced DSB. There are three general mechanisms for HR-
mediated DSB repair.5,14,15 Two of the HR mechanisms,
termed gene conversion and break-induced homology, require
homology with a separate DNA molecule (Figure 3.3). The
other HR mechanism, single-strand annealing, requires only
local homology on one end of the DSB (Figure 3.4). All three

HR mechanisms require a 3¢-DNA single-strand overhang (3¢-
PSS). During gene conversion and break-induced replication,
3¢-PSSs are created on both ends of a DSB. One then anneals
to a homologous region on a sister chromatid, a homologous
chromosome, or elsewhere to other chromosomes. New DNA
synthesis is next initiated at the 3¢-ends and proceeds to the
3¢-PSS on the other end of the DSB. At this point, HR can
proceed in two different directions, including (a) a Holliday
junction (gene conversion), which results from the 3¢-PSS
annealing to the newly synthesized strand (Figure 3.3A), or (b)
the replication fork proceeds until the end of the chromosome
without encountering the other end of the DSB (break-
induced replication; Figure 3.3B). The third HR mechanism,
single-strand annealing, can be synthesis-dependent or 
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Holliday junction
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FIGURE 3.3. Various pathways of homologous recombination (HR).
After 3¢-Protruding DNA Single Strand (3¢-PSS) are created (arrow-
heads), they invade a homologous region on another DNA molecule.
Replication fork capture (A) results in the formation of a Holliday
junction, with its subsequent resolution either with crossing-over
(shown) or in the absence of cross-over events. When no replication
fork capture occurs (B), the recombination follows the break-induced
replication pathway.
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FIGURE 3.4. Single-strand annealing repairs double-strand breaks
(DSBs) that contain both ends having 3¢-PSS. Flap endonuclease 
(FEN-1) removes the misplaced DNA strand.



-independent (Figure 3.4). Both types of single-strand anneal-
ing utilize local homology on the 3¢-PSSs of both ends of the
DSB. Annealing of the two 3¢-PSSs results in a flap of one
strand with synthesis-independent annealing or in a gap with
synthesis-dependent annealing. The flap is subsequently
removed by a 3¢Æ5¢ exonuclease or a flap endonuclease while
a gap is filled by a DNA polymerase.

All three HR mechanisms require the gene products (pro-
teins) of the RAD52 epistasis group (RAD50, 51, 52, 54, 57,
58, and 59) as well as participation of the gene products.15 The
Mre11 protein is thought to be a primary sensor of ionizing
radiation induced DSB with subsequent recruitment of Rad50
and Xrs2 proteins in yeast and the Nijmegen breakage syn-
drome (Nbs1) protein in humans (Figure 3.5). The resulting
complex of Mre11, Rad50, and Nbs1 is believed to generate
3¢-PSS DNA lesions where several homologues of the yeast
RAD51 gene (Figure 3.5) next interact with each other in a
complex process to facilitate DNA strand migration, inva-
sion, and finally repair.

In contrast, nonhomologous end joining (NHEJ) recombi-
national repair does not require extended homology between
the ends of a DSB. DSB rejoining can proceed with a limited
number of base pairings at the site of the break. In humans,
the complex of repair proteins for NHEJ involves Ku70, Ku80,
DNA-dependent protein kinase catalytic subunit (DNA
PKcs), DNA ligase IV, and X-ray cross-complementation
(XRCC) 4. According to a current model (Figure 3.6), the
Ku70–Ku80 dimer initially binds to the ends of a DSB, and
this dimer acts as a helicase to result in local unwinding at
the DSB end.15 DNA PKcs is then recruited near the sites of
each end of the DSB followed by the XRCC4/DNA ligase IV
complex to repair DSBs created by restriction enzymes. NHEJ
can be divided into several pathways, depending on the type
of DNA lesion detected. Rejoining of DNA DSB containing
four base pair complementary ends created by restriction
endonucleases is very efficient and precise. However, when
the DSB ends are not complementary, repair is less efficient
and may result in small insertions or deletions in the repair
of noncomplementary (difficult) DSBs.

It is not clearly understood how human cells choose the
pathway for DSB repair.10 Two models have been proposed to

explain how a cell might regulate whether HR or NHEJ path-
ways are used following ionizing radiation-induced DSBs.
According to the first model, NHEJ is the major pathway
active during the G1 and early S phases of the cell cycle.16 As
sister chromatids occur during late S and G2 phases, HR is the
major DSB repair pathway at these cell-cycle phases.5 The
second model involves a direct competition for DNA DSB
ends between the sensors of NHEJ and HR (see Figures 3.5,
3.6). Evidence for the first model is derived from murine scid
cells, which lack NHEJ but can repair DSBs during the G2

phase via HR pathways.17 Evidence for the second model is
found in human cells where the human Rad52 protein and
the Ku70–Ku80 protein complex have been shown to compete
to protect DNA DSB ends against exonuclease activity.18

Additionally, the p53 tumor suppressor gene also appears to
play a role in a human cell decision between NHEJ and HR
following ionizing radiation damage.10 It has been shown that
human cells lacking functional p53 (either by null mutations
or by mutant p53 expression) display up to 20-fold-higher
rates of HR following ionizing radiation damage than cells
expressing wild-type p53. Because p53 regulates the tran-
scription and posttranslational activity of RAD51, it may be
that the Rad51 protein plays a pivotal role in channeling DSB
repair via the NHEJ pathway. Thus, these data suggest that
the choice between NHEJ and HR is a function of cell-cycle
phase, homologue availability, and the genetic background of
a cell (e.g., p53 status).

The consequences of incomplete or faulty DNA repair of
ionizing radiation damage may result in carcinogenesis in
human normal cells or in the development of ionizing radia-
tion resistance in human tumor cells. A number of genes
whose products are involved in DSB repair have been found
mutated in many different human cancers. For example, loss
of heterozygosity (LOH) of RAD51, RAD52, and RAD54 have
been found in human breast carcinomas. Additionally, nearly
two-thirds of human pancreas cancers have overexpression of
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FIGURE 3.5. Proteins involved in the homologous recombination
(HR) pathways of DSB repair: homology search and strand invasion.
Taken from combined data obtained on yeast and vertebrate models.

FIGURE 3.6. A model for nonhomologous end joining (NHEJ)
involving DNA-PK. The Ku80/Ku70 complex senses and binds to
DSB ends and recruits DNA-PKcs. Ku-associated helicase activity
(WRN in the presence of RP-A?) is activated, and the Ku-complex
migrates into the double helix with the Ku80 protein heading first in
the 5¢-direction of the broken end of DNA. It is speculated that,
depending on the type of the DSB, either the XRCC4/DNA ligase IV
complex or other proteins (i.e., nucleases and recombinases) are
recruited to aid in the rejoining of the four broken ends of DNA.



the Rad51 protein, which could lead to cellular resistance to
ionizing radiation damage and the development of tumor 
heterogeneity.

There is an ongoing search for new proteins responsible
for ionizing radiation-induced DNA damage detection and
repair.10,15 During the past decade, several important DNA
repair genes were discovered, mutations of which led to
defects in DNA repair and extreme sensitivity to ionizing
radiation. The X-ray cross-complementing (XRCC) genes
were identified in humans and subsequently nine genetic
complementation groups were recognized. As mentioned 
previously, the product of the XRCC1 gene was found to be
important for DNA SSB repair. XRCC2 and XRCC3 gene
products are part of the RAD51 family and are essential for
the HR pathway in DNA DSB repair. XRCC4 to XRCC7 genes
initially appeared to be involved in the NHEJ pathway for
DNA DSB repair and were later sequenced to reveal that
XRCC4 was DNA ligase IV, XRCC5 was Ku80, XRCC6 was
Ku70, and XRCC7 was found to be DNA PKcs. Mutants
within the XRCC8 complementation group show phenotypic
similarities with ataxia telangiectasia (AT) and the Nijmegen
breakage syndrome (NBS) with extreme sensitivity to ioniz-
ing radiation and to topoisomerase 1 inhibitors. Finally, the
XRCC9 gene (also called Fanconi anemia G group) shows
marked sensitivity to ionizing radiation and DNA crosslink-
ing agents as well as spontaneous chromosome instability.

During the past few years, the RAD24 gene group
members were identified to also include RAD9, RAD17,
MEC3, and DDC1 genes. The products of this RAD24 
epistaxis group appear to have regulatory roles that connect
ionizing radiation-induced DNA repair and cell-cycle pro-
gression. It is also recognized that products of the tumor sup-
pressor genes such as BRCA1, ATM, and p53 interact with
RAD50 and RAD51 gene products to complete the complex
process of DNA DSB damage recognition and repair.

Clearly, the field of DNA DSB repair is complex and is an
area of intense research for the discipline of radiation oncol-
ogy.5,10,15 Although our knowledge of these complex inter-
actions leading to DNA DSB repair is probably still quite
rudimentary, translational radiation biologists/oncologists
are beginning to explore how some of these genes or protein
products might be therapeutic targets for modifying the ion-
izing radiation response in resistant human cancers. These
translational approaches to novel “targeted” therapy in radi-
ation oncology are discussed later in this chapter. The effects
on ionizing radiation damage and repair on cell-cycle check-
points are described in the next subsection.

Ionizing Radiation Effects on the Cell Cycle

It has been known for several decades that ionizing radiation
leads to a prolongation of the cell cycle and can result in 
an arrest in the G1, G2, and S phases.7,19,20 Because ionizing
radiation causes a variety of DNA damage, it was initially
inferred that these cell-cycle arrests (now called checkpoints)
were essential for the repair of these different types of DNA
damage. However, over the past 10 to 15 years, the biology of
the cell cycle has become better understood as a complex but
finely regulated process involving many factors, particularly
the cyclins and cyclin-dependent kinases (CDKs).19 Progres-
sion through the cell cycle is promoted by a number of CDKs
that are complexed with specific regulatory proteins called

cyclins, and these complexes drive the cell cycle. Addition-
ally, there are a corresponding number of cell-cycle inhibitory
proteins (CDKIs), which serve as negative regulators of the
cell cycle. To date, at least nine structurally related CDKs
have been identified along with more than 20 cyclins. 
The CDK–cyclin complexes themselves are activated by
phosphorylation at specific sites, although not all these
CDK–cyclin complexes have clearly defined cell-cycle regu-
latory roles. It is also now recognized that the G0 phase is 
not a “quiescent” phase as initially termed. Indeed, cellular
growth functions occur during G0, and subsequent entry from
G0 into the cell cycle (G1) is tightly regulated at the restric-
tion point. This point is thought to divide the early and late
G1 phase of the cell cycle. A current model of the human cell
cycle and the major cyclins, CDKs, and CDKIs is depicted in
Figure 3.7.

The arrest of cells at the G1 checkpoint following ioniz-
ing radiation damage is best understood at the present time.
The retinoblastoma tumor suppressor gene product (Rb)
governs the G1–S phase transition.21 In its active state, Rb is
hypophosphorylated and forms an inhibitory complex with
the E2F transcription factors. The activity of Rb is modulated
by the sequential phosphorylation by CDK 4/6–cyclin D and
CDK2–cyclin E. An ionizing radiation-induced G1 arrest
results from a specific CDKI, p21waf1/cip1, which prevents key
events such as the phosphorylation of RB and activation of
E2F transcription factors. Importantly, p21waf1 is induced at
the transcriptional level by wild-type p53, which accumulates
in irradiated cells and causes a cell-cycle arrest in both G1 and
G2.22,23 While the p53-mediated G1 arrest is primarily due 
to the induction of p21, a p53-mediated G2 arrest involves
induction of both p21 and 14-3-3 s, a protein that normally
sequesters cyclin B–Cdc2 complexes in the nucleus.

Following recovery of a G1 checkpoint, cyclin E binds to
CDK2, and this active complex completely hyperphosphory-
lates Rb (pRb), which releases the E2F complex and fully acti-
vates the E2F transcription factors.24 The irradiated cell then
proceeds into S-phase transcription of a range of targets
involved in chemotherapy-based radiosensitization. These
drug–radiation targets include ribonucleotide reductase (RR),
thymidylate synthase (TS), and thymidine kinase (TK). The
interactions of radiosensitizing drugs such as RR inhibitors
(gemcitabine, hydroxyurea) and TS inhibitors (fluoropyrim-
idines), as well as drugs activated by TK (fluoropyrimidines,
halogenated pyrimidine analogues), are used clinically to
enhance radiation cytotoxicity. These drug–radiation combi-
nations are discussed later in this chapter (see following
section on Mechanisms of Interaction with Conventional
Chemotherapy).

Early in S phase, cyclins D and E are targeted by ubiqui-
tination for proteasome degradation. The production of cyclin
A and the subsequent complex of cyclin A–CDK2 enables 
S-phase progression, with the production of other enzymes
and proteins involved in DNA synthesis, including histones 
and proliferating cell nuclear antigen (PCNA). Ionizing radia-
tion can also induce an S-phase (or replication) checkpoint,
which involves activation of ataxia telangiectasia mutated
(ATM) and ATM and Rad-3 related (ATR) kinases with sub-
sequent activation of Chk1 and Chk2.25 The phosphorylation
(activation) of Chk1 and Chk2 inhibits phorylation of Cdc2
and blocks progression into G2 and entry into mitosis (M
phase).
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A clear understanding of the role of the G2 checkpoints to
ionizing radiation damage and repair is lacking at the present
time.26 From genetic studies in yeast using Saccharomyces
cerevisiae, the RAD9, RAD17, RAD24, and MEC3 genes are
required for a G2 arrest. In human cells, the DNA mismatch
repair proteins MLH1 and MSH2 also appear to play a role in
the G2 arrest following ionizing radiation damage.27 Based on
the dramatic increase in our understanding of ionizing radia-
tion effects on G1 and S-phase checkpoints over the past few
years, it is anticipated that the signaling pathways for recog-
nition of ionizing radiation damage during G2 and M will be
better understood in the near future.19

Ionizing Radiation-Induced Apoptosis

It is well established that a principal mechanism of cell death
following ionizing radiation damage involves necrosis.6,7

More recently, radiation research has also focused on apopto-
sis as an alternative cell death mechanism following ionizing
radiation.6,7 Apoptosis is an active, energy-dependent process
in which the cell participates in its own destruction (i.e., 
programmed cell death).28 Apoptosis is characterized mor-
phologically by cell shrinkage, cell membrane blebbing, chro-
matin condensation, and finally by fragmentation into
apoptotic bodies. The molecular sequence or cascade of apo-
ptosis involves the early release of cytochrome C from mito-
chondria, activation of an apoptotic protease-activating factor
(Apaf-1), activation of caspase 9, and subsequent cleavage of
downstream (effector) caspases in a self-amplifying cascade.
The apoptotic cascade degrades several essential cellular 
proteins including b-actin, laminin, and polyadenosine 
5¢-diphosphate-ribosyl polymerase (PARP).29 This cascade 
is regulated by members of the Bcl-2 family of proteins, 
which are either antiapoptotic (Bcl-2, Bcl-xL, Bcl-W) or
proapoptotic (BAD, Bax, Bak).28,29 Bcl-2 or Bcl-xL proteins 
bind and inhibit Apaf-1, which prevents the activation of 
caspases. However, in the presence of excess Bax, Bcl-2 may
be displaced from Apaf-1, allowing caspase cleavage and 
activation.

The effects of ionizing radiation on apoptosis and cell-
cycle arrests are interrelated, as evidenced by the central role
of p53.30 In addition to the effects of ionizing radiation-
induced p53 protein expression on both the G1 arrest and 
G2 arrest as detailed in the prior section, p53 is also critical
in the induction of apoptosis. For example, human tumor
cells with certain mutations in the p53 gene are resistant to
undergoing apoptosis following ionizing radiation. Another
example of this interrelationship of cell-cycle arrest and apo-
ptosis following ionizing radiation damage is demonstrated in
isogenic human colon cancer cell lines that differ only in their
p21 protein status. Wild-type p21 cells undergo a G1 and G2

cell-cycle arrest with enhanced clonogenic survival following
ionizing radiation, whereas cells lacking the p21 protein do
not undergo these cell-cycle arrests and proceed to apoptosis.

Ionizing Radiation Interaction with Oxygen

It has long been recognized that cellular and tissue oxygena-
tion is a major determinant of radiosensitivity.31,32 For several
decades, oxygen was considered to be a radiation dose modi-
fier as in vitro/in vivo radiobiology data suggested that the
oxygen enhancement ratio (OER) is 2.5–3.0 for low-LET 
radiation (X-rays, photons) and 1.5–2.0 for intermediate-LET
radiation (protons). More recently, experimental and limited
clinical data suggest that the OER for both low- and inter-
mediate-LET radiation are lower at lower doses typically used
daily in treating human cancers. Although the underlying
mechanism of the oxygen-modifying effect is not exactly
known, the leading model suggests that cellular oxygen acts
as a radiosensitizer by forming radicals such as peroxides in
DNA, resulting in a fixation or persistence of ionizing radia-
tion (IR) damage.

It is now known that two different forms of hypoxia exist
in human cancers. Chronic hypoxia results from a tumor out-
growth of its blood supply, and variable levels or gradients of
chronically low oxygen tension exist beyond the physiologic
diffusion distance of oxygen through the interstitial (extra-
vascular) tissue compartment.33 It is hypothesized that these

principles  of  radiation oncology 4 7

FIGURE 3.7. Current model of the cell cycle.
The cell cycle is regulated by cyclins, cyclin-
dependent kinases (CDKs), and cyclin-depen-
dent kinase inhibitors (CDKIs). The cell cycle
is divided into four distinct phases: G1, S, G2,
and M. G0 represents exit from the cell cycle in
which the cell performs its routine functions,
including the important function of cell
growth. The progression of cell through the cell
cycle is driven by CDKs, which are positively
and negatively regulated by cyclins and CDKIs,
respectively. The resection point governs the
transition point beyond which a cell’s progres-
sion through the cell cycle is independent of
external stimuli.



chronic hypoxic tumor areas (volumes) contain clonogenic
and radioresistant hypoxic tumor cells. It is also recognized
that reoxygenation of these chronically hypoxic tumor cells
can occur, at least experimentally.33,34 A second type of tumor
hypoxia also exists and is termed acute or perfusion-limited
hypoxia. Acute tumor hypoxia results from transient alter-
ations in tumor vasculature.34

Over the past decade, several clinical studies have demon-
strated that hypoxic tissue (defined as areas of oxygen tension
less than 2.5mmHg) exist in up to 50% to 60% of a wide
range of locally advanced solid tumors including primary
brain tumors, soft tissue sarcomas, and melanoma as well as
carcinomas of the breast, head and neck, pancreas, and
cervix.35 Although trials of several hypoxic radiosensitizers
have been negative, it is now realized that proper patient
(tumor) selection was not performed in the design of these
trials.36 Current trials such as the accelerated radiotherapy,
carbogen, and nicotinamide (ARCON) trials in Europe, par-
ticularly in head and neck cancer and bladder cancers, are
selecting patients with biochemically confirmed hypoxic
tumors for testing this approach.37

Hypoxia also causes altered gene expression in human
tumors with associated changes in tumor microenvironment.
The best characterized transcription factor is hypoxia-
inducible factor 1 (HIF-1).38 The changes in gene expression
in hypoxic tumors are similar to changes in normal cells to
adapt to a hypoxic stress such as trauma and subsequent
wound healing. However, these hypoxia-regulated genes,
when upregulated in human tumors, lead to resistance not
only to radiation therapy but also to different types of

chemotherapy.39 The clinical targeting of HIF-1a to selec-
tively kill or inhibit hypoxic tumor cells is now in early 
trials using drugs such as radamycin.39 The advantage of 
targeting HIF-1 is the observed rapid response to changes 
in oxygenation, making it a good target for both acute 
and chronic hypoxic tumor cells. Such new targeted
approaches in radiation oncology are discussed later in this
chapter.

Radiation Treatment Planning

Three-Dimensional Conformal Radiation Therapy

Since computers were used for single plane treatment plan-
ning in the 1970s to 1980s, treatment planning systems have
become further developed along with advances in computer
hardware. These dramatic increases in computing power have
allowed multiplane treatment planning to become practical.
Once the planning systems became capable of handling large
amounts of computed tomography (CT)-derived patient data,
calculation algorithms were developed to account for the full
scattering component of radiation transport in various human
tissues.

The development of accurate three-dimensional dose cal-
culations and 3-D rendering of patient anatomy provided the
tool to sculpt a tumoricidal dose distribution conformed to a
tumor (target) volume and to minimize dose to all other
normal tissue (Figure 3.8). From these considerations, the
term 3-D conformal radiation therapy (3-D CRT) gained rapid
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FIGURE 3.8. A tumor in the pancreas was
treated with three-dimensional (3-D) conformal
radiation therapy (CRT). Organs spared were
kidneys, liver, spinal cord, and small bowel.
Five noncoplanar beams were used for treat-
ment. Each beam was conformed to the target
volume with multileaf collimator as shown
above to maximize the conformity. Three-
dimensional rendering can assist the planner to
optimize the beam angle.
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FIGURE 3.9. International Commission on Radiation Units and
Measurements (ICRU) reports 50 and 62 introduced the volume 
definitions for radiation therapy treatment planning (see References
41, 42). Outer ring, block aperture; second from outer ring, planning
target volume; third ring, clinical target volume; inside ring, gross
target volume.

utility and acceptance.40 Once dose could be highly conformed
to the target volume, the margin of the target had to be more
accurately determined; this has been accomplished by using
multimodality imaging and carefully defining treatment and
normal treatment volumes. The International Commission
on Radiation Units and Measurements (ICRU) Reports 50 
and 62 introduced the definition of volumes (Figure 3.9).41,42

The gross target volume (GTV) is defined as the clinically 
palpable volume or, more typically, as visualized by imaging.
It may consist of the primary tumor, metastatic lymph-
adenopathy, and local tumor extension. The clinical target
volume (CTV) includes the tissue surrounding the GTV that
might have microscopic malignant disease or “at-risk”
regional lymph nodes. More than one CTV can be defined.
The planning target volume (PTV) includes GTV and/or CTV
plus a margin to account for variations in treatment delivery,
including variations in treatment setup, patient motion
during treatment, and organ motion. These ICRU reports also
reviewed the definition of normal organs to be spared. Organs
at risk (OAR) are defined as critical normal tissues, such as
the spinal cord, whose radiation sensitivity may significantly
influence treatment planning and/or the prescribed dose.
After planning has been performed, a dose–volume histogram
(DVH) can be generated from the plan (Figure 3.10). The DVH
provides the information: dose versus volume of a specified
organ. This information is very useful for radiobiologic
studies. However, it does not provide spatial dose informa-

FIGURE 3.10. Three-dimensional treatment planning provided a tool for analyzing dose distribution in various organs interested. This tool
is very useful in the analysis of the biologic consequences of the optimized irradiation.



tion. It can be used to complement the graphic isodose dis-
plays used in treatment planning by comparing the amount
of dose given to specified organ volume. High dose confor-
mity can enable the radiation oncologist to seek dose escala-
tion to the target volume for possibly better radiobiologic
advantages and an improved therapeutic gain, as previously
described in Figure 3.1.

Intensity-Modulated Radiation Therapy

Three-dimensional CRT is used to optimize the radiation
delivery to irregularly shaped volumes by manually setting
individual beam angles. Intensity-modulated radiation
therapy (IMRT) is a new approach to 3-D CRT. Clinical defi-
nition of complex treatment volumes often requires concave
dose distributions. IMRT has been found to be most useful in
this regard.43 Radiation dose delivery to a target volume by
IMRT is performed by the superposition of multiple “beam-
lets” from each treatment angle. Full dose uniformity is
achieved by the summation of individual beams of small field
size where the central axis is frequently blocked by complex
multileaf collimator (MLC) patterns. The dose is figuratively
painted in by discrete amounts wherever needed to maintain
dose uniformity in a defined volume. Typically, in the opti-
mization process using IMRT for radiation dose delivery, the
relevant physical and geometric information of the irradiated
object and radiation source serve as input data. Then, dose
distribution may be calculated using the input data for
volumes that have specific geometric characteristics. This
dose calculation is known as a forward treatment planning
process. However, an inverse treatment planning process is
used to create IMRT plans. The inverse planning process
essentially starts with a precise prescription of the goals of an
ideal plan, and the planning system optimizes input data to
meet these conditions. In addition to the availability of the
physical parameters of the irradiated object (tumor volume),
the relevant information about the capabilities and specifica-
tions of the available treatment machine may be inserted into
the planning system. After the physician prescribes the
desired doses to the different volumes including GTV, PTV,
and adjacent dose-limiting normal tissues, the inverse plan-
ning system provides a delivery method to execute the pre-
scription accurately with a specific treatment machine. The
resultant computerized solutions appear as radiation intensi-
ties from the sources as a function of source location, which
results in a dose function that is used in the delivery of tar-
geted irradiation.

As shown in Figure 3.11, this head and neck treatment
plan provides a sample of IMRT inverse planning process. This
specific case shows a target volume for a patient with a base-
of-tongue primary cancer where the GTV has been outlined
and resulting in a corresponding PTV with expanded margins
generated around it. The PTV has been prescribed to a uniform
dose distribution of 7,200cGy. Regional “at-risk” lymph
nodes are also treated to the minimum dose of 5,400cGy.
Here, there are unique features of IMRT compared to the con-
ventional radiation therapy, in that the IMRT can deliver dif-
ferent doses to multiple targets simultaneously. This method
may eliminate the necessity of boost plans to deliver different
doses to multiple targets. The fractional doses per day to phys-
ically defined target volumes can be made to vary. The daily
doses should be selected carefully in view of the radiobiologic
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consideration. Most clinical experience is based on the same
fractional doses, although total doses specific to multiple
target sites and critical structures may be different.

Critical normal tissues such as the spinal cord and right
parotid can be “spared” (see Figure 3.11) to doses of 4,300 
and 2,200cGy, which should result in no significant late 
toxicities. Once all objectives are determined, the inverse
treatment planning system is able to optimize the dose dis-
tributions that satisfy the initial objectives. Most planning
systems have used an intermediate step before giving a deliv-
erable plan with a delivery machine. This intermediate step
provides users with several options: which treatment deliv-
ery machine is being selected, how many intensity levels are
to be used, and what is the basic prescription of multiple
beam directions (gantry angles).

Current IMRT delivery methods have been implemented
by MLCs installed on conventional linear accelerators,
tomotherapy, and physical beam modulators.44 Multileaf col-
limators include conventional MLCs that accompany the
installation on most modern linear accelerators and specifi-
cally designed MLCs which have been attached to the gantry
for IMRT use. There are two methods used for delivering
modulated beams using MLCs: step-and-shoot and sliding
window techniques.44 The step-and-shoot method delivers
dose to the target by a series of small beams. At each gantry
angle, MLCs constantly form a series of segments to deliver
a modulated beam. During the time of MLC movements
between segments, the radiation beams are cycled to an off
position automatically by the programmed accelerator soft-
ware without further human interaction. However, the
sliding window technique starts with all leaves closed from
one side of a radiation field and opens the leaves in a dynamic
pattern. The speed of each pair of leaves depends on the dose
intensity desired. The radiation beams are continually on
during the MLC movement.

Image-Guided Radiation Therapy

In the past, large target margins and treatment volume were
used to accommodate the positioning error and organ motion
associated with radiation therapy treatment. Because highly
conformal radiation therapy can now be delivered, accurate
target determinations (i.e., CTV, GTV, PTV) have become a
very important issue. Various image modalities can now
guide highly conformal therapy such as IMRT by locating the
target before daily fractionated radiation therapy. Ultrasound
imaging is often used for internal target positioning, mostly
for localized prostate cancers.45 However, because the ultra-
sound cannot penetrate air or bone, its use is limited to
certain anatomic sites. Additionally, ultrasound, similar to
CT, does not provide any functional information on tumor
biology.

Traditionally, the determination of tumor volumes for
radiation treatment planning, as well as determining
responses following radiation therapy, has been limited to
imaging techniques such as CT and magnetic resonance
imaging (MRI) scanning. Based on these scanning techniques,
we now can deliver higher radiation doses using 3-D CRT and
IMRT techniques in certain situations such as localized
prostate cancer46 and head and neck cancers,47 which trans-
late into improved local tumor control and survival. With the



clinical development of positron emission tomography (PET),
single-photon emission computed tomography (SPECT), and
magnetic resonance spectroscopy (MRS), radiation oncolo-
gists are attempting to integrate these function imaging tech-
niques into radiation treatment planning. This evolving field
of image-guided radiation therapy (IGRT) holds the potential
to radically alter the way radiation therapy is used to treat
cancer over the next decade. A comprehensive overview was
recently published.48

Specialized Applications of Radiation Therapy

Systemic Radiation Therapy

Targeted radiation therapy combines principles of systemic
and local therapy. Advantages of these approaches are to treat
disease in multiple locations and to target microscopic sub-
clinical disease. The rate of the uptake and retention of

radioactivity to kill tumor cells relative to that of the normal
tissues determines the efficiency of this treatment approach.

Systemic radiation therapy can be categorized into two
forms: radioimmunotherapy and systemic unsealed radiation
therapy.49,50 Radioimmunotherapy uses antibodies, antibody
fragments, or compounds as carriers to guide radiation to the
target(s). The systemic unsealed radiation therapy can be
administered by intravenous, oral, intratumoral, peritoneal,
or intrathecal routes. These approaches are intended to con-
centrate the radioactivity into the target(s) and to deliver a
therapeutic radiation dose. The applications of radioim-
munotherapy are currently under way to treat lymphomas,
leukemias, and some solid tumors with 131I, 90Y, 153Lu, 186Re,
and several alpha-emitting radionuclides.49 Other forms of
systemic radiation therapy often use electron-emitting
radioactive material. The most typical treatments using 131I,
89Sr, 32P, and 153Sm are for hyperthyroidism, differentiated
thyroid cancer, painful skeletal metastases, polycythemia
vera, malignant cysts, and neuroendocrine tumors.50 These
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FIGURE 3.11. The orthogonal images for a head and neck cancer
show the dose distribution from an intensity-modulated radiation
treatment (IMRT) plan with nine beams at equally spaced gantry

angles. Markedly reduced doses to the spinal cord (4,300cGy) and the
right parotid (2,200cGy) are noted, while delivering 7,200cGy to the
primary tumor and 5,400cGy to the at-risk lymph nodes.



treatments are usually well tolerated without causing long-
term effects, such as cancer or infertility. Several ongoing and
new initiatives to explore the use of targeted therapy to be
used as conditioning regimens for bone marrow transplant
instead of nonspecific total-body irradiation show strong
potential for reducing the side effects associated with the
transplant process.51

Brachytherapy

Brachytherapy is the clinical procedure that inserts small
encapsulated radioactive sources into the treatment (tumor)
volume. Radioactive sources are continuously irradiating the
treatment volume by an exponentially decaying dose rate.
From each source, the therapeutic range is usually in the mil-
limeter (mm) to centimeter (cm) range. Therefore, it provides
a superior localization of dose to the tumor volume compared
to the conventional external radiation therapy. There are 
two different methods in brachytherapy: an intracavitary
approach where radioactive sources are implanted in body
cavities in close proximity of the treatment volume, and an
interstitial approach in which the sources are directly
implanted in the treatment volume. Typically, the intracavi-
tary implant is temporary. On the other hand, interstitial
implant can be temporary or permanent. Most gynecologic
tumors have been treated with brachytherapy using long-
lived 137Ce sources.52 Recently, more brachytherapeutic appli-
cations to other anatomic sites have been introduced. These
new applications include prostate seed implant for localized
prostate cancers, intravascular irradiation to prevent coronary
artery restenosis, and “mammo-site” breast irradiation as
briefly discussed next.

Palladium-103 and 125I seeds are used for the prostate seed
implant procedure.53,54 Accurate seed placement within the
prostate, the most important task, is achieved by using trans-
rectal ultrasonography, which provides accuracy and preci-
sion. The treatment procedure requires extensive treatment
planning to localize each source and produce a combined 
plan for all sources. There are usually two steps to complete
the treatment planning process for permanent seed implants:
preplanning the target volume and intraoperative planning.
Preplanning is performed with ultrasound images acquired
before the surgery. Based on this plan, the strength of the
seeds to be ordered, the number, and proposed seed placement
may be preplanned. The premise of intraoperative planning is
that preplanning is not necessary. All planning can be done
in the operating room with real-time images. Advantages of
the preplanning approach include: preevaluation of whether
this treatment can be deliverable, more planning time to
optimize the seed placement for ideal dose distribution, and
minimization of ordering unnecessary seeds. The dosimetric
goals of prostate cancer implant therapy are to deliver suffi-
cient dose to the prostate and to spare the rectum, bladder,
and other adjacent critical structures. These goals are
achieved with optimizing the strength and the number of
seeds.54

Intravascular brachytherapy has been introduced to treat
coronary restenosis.55,56 After a percutaneous coronary trans-
luminal angioplasty (PCTA) is performed to reopen the block-
age within the coronary artery, a radioactive source (192Ir, 125I,
90Sr, or 32P) may be positioned in the area of the restenosis.
Depending on the selection of radioactive source, the treat-

ment time varies from 3 to 25 minutes.55 Due to the presence
of the radiation-delivering catheter, minimizing the treatment
time to restore maximum blood flow is a factor for consider-
ation of source selection as well as other factors; other factors
include the dose distribution in inhomogeneous tissue (calci-
fied plaque versus normal tissue), and the artery diameter.56

Mammo-site brachytherapy is considered as an alterna-
tive to a standard 5-week external radiation therapy course
for breast cancers.57,58 This procedure shortens the treatment
time to just 5 days. A specific device has been designed for
this procedure, consisting of a hollow catheter to which an
inflatable balloon is attached. It is temporarily implanted 
into the lumpectomy site. Beads of radioactive iridium are
inserted into the catheter within the inflated balloon, which
helps the catheter to be centered so that the dose can be uni-
formly delivered to the lumpectomy surface. The actual treat-
ment takes typically two 15-minute sessions per day for 5
days. The catheter stays in place over the entire course of
treatment. The preliminary clinical results with respect to
local control and breast cosmesis are encouraging.58

Intraoperative Radiotherapy

Intraoperative radiation therapy (IORT) delivers a large single
dose of 10 to 20Gy to a tumor bed following surgical resec-
tion, during which the normal organs are physically moved
out of the pathway of the radiation beam.59 Intraoperative
radiation therapy using X-ray beams was first described more
than 80 years ago. However, refinements in techniques for
IORT delivery and the generation of relevant large animal and
human data on normal tissue tolerances to these large single
doses of radiation therapy have ushered in a modern era for
IORT.60,61 It is now widely used for abdominal, pelvic, and
retroperitoneal carcinomas and sarcomas as well as for some
thoracic malignancies, extremity sarcomas, and head and
neck cancers. The clinical experience to these tumor sites
from large cancer centers throughout the world was recently
summarized.62 Linear accelerators designed for external radi-
ation therapy have been adapted to deliver electron beams
with IORT applicators, which collimate the electron beams
according to the size and the slope of the treating area.
Presently, dedicated mobile IORT machines are also used.
These machines generate electron beams only. Therefore,
shielding issues are minimal, and the machines are designed
to be suitable for use in regular operating rooms.

Stereotactic Radiation Therapy

Stereotactic radiosurgery has been used worldwide as a
primary or secondary procedure to treat both malignant and
benign tumors. Typically, patients with brain metastases are
treated following delivery of whole-brain irradiation.63,64 The
clinical results including appropriate patient selection are
discussed in detail in the chapter on Brain Metastases. The
target (tumor) volumes for this procedure are small, typically
less than 30cm3 (less than 4cm diameter). To achieve this
goal, intracranial stereotactic positioning systems are
designed to achieve accurate target localization and have also
enabled effective nonsurgical treatment of arteriovenous mal-
formations, acoustic neuromas, and primary brain tumors, in
addition to brain metastases.

Stereotactic radiation therapy to well-defined intracranial
lesions can be performed in single or multiple fractions. The
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type of tumor can determine the choice of fractionation.63,64

Most centers perform radiosurgery on an outpatient basis.
Treatment process starts with the fixation of a stereotactic
frame on the patient’s skull. Light sedation and local anes-
thetic applied before frame fixation are adequate for the
patient’s comfort throughout the treatment day. The 
patient with the frame goes through contrast-enhanced CT
and/or MRI imaging with thin serial cuts (1–2mm thick) taken
in the region of the tumor. These scans are imported into a
treatment planning software, where image segmentation is
performed for volumetric evaluation and three-dimensional
reconstruction.

There are two approaches for stereotactic radiosurgery:
linear accelerator based and the gamma knife. With the first
approach, tertiary micro-multileaf collimator and circular
cones have been developed and adapted to a standard linear
accelerator where 6MV photons are typically used. The cone
sizes for linear-based stereotactic radiosurgery range from 0.5
to 3.5cm. The second technical approach to stereotactic
radiosurgery uses the gamma knife (Elekta). This machine
uses 201 cobalt sources (60Co) and collimates the radiation
beams using specially designed cranial helmets with 201 aper-
tures and four different diameters (4, 8, 14, and 18mm). The
treatment is delivered with a combination of these helmets
to conform the radiation distribution.

Whether a linear accelerator or a gamma knife is used, the
radiation beams are arranged to intersect at a common point
within the brain. The beam intersection volume is deter-
mined by the collimation system selected to encompass the
target, and this produces a high-dose falloff just outside 
the intersection volume. Therefore, precise determination of
the target volume is very important to deliver effective doses
to the tumor(s). Noncoplanar arc beams are often used with
linear accelerator-based stereotactic radiosurgery compared to
stationary beams with the gamma knife.

Heavy Charged Particle Radiation Therapy

Heavy charged particles have two distinct characteristics
compared to photons or electrons.8 Dose distributions are
highly localized, and the shallow depth sparing effect is 
significant due to the domination of the Bragg peak. This
shallow depth sparing is much more significant than high-
energy photons generated by linear accelerators. Additionally,
the depth dose after the Bragg peak diminishes nearly to zero.
As the Bragg peak depth depends on the incident energy,
varying the energy of the primary beam can easily modulate
the maximum dose depth. In addition to the advantage in
depth dose distribution, the lateral dose gradient is significant
at the beam edge.

As previously discussed, heavy charged particles also have
a higher radiobiological effectiveness (RBE) and lower oxygen
enhancement ratio (OER) because of higher linear energy
transfer (LET). These factors may provide more radiobiologic
advantages in addition to the physics described above.
Recently, isocentrically mounted proton therapy machines
are emerging as a competitive radiation therapy modality, as
dose conformality has become more of a central issue.8,9 It is
possible that the new, clinically oriented proton therapy
machines can deliver conformal radiation to the target that
will be superior to the current IMRT methods using linear

accelerators. However, carefully designed clinical trials are
needed to evaluate these potential advantages to proton beam
radiation therapy. For small targets, gamma knife irradiation
with full frame immobilization represents the current “gold
standard” by which other irradiation modalities are to be
measured and compared.

Drug–Radiation Interactions and New
Approaches to “Targeted” Radiation Therapy

Mechanisms of Interaction with 
Conventional Chemotherapy

The concomitant use of conventional chemotherapy agents
such as the fluoropyrimidines and the platinum analogues
during radiation therapy is the standard of care for neoadju-
vant, postoperative adjuvant and definitive therapy in the
treatment of locally advanced cancers of the head and neck,
lung, and throughout the gastrointestinal tract, including
esophageal, gastric, pancreas, rectal, and anal cancers. The
results of various Phase 3 clinical trials of concomitant com-
bined modality therapy using these drugs are reviewed
throughout this textbook under the disease-specific sites.
Indeed, the success of these concomitant combined modality
treatments for the locally advanced cancers is probably the
most significant advances in cancer therapy during the 
past 10 to 15 years.65–67 Surprisingly, in spite of such success,
the cellular and molecular mechanisms of interaction result-
ing in tumor radiosensitization remain poorly understood.
Although an in-depth review of our current understanding 
of the greater than additive interactions of conventional
chemotherapy drugs is beyond the scope of the chapter, 
the reader is referred to three recent reviews.65–67 A brief
overview of these drug–radiation interactions is summarized
as follows.

5-Fluorouracil (5-FU) is clearly the most commonly used
drug as a radiosensitizer, with the principal mechanism of
sensitization related to inhibition of thymidylate synthase
(TS) with subsequent progression through the G1 checkpoint
(restriction point) into S phase with altered (perturbed)
triphosphate pools and reduced DNA repair.68 As such,
tumors with high levels (overexpression) of TS, which are
known to be clinically resistant to 5-FU cytotoxicity, are
probably also resistant to 5-FU-based radiosensitization. Two
other enzymes involved in nucleoside metabolism including
dihydropyrimidine dehydrogenase (DPD), a 5-FU catabolic
enzyme, and thymidine phosphorylase (TP) may also be key
regulators of fluoropyrimidine radiosensitization, including
the use of oral prodrugs such as UFT and capecitabine.66

Chemotherapy drugs that target ribonucleotide reductase
(RR), the rate-limiting enzyme in deoxynucleotide metabo-
lism, can also result in clinical radiosensitization.66,67

These drugs include hydroxyurea (HU) and gemcitabine
(dFdCyd). It is known that ionizing radiation can cause a 
posttranscriptional overexpression of RR69 and that the 
mechanism of radiosensitization appears to be progression
into S phase under altered triphosphate pools (particularly
dATP).70

The platinum analogues, including cisplatin, carboplatin,
and oxaliplatin, are also commonly used as clinical radiosen-
sitizers in head and neck cancers, non-small cell lung cancers,
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bladder cancers, and locally advanced cervical cancers.
Several potential mechanisms of drug–radiation interactions
with the platinum analogues have been proposed, including
enhanced formation of toxic platinum–DNA adducts and
crosslinks in the presence of IR free radicals; cell-cycle arrest
at G2/M with reduced DNA repair; and enhanced cellular
platinum uptake by IR.68

Although the enhanced local control and improved sur-
vival rates have convinced the oncology community to con-
sider these concomitant combined modality approaches 
as the current standard of care for many locally advanced 
solid tumors, there is also an enhancement in both acute (e.g.,
mucositis, myelosuppression) and late (e.g., esophageal,
bowel strictures) normal tissue toxicities. Thus, more care-
fully designed clinical trials are still needed to measure the
therapeutic gain and to test in patients the proposed mecha-
nisms of these drug–radiation interactions leading to
radiosensitization using noninvasive imaging techniques
including PET and MR spectroscopy. Even in this era of mo-
lecularly targeted therapy, the oncology community should
not overlook the success of these drug–radiation interactions
and should continue to study the molecular targets of these
leading to radiosensitization.

Mechanisms of Interaction with 
Bioreductive Drugs

As discussed earlier, hypoxic tumor cells exist in many
common solid tumors and represent a therapeutically resis-
tant tumor cell population that may limit the curability of
these tumors to different chemotherapy drug classes as well
as to radiation therapy. However, the presence of these
hypoxic cell populations in tumors also represents an
exploitable difference to enhance the therapeutic gain as
normal tissues do not have such acute and/or chronically
hypoxic cells. One approach to exploit hypoxia for a thera-
peutic gain is to use bioreductive drugs with radiation therapy
to selectively kill the hypoxic cell population.

The development of bioreductive drugs has been an area
of extensive preclinical research and clinical testing for more
than 25 years, but even today there are no clinically proven
bioreductive drugs approached in the United States for use
with radiation therapy alone nor with chemoradiotherapy.
Two recent review articles detailed the development and
testing of these various nitroheterocyclic compounds.71,72 At
the present time, nimorazole is used in some European coun-
tries as a radiosensitizer in head and neck cancers based on a
Phase III trial,73 and tirapazamine is in Phase II and III testing
combined with radiotherapy alone, cisplatin-based
chemotherapy, and combined cisplatin/radiation therapy in
the United States.72

Growth Factor Receptor Targeting 
for Radiosensitization

Over all the past several years, the potential therapeutic tar-
geting of growth factor receptors on tumor cells is an area 
of active preclinical research and early clinical testing. Two
key targets to enhance radiosensitization in human cancers
are the epidermal growth factor (EGF) family and vascular
endothelial growth factor (VEGF). For a comprehensive dis-

cussion of these approaches to radiosensitization, the reader
is referred to two recent reviews.74,75

The epidermal growth factor receptor family has four
transmembrane receptor tyrosine kinases, including HER2,
HER3, HER4, and epidermal growth factor receptor (EGFR),
which are involved in cell proliferation and survival
responses, mediated through ligand binding. EGRF is known
to be overexpressed in a majority of several tumors including
non-small cell lung cancer, head and neck cancers, and
glioblastoma multiforme. Clinical studies confirm that EGRF
overexpression is associated with clinical radioresistance in
these tumors. HER2 overexpression in breast cancer is also
associated with clinical radioresistance. Thus, targeting the
EGFR family clearly has the potential for radiosensitization.
The preliminary results of a Phase III clinical trial comparing
radiation therapy + the chimeric monoclonal antibody against
EGRF (Cetuximab, Erbitux; ImClone Systems, New York,
NY, and Bristol-Myers Squibb Company, Princeton, NJ, USA)
were recently reported showing improved local control and
survival at 2 and 3 years.76 Although encouraging, several 
criticisms in trial design and the lower than expected local
control and survival data in the radiation therapy alone,
necessitate further clinical testing.

A second developmental area of tumor targeting involves
targeting the tumor vasculature. It is recognized that tumor
progression during radiation therapy is a major reason for radi-
ation failures. The ability of a tumor to progress during radi-
ation therapy is dependent on the continued formation of new
tumor blood vessels. Consequently, by targeting tumor vas-
culature, one attempts to disrupt the proangiogenic balance
between the tumor and its endothelial and vascular stromal
cells.75 Because VEGF is an important proangiogenic tumor
growth factor, a considerable amount of emphasis has been
placed on VEGF inhibition in preclinical testing with radia-
tion therapy using protein- or receptor-targeted antibodies or
using VEGF receptor signaling inhibitors including the
cyclooxygenase 2 inhibitors.77

Two other approaches that attempt to target tumor
growth and enhance tumor response to ionizing radiation
involve targeting tumor oncogenes such as Ras78 and the
nuclear transcription factor NF-KB.79 As no clinical data are
available on these potential targeted therapies, the reader is
referred to two recent reviews of the preclinical research and
proposed clinical testing.78,79

Targeting DNA Repair for Tumor
Radiosensitization

As reviewed previously in this chapter, recent advances in 
our understanding of DNA repair have shown genetic and 
epigenetic changes in several common human cancers, which
result in alterations in IR damage recognition and damage
repair processes. DNA mismatch repair (MMR) is a postrepli-
cational process whose genes/proteins are not only capable of
recognizing and processing single DNA base-pair mismatches
and insertion-deletion loops during DNA replication, but also
DNA adducts resulting from several types of chemotherapy
drugs including the platinum analogues, alkylating/methyl-
ating drugs including procarbazine and temozolomide, and
various nucleoside analogues including the fluoropyrim-
idines, gemcitabine, and the purine analogues, 6-thioguanine
(6-TG) and 6-mercaptopurine (6-MP).80 MMR is also involved
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in processing IR damage.81 As such, MMR-deficient human
tumors resulting from genetic defects [e.g., human nonpoly-
posis colorectal cancers (HNPCC)] or from epigenetic silenc-
ing (methylation) of hMLH1 and hMSH2 genes (e.g., found in
15%–30% of colon, gastric, endometrial, high-grade glioma,
and ovarian and breast cancers) show clinical resistance to
these chemotherapeutic agents as well as IR.80–82 One
approach to target these MMR-deficient human cancers for
radiosensitization involves the use of the halogenated thymi-
dine analogues such as iododeoxyuridine (IUdR), which are
incorporated into DNA in place of thymidine and enhance
DNA damage following IR exposure. MMR-deficient tumor
cells fail to effectively remove IUdR DNA, unlike normal
(MMR+) cells, allowing for preferential tumor radiosensitiza-
tion without enhancing normal tissue toxicity as recently
shown in vivo.83 A clinical trial of this approach using an oral
prodrug of IUdR (IPdR) and radiation therapy in MMR-
deficient (“resistant”) human cancers is ongoing.

Another potential area for “targeted” radiosensitization
involves the use of inhibitory drugs or proteins directed at
double-strand break repair. As stated earlier, RAD51 is over-
expressed in several clinically radioresistant tumors such as
pancreas cancer. Additionally, ionizing radiation treatment
can induce expression of RAD51 RNA and RAD51 protein-
mediated homologous recombination of double-strand breaks
in both normal and human tumor cells. At present, imatnib
mesylate (Gleevac; Novartis) is a potential candidate for 
clinical testing of inhibiting RAD51 at its tyrosine 315 phos-
phorylating site.84
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Principles of Surgical
Therapy in Oncology

Michael S. Sabel, Kathleen M. Diehl, 
and Alfred E. Chang

History of Surgical Oncology

The role of surgery in the treatment of cancer has seen a dra-
matic change over the past century, from that of the only
chance for cure to becoming one weapon in an armamentar-
ium of oncologic therapies. As the role of surgery changes, so
has the role of the surgeon, evolving from cancer surgeon to
surgical oncologist. This role continues to evolve, as the
management of cancer is altered by increased knowledge of
genetics, molecular biology, and tumor immunology.
Although surgery has historically been the first line of defense
against a tumor, the escalating use of neoadjuvant therapies
often shifts surgery to the second or third line. The role of
surgery has expanded from that of purely therapeutic to
include both palliation and prophylaxis. Inasmuch as sur-
geons are the ones with direct access to tumors, they have
cemented their role as physician-scientists, investigating
novel molecular and immunologic therapies. As new discov-
eries continue to transform our approach to cancer, the field
of surgical oncology will continue to evolve (Table 4.1).

The surgical treatment of superficial cancers is clearly not
a new concept. Some of the oldest medical records in exis-
tence, Egyptian papyri dating back to 1700 B.C., describe the
cautery destruction of the breast.1 Celsus and Galen, Roman
physicians of the first and second centuries A.D., wrote about
breast cancer operations, and the Greek physician Lenoidas
described a mastectomy for breast cancer, including the use
of cautery for hemostasis, in the 5th century A.D. Surgery
was obviously limited to superficial tumors, and even that
approach was halted throughout the dark ages of medicine.
Ultimately the humoral theories of disease (blood, phlegm,
white bile, and black bile) were replaced by scientific experi-
mentation, and the principles of modern medicine began to
take shape.

The principles of surgical oncology, along with several
other fields, found their start with John Hunter (1728–1793),
often referred to as the father of surgery. He first described
many of the concepts of surgical oncology, including the idea
that cancer could be a localized process that was potentially
amenable to surgical cure. He stressed the need for total
removal of the cancer along with the potential areas of lym-
phatic spread a century before Halsted’s theory. These theo-
ries would not realize themselves, however, until the surgery
itself became more feasible through a better understanding of
anatomy and pathology through autopsies, the introduction

of general anesthesia in 1842, and the principles of antisep-
sis, first described by Lister in 1867. This knowledge allowed
surgical oncology to expand beyond superficial tumors, 
such as breast cancer, to the treatment of intraabdominal
malignancies.

The next few decades would see the description of several
major operations for cancer, including many by Theodore 
Billroth of Vienna, who could probably be considered the first
surgical oncologist. He is most well known for the first 
successful partial gastrectomy for cancer (1881), but he also
described the first total laryngectomy (1873), the first
hemipelvectomy (1891), and the first suprapubic removal of
a bladder tumor.2 Other notable milestones include the resec-
tion of colon cancer (Weir, 1885),3 the radical mastectomy
(Halsted, 1891),4 the radical hysterectomy for cancer (Kelly,
1895),5 the first radical neck dissection (Crile, 1906),6 and the
first abdominoperineal resection for rectal cancer (Miles,
1908).7

Throughout the first half of the 20th century, surgery
remained the mainstay of cancer treatment. Although these
major operations were not without significant mortality and
morbidity, the risks of surgery were still outweighed by the
potential for cure or palliation of symptoms. It is during this
time that the phrase cancer surgeon was popularized, as the
only major advances in cancer care were surgical. Cancer sur-
geons were in abundance at the major medical centers and
were the clinical leaders at the few dedicated cancer centers.

The mid-20th century saw advances in cancer therapies
outside the realm of surgery. Roentgen’s discovery of X-rays
in 1896 ultimately led to radiation treatments for surface
cancers such as those of the cervix, head and neck, or breast.
Chemotherapy entered the scene with the discovery of the
alkylating agent nitrogen mustard in WWII,8 the folic acid
antagonists reported by Farber in 1948,9 and the concept of
hormonal alteration proposed by Nobel laureate Charles
Huggins in 1941.10 It soon became apparent that cancer could
be treated using more than one modality. It was at this 
time that the field of oncology began to mature, with 
clinical chemotherapists becoming known as oncologists. 
James Ewing, a pathologist who had experimented with
immunotherapy, chemotherapy, and radium, established the
multidisciplinary approach to the treatment of cancer with
his book entitled Neoplastic Diseases.

In the mid-1960s, the term surgical oncology first arose;
however, this phrase served to differentiate not between
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cancer surgeons and general surgeons but rather between sur-
geons and oncologists. Although the fields of medical oncol-
ogy and radiation oncology were quickly acknowledged as
legitimate subspecialties, the field of surgical oncology had
difficulty separating from general surgery. Most well-trained
general surgeons felt capable of performing the majority of
cancer operations, and so subspecialization was limited to
university hospitals that allowed such a focus. In the mid-
1960s, the Medical College of Virginia was the first univer-
sity department of surgery to establish a formal division of
surgical oncology under the auspices of Dr. Walter Lawrence.
By 1986, 38% of university surgery departments had done the
same.11 Despite the territorial conflicts between general sur-
geons, whose workload continues to be devoted in large part
to cancer, and the surgical oncologist, the field continued to
emerge as a surgical subspecialty. In 1975, the Society of Sur-
gical Oncology (SSO) was established from the James Ewing
Society, a group of alumni who had trained at the Memorial
Sloan-Kettering Cancer Center and gathered in New York for

both scientific and social purposes. Although not a purely
surgical society, it was dominated by surgeons and was estab-
lished with the premise that its members would continue to
be true to the inspiration of Dr. Ewing and his multidiscipli-
nary approach to cancer. In conjunction with the National
Cancer Institute (NCI), the SSO defined a surgical oncologist
as an individual who is a fully qualified general surgeon who
has had additional training and experience in all aspects of
oncology, is capable of collaborating well with other oncol-
ogy disciplines, has a full-time commitment to oncology, and
serves the important role of leader of his fellow general sur-
geons in the care of the cancer patient.

Goals of Cancer Surgery

With the expansion of the multidisciplinary approach to
cancer, the role of the surgeon has changed significantly. In
addition to the well-established curative role, surgeons are
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TABLE 4.1. Important milestones in surgical oncology.

1600–1700 B.C. Egyptians use cautery to destroy breast cancer.
400 B.C. Hippocrates describes the clinical symptoms of cancer and coins the terms “carcinoma” and “sarcoma.”
1st and 2nd century A.D. Roman physicians use surgery to treat breast cancer.
5th century A.D. The Greek physician Lenoidas first describes a mastectomy as a treatment of breast cancer.
1760s John Hunter, the “Father of Scientific Surgery,” describes principles of surgical oncology including cancer as 

local disease and lymphatic spread.
1775 Percival Pott describes scrotal cancer in chimney sweeps, first identifying a specific etiology of cancer.
1809 The first modern elective surgery for an abdominal cancer is performed: the removal of a 22-lb ovarian 

tumor by Ephraim MacDowell.
1829 Joseph Recamier first describes the principles of tumor metastasis.
1846 The first major cancer operation is performed under general anesthesia: the excision of the submaxillary 

gland and part of the tongue by John Collins Warren.
1867 Lister describes the principles of antisepsis and introduces carbolic acid, greatly reducing the morbidity of 

surgery.
1873 First total laryngectomy for laryngeal cancer by Theodore Billroth.
1881 First partial gastrectomy for cancer by Theodore Billroth.
1885 First colectomy for colon cancer by Robert Weir.
1887 New York Cancer Hospital becomes the first hospital in the United States specifically for cancer treatment.
1891 First hemipelvectomy by Theodore Billroth; first radical mastectomy for breast cancer by William Halsted.
1896 Roentgen discovers X-rays, ultimately leading to radiation oncology; G.T. Beason performs the first 

oophorectomy as hormonal treatment for breast cancer.
1906 First abdominoperineal resection for rectal cancer by W. Ernest Miles.
1909 Theodore Kocher first describes thyroid surgery.
1913 Both the American Association for the Advancement of Cancer (which would become the American Cancer 

Society) and the American College of Surgeons are established.
1919 James Ewing publishes Neoplastic Diseases, promoting the concept of the multidisciplinary treatment of 

cancer.
1927 First resection of pulmonary metastases by George Divis.
1935 First pancreaticoduodenectomy for pancreatic cancer by Allen O. Whipple.
1940 The James Ewing Society is established to “further our knowledge of cancer.”
1940s Chemotherapy begins with the discovery of nitrogen mustards and folic acid antagonists.
1957 The initiation of the National Surgical Adjuvant Breast Project (NSABP).
1960s Dr. Walter Lawrence establishes a division of surgical oncology at the Medical College of Virginia.
1975 The Society of Surgical Oncology (SSO) is established.
1978 The term surgical oncologist is defined by the SSO and NCI, and the SSO formulates guidelines for 

postresidency surgical oncology training.
1998 The American Board of Surgery establishes the Advisory Council for Surgical Oncology. 

The American College of Surgeons Oncology Group (ACOSOG) is established.



often asked to obtain tissue for diagnosis and staging, debulk
tumors as part of multimodality therapy, palliate incurable
patients, or prevent cancer by the surgical removal of
nonessential organs. As the management of cancer is altered
by new discoveries in genetics, molecular biology, immunol-
ogy, and improved therapeutics, so too will the functions of
the surgical oncologist change. With our increased under-
standing of the genetic predisposition to cancer, the surgeon
is increasingly being asked to remove healthy organs to
prevent malignancy. However, as other effective methods of
prevention are developed, such as chemoprevention or gene
therapy, this role will certainly diminish. Improving imaging
technologies may have diminished the need for surgical inter-
vention for staging (such as in Hodgkin’s lymphoma), but the
expanded use of neoadjuvant therapies often requires inter-
ventions to accurately assess response to therapy. In addition,
harvesting tumors may become increasingly important for
molecular staging as well as identifying molecular targets for
specific therapies. It is therefore imperative for surgical oncol-
ogists to remain up-to-date on the newest approaches to
cancer therapy, both multidisciplinary and experimental, and
be prepared to adapt to the changing requirements for surgery.

Curative Surgery

Surgery for Primary Cancers

The major objective for surgery of the primary cancer is to
achieve optimal local control of the lesion. Local control is
defined as the elimination of the neoplastic process and estab-
lishing a milieu in which local tumor recurrence is mini-
mized. Historically, this was achieved with radical extirpative
surgeries that shaped the surgical oncologists’ major objec-
tive, namely, avoiding a local recurrence. Before William
Halsted’s description of the radical mastectomy, surgical

treatment of breast cancer resulted in a dismal local control
rate of less than 30%. The reason why Halsted’s procedure
was adopted as a standard approach was because he achieved
greater than 90% local control, despite the fact that the
overall survival of his patients was not improved.4 The
latter was due to the locally advanced stage of the patients
who were treated in those days. This consideration ushered
in the concept of en bloc removal of adjacent tissue when
removing a primary cancer. Halsted’s mastectomy involved
the removal of adjacent skin (often necessitating a skin graft),
underlying pectoral muscles, and axillary lymph nodes
(Figure 4.1).

One of the major principles of surgical therapy of the
primary tumor is to obtain adequate negative margins around
the primary tumor, which could mean different operative
approaches depending on the tumor type and its local involve-
ment with adjacent structures. For example, the removal of a
primary colon cancer that involves an adjacent loop of small
bowel or bladder requires the en bloc resection of the primary
tumor along with removal of the involved segment of small
bowel and bladder wall. This approach avoids violation of the
primary tumor margins that could lead to tumor spillage and
possible implantation of malignant cells in the surrounding
normal tissues. Aside from biopsies of the primary tumor, the
lesion should not be entered during a definitive resection. In
fact, any biopsy tract or incision that was performed before
the tumor resection should be included in the procedure to
reduce the risk of local recurrence (Figure 4.2).

The risk of local recurrence for all solid malignancies is
clearly increased if negative margins are not achieved. The
adequacy of the negative margin has been defined for most
tumor types either from retrospective clinical experience or
prospective clinical trials. For example, a 5-cm margin is an
adequate bowel margin for primary colon cancers that has
been established from clinical experience. Likewise, it is
accepted that a 2-cm distal margin for rectal cancers results
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FIGURE 4.1. Original drawing of the
radical mastectomy reported by
William S. Halsted in 1894. Introduc-
tion of this operation led to improved
local control in the treatment of breast
cancer. (From Halsted,4 by permission
of Annals of Surgery.)



in adequate local control. Through several prospective, ran-
domized clinical trials, the margins of excision for primary
cutaneous melanomas differ according to the thickness of 
the primary (see Chapter 60). It was a commonly held notion
that the development of a local recurrence would in itself
result in metastatic disease with decreased overall survival.
However, this has not been borne out in the context of
prospective trials as described here.

The emergence of multimodal therapy has dramatically
affected the surgical approach to many primary cancers, espe-
cially when surgical resection of the tumor is combined with
radiotherapy. Local control is significantly improved after sur-
gical resection of breast, rectal, sarcoma, head and neck, and
pancreatic primary cancers. In fact, the addition of radiation
therapy as an adjunctive therapy has allowed for less-radical
procedures to be performed with an improvement in the
quality of life of patients. A prime example of this is in breast
cancer. Several clinical trials have demonstrated that the
overall survival of patients with invasive breast cancer was
comparable if treated by mastectomy versus lumpectomy
plus adjuvant radiotherapy (see Chapter 55). This realization
has resulted in better cosmesis and quality of life. In the
National Surgical Adjuvant Breast and Bowel Project proto-
col, B-06, local recurrence in breast cancer patients did not
affect overall survival.12 In this seminal study, women 
with stage I or II breast cancer were randomized to total mas-
tectomy with axillary node dissection, lumpectomy, and 
axillary node dissection followed by breast irradiation, or
lumpectomy and axillary node dissection without irradiation.
There was a significantly greater local relapse of tumor in
women who underwent lumpectomy who did not receive
breast irradiation versus those who received it (10% versus
39%, respectively, P less than 0.001). However, there was no
difference in overall survival between any of the randomized
groups. This study demonstrated the improved local control
achieved with irradiation combined with lumpectomy.

Another example of how irradiation has altered surgical
management of cancers is with extremity sarcomas. Before
the 1970s, amputation was the standard surgical therapy of
extremity soft tissue sarcomas because of the excessive local

relapse rate with wide excisions. In a landmark trial con-
ducted at the National Cancer Institute, subjects with 
high-grade soft tissue sarcomas were randomized to receive
amputation versus limb-sparing surgery plus radiotherapy.13

All subjects received postoperative chemotherapy. Despite a
higher local recurrence rate in the limb salvage group, there
were no significant differences in overall survival between 
the randomized groups. This study paved the way for offer-
ing limb salvage procedures for patients with soft tissue 
sarcomas.

As the field of multimodality therapy has developed, the
role of surgery as primary therapy for certain solid malignan-
cies has changed. The concept of neoadjuvant therapy where
chemotherapy and/or radiation therapy is administered before
surgical resection has become standard care for some tumors.
A prime example of this is the treatment of anal squamous
cell cancers. Before the 1970s, the primary therapy for this
cancer was an abdominoperineal resection, which involves
removal of the rectum and creation of a permanent
colostomy. The discovery of effective chemoradiation therapy
for this tumor has resulted in a high percentage of complete
responses in many patients who then require having only
excisional biopsies of residual scar.14,15 This change has spared
patients from having an abdominoperineal resection, which
is now reserved for those who fail to completely respond 
to chemoradiation or who subsequently relapse. Another
example is the treatment of childhood rhabdomyosarcomas.
In breast cancer, the use of neoadjuvant chemotherapy has
been able to render many more women to be candidates for
breast-sparing surgery who may not have been initially
because of large tumor size.16,17 Postoperative adjuvant thera-
pies involving chemotherapy and/or radiation therapy have
also become standard approaches in many solid tumors,
resulting in improved local control and overall survival.

Surgical Resection of Regional Lymph Nodes

The regional lymph nodes represent the most prevalent site
of metastasis for solid tumors. Because of this, the involve-
ment of the regional lymph nodes represents an important
prognostic factor in the staging of the cancer patient. For this
reason, the removal of the regional lymph nodes is often per-
formed at the time of resection of the primary cancer. Besides
staging information, a regional lymphadenectomy provides
regional control of the cancer. Examples of this are patients
with melanoma who have tumor metastatic to lymph nodes.
It is well documented that the removal of these regional
lymph nodes can result in long-term survival benefit in
approximately 20% to 40% of individuals depending upon the
extent of nodal involvement. Hence, the removal of regional
lymph nodes can be therapeutic.

The controversies regarding regional lymphadenectomy
for solid malignancies have related to the timing of the pro-
cedure as well as the extent of the procedure. For some vis-
ceral solid tumors such as gastric and pancreatic cancers, the
extent of lymphadenectomy at the time of primary tumor
resection has been hypothesized to be important in optimiz-
ing local and regional control and has an impact on improv-
ing overall survival. This concept has not been borne out in
prospective randomized trials of gastric cancer in which the
extent of lymphadenectomy has been examined (see Chapter
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FIGURE 4.2. Location of core-needle biopsy site (x) in a patient
undergoing a skin-sparing mastectomy for breast cancer. The biopsy
site is incorporated in the elliptical skin incision to be removed en
bloc with the specimen.



42). Based on these trials, the more-extended lymphadenec-
tomy appears to result in more accurate staging of patients at
a cost of increased morbidity. For nonvisceral solid tumors
such as melanoma, breast cancers, and head and neck squa-
mous cancers, the elective removal of regional lymph nodes
at the time of primary tumor resection has been postulated
to result in better survival outcomes compared to taking the
wait-and-watch approach. The latter involves performing a
lymphadenectomy only when the patient relapses in a nodal
basin that would then necessitate a therapeutic lymph node
dissection. In prospective randomized clinical studies evalu-
ating elective versus therapeutic lymph node dissection in
various tumor types, there was no survival advantage for per-
forming elective lymph node dissections (Table 4.2).18–25 It is
apparent from these controversies that the initial removal of
regional lymph nodes is most important for its staging
impact, rather than its therapeutic effect. The introduction of
selective lymphadenectomy based upon the concept of the

sentinel lymph node has dramatically improved our ability to
stage the regional lymph nodes of certain cancers. This is
reviewed in more detail in the Diagnosis and Staging section
of this chapter.

Surgical Resection of Metastatic Disease

The resection of isolated metastases in patients with solid
malignancies should always be a consideration when techni-
cally feasible. The term isolated metastasis implies that there
are no other sites of metastatic disease present as assessed by
clinical and imaging modalities. Hence, the selection of can-
didate patients for surgical resection requires a thorough eval-
uation of the individual’s disease status, preoperative medical
status, and assessment of the feasibility of resecting the
metastatic site with a negative margin. This process ends up
identifying a small subset of patients who would be surgical
candidates. Although there are no prospective randomized
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TABLE 4.2. Randomized trials evaluating elective versus therapeutic lymphadenectomy (Level 1 evidence).

No. of F/U
Author Reference Cancer Year patients Randomized groups period Results

Fisher et al. 18, 19 Breast (clinical T1, T2, 1977 1,079 Total mastectomy vs. total 21 years No significant
NO) mastectomy and RTa vs. differences

radical mastectomy between
groups in
overall or
disease-free
survival

Vandenbrouck 20 Squamous cell cancer 1980 75 Elective neck dissection 5 years No significant
et al. of oral cavity (clinical vs. therapeutic neck differences

T1-3, NO) dissection between
groups in
overall or
disease-free
survival

Veronesi et al. 21, 22 Extremity melanoma 1977 553 Elective lymphadenectomy 5 years No significant
(clinical NO) vs. therapeutic differences

lymphadenectomy between
groups in
overall or
disease-free
survival

Sim et al. 23 Melanoma (clinical NO) 1986 171 No lymphadenectomy vs. 4.5 No significant
elective lymphadenectomy years differences
vs. delayed lymphadenectomy between

groups in
overall or
disease-free
survival

Balch et al. 24 Melanoma (intermediate 1996 740 Elective lymphadenectomy vs. 7.4 No significant
thickness; clinical NO) therapeutic lymphadenectomy years differences

between
groups in
overall or
disease-free
survival

Cascinelli et al. 25 Truncal melanoma 1998 240 Elective lymphadenectomy vs. 11 years No significant
(>1.5mm thickness; therapeutic lymphadenectomy differences
clinical NO) between

groups in
overall or
disease-free
survival

F/U, follow-up.
aRT, radiation therapy to chest wall, internal mammary, axillary, and supraclavicular lymph nodes.



clinical studies documenting the survival benefit of surgical
resection of isolated metastases, there is a significant body of
retrospective evidence indicating that this approach can
result in significant long-term benefit in patients with either
lung or liver metastases. Aside from the regional lymph
nodes, both lung and liver represent the next most common
sites to which solid tumors metastasize.

The resection of metastases to the lung in patients with
osteogenic or soft tissue sarcomas has been established from
numerous retrospective reports. Both osteogenic and soft
tissue sarcomas have a propensity to metastasize to the lung
as the only site. Computed tomography studies of the lung
are capable of identifying lesions that are a few millimeters
in size. Multiple wedge excisions can be performed utilizing
stapling devices without compromise of pulmonary function.
Pulmonary metastasectomies for bone and soft tissue
sarcoma can result in 5-year overall survival rates of approx-
imately 35% if all disease is resected.26,27 The resection of
metastases for adenocarcinomas is not so well documented.
Primary adenocarcinomas often metastasize to multiple sites
and do not result in isolated lung metastases. When they are
confined to the lung, the metastases are often too numerous
to consider wedge resections. There are retrospective reports
indicating that, in select patients with metastatic adenocar-
cinomas to the lung (i.e., colorectal primaries), resection can
result in long-term survival benefit.28,29

A large body of retrospective evidence documents the
benefit of resecting isolated liver metastases; this is especially
the case for colorectal primary cancers. These cancers appear
to have a pattern of spread that involves the liver as the initial
site of metastasis. Resection of solitary or multiple colorec-
tal liver metastases has resulted in a 25% to 40% overall 
5-year survival rate, depending on the extent of liver involve-
ment. Factors that have been associated with better survival
are node-negative primary cancers, prolonged disease-free
interval from time of primary resection to diagnosis of liver
metastases, negative margins of hepatic resection, and fewer
numbers of hepatic metastases (see Chapter 95). Current
trials are under way to determine if adjuvant therapies given
after hepatic metastasectomies further improve survival in
this patient group. Besides colorectal liver metastases, the
resection of noncolorectal liver metastases also can be thera-
peutic or palliative for selected individuals. For example, the
resection of functional neuroendocrine metastases to the liver
can result in palliation and prolonged survival of patients.30

These tumors tend to be indolent in their growth rate;
however, the symptoms associated with the metastatic 
lesion can often be detrimental to the quality of life of the
patient. For other nonneuroendocrine, noncolorectal liver
metastases, resection can result in survival benefit as well.
Patients with isolated genitourinary or gynecologic primary
malignancies with a prolonged disease-free interval have been
reported to benefit from aggressive resection of hepatic
metastases.31

Both liver and lung represent the majority of the evidence
that resection of visceral metastases can result in long-term
survival. These results have been observed usually in the
absence of adjuvant systemic therapies. Our current concept
that solid malignancies are systemic at their onset (i.e., breast
cancer) would have us surmise that, with the presence of
bulky visceral metastases, there must also be micrometasta-
tic disease present at the time the bulky disease is resected.

Nevertheless, approximately 20% to 25% of individuals
remain disease free for many years. This finding begs the
notion that perhaps an immune mechanism is involved in
preventing disease relapse in a subset of these patients.
Besides liver and lung sites, there are clearly anecdotes and
published series indicating that the resection of isolated
metastases to skin, bowel, adrenal glands, pancreas, and other
sites can result in survival benefit. One of the roles of the 
surgical oncologist is to know when it is appropriate to offer
surgical resection of metastatic disease as a palliative or ther-
apeutic option.

Diagnosis and Staging

In addition to operating for curative purposes, the surgical
oncologist will often operate for the purpose of obtaining tissue
for diagnosis or staging or for monitoring response to therapy.
Biopsies for diagnosis can be done with fine-needle aspiration,
core-needle biopsy, or incisional or excisional biopsy.

Fine-Needle Aspiration

Fine-needle aspirations obtain cell suspensions suitable for
cytology or flow cytometry. This technique can be helpful in
aspirating a thyroid nodule, sometimes a breast lump, or a
lymph node whenever lymphoma is not primary in the 
differential diagnosis. The advantages to fine-needle aspira-
tion include the lack of a scar, lack of need for anesthetic,
good patient tolerance of the procedure, and the relatively 
fast turnover of cytology in obtaining a diagnosis. Cell-
surface receptors cannot be evaluated, and cytology cannot
distinguish between invasive and noninvasive cancers. A
fine-needle aspiration should be done only when the deter-
mination of atypical or malignant cells will help in diagnosis
or treatment, such as proceeding with a thyroid lobectomy or
documenting whether a lesion is recurrent cancer in a patient
with a known history of the disease. Although a determina-
tion of cell abnormality and malignancy can be done, it is
usually not sufficient for determining the definitive diagno-
sis of a primary neoplasm, with the possible exception of
abnormal cytology on brushings from an endoscopic exami-
nation in a patient with a pancreatic head mass or bile duct
stricture. Because of the possibility of false-positive results,
cytology is not considered sufficient for proceeding with a
major surgical resection such as a mastectomy. In such
instances, a method of biopsy that yields definitive histology
should be obtained.

Core-Needle Biopsy

Core-needle biopsies can be done percutaneously by palpat-
ing a mass or lymph node or by radiologic guidance. Core
biopsy material yields tissue architecture, including the diag-
nosis of malignancy, the tissue of origin of the primary tumor,
whether a tumor is noninvasive or invasive, and cell-surface
receptors. Advantages include the ability to do the biopsy
under local anesthesia, minimal scarring, and improved
patient tolerance of the procedure. Care should be taken to
keep the entry point for the needle in a location that can be
incorporated in a definitive resection of the mass in the event
the result shows a malignancy (Figure 4.2). A core-needle
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biopsy when diagnostic can allow planning for either neoad-
juvant or adjuvant therapies or for surgical resection. For
example, a core-needle biopsy of a large breast mass can allow
neoadjuvant chemotherapy of a breast malignancy and possi-
bly downstage the patient to being a breast conservation can-
didate, particularly when an excisional biopsy would be
cosmetically unacceptable and obligate a mastectomy. Thus,
it is usually the procedure of choice for making a pathologic
diagnosis in many areas of oncology. For large soft tissue
tumors or bone lesions, core biopsies should be the first
method to consider to obtain a diagnosis.32,33 However, core
needle biopsies often do not yield sufficient tissue for making
a diagnosis of primary lymphoma, which often requires inci-
sional or excisional biopsies.

Incisional Biopsy

Incisional biopsies are usually done when a needle biopsy is
nondiagnostic or technically not feasible. Common examples
include a pancreatic mass in which attempts at obtaining
cytology by endoscopic brushings or fine-needle aspiration via
endoscopic ultrasound have been nondiagnostic, or for a
retroperitoneal mass that is potentially a lymphoma. For these
intraabdominal tumors, the minimally invasive laparoscopic
approach offers advantages of obtaining adequate tissue mate-
rial as well as staging information that might not be appreci-
ated by imaging modalities. For tumors outside the abdomen,
care should be taken in planning an incisional biopsy to keep
the biopsy within the area of the definitive operation. Biop-
sies of the extremity should be done along the line of the long
axis of the extremity (Figure 4.3). An improperly placed trans-

verse incision on the extremity can lead to an unnecessarily
morbid procedure because the definitive resection must
achieve negative margins around the area of previous dissec-
tion (Figure 4.4). Impeccable hemostasis should be obtained
during incisional biopsy procedures because the complication
of a postoperative hematoma can lead to the dissemination of
tumor cells into tissue planes well beyond the area that would
be resected for definitive surgical therapy. For large cutaneous
lesions, a punch biopsy represents a form of incisional biopsy
that will sample all layers of the skin including the subcuta-
neous fat (Figure 4.5A). This procedure can be performed
under local anesthesia in the outpatient setting using dispos-
able punch biopsy tools (Figure 4.5B).

Excisional Biopsy

Smaller tumors are often more amenable to excisional biopsy.
Excisional biopsy implies the removal of the entire skin
lesion or lump. Small, particularly superficial, mobile tumors
can be difficult to obtain with an adequate needle biopsy.
Small masses or skin lesions on the extremity or trunk that
are potentially malignant are often best approached with an
excisional biopsy, as it allows definitive diagnosis without
risking violation of tissue planes. Disadvantages include the
resultant scar, the need for anesthetic, and the potential need
for reexcision for margins. It is important to orientate exci-
sional biopsy specimens in three dimensions for the patholo-
gist to determine margins if surgical reexcision is needed. The
precautions regarding orientation of incisions, not violating
tissue planes, and hemostasis are the same as mentioned in
the previous section on incisional biopsies.
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FIGURE 4.3. Placement of an incisional biopsy incision in
a patient with an extremity soft tissue tumor. These inci-
sions should be placed parallel to the long axis of the extrem-
ity. [By permission of Sondak VK. In: Greenfield LJ, et al.
(eds). Surgery Scientific Principles and Practice. Philadelphia:
Lippincott: Williams & Wilkins, 1993.]



Care should be taken, when biopsying more then one
lesion of the same patient, to use separate instrument setups
between biopsies in the event that not all the lesions are
malignant to avoid cross-contamination of malignant cells
between surgical sites. In this setting, precise labeling of 
each biopsy specimen is needed in the event that only one 
of the biopsied lesions is malignant to correctly identify the
area to be further treated. It is also important to ensure proper
handling of specimens. For example, lymph node tissue
obtained for the potential diagnosis of lymphoma should go
to pathology fresh to procure part of the specimen for flow
cytometry.

In addition to obtaining biopsies to make a diagnosis, the
surgical oncologist is increasingly called on to do a biopsy to
assess response to adjuvant therapy because routine imaging
studies do not always reflect what is happening at the tissue
level. For example, necrotic tumor may still show as a mass
on CT or mammography. In some protocols, serial biopsies
are obtained to access response to therapy; this is most often
done as a core-needle biopsy.

Sentinel Lymph Node Biopsy

Increasingly, attempts at a more minimal approach to lymph
node staging are being done with selective lymphadenectomy,
also known as sentinel lymph node mapping or biopsy. The
principle underlying this approach assumes that a cancer will
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FIGURE 4.4. Improperly placed transverse incision of a large soft
tissue tumor. The tumor proved to be a high-grade sarcoma, with the
subsequent wide excision being compromised because of the initial
procedure.

metastasize to one or more sentinel nodes in the regional
lymph node basin(s) as defined by the anatomic distribution
of lymphatic vessels present within and adjacent to the tumor
(Figure 4.6).34 One can determine whether the lymph node
basin is involved with tumor by removing the sentinel lymph
nodes and performing careful histologic examination of the
nodes. Negative sentinel nodes predict fairly accurately that
the remaining nodes within that basin will also be uninvolved
with tumor, thereby avoiding the need for a regional lym-
phadenectomy and its attendant complications. This method
has become the standard of care for staging patients with
invasive breast cancer or melanoma (greater than 1mm 
thickness) and is increasingly being evaluated in other 
malignancies such as head and neck, lung, gynecologic (i.e.,
cervical cancer), and gastrointestinal malignancies (i.e., 
colorectal and gastric cancers). The sixth edition of the 
American Joint Commission on Cancer staging guidelines has
been revised to reflect the identification of micrometastasis
to lymph nodes in melanoma and breast cancer (see Chapters
55 and 60).

Complete lymph node dissections of the affected lymph
node basin should be performed for positive sentinel lymph
nodes. Continued questions remain regarding the incorpora-
tion of sentinel lymph node biopsy into melanoma treatment,
including whether this method of staging and treating lymph
node basins affects overall or disease-free survival (as is being
evaluated in the Multicenter Selective Lymphadenectomy
Trial), the natural history of microscopic sentinel node metas-
tasis, and whether survival is affected by lymphadenectomy
or treatments with interferon alpha-2b in these patients (as is
being evaluated in the Sunbelt Melanoma Trial).35 Sentinel
lymph node biopsy has been accepted as accurately staging
the clinically negative axilla in early-stage breast cancer
patients with accuracy rates of 97% or greater. Currently, all
patients with histologically proven metastasis to the sentinel
node undergo completion axillary lymph node dissection.

Cancer Prevention

With the exponential increase in our understanding of inher-
ited genetic mutations and the identification of patients who
are predisposed to malignant transformation, surgical therapy
has expanded beyond the therapy of established tumors and
into the prevention of cancer. Prophylaxis is not a new
concept in surgical oncology. Patients with chronic inflam-
matory diseases are known to be at high risk of subsequent
malignant transformation. This realization typically prompts
close surveillance and surgical resection at the first identifi-
cation of premalignant changes. However, with the ability to
perform genetic screening for relevant mutations, cancer pre-
vention can be implemented before the onset of symptoms or
histologic changes. With the decoding of the entire human
genome, it is likely that more genes responsible for specific
cancers will be identified, and the potential role for prevention
will expand. Although many interventions may ultimately be
nonsurgical (such as tamoxifen for the chemoprevention of
breast cancer), the role of surgical therapy remains a primary
option in the prevention of cancer. It is for this reason that all
surgical oncologists must be aware of those high-risk situa-
tions that require surgery to prevent subsequent malignant
disease (Table 4.3).



6 6 chapter 4

FIGURE 4.5. Punch biopsy of large cutaneous lesions. (A) Schematic view demonstrating that all layers of the skin can be sampled using this
technique. (B) Different size punch biopsy tools that can be used. (A: From Arca MJ, Biermann JS, Johnson TM, et al.,32 by permission of 
Surgical Oncology Clinics of North America.)

FIGURE 4.6. Schematic diagram illustrating the lym-
phatic drainage of the breast and sentinel lymph nodes.

A

B
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TABLE 4.3. Potential indications for prophylactic organ removal.

Prophylactic surgery Potential indications

Bilateral mastectomy (patients with no BRCA1 or BRCA2 mutation
history of cancer) Atypical hyperplasia or lobular carcinoma in situ (LCIS)

Familial breast cancer
Bilateral mastectomy (patients with BRCA1 or BRCA2 mutation

unilateral breast cancer) Familial breast cancer or age of diagnosis less than 
40 years 

History of atypical hyperplasia or LCIS followed by 
unilateral breast CA

Difficult to evaluate contralateral breast
Bilateral oophorectomy in patients with BRCA1 mutation 

no history of cancer Familial ovarian cancer
Hereditary nonpolyposis colorectal cancer

Bilateral oophorectomy in addition to Hysterectomy for endometrial cancer
other abdominal cancer surgeries Colon resection for colon cancer
(postmenopausal women)

Thyroidectomy RET proto-oncogene mutation
Multiple endocrine neoplasia type 2A (MEN 2A)
Multiple endocrine neoplasia type 2B (MEN 2B)
Familial non-MEN medullary thyroid carcinoma (FMTC)

Total proctocolectomy Familial adenomatous polyposis (FAP) or APC
mutation

Ulcerative colitis 
Hereditary nonpolyposis colorectal carcinoma (HNPCC) 

germ-line mutation

Colorectal Cancer

One of the earliest examples of surgical prophylaxis is the 
recommendation for total proctocolectomy for subsets of
patients with chronic ulcerative colitis. Patients with pan-
colitis, onset of disease at a young age, and a long duration of
colitis are at high risk of developing colorectal cancer.36 Other
clinical diseases of the large intestine also illustrate the role
of proctocolectomy in cancer prevention. Familial adenoma-
tous polyposis coli (FAP) syndrome, defined by the diffuse
involvement of the colon and rectum with adenomatous
polyps often in the second or third decade of life, almost
always predisposes to colorectal cancer if the large intestine
is left in place. However, the role of screening and prophy-
lactic proctocolectomy changed dramatically with the iden-
tification of the gene responsible for FAP, the adenomatous
polyposis coli (APC) gene, located on the long arm of chro-
mosome 5 (5q21).37 Now, children of families in which an
APC mutation has been identified can have genetic testing
before polyps become evident. Carriers can have screening
and surgical resection once polyps appear, usually in the late
teens or early twenties. Although not ideal, the palatability
of proctocolectomy in this population was furthered with the
description of the total abdominal colectomy, mucosal proc-
tectomy, and ileoanal pouch anastomosis.38

As we identify additional syndromes and genes that carry
an increased risk of colorectal cancer, the potential role of
screening and prophylactic surgery also expands. Hereditary
nonpolyposis colorectal carcinoma (HNPCC), or Lynch syn-
drome, is an autosomal dominant disorder that is estimated
to be responsible for 5% to 10% of all colorectal cancers.
Although the carcinomas arise from benign adenomas,
HNPCC is not characterized by a large number of polyps. Two
Lynch syndromes have been described. Lynch syndrome I fea-
tures an early age onset of cancer, often metachronous. Lynch
syndrome II involves cancers not only of the small and large
intestine but also endometrial, ovarian, renal, gastric, and
hepatobiliary. Although the genes responsible for HNPCC

have been identified, namely hMSH1, hMLH1, hPMS1, and
hPMS2, these mutations do not have a 100% penetrance; thus,
cancer will not develop in all carriers. Prophylactic surgery is
recommended for some but not all carriers, but aggressive
screening should be implemented and a subtotal colectomy
should be performed if a cancer develops.39,40

Breast Cancer

Another example of prophylactic surgery is the bilateral mas-
tectomy for women at high risk of developing breast cancer.
Before the identification of the BRCA genes, prophylactic mas-
tectomies were typically reserved as an option for women with
lobular carcinoma in situ (LCIS). However, with the identifi-
cation of BRCA1 and BRCA2, the role of prophylactic mas-
tectomies has been greatly expanded. For women with BRCA1
or BRCA2 mutations, the lifetime probability of breast cancer
is between 40% and 85%.41–43 Because mastectomy cannot
remove all breast tissue, women can expect a 90% to 94% risk
reduction with prophylactic surgery.44 Schrag et al. calculated
the estimated gain in life expectancy after prophylactic surgery
versus no operation in women with either a BRCA1 or BRCA2
mutation and found a 30-year-old woman would be expected
to gain 2.9 to 5.3 years of life, depending on her family history.45

However, potential benefits of prophylactic mastectomy must
be weighed against quality of life issues and the morbidity of
the surgery.46 In addition, other methods for prophylaxis, such
as tamoxifen chemoprevention or bilateral oophorectomy,
must be considered. Along with the increased risk of breast
cancer with BRCA1/2 mutations, the risk of ovarian cancer is
also increased. Bilateral oophorectomy after childbearing is
complete not only reduces the risk of ovarian cancer47 but may
also decrease the risk of breast cancer.48 A detailed discussion
must be held with each patient considering bilateral mastec-
tomies regarding the risks and benefits, the knowns and
unknowns. It is becoming increasingly important that today’s
surgical oncologist have a clear understanding of genetics and
inherited risk.



Medullary Thyroid Cancer

Increased genetic knowledge has also changed our approach
to thyroid cancer. Medullary thyroid cancer (MTC) is a well-
established component of multiple endocrine neoplasia 
syndrome type 2a (MEN 2a) or type 2b (MEN 2b). Previously,
family members at risk for MEN 2 underwent annual screen-
ing for elevated calcitonin levels; however, this only detected
MTC after it developed. In 1993 it was identified that muta-
tions in the RET proto-oncogene were present in almost 
all cases of MEN 2a and 2b. Now family members of MEN
patients can be screened for the presence of a RET mutation.
Those without the mutation need not undergo additional
screening, whereas those with the mutation should undergo
total thyroidectomy at a young age (6 years for MEN 2a,
infancy for MEN 2b).49

Palliation

Surgical intervention is sometimes required in the patient
with unresectable advanced cancer for palliative indications.
The common indications for palliation in this setting are
pain, bleeding, obstruction, malnutrition, or infection. The
surgeon needs to consider several factors regarding each situ-
ation as to whether the surgical intervention will add signif-
icantly to the quality of life of the patient. These factors
include the expected survival of the individual, the potential
morbidity of the procedure, the likelihood that the procedure
will palliate the patient, and whether there are alternative
nonsurgical methods of palliation.

The acute onset of pain, bleeding, or obstruction repre-
sents a potential oncologic emergency. This topic is covered
in more detail in Chapter 74 (Surgical Emergencies). Probably
the most common oncologic emergency that the surgeon con-

fronts is the obstruction of a hollow viscus, which can give
rise to an acute abdomen, perforation of the viscus, and pos-
sibly bleeding. The hollow viscus could be the bowel, biliary
tree, endobronchial tree, ureters, or bladder. There are surgi-
cal interventions that can be employed to address these prob-
lems, and in certain instances, nonsurgical approaches with
stents that are effective.

Malnutrition is a common problem in the cancer patient,
especially one with advanced, unresectable disease. Nutrition
can be supplemented or replaced by intravenous hyperali-
mentation or enteral feedings via a gastrostomy or jejunos-
tomy tube. Commonly, the surgeon is involved in placement
of vascular access for hyperalimentation. If the gastrointesti-
nal tract is functional, the surgeon may be called upon to
place a feeding tube for enteral nutrition. The nutritional
support of the cancer patient as well as aspects of vascular
access are reviewed in more detail in Chapters 82 and 85.

Occasionally, the surgeon is involved in palliating pain
caused by a metastatic lesion compressing an organ or adja-
cent nerves. Examples include cutaneous or subcutaneous
melanoma metastases, a large ulcerating breast cancer, or a
recurrent intraabdominal sarcoma mass. As indicated previ-
ously, the surgeon needs to assess the relative risk-to-benefit
ratio in resecting a symptomatic mass, knowing that it will
not affect the overall survival of the patient. If the quality of
life of the individual can be improved at an acceptable oper-
ative risk, then the surgical intervention is warranted.

Surgical Considerations in the Cancer Patient

There are special considerations when planning operative pro-
cedures on cancer patients beyond the normal planning done
for the same operation on a nononcologic patient (Table 4.4).
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TABLE 4.4. Special considerations in the cancer patient.

Oncologic factors Potential associated problems

Tumor-specific factors:
Gastrointestinal Obstruction and aspiration risk; gastrointestinal bleeding; 

bowel perforation
Head and neck/mediastinal Reduced oral intake; superior vena cava obstruction; airway 

compromise; difficulty with ventilation or intubation
Cerebral tumors/brain metastasis Decreased mental status; syndrome of inappropriate secretion 

of antidiuretic hormone; increased intracerebral pressures
Paraneoplastic syndromes Syndrome of inappropriate secretion of antidiuretic hormone; 

hypercalcemia
Cancer factors:
Cachexia/malnutrion Increased infection; fluid and electrolyte management; wound 

healing
Hypercoagulability Venous thrombosis; superior vena cava syndrome; pulmonary 

embolism
Bone metastasis Hypercalcemia; increased fracture risk; potential for cord 

compression; potential for difficulty with intubation
Treatment-specific factors:
Steroids Gastritis and gastrointestinal bleeding; diabetes; adrenal 

insufficiency; difficulties with wound healing
Chemotherapy Neutropenia and anemia; pulmonary fibrosis; cardiac 

dysfunction; stomatitis; alteration in mucosal integrity of 
the gastrointestinal tract; constipation; bowel perforation; 
nausea; vomiting; diarrhea; hypercoagulability

Radiation therapy Pulmonary fibrosis; difficulty with wound healing
Tamoxifen Hypercoagulability



These considerations include cancer syndromes affecting
nutrition, debilitated performance status, hypercoagulability,
paraneoplastic syndromes, tumor-specific effects, and effects
of chemotherapy or radiation therapy.

Tumor-Specific Effects

Alteration of physiologic function or distortion of normal
anatomy may occur due to specific tumor effects. For example,
tumors of the mediastinum or neck may cause venous con-
gestion, superior vena cava obstruction, airway compression,
or tracheal deviation that may make establishment of an
airway or ventilatory management difficult. Gastrointestinal
tumors may cause obstruction, causing an aspiration risk.
Cerebral tumors or brain metastases can cause changes in
mental status, syndrome of inappropriate secretion of antidi-
uretic hormone making perioperative fluid management diffi-
cult, or may cause an increased intercerebral pressure that
affects anesthesia management of the patient.

Paraneoplastic Syndromes

Paraneoplastic syndromes such as hyponatremia due to inap-
propriate secretion of antidiuretic hormone such as seen in
small cell lung cancers, prostate, pancreas, and other cancers,
or hypercalcemia such as seen in squamous cell carcinomas
of the lung, breast, or kidney, will alter nutritional and fluid
and electrolyte management. Although mild hyponatremia
can be associated with mild symptoms such as nausea and
headaches, severe, acute hyponatremia can lead to more
severe symptoms, even seizures or coma. Hypercalcemia is
most often associated with bone metastasis, but it may be
related to a paraneoplastic syndrome and can lead to neuro-
muscular symptoms such as weakness and fatigue and gas-
trointestinal symptoms such as nausea, ileus, and abdominal
pain. Severe hypercalcemia can disturb cardiac conductivity.
Given the tendency to malnutrition and low serum albumin
in cancer patients, serum calcium levels are often best deter-
mined by measuring ionized calcium.

Malnutrition

A hallmark warning sign of cancer is unexplained weight loss.
Malnutrition has long been recognized in surgery as being
related to an increased risk of infection, with difficulties in
perioperative electrolyte and fluid management, and with dif-
ficulties in wound healing postoperatively. A large National
Veterans Affairs Surgical Risk Study identified the preopera-
tive serum albumin level as the single most important pre-
dictor of 30-day mortality.50 Cancer cachexia is a syndrome
of malnutrition with muscle wasting, protein malnutrition
with myopathy, incomplete nutrient utilization, glucose
intolerance, and anemia with decreased nutrient absorption.
Its causes are multifactorial. Cancer, or its treatment, can
cause alterations in taste, stomatitis, dysphagia, anorexia,
nausea and vomiting, alterations in intestinal tract absorptive
surface area, gastroparesis, constipation, pancreatic insuffi-
ciency, or pain, fatigue, and depression, which in turn can lead
to impaired oral intake. Gastrointestinal tumor with associ-
ated obstruction or head and neck tumors can interfere with,
or prohibit, oral intake. In addition, tumor- or treatment-asso-
ciated diarrhea, fistulas, or nephrotic syndrome can lead to

increased nutrient loss. An assessment of nutritional status
can be done by assessing for a recent weight loss of 10% or
more from prediagnosis weight, current caloric intake, or by
measuring albumin, prealbumin serum transferrin, or cuta-
neous testing for anergy.

Hypercoagulability

Cancer is associated with hypercoagulability and an increased
risk of venous thrombosis or pulmonary embolism. This sus-
ceptibility can be compounded by decreased mobility result-
ing from fatigue and diminished functional status, or by pain
related to the operative procedure. Operations particularly of
risk include operations of the abdomen, pelvis, hip, or leg.
Surgery that is of long duration, which uses laparoscopy, or
has a degree of postoperative immobilization adds additional
risk. Cancer patients have twice the risk of postoperative
venous thrombosis, and three times the risk of fatal pul-
monary embolism, as noncancer patients undergoing the
same procedure.51 Patients at a higher risk are those with 
a history of previous myeloproliferative disorders such as
polycythemia vera and primary thrombocytosis, or a history
of obesity, varicose veins, cardiac dysfunction, indwelling
central venous catheters, inflammatory bowel disease,
nephrotic syndrome, pregnancy, or estrogen use, or treatment
with tamoxifen or chemotherapy. Treatment with tamoxifen
induces hypercoagulability with an associated two- to three-
fold greater risk of venous thrombosis. This risk is increased
even more in women undergoing treatment with both
chemotherapy and tamoxifen.52,53 Chemotherapy has been
shown to increase the risk of thromboembolism up to 7% in
early-stage breast cancer patients.52,54

A history of hypercoagulable abnormalities should be
ascertained, such as activated protein C resistance (factor V,
Leiden); prothrombin variant 20210A; antiphospholipid anti-
bodies (lupus anticoagulant and anticardiolipin antibody);
deficiency or dysfunction of antithrombin, protein C, protein
S, or heparin cofactor II; dysfibrinogenemia; decreased levels
of plasminogen and plasminogen activators; heparin-induced
thrombocytopenia; or hyperhomocystinemia.55

Cancer patients older than 40 years undergoing major
surgery without prophylaxis have a risk of deep venous
thrombosis of 10% to 20% and a risk of fatal pulmonary
embolism of 0.2% to 5.0%.10 Although most clinical trials
show pneumatic compression devices to be similar in effec-
tiveness to prophylactic doses of subcutaneous heparin, their
effectiveness is directly dependent on compliance with their
use, and most clinicians recognize that, in practice, pneu-
matic compression devices are only on the patient a portion
of the time they are nonambulatory and therefore they are
not as effective.56 The sixth American College of Chest Phy-
sicians consensus conference in 2000 recommended the 
following: (1) oncology patients more than 40 years old under-
going major surgery, or nonmajor surgery in patients more
than 60 years old, with no other risk factors, receive pneu-
matic compression devices or low molecular weight heparin;
(2) oncology patients more than 40 years old undergoing major
surgery and additional risk factors receive pneumatic com-
pression devices and prophylactic low molecular weight
heparin; and (3) low-dose coumadin for patients with central
venous catheters. They did not recommend routine continu-
ation of anticoagulation after discharge for surgical patients;

principles  of  surgical  therapy  in  oncology 6 9



however, many clinical studies are under way regarding the
efficacy of continued prolonged anticoagulation after dis-
charge from a surgical procedure.

Chemotherapy Considerations

Agents such as adriamycin can affect cardiac function, and an
assessment of functional status, a review of systems looking
for decreased exercise tolerance, dyspnea, edema, orthopnea,
etc., should be elicited. On physical examination, particular
attention should be paid to signs of edema, tachycardia, or
arrhythmias. At minimum, a 12-lead EKG should be done on
any patient who has received adriamycin before undergoing a
surgical procedure to look for conduction changes. An echocar-
diogram for an evaluation of function should be done for any
symptomatic patients before any major surgical procedure in
patients who have received an adriamycin-based chemother-
apy. An evaluation of respiratory symptoms should be elicited
in patients who have undergone radiation to the thorax or
treatment with bleomycin-based chemotherapy to evaluate for
pulmonary fibrosis. Treatment with corticosteroids can lead
to diabetes or adrenal insufficiency requiring monitoring of
glucose levels postoperatively and potential treatment with
stress dose steroids and the implications for glucose control
perioperatively. Treatment with steroids can also lead to gas-
tritis and gastrointestinal bleeding or mask symptoms of peri-
tonitis, making evaluation of abdominal pain difficult.
Chemotherapy can also affect the gastrointestinal tract, with
bowel perforation having been reported in patients undergoing
treatment with cytosine arabinoside, taxol, and interleukin 2.
In addition it should be remembered that oncology patients
will still succumb to and need to be treated for the same ill-
nesses as nononcologic patients such as cholecystitis and
appendicitis; however, treatment with steroids, or immuno-
suppressive agents such as seen in patients after bone marrow
transplantation, and the potential for neutropenic colitis in
those undergoing chemotherapy can make evaluation of these
more common diseases more difficult.57

Elderly Patient

In addition, the readers are reminded that older or elderly
patients will increasingly make up the population of patients
with cancer. Currently 60% of all malignancies, and 70% of
all cancer deaths, occur in people over the age of 65.58 In addi-
tion to the previously mentioned considerations, assessment
of the older patient should include evaluation of activities of
daily living, depression, cognitive function, current medica-
tions and potential medication interactions, and available
social support.59–62

Clinical Trials: Role of the Surgical Oncologist

At the very heart of evidence-based medicine, and nowhere
is this truer than in oncology, are clinical trials. Although 
the early trials initiated by the National Cancer Institute
(NCI) in the mid-1970s primarily considered nonsurgical
issues (leukemia, lymphoma, stage IV disease), surgeons
quickly became involved in significant roles in clinical oncol-
ogy trials, such as the National Surgical Adjuvant Breast
Project (NSABP), which has answered, and continues to

answer, many important questions regarding the optimal sur-
gical and adjuvant therapy of breast and colon cancer. Today,
most cooperative groups include surgery committees to
address ongoing questions regarding the surgical management
of a variety of malignancies. The prominent role of surgery in
the design and implementation of clinical oncology trials is
best exemplified by the establishment of the American
College of Surgeons Oncology Group (ACOSOG) to evaluate
the surgical management of patients with malignant solid
tumors. Created in May 1998 under the leadership of Dr.
Samuel Wells, the ACOSOG is 1 of 10 cooperative groups
funded by the NCI to develop and coordinate multiinstitu-
tional clinical trials.

As surgical oncologists, our obligation is not only to the
patient who is sitting before us in the office, but to the pro-
gression of patients who will follow. The improved success
and decreased morbidity of the treatments that we offer today
are only possible because of the involvement of surgeons and
their patients in clinical trials of the past. As the newest dis-
coveries in all fields of oncology will have a direct impact on
the surgical therapy, it is imperative that surgeons continue
to play prominent roles as both leaders and participants in
multidisciplinary cooperative group trials. All surgical oncol-
ogists should not only incorporate clinical trials into their
practice but strongly encourage the participation of the
general surgical community.
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Principles of Targeted
and Biological Therapies

Stephen R.D. Johnston, Sue Chua, 
and Charles Swanton

Development of Targeted Therapies

One of the characteristics of the malignant phenotype is the
ability of cells to grow in an autonomous manner. Various
components of the proliferative and/or survival signaling
pathways can become constitutively activated or deregulated
in human cancers.1 Many studies have attempted to show
that a given molecular change is the key event involved 
in the pathogenesis of a specific cancer. Such information
may not only provide a better understanding of cancer 
but may allow a novel target to be identified for therapeutic
intervention.

With our ever-increasing understanding of the pathogen-
esis of cancer, there are now a plethora of potential molecu-
lar targets in human cancer cells that are being utilized for
the development of novel anticancer therapies (Table 5.1).
Perhaps the oldest and most established targeted therapy is
endocrine treatment for breast and prostate cancer, taking
advantage of the estrogen receptor (ER) and androgen recep-
tor (AR) that can readily be detected in many breast and
prostate carcinomas, respectively. More recently, peptide
growth factor receptors (EGFR and HER2) have become viable
targets in human solid epithelial tumors such as lung, head
and neck, breast, and colon cancer. The unraveling of the
signal transduction cascade within cells has resulted in
various small molecule signal transduction inhibitors (STIs)
entering clinical development, whereas the complex protein
interactions that regulate the cell cycle may allow various
modulators to be developed to restore cell-cycle control in
aberrantly behaving malignant cells. Likewise the ability to
effectively trigger programmed cell death (apoptosis) in cancer
cells adapted to prolonged survival is a promising new
approach for the future. Finally, the capacity for malignant
cells to acquire a blood supply is a key event in the growth
of human tumors, and drugs are being developed that target
either the endothelial cell or the vascular growth factor path-
ways. The principles and current status of targeted therapies
in each of these six areas are reviewed in this chapter.
However, a common theme to all these approaches is the
need to confirm that a given molecular target is specifically
involved in the pathogenesis of that cancer, to develop an
assay to reliably detect the target in tumors, and to show that
interrupting its function gives the desired anticancer effect.

Target Identification

Some of the problems of target identification in cancer are
illustrated by considering kinases, regulatory enzymes that
are integral to most signaling events inside cells. In cancer,
these may be either pivotal or permissive for the pathogene-
sis of the malignant phenotype.2 Pivotal kinases are often crit-
ical to tumor growth and maintenance and may be subject to
activation by mutation, gene amplification, or translocation
(i.e., p210BCR-ABL in chronic myeloid leukemia), whereas
permissive kinases are not mutated or amplified but still may
have a role in signal transduction pathways important in neo-
plastic growth. One of the challenges has been to identify
pivotal kinases for anticancer drug development and to select
patients with aberrations in these critical signaling pathways
for inclusion in early clinical trials. To do this, robust biologic
assays are required that will readily identify potential targets
in cancer cells.

High-throughput screening using cDNA microarrays and
techniques such as comparative genomic hybridization have
been extensively employed to analyze gene expression in
human tumors, thereby identifying novel targets for thera-
peutic drug development.3 Target identification and valida-
tion have been supported by tissue microarray profiling 
that allows the analysis of DNA, RNA, or protein levels in
thousands of tumor specimens at a time to identify the fre-
quency of molecular alterations in a population of patients
with a given cancer type. In future, complex proteomic tech-
niques using mass spectrometry will allow the identification
of potential protein drug targets that are differentially
expressed between tumor and normal tissue. Preclinical
studies are important to determine what a gene
product–protein target does in the cell, and moreover what
the consequences are of inhibiting its expression or function,
respectively. The technique of synthetic short interfering
RNAs (siRNA) that lead to the degradation of complementary
mRNA, thereby silencing gene expression, is a helpful 
new tool in analyzing the functional significance of certain
gene products. Similarly, high-throughput screens using
siRNAs in mammalian cells are in progress to identify mol-
ecular regulators that are involved in the acquisition of the
malignant phenotype and also in the development of drug
resistance.
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Approach to Targeting

Pharmacologic or biologic methods are usually employed in
preclinical studies to establish the effect of altering the
expression of the target gene or of interfering with the func-
tion of the target protein. Most approaches have utilized
either small molecule inhibitors (often detected in screening
assays) or monoclonal antibodies (MAbs) to interfere with the
function of the target protein. In general, small molecule
inhibitors have a short half-life and are orally delivered on a
continuous long-term basis. However, side effects can be
common and potentially troublesome, especially if there is a
broader substrate for related cellular proteins/kinases. By con-
trast, MAbs have a longer half-life with a more acceptable 
toxicity profile, although they require regular intravenous
administration. Monoclonal antibodies usually target surface
receptors and may also lead to receptor downregulation,
although there is the additional theoretical potential for
direct tumor cell cytotoxicity via complement and antibody
(antibody-mediated cellular cytotoxicity, ADCC). Side effects
may relate to hypersensitivity reactions, with the potential

also to develop human antimonoclonal antibodies (HAMAs)
that may limit effectiveness. Other approaches to targeting
include the use of antisense technology to inhibit target mes-
senger RNA that is transcribed from a given gene, although a
key limiting factor is appropriate delivery of nucleic acids to
the tumor cell. The use of viral vectors in targeted therapy
approaches to modify/replace or inhibit target genes has
therefore attracted much attention, and this method has been
used to replace or stabilize key tumor suppressor proteins that
may regulate cell survival and apoptosis.

Targeted Therapies

Hormone Receptor-Targeted Therapies

Targeting hormonal growth pathways has been an effective
strategy in the management of various tumors such as breast,
prostate, and endometrial cancers. Early approaches were
directed at surgical ablation of the glands supplying these 
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TABLE 5.1. Targets for the development of novel anticancer therapies.

Tumor type and stage
Molecular target Anticancer therapeutic strategy of clinical development

Steroid hormone receptor
ER Antiestrogen (tamoxifen, fulvestrant), Approved breast
AR Aromatase inhibitor, LHRH agonist Approved prostate

Antiandrogen (flutamide), LHRH agonist
Growth factor receptor

EGFR MoAb (cetuximab) Approved colon; Phs
III H&N, NSCLC.

TKI (gefitinib, erlotinib) Approved NSCLC;
Phs III breast

MoAb (trastuzumab) Approved Breast
HER2 TKI (lapatinib, canertinib) Phs III breast, renal

Oncogenic kinase
BCR-ABL TKI (imatinib) Approved CML, GIST

Signal transduction pathway
Ras FTIs (tipifarnib, lonafarnib) Phs III MDS, CML,

breast, NSCLC
Raf B-RAF Kinase Inhib (BAY43-9006) Phs II Melanoma
MEK MEK Kinase Inhib (PD0325901) Phs I
m-TOR mTOR Antag (temsirolimus, Phs III breast, renal

everolimus)
Cell cycle

Cdk2 CDKI (flavopiridol, UCN-01, E7070) Phs I
Proteosome Proteosome Inhib (bortezomib) Approved Myeloma
Histone deacetylase HDACI (FR901228, MS-27-275) Phs I

Apoptosis regulators
TRAIL MoAb Phs I
Bcl-2 Antisense (G3139) Phs II NHL
P53 P53 (ONXY-015, INGN201, Nutlin) Phs II H&N, phs I
Caspase XIAP, FLIP Sphingosine kinase (phenoxodiol) Phs II breast, prostate

Angiogenesis
Endothelial cell Endo Inhib (thalidomide, TNP-740) Phs II renal, H&N
VEGF Endostatin, angiostatin Antisense Phs I

(angiozyme) MoAb (bevacizumab) Phs I
VEGF-R TKI (SU11248, PTK787) MoAb (2C7) Approved Colon, phs
Integrins Integrin Inhib (cilengitide) MMPI II H&N

(marimastat, BAY12-9566) Phs I
Phs I
Phs I
Phs III NSCLC, gastric



hormonal stimuli (i.e., ovariectomy for breast cancer and
orchiectomy for prostate cancer), but over the pst 30 years 
a large number of medical agents have become available 
based on an increasing understanding of molecular
endocrinology.

Breast Cancer

Medical endocrine strategies in breast cancer are designed to
counteract the proliferative effects of estrogen in ER-positive
breast cancer, either with drugs that compete with estrogen
for ER and block its effect (i.e., antiestrogens), or strategies
that induce estrogen deprivation and remove the proliferative
signal [i.e., oophorectomy or gonadotropin-releasing hormone
(GnRH) agonists in premenopausal women, and aromatase
inhibitors in postmenopausal women]. Tamoxifen is a non-
steroidal estrogen receptor (ER) antagonist that inhibits breast
cancer growth by competitive antagonism of ER, although its
actions are complex as a result of partial estrogenic agonist
effects, which in some tissues (i.e., bone) can be beneficial but
which in others may be harmful, increasing the risk of uterine
cancer and thromboembolism. Oral aromatase inhibitors
prevent conversion of adrenal androgens (androstenedione
and testosterone) into estradiol (E1) and estrone (E2) by the
cytochrome P-450 enzyme aromatase. Alternative endocrine
approaches are also being developed, including steroidal
antiestrogens that selectively downregulate expression of
ER.4

Prostate Cancer

Normal prostate cells and tumor cells are sensitive to andro-
gens, which are produced by two major sources: the testicles,
which produce testosterone (95% of all androgens), and the
adrenal glands, which produce dehydroandrosterone, dehy-
droandrosterone sulfate, and androstenedione. Both are under
the influence of luteinizing hormone (LH), which in turn is
controlled by GnRH produced by the hypothalamus. Testos-
terone levels have a negative feedback effect on GnRH release
from the hypothalamus. Targeted endocrine medical treat-
ment of prostate cancers aims to decrease the activity of
androgens on the AR, either with antiandrogens (i.e., non-
steroidal agents such as flutamide, biclutamide) that com-
petitively block dihydrotestosterone (DHT) binding to AR,
and subsequent activation of AR-regulated genes, or by 
suppression of LH secretion (i.e., using specific LH agonists
that ultimately inhibit LH secretion, thus reducing androgen
production).

Growth Factor Receptor-Targeted Therapies

In human cancer cells, aberrant signaling through the epider-
mal growth factor receptor (EGFR) has been associated with
neoplastic cell proliferation, resistance to apoptosis, migra-
tion and stromal invasion, and enhanced angiogenesis. The
EGFR (or ErbB-1) is part of a subfamily of four closely related
receptors that include HER-2/neu (ErbB-2), HER-3 (ErbB-3),
and HER-4 (ErbB-4).5 These receptors exist as inactive trans-
membrane monomers in cells, and dimerize after ligand acti-
vation either by homo- or heterodimerization between EGFR
and another member of the ErbB receptor family. This dimer-
ization results in activation of the intracellular tyrosine
kinase domain through autophosphorylation, which in turn

initiates a cascade of downstream signaling pathways that
include Ras and mitogen-activated protein kinase (MAPK). In
cancer cells, various mechanisms for activation of EGFR or
related ErbB pathways include receptor overexpression (e.g.,
as a result of gene amplification in the case of HER-2), recep-
tor mutation (e.g., truncated EGFR that lacks the extracellu-
lar domain but has a constitutively activated tyrosine kinase
domain that functions independent of ligand), increased
autocrine or paracrine expression of the various receptor
ligands [e.g., transforming growth factor-alpha (TGF-a),
amphiregulin, heparin-binding EGF], or decreased receptor
turnover.

Studies have shown that EGFR or HER-2 overexpression
in cancer is often associated with a poorer prognosis and resis-
tance to conventional therapies including hormonal therapy,
cytotoxic drugs, and radiotherapy.6 Consequently, EGFR and
related receptors represent an attractive target for the devel-
opment of novel cancer therapeutics. The two most promis-
ing approaches have been MAbs against the extracellular
ligand-binding domain of the receptor and small molecule
inhibitors of the receptor intracellular tyrosine kinase enzy-
matic activity (TKIs).

Inhibition of Extracellular Domain Growth Factor
Receptor: Monoclonal Antibodies

Cetuximab (C225 or Erbitux) is a chimeric antibody that
binds to EGFR, inhibiting downstream signaling and pro-
moting receptor internalization, and significant growth inhi-
bition has been observed in a variety of human cancer
xenograft models.6 Additive effects were seen when cetuxi-
mab was combined with various cytotoxic agents and with
ionizing radiation. The clinical development has focused 
on selecting patients with EGFR-overexpressing tumors, and
Phase II/III trials have been conducted in head and 
neck cancer,7 colorectal cancer,8 and advanced non-small 
cell lung cancer9 (Table 5.2). These latter studies have 
investigated whether addition of cetuximab can enhance 
the activity of conventional therapies for these tumor types.
Recent data demonstrate that cetuximab, in addition to
irinotecan in patients with irinotecan-refractory metastatic
colorectal cancer, improves median survival and time to 
progression.8

HER2 gene amplification occurs in 25% to 30% of breast
tumors and contributes to cell growth and malignant trans-
formation, rendering tumors more resistant to both endocrine
and conventional chemotherapies.10 Trastuzumab (Herceptin)
is a humanized MAb directed against HER2 and, when 
administered as a weekly intravenous infusion, gave clinical
response rates of 35% as first-line therapy for patients with
HER2+ve metastatic breast cancer.11 One of the central prin-
ciples is the appropriate selection of patients with HER2+ve
tumors, and validated assays have been developed to identify
either HER2 overexpression by immunohistochemistry or
HER2 gene amplification by fluorescence in situ hybridiza-
tion (FISH). The addition of trastuzumab to taxane- or 
anthracycline-based chemotherapy enhanced both objective
response and time to disease progression, which in turn sig-
nificantly improved overall survival in advanced breast
cancer (median, 25 versus 20 months, P < 0.046).12 As such,
this represented one of the first examples of modern targeted
therapies successfully modifying disease outcome.
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Inhibition of Intracellular Signaling:
Tyrosine Kinase Inhibitors

IMATINIB MESYLATE (STI-571 OR GLIVEC)
When growth factor receptors are bound by their natural
ligand, they undergo dimerization with subsequent activation
of receptor tyrosine kinase activity, which in turn phospho-
rylates downstream signal transduction cascades. Small 
molecule tyrosine kinase inhibitors (TKIs) specifically target 
the receptor’s internal tyrosine kinase domain. The first to
prove effective in the clinic was imatinib mesylate (STI-571
or Gleevec), which targets a small family of tyrosine kinases
including ABL, Kit, and platelet-derived growth factor recep-
tor (PDGF), as well as certain oncogenic mutants of these pro-
teins such as the bcr-abl oncogene found in chronic myeloid
leukemia.13 The success of this therapy relates to the domi-
nant role that these pivotal kinases play in the pathogenesis
of certain tumors; that is, 90% of gastrointestinal stromal
tumors (GIST) exhibit aberrant signal transduction through
KIT, primarily through activating point mutations in exon 11
that encodes the intracellular region of the protein, with evi-
dence that KIT activation is an early tumorigenic event in
most GIST tumors.14 KIT mutations were a strong predictor
of response to imatinib in early clinical trials and produced
significantly prolonged survival.15 The high level of efficacy
appeared independent of tumor bulk and failure of prior
chemotherapy, with objective responses in 54% of patients
and stable disease in an additional 28% to 37%.16,17 This
molecularly targeted therapy has transformed the manage-
ment of this previously intractable disease.

GEFITINIB (IRESSA)
Several small molecule inhibitors of EGFR tyrosine kinase are
in development, including the synthetic anilinoquinazoline
gefitinib (Iressa), which is an orally active, potent, and selec-
tive inhibitor of EGFR-TK. In experimental models gefitinib
induced dose-dependent antiproliferative effects that delayed
tumor growth.18 The effects appeared mainly cytostatic, and
additional studies suggested that, when given in combination
with cytotoxic drugs, gefitinib could enhance their antitumor
activity.19 This interaction did not always appear to be depen-
dent on overexpression of EGFR, and the mechanism for any
enhanced cytotoxic effect remains unclear.

Evidence of efficacy in Phase II non-small cell lung cancer
(NSCLC) studies led to the accelerated approval for gefitinib
by the U.S. Food and Drug Administration (FDA) for the 
treatment of NSCLC in patients previously treated with
chemotherapy20,21 (Table 5.3). However, two Phase III ran-
domized trials, INTACT-1 and INTACT-2 (Table 5.4), that
compared platinum-based chemotherapy and gefitinib to
chemotherapy alone in chemotherapy-naive NSCLC patients,
failed to demonstrate a survival advantage for the addition 
of targeted therapy, despite the preclinical evidence for an
additive benefit for gefitinib–chemotherapy combinations.22

Several theories have been proposed to explain the failure of
these trials, including the possibility that cytostatic effects of
targeted therapy may abrogate the cytotoxic effects of cycle-
dependent chemotherapy. Unlike the trastuzumab studies,
where patients were selected based on HER2 status, there
were insufficient data at the time to predict which biologic
markers may correlate with response to gefitinib. This failing
may have severely reduced the chance of success in the Phase
III setting, which contained patients with a heterogeneous
selection of tumor phenotypes.

Clinical trials have been undertaken with gefitinib in
other tumor types, including breast cancer. There have been
three Phase II monotherapy studies of gefitinib in patients
with advanced breast cancer.23–25 Overall, the data are rela-
tively disappointing with low clinical response rates. The
only trial to report a significant number of responses included
patients with ER+ve tamoxifen-resistant breast cancer,25 the
setting in which preclinical models had shown evidence of
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TABLE 5.2. Clinical trials with monoclonal antibodies against epidermal growth factor receptor
(EGFR).

Metastatic Colon Cancer Phase II Trial
329 EGFR-positive patients after
irinotecan failure9 Cetuximab alone Irinotecan + Cetuximab

Response rate 10.8% 22.9%
Median time to progression 1.5 months 4.1 months
Survival 6.9 months (NS) 8.6 months (NS)

Metastatic/Recurrent Head and Neck Cancer
Phase III trial8 Cisplatin Cisplatin + Cetuximab

Response rate 9.3% 22.6%
Progression-free survival 3.4 months 3.4 months

Vinorelbine
Advanced Non-Small Cell Lung Cancer Vinorelbine + Cisplatin
EGFR positive 1st line10 + Cisplatin + Cetuximab

Response rate 32.2% 53.3%

TABLE 5.3. Summary of Phase II studies in advanced platinum-
refractory non-small cell lung cancer (NSCLC) with EGFR tyrosine
kinase inhibitors (TKIs).

IDEAL 1 IDEAL 2
Gefitinib Gefitinib

250/500mg25 250/500mg24 Erlotinib36

Response rate 18/19% 12/9% 11%
1 year Survival 35/30% 29/24% ?
Median survival 7.6/8.1 months 6.1/6.0 months ?



activity for gefitinib.26 More research is required to establish
tumor phenotypes in responding versus nonresponding
patients.27

ERLOTINIB (TARCEVA)
Erlotinib is an ErbB1 TKI that binds reversibly to the adeno-
sine triphosphate (ATP) hydrophobic pocket. Table 5.3 sum-
marizes data from recent Phase II trials in advanced NSCLC
with erlotinib. A Phase II study in 56 patients with EGFR-
positive NSCLC refractory to platinum-based therapy gave a
response rate of 11% for erlotinib 150mg/day.28 Results of
Phase III combination studies of erlotinib with carboplatin
and paclitaxel (TRIBUTE) or gemcitabine and cisplatin
(TALENT) in NSCLC demonstrated no significant survival
benefit or differences in time to progression.29,30 However, the
NCI Canadian BR21 placebo-controlled Phase III trial of
erlotinib in NSCLC patients failing one or two prior
chemotherapy regimens demonstrated prolonged survival in
the erlotinib arm (6.7 versus 4.7 months).31 Ongoing trials are
investigating the activity for the combination of two targeted
therapies in NSCLC, erlotinib and the VEGF antibody beva-
cizumab (avastin). Phase II data in other tumor types have
revealed response rates in pretreated patients with ovary and
head and neck tumors between 11% and 13%, although Phase
II monotherapy trials in breast cancer have been relatively

disappointing.32 Important activity in previously treated
glioblastoma multiforme was demonstrated in a Phase II
study (with 8 of 49 patients achieving a partial response).

CANERTINIB DIHYDROCHLORIDE (CI-1033);
LAPATINIB (GW 572016)

Canertinib dihydrochloride (CI-1033) is a selective and irre-
versible pan-erbB inhibitor. Activity has been demonstrated
in Phase I studies with an acceptable side-effect profile, and
Phase II studies are under way in breast and renal cancer.33

Lapatinib (GW 572016) is a dual inhibitor of EGFR and
HER234 that has shown responses in trastuzumab-resistant
breast cancer patients.35 Further studies of lapatinib in com-
bination with either endocrine or cytotoxic therapy are
ongoing in breast cancer.

Signal Transduction-Targeted Therapies

Elucidation of the signal transduction cascade downstream
from growth factors and membrane receptor tyrosine kinases
has revealed several key proteins involved in this malignant
transformation, including the guanine nucleotide-binding
proteins encoded by the ras proto-oncogene (Figure 5.1). 
Following posttranslational processing and addition of a
hydrophobic 15-carbon farnesyl moiety, Ras is localized to the
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TABLE 5.4. Phase III trials of gefitinib with chemotherapy as first-line treatment of NSCLC.

Chemo + Gefitinib Chemo + Gefitinib
INTACT 126 Gem/Cis alone 250mg 500mg

Response rate 44.8% 50.3% 49.7%
1-year survival 44% 41% 43%
Median survival 10.9 months 9.9 months 9.9 months

Carbo/Paclitaxel Chemo + Gefitinib Chemo + Gefitinib
INTACT 2 alone 250mg 500mg

Response rate 28.7% 30.4% 30%
1-year survival 42% 41% 37%
Median survival 9.9 months 9.8 months 8.7 months

FIGURE 5.1. The signal transduction
inhibitors.



inner plasma membrane and acts as a molecular switch 
that plays a crucial role in linking tyrosine kinase activation
at the cell membrane to downstream cytoplasmic and 
nuclear targets, ultimately resulting in cell differentiation,
proliferation, and survival.36 Farnesylation has attracted
attention because of its critical role for Ras signaling,37

and farnsesyl transferase inhibitors (FTIs) were initially
developed as a novel therapy to target aberrant Ras function
in cancer.

Farnesyltransferase Inhibitors

As farnesyltransferase inhibitors (FTIs) have been developed
and entered clinical trials, a fundamental research goal has
been to understand their exact mechanism of action.
Although FTIs clearly inhibit Ras farnesylation, it is unclear
whether the antiproliferative effects of these compounds
result exclusively from their effects on Ras alone. Other
targets for FTIs include RhoB, a 21-kDa protein that regulates
receptor trafficking and cell motility, and two centromere-
associated proteins (CENP-E and CENP-F) that play a role in
attaching centromeres to microtubules in early G2 phase.38

The FTI lonafarnib (SCH66336 or sarasar) is a tricyclic
compound that inhibits the growth of several tumor cell lines
as well as K-ras-transformed xenografts in vivo.39 In human
xenograft studies a wide variety of tumors including colon,
bladder, lung, prostate, and pancreas were growth inhibited
in a dose-dependent manner, while prophylactic administra-
tion of SCH66336 delayed both tumor onset and growth.40 In
patients with solid tumors, efficacy has been reported in early
Phase I clinical studies in a variety of tumor types including
lung and head and neck cancer,41 and confirmation of biologic
efficacy has been demonstrated by inhibition of prenylation
of prelamin A in buccal mucosa cells in treated patients42

(Table 5.5). Based on promising preclinical evidence that 

lonafarnib may synergize with taxane-based chemotherapy,43

randomized Phase II/III trials were initiated in NSCLC to
investigate whether lonafarnib could further enhance the 
efficacy of standard taxane platinum-based chemotherapy.
Tipifarnib (R115777 or zarnestra) is an imidazole-containing
heterocyclic compound that is a potent and selective, orally
active, nonpeptidomimetic inhibitor of the farnesyl protein
transferase (FPTase) enzyme.44 There is considerable evidence
that tipifarnib may have promising activity in hematologic
malignancies, in particular, newly diagnosed acute myeloge-
nous leukemia (AML) and myelodysplasia (MDS)45,46 (see
Table 5.5).

In view of the higher incidence of Ras mutations in gas-
trointestinal malignancies, two randomized double-blind
placebo-controlled Phase III trials of tipifarnib were con-
ducted in colorectal and pancreatic cancer. There was no 
significant improvement in overall survival versus best sup-
portive care for tipifarnib as monotherapy in advanced refrac-
tory colorectal cancer,47 or for gemcitabine plus tipifarnib
versus gemcitabine plus placebo in 688 patients with
advanced pancreatic cancer.48 Although several Phase I
studies have assessed combinations of FTIs with various cyto-
toxic agents, it remains unclear whether they will signifi-
cantly enhance the efficacy of standard cytotoxic regimens.
Several issues have arisen, including competing toxicities
(i.e., myelosuppression) and uncertainty on the optimal
sequence/schedule for FTI–chemotherapy combinations.
There may be more promise for combining FTIs with noncy-
totoxic therapies. In breast cancer, preclinical data have
shown additive or synergistic interactions of FTIs with
endocrine therapy,49 and in view of this, randomized Phase II
studies of both tipifarnib and lonafarnib with letrozole are 
in progress. Evidence has also emerged that FTIs may be
radiosensitizers in selected cancer cell lines, and Phase I trials
have investigated the feasibility of this combined modality in
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TABLE 5.5. FTI Phase I/II clinical trials.

No. patients Dose-limiting
Drug Author Dose range Schedule (pts) toxicities Clinical/biological activity

SCH 66336 Adjei et al.51 25–400mgbid 7 days oral 20 Nausea, vomiting, Inhibition of prelamin A
Lonafarnib Solid tumors (q21) diarrhea farnesylation in buccal 

mucosal cells; PR in 1pt
with non-small cell
lung Ca; 8pts stable
for 5–10 cycles

Eskens et al.50 25–300mgbid Continuous 24 Neutropenia, Stable disease lasting >9
Head and neck oral thrombocytopenia, months in 2pts (thyroid

cancer vomiting, Ca, pseudoyxoma peritonei)
Lung cancer confusion

R115777 Johnston et al.56 Continuous dose (CD) 76 Neutropenia, CD: 4 partial responses 
Tipifarnib Advanced breast of 300 or 400mgbid thrombocytopenia, (10%) lasting 4–12

cancer n = 41) or intermittent neurotoxicity, and months. 6 patients stable 
dose (ID) of 300mgbid fatigue disease (15%) for at least
for 21 days followed 6 months
by 7 days rest ID: 5 partial responses (14%)
(n = 35) 300mgbid and 3 patients with stable

disease (9%)
Kurzrock et al.54 21 days oral 21 Myelosuppression, 1 complete remission
Myelodysplastic (q28) fatigue and rash 2 partial responses

syndrome 3 pts with hematologic 
improvement

Karp et al.55 100–1200mgbid 21 days oral 34 Neurotoxicity 32% response rate in AML
High-risk (q28)

leukemias



both lung and head and neck cancer. The true role for FTIs in
cancer therapy thus remains to be determined.

m-TOR Inhibitors: Targeting the PI3K/AKT Pathway

The mammalian target of rapamycin (mTOR) is a down-
stream effector of the phosphatidylinositol 3-kinase (PI3-
K)/Akt (protein kinase B) signaling pathway that mediates cell
survival, proliferation, and drug resistance (see Figure 5.1).
The immunosuppressant rapamycin, together with the ana-
logues CCI-779 (temsirolimus) and RAD-001 (everolimus),
are specific inhibitors of mTOR that act by binding to the
immunophilin FK506, thus blocking the action of p70S6
kinase and 4E-binding protein 1, which regulate transition
through the G1 phase of the cell cycle. In preclinical experi-
ments, cell lines from breast, prostate, small cell lung cancer,
melanoma, T-cell leukemia, and glioblastoma were especially
sensitive to CCI-779.50 In particular, breast cancer and
prostate cell lines that had a constitutively activated PI3-
K/Akt pathway due to either upstream HER2 overexpression,
loss of the PTEN suppressor gene, or Akt overexpression were
markedly more sensitive to CCI-779 than resistant lines that
lacked these features.51

CCI-779 has an acceptable toxicity profile in Phase I
studies with reports of neutropenia, rash, fever, hypertriglyc-
eridemia, mucositis, and fatigue as the main toxicities, with
clinical activity seen in patients with NSCLC, breast, and
renal cell carcinoma.52 Phase II studies in patients with
advanced renal cell carcinoma demonstrated that CCI-779
was well tolerated with objective response rates of 7%, minor
responses of 29%, and disease stabilized in 40% of patients.53

This trial precipitated a randomized Phase III study compar-
ing CCI-779 with interferon-alpha or the combination in poor
prognosis renal cell carcinoma. Single-agent activity has also
been documented in locally advanced or metastatic breast
cancer in patients who have failed prior anthracyclines or
taxanes.54 Phase I studies of RAD-001 have demonstrated a
similar toxicity profile to CCI-779.55

Raf Kinase Inhibitors: BAY 43-9006 

RAF kinase is a critical signaling molecule downstream of
RAS (see Figure 5.1). Activating mutations in BRAF (a RAF
family member) occur in two-thirds of melanomas and at
lower frequencies in other cancers.56 Promising Phase I data
with the orally active RAF kinase inhibitor BAY 43-9006 in
combination with chemotherapy have been reported, with
stable disease for at least 12 weeks in 38 of 115 (33%) patients.
Toxicities included skin rash, hand-foot syndrome, diarrhea,
and fatigue. Phase II trials are in progress in melanoma with
continuous monotherapy dosing of 400mg bid,57 and in com-
bination with carboplatin and paclitaxel.58

Intervention of the MAPK Pathway by Targeting
MEK: CI-1040 and PD0325901

CI-1040 inhibits MEK allosterically at micromolar concen-
trations and is administered orally, thereby preventing acti-
vation of MAPK. The lack of sequence homology of the drug
interaction site with other kinases increases the specificity of
this small molecule inhibitor. CI-1040 is well tolerated in
Phase I trials, with 98% of adverse events being only of grade
1 or 2 in severity (diarrhea, fatigue, rash, and vomiting).59 Dis-

appointing Phase II results were seen in patients with breast,
lung, colon, and pancreatic carcinoma.60 CI-1040 was limited
by poor solubility, high metabolic clearance, and low bioavail-
ability and was unable to consistently lead to more than 90%
inhibition of the target in biopsied tumors. This result pre-
cipitated the development of PD0325901, a second-generation
non-ATP-competitive allosteric MEK inhibitor. Preclinical
studies have demonstrated promising activity with greater
solubility, improved metabolic stability and bioavailability,
and longer duration of MEK inhibition than its parent com-
pound, and clinical trials are in progress.

Cell-Cycle-Targeted Therapies

The cell cycle is regulated by a number of key proteins that
appear to be frequently inactivated or aberrantly expressed in
human cancer. The cyclin D and E family of proteins,
together with their cyclin-dependent kinase (cdk) partners
(cdk4 and -6) phosphorylate the retinoblastoma (Rb) tumor
suppressor protein, which regulates G1/S transition and 
commitment to cell-cycle transition (Figure 5.2). Cyclin/cdk
activity is restrained by cdk inhibitors (CKIs) of the p16ink4a

and the p21cip1 family of proteins. The appropriate interaction
of the cyclin/cdk families and the CKIs regulate the cell-cycle
checkpoints at the G1/S and G2/M transitions, ensuring 
faithful chromosome replication and separation to preserve
genetic stability. Failure of these checkpoints to arrest cells
in response to certain stimuli is characteristic of cancer cells
and is due to the frequent genetic aberration in expression and
function of cell-cycle regulatory proteins in transformed cells.

The greater understanding of the cell cycle has led to the
development of a number of compounds that might restore
the control of cell division in cancer cells. In particular, two
strategies are now being explored in the clinic. First, com-
pounds have been developed to mimic the action of CKIs by
interfering with action of the cdk molecules.61 Second, phar-
macologic agents have been developed to target the proteo-
some or histone deacetylases, thereby interfering with the
degradation and expression of key molecules that regulate the
cell-cycle checkpoint.

Cdk Inhibitors

FLAVOPIRIDOL

Flavopiridol targets the ATP-binding pocket of cdk2 and
arrest cells at either the G1/S or G2/M checkpoints and may
inhibit other cdks including cdk1, cdk7, and cdk9. The initial
Phase I trial explored a 72-hour continuous infusion of
flavopiridol, but dose-limiting toxicities included secretory
diarrhea and symptomatic hypotension62 (Table 5.6). In three
separate phase II studies with this schedule, objective tumor
responses were rare, although disease stabilization was seen
in a number of patients.63–65 Previous preclinical studies had
shown synergy and induction of apoptosis when flavopiridol
was combined with standard cytotoxic therapies,66 and
clinical activity using combination therapy has been seen in
patients previously resistant to the given cytotoxic drug
alone.67,68 Preclinical evidence of synergism with paclitaxel
therapy followed by flavopiridol in animal models further
supported clinical studies of this combination,69 and Phase I
combination studies have demonstrated promising activity in
lung, esophagus, and prostate cancer.70 Thus, although cdk
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inhibitors alone may only have a cytostatic effect, combined
therapy may prove more promising in enhancing their anti-
cancer mode of action.

UCN-01
UCN-01 is a cell-cycle modulator with a number of complex
effects resulting in both G1/S arrest and aberrant entry into
M phase. These cell-cycle kinetics are associated with an
increased p27kip2–cdk2 interaction, Rb hypophosphorylation,
and cdk1 activation due to chk1 inhibition. Phase I trials
examined a 72-hour continuous infusion schedule, with dose-
limiting toxicities that included nausea, hypotension, hyper-

glycemia, and pulmonary toxicity, and evidence for activity
was seen in two patients with melanoma and lymphoma.

E7070
E7070 is a novel sulphonamide compound that inhibits the
activation of cyclin E–cdk2 complexes and in vitro has
demonstrated activity against both colon and lung cancer
xenografts. A number of Phase I studies have investigated 
different schedules. The main dose-limiting toxicity has been
myelosuppression; alopecia, stomatitis, and diarrhea have
also been reported.71,72 Tumor stabilizations were seen in
some of these studies, but documented tumor regressions
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FIGURE 5.2. Cell-cycle-targeted therapies.

TABLE 5.6. Flavopiridol clinical trials.

Author Trial Tumor type Dose Toxicity Response

Senderowicz77 Phase I Refractory 72h ivi q 2wk Diarrhea (62.5mg/m2/d ¥ 3) 1 partial response (PR)
N = 76 neoplasms MTD 50–78mg/m2/24h ADP 98mg/m2/d ¥ 3 3 minor responses

Hypotension
Proinflammatory syndrome

Schwartz86 Phase I Advanced P Day 1 24h or 3h ivi Neutropenia at P:FP doses of Activity in lung, 
Paclitaxel solid tumors FP Day 2 24h ivi P 135mg/m2/24h: esophagus, prostate 
+ FP FP 10mg/m2 & P cancer

100mg/m2/24h FP 20mg/m2

Bible82 Phase I Advanced FP 40–100mg/m2/24h Diarrhea 1 PR (liver metastasis 
5-FU and solid tumors Day 1 5-FU 350mg/m2/day Headache CRC) 13% SD
LV 1h ivi Days 2–5 Fatigue
N = 24 LV 20mg/m2 Hypotension

Days 2–5 Syncope
Dehydration

Stadler et al.78 Phase II Advanced 50mg/m2/d ivi over 72h q Asthenia Ineffective in metastatic
N = 35 renal 2wk Diarrhea G3/420% renal cell carcinoma

Thrombosis (26%)
(MI, PE, DVT, TIA)

Schwartz80 Phase II Advanced 50mg/m2/d ivi over 72h q Fatigue (93%) No major responses
N = 16 gastric 2wk Diarrhea (73%)

Venous thromboses (33%)

FP, flavopiridol; P, paclitaxel; 5-FU, 5-fluorouracil; LV, leucovorin; N, number of patients; ADP, antidiarrhea prophylaxis.



were rare in phase II monotherapy trials conducted in non-
small cell lung cancer73 and in colorectal cancer74 with E7070.

Proteosome Inhibitors

Protein concentrations within the cell may be altered by post-
translational modification leading to polyubiquitination fol-
lowed by proteasome-mediated degradation. Prevention of
ubiquitination and proteasome-mediated degradation of cell-
cycle proteins has been explored as a novel targeted anti-
cancer therapy.75 Bortezomib (PS-341 or velcade) is a potent
and selective proteasome inhibitor that prevents the degra-
dation of the CKIs p21 and p27. In addition, key apoptosis-
related proteins are degraded by the proteasome such as
IkappaB, an inhibitor of the transcription factor NFkappaB
that regulates various apoptotic processes.

In 2003, the FDA approved the use of bortezomib in
patients with multiple myeloma who have received two pre-
vious lines of treatment, partly due to the results of a large
multicenter phase II trial in 202 patients with relapsed refrac-
tory multiple myeloma that demonstrated a 35% response
rate with a median survival of 17.8 months.76,77 A phase III
trial comparing bortezomib with high-dose oral dexametha-
sone in relapsed or refractory multiple myeloma was termi-
nated prematurely following the recommendation of an
independent data monitoring committee to allow patients
receiving high-dose dexamethasone to choose bortezomib
therapy. Combination studies with cytotoxic agents are also
under way, with promising activity already demonstrated.77

Histone Deacetylase (HDAC) Inhibitors

Inside the nucleus of cells, histone acetylation–deacetylation
modifies the chromatin structure and association between
DNA and nucleosomes, thus modulating access for nuclear
transcription factors such as E2F that are involved in ini-
tiating transcription of genes essential for S-phase entry.

Inhibitors of histone deacetylase result in G1 cell-cycle
arrest and cell differentiation and appear to have anticancer
effects including induction of apoptosis in transformed cells79

and enhanced expression of the cdk inhibitor p21.80 Two 
compounds have entered early clinical trials, depsipeptide
(FR901228) and the synthetic benzamide derivative 
MS-27-275.

Apoptosis-Targeted Therapies

Apoptosis, or programmed cell death, in normal human
tissues has an essential role in controlling overall cell
number. In many human tumors apoptosis is impaired, con-
tributing to cellular transformation. Triggering of apoptosis is
determined by the ratio of pro- and antiapoptotic proteins, in
particular, members of the Bcl2 family, the intracellular anti-
apoptotic proteins (IAPs), tumor necrosis factor (TNF)-related
apoptosis-inducing ligand (TRAIL), and the caspase family.
Although cytotoxic chemotherapy drugs can induce apopto-
sis in malignant cells, resistance to chemotherapy may in
some instances relate to alteration in the molecular pathways
that regulate apoptosis.

There are two major apoptotic pathways that can be trig-
gered in cells: the extrinsic death-receptor-induced extrinsic
pathway, and the intrinsic mitochondrial apoptosome-medi-
ated pathway (Figure 5.3). The extrinsic pathway is regulated
by members of the TNF superfamily, FASL (FAS ligand), 
TNF, and TRAIL. These “death receptors” signal through 
the “death-inducing signaling complex” (DISC), leading to
caspase activation and apoptosis. The intrinsic mitochondria
apoptosome pathway is controlled by members of the Bcl2
family. The proapoptotic members of this family (e.g., BAX,
BAK, BIM, and BID) precipitate the release of cytochrome 
c from mitochondria, which promotes the formation of 
the apoptosome (cytochrome c/APAF1/caspase 9) complex.
Members of the Bcl2 family that inhibit the pathway include
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Bcl2 itself, Bclxl, and Bclw. P53 can regulate both the intrin-
sic pathway by promoting the transcription of BAX and the
extrinsic pathway through upregulation of the death receptor.
Apoptosis is also suppressed by the IAPs (inhibitors of apo-
ptosis). Members of this family include XIAP, IAP1, IAP2, and
survivin. These proteins interact with and inhibit selected
effector caspases. IAP suppressors have also been identified
and include Smac/DIABLO and XAF1.

Many of the targeted therapies mentioned above act in
part through the promotion of apoptosis; for example, the pro-
teosome inhibitor bortezomib and the histone deacetylase
inhibitor suberoylanilide hydroxamic acid (SAHA) precipitate
apoptosis in tumor cells. Similarly, flavopiridol-mediated
inhibition of the cell-cycle kinase, cdk1, enhances the cyto-
toxicity of doxorubicin in MCF7 human breast carcinoma
xenografts through the suppression of survivin phosphoryla-
tion.81 However, some of the more direct therapies targeting
components of the apoptosis pathway are discussed next.

Strategies to Modulate Apoptosis

TRAILR1 Monoclonal Antibody

This MAb targets TRAILR1 expressed on human cancer cells
and induces apoptosis in human tumor cell lines. Although
initial studies suggested that TRAIL activation preferentially
leads to apoptosis of tumor cells over normal cells, recent data
suggest that human hepatocytes may also be sensitive to
TRAIL activity.82 Phase I studies are currently in progress.

Antisense Bcl2 Strategies: G3139

G3139 is an antisense phosphorothioate oligonucleotide that
suppresses the expression of the antiapoptotic protein Bcl2.
Results of a trial of 21 patients with non-Hodgkin’s lym-
phoma treated with subcutaneous G3139 demonstrated a
response rate of 14% with a further 43% exhibiting stable
disease.83 Phase III trials are in progress.

Strategies Targeting p53: ONYX-015, 
INGN 201, Nutlins

ONYX-015 is a mutant adenovirus with a loss-of-function
mutation of the adenoviral E1B gene product. The wild-type
viral gene product E1B inactivates p53. ONYX-015 selectively
replicates in p53-deficient tumor cells leading to cytolysis.
The virus is unable to replicate in cells with wild-type p53.84

Promising results have been demonstrated in phase I and II
trials, and also in combination with chemotherapy agents.85

Regional delivery of ONYX-015 has been attempted in dif-
ferent tumor types. A Phase II trial of intratumoral ONYX-
015 in combination with cisplatin and 5-fluorouracil in
patients with recurrent head and neck cancer demonstrated
objective tumor responses with an acceptable toxicity
profile.86 Furthermore, biopsies revealed selective adenoviral
replication and necrosis within some tumor specimens. Intra-
tumoral injection has also been attempted in patients with
breast cancer chest wall recurrence. Hepatic artery infusion
of ONYX-015 in a Phase I/II study of 35 patients with liver
metastases secondary to colorectal carcinoma demonstrated
antitumoral activity,87 while a Phase I trial of intraperitoneal
regional delivery of ONYX-015 was conducted in refractory
ovarian cancer.88

INGN 201 is a replication incompetent adenovirus vector
in which the E1 region has been replaced by wild-type p53
gene under the control of a cytomegalovirus promoter. Pre-
clinical studies demonstrated anticancer properties in head
and neck tumor cell lines and xenografts. A Phase I trial of
stereotactic intratumoral injection of INGN 201 into recur-
rent glioma demonstrated minimal toxicity and the transfer
of p53 to astrocytic tumor cells that led to transcriptionally
active p53, with upregulation of target genes such as p21cip1

and apoptosis in subsets of cells. Phase II studies in patients
with advanced recurrent squamous cell carcinoma of the head
and neck treated with intralesional INGN 201 indicate that
the virus is well tolerated.89 Disease stabilized in 6 of 17
patients with nonresectable disease, and 2 of 17 patients
exhibited partial responses. Paradoxically, efficacy appeared
independent of p53 status.

Mdm2 inhibits p53 by promoting p53 nuclear export,
impeding the interaction of transcription factors with the
activation domain of p53 and triggering the degradation of p53
via the ubiquitin-proteosome pathway. Nutlins are a family
of synthetic compounds that can successively displace Mdm2
from the N-terminus of p53, thereby promoting p53 activity.90

This is an exciting technical development for the manipula-
tion of protein–protein interactions by small molecules. 
Furthermore, it raises the possibility of activating p53 in
tumors that retain normal p53, thereby promoting apoptotic
pathways.

Targeting Sphingosine Kinase
Activity: Phenoxodiol

Sphingosine kinase promotes the activity of the caspase
inhibitory proteins XIAP and FLIP. The isoflavone phenoxo-
diol targets a regulator of sphingosine kinase thereby reduc-
ing XIAP and FLIP activity. Phase Ib/II data have recently
been presented demonstrating promising activity of oral phe-
noxodiol in hormone refractory prostate cancer and late-stage
ovarian cancer refractory to chemotherapy.90,92

Angiogenesis

Folkman first postulated that angiogenesis (the formation 
of new blood vessels from the preexisting vascular bed) is
required for tumor progression.93 Initially, malignant cells
derive their nutrients from the normal host vessels by diffu-
sion, but tumor growth is limited beyond 1 to 2mm without
new blood vessel growth.94 Neovascularization is initiated by
increased permeability of preexisting vessels in response to
vascular endothelial growth factor (VEGF) produced by the
tumor; this allows for the extravasation of plasma proteins
that lay down the matrix upon which activated growth factor-
secreting endothelial cells migrate. Proteolytic degradation of
the extracellular matrix and basement membrane then
enables endothelial cells to form new capillaries. Normally,
perivascular cells are attracted and form basal lumina around
the vessels, thus limiting endothelial cell proliferation and
decreasing their dependence on VEGF-A. However, in tumors,
pericytes have a decreased association with new blood
vessels, which as a consequence are leaky due to an imbal-
ance of appropriate proangiogenic and antiantigenic controls
that control the so-called angiogenic switch. Hypoxia stimu-
lates the tumor cells to generate proangiogenic factors,
including vascular endothelial growth factor (VEGF), fibro-
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blast growth factor (FGF), transforming growth factor-beta.
(TGF-b), and tumor necrosis factor-alpha (TNF-a. ). VEGF and
FGF are considered the most important factors for tumor
angiogenesis.

Tumor vascularization has been found to correlate with
growth and metastatic potential in some tumor types, and
microvessel density has been shown to be an adverse prog-
nostic factor of distant disease and survival.95 Consequently,
antiangiogenesis has been a new strategy for the development
of anticancer treatment. The characterization of natural
inhibitors and promoters of angiogenesis has led to the devel-
opment of novel compounds that potentially interfere with
various steps required for angiogenesis (Table 5.6, Figure 5.4).
In principle, these approaches involve either targeting the
endothelial cell, targeting activators of angiogenesis, or 
targeting the extracellular matrix.

Targeting the Endothelial Cell (Thalidomide,
TNP-740, Endostatin, Angiostatin)

Thalidomide has been found to have immunomodulating and
antiangiogenic properties by impeding VEGF- and bFGF-
dependent angiogenesis through inhibition of TNF, inter-
leukin (IL)-12, and IL-6 and stimulation of IL-2, interferon,
and CD8+ T cells. Clinical activity has been seen in refrac-
tory multiple myeloma, myelodysplasia, Kaposi’s sarcoma,
renal cell cancer, colorectal cancer, and recurrent glioblas-
tomas. No benefit has been demonstrated in Phase III trials
of metastatic breast and head and neck malignancies. The
thalidomide analogue, CC-5013, has increased potency and
efficacy with less sedation, constipation, and neuropathy and
has demonstrated promising activity in Phase I trials of
patients with advanced solid cancers.96

TNP-470 is a potent endothelial inhibitor in vitro, and
animal models have demonstrated the broadest anticancer
range of any known agent. In clinical trials, TNP-470 has
shown evidence of antitumor effect both as monotherapy
with responses observed in relapsed or refractory malignan-
cies97 and in combination with chemotherapy.98

The clinical observation that the removal of the primary
tumor can lead to the rapid growth of previously dormant
micrometastases led to the discovery of angiostatin and endo-
statin, two potent endogenous antiangiogenic agents. Endo-
statin is a 20-kDa C-terminal fragment of collagen XVIII
found in vessel walls and basement membranes. Recombi-
nant human endostatin inhibited endothelial cell prolifera-
tion and tumor growth in preclinical studies, and in a
subsequent Phase II trial there were 23 patients with stable
disease and 2 with minor responses of the 37 evaluable
patients.99 Angiostatin is a 38-kDa internal fragment of 
plasminogen, which has subsequently been shown to induce
dormancy and regression of tumor models. Angiostatin 
binds to ATP synthase on the surface of human endothelial
cells, induces apoptosis in endothelial cells and tumor cells,
inhibits endothelial migration and tubule formation, and
inhibits matrix-enhanced plasminogen activation. A Phase I
trial in patients with advanced cancer demonstrated that it
was well tolerated, with some patients (7 of 24) achieving
long-term stable disease.100

Targeting Activators of Angiogenesis

Vascular endothelial growth factor (VEGF-A), a critical regu-
lator of physiologic angiogenesis during embryogenesis and
skeletal growth, is also important in the pathologic angio-
genesis of tumor growth. VEGF-A is a multifunctional
cytokine expressed by many tumor cells, promoting
microvascular permeability, endothelial cell migration, divi-
sion, and survival, and inhibiting apoptosis. Oxygen
tension/hypoxia, growth factors, oncogenes, inflammatory
cytokines, and various hormones regulate the level of VEGF-
A. The effects of VEGF are mediated in part by two receptor
tyrosine kinases (RTKs), VEGFR-1 (flt-1) and VEGFR-2 (flk-1),
which are expressed on endothelial cells. The level of VEGF-
A expression in cancer cells has been found to correlate with
tumor size, metastasis, poor disease free-survival (DFS), and
overall survival (OS).101 Consequently, VEGF and its receptors
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FIGURE 5.4. Inhibitors of angiogenesis.



have been investigated for antiangiogenesis therapies in
various malignancies. Different strategies have been designed
to inhibit VEGF function, including inhibition of endogenous
tumor VEGF secretion (antisense), neutralizing VEGF in the
microcirculation, or preventing VEGF binding to its receptor
(antibodies), and targeting subsequent signal transduction by
VEGF (small molecule receptor tyrosine kinase inhibitors)
(see Figure 5.4).

Ribozymes are RNA molecules that can recognize RNA
sequences and cleave specific sites on other RNA molecules.
Angiozyme, a synthetic ribozyme that targets the VEGFR-1
mRNA, was well tolerated in a Phase I/II study of patients
with refractory solid tumors,102 and further trials are in
progress. Bevacizumab (avastin) is a recombinant anti-VEGF
humanized MAb,103 which, in patients with untreated
metastatic colorectal cancer given in combination with
chemotherapy, showed a significant increase in response rate
and time to progression compared with chemotherapy alone,
with a 4.7-month prolongation of overall survival.104 This
result represents the first clinical validation for antiangio-
genesis therapy as an effective cancer treatment, and recent
similar studies in untreated advanced non-small cell lung
cancer have demonstrated improved response rates and time
to progression with the addition of bevacizumab.105 Finally,
several different small molecules targeting VEGF receptor
tyrosine kinases have been developed, each with a different
selectivity profile (Table 5.7); these include SU5416 (intra-
venously administered), SU6668, SU11248, and PTK 787.106,107

Targeting the Extracellular Matrix

The matrix metalloproteinases (MMPs) are a family of zinc-
dependent endopeptidases that mediate degradation of extra-
cellular matrix expressed by tumor cells or stroma.108 They
are synthesized as inactive zymogens (pro-MMP) and acti-
vated by proteinase cleavage. Their activity is regulated by
endogenous inhibitors such as b2-macroglobulin, throm-
bospondin-2, tissue inhibitors of metalloproteinases (TIMPs),
and small molecules with TIMP-like domains. MMPs can
promote tumor progression by increasing cell growth, migra-
tion, invasion, metastasis, and angiogenesis. Several different
approaches have been developed to inhibit the activity of
MMPs, including antisense mRNA or ribozyme technol-
ogy.109 Integrins are a group of heterodimeric transmembrane
receptors that mediate cell–cell and cell–ECM interactions.
Vitaxin, a humanized derivative of a mouse LM609 MAb, was
developed to inhibit the MMP-2 interaction with integrin
avb3, although its instability precluded further develop-
ment.110 Cilengitide (EMD 121974) is a synthetic cyclic pen-
tapeptide small molecule inhibitor of avb3 and avb5, which
in a Phase I trial gave prolonged stable disease in 3 of 
37 patients.111 Finally, MMP enzymatic inhibitors (MMPI)
have been developed. Marimastat was the first orally avail-
able MMPI and has been tested in several phase III trials in
glioblastoma, breast, ovarian, and small and non-small cell
lung cancers. These trials were discontinued because mari-
mastat failed to demonstrate superiority over placebo or 
standard chemotherapy. However, in a Phase III placebo-
controlled trial in patients with advanced gastric cancer,
marimastat showed significant improvement in OS (2-year
survival, 5% versus 18%) and PFS over placebo-treated
patients. These benefits remained significant even after

longer follow-up.112 Other MMPIs in development are listed
in Table 5.7.

Clinical Development of 
Targeted/Biologic Therapies

Clinical Trial Design

Clinical trials aim to identify effective drugs for further
studies, while also allowing discontinuation of ineffective
drugs in an ethical and efficient way. Traditional phase I/II/III
clinical trials for cytotoxic agents assume that (1) the agent
will reduce the size of the tumor in a dose-dependent manner;
(2) the agent will have toxicities that are dose dependent; and
(3) reduction in tumor size will lead to improved overall sur-
vival and/or improved quality of life. In contrast, newer tar-
geted agents may not have an objective effect on tumor size
other than tumor stabilization or metastasis prevention.
There may not be a dose-dependent effect, and toxicities may
only be modest.113 Consequently, there are limitations in
testing target-based agents with conventional trials designed
for cytotoxic drugs, and alternative endpoints/trial designs are
required.

Phase I: Biologic Endpoints and Surrogate Markers

Phase I trials are small studies aimed at finding the optimal
dose of a drug using schedules determined from preclinical
models. In conventional trials with cytotoxic agents,
maximal tolerated dose (MTD) is often used to define the
optimal dose rather than using the dose that has a quantifi-
able therapeutic effect. The dose of the agent is escalated in
cohorts of three to six patients until there is unacceptable 
toxicity in two or more patients. The design of phase I trials
is based on the assumption that the efficacy and toxicity of
the drug increases as the dose increases and that the mecha-
nism of toxicity and tumor effect are the same. Pharmacoki-
netic studies are included in Phase I trials but are not required
to determine the optimal dose of a cytotoxic agent.

Due to their selective effect, targeted agents have the
potential to achieve maximum biologic effect with minimal
side effects. Therefore, the optimal dose in Phase I trials may
need to be defined by a biologic endpoint rather than toxic-
ity. Their wider therapeutic ratio may in some cases make it
difficult to determine the MTD. Furthermore, the mecha-
nisms of toxicity and biologic effect may differ, and therefore,
MTD cannot be used to define the optimal dose. Conversely,
others contend that unless the MTD and intratumoral phar-
macodynamics of the novel agent are determined in Phase I
and II clinical trials, Phase III trials run the risk of inadequate
dosing and suboptimal target inhibition.2

Consequently, biologic endpoints in tumor and surrogate
tissue rather than dose-limiting toxicity are often used to
define the optimal dose of targeted agents for subsequent clin-
ical trials. This characterization requires a biologic under-
standing of the target, a specific and reproducible assay for
target inhibition, knowledge of the distribution of the target
in the tissues of interest, accessibility of the appropriate
tissue, and demonstration that the tissue is a valid surrogate
for the tissue of interest. Phase I trials with targeted agents
aim to define the dose or concentration of a drug that 
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provides maximal target inhibition.114 Because determining
target inhibition within the tumor is technically demanding,
the sampling of normal or surrogate tissues has been an alter-
native approach. Examples of surrogate tissue use include the
measurement of p70S6 kinase activity in peripheral blood
mononuclear cells after treatment with an mTOR inhibitor,
the assessment of EGFR and ERK/MEK phosphorylation
status in skin biopsies after treatment with EGFR tyrosine

kinase inhibitors, or assessment of prelamin A farnesylation
in buccal mucosal cells following FTI treatment.42 However,
reliance on surrogate endpoints to determine the efficacy of
these targeted therapies has attracted criticism because the
pharmacodynamics within normal tissue may not reflect
target inhibition within the tumor mass. For example, clini-
cal trials investigating the activities of the EGFR inhibitors
have failed to adequately assess the intratumoral pharmaco-
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TABLE 5.7. Antiangiogenesis therapies.

Agent Mechanism of action Trial Major toxicity

TNP-740 Synthetic analogue of Phase II advanced cancer, lymphomas and Cerebellar dysfunction
fumagillin; inhibition of acute leukemia
Ets-1

Thalidomide Unknown Phase I malignant glioma & melanoma Fatigue, somnolence,
Phase II non-small cell lung cancer; phase II myelosuppression,

in CRC, lymphoma, MDS, liver, CLL, NSCLC peripheral neuropathy,
Phase III prostate, myeloma, RCC thromboembolism (in

combination with
chemotherapy)

Squalamine Inhibition sodium-hydrogen Phase I solid tumors; phase II non-small cell
exchanger, NHE3 lung cancer and solid tumors

Combretastatin Induction of apoptosis in Phase I solid tumors; phase II to begin in mid-
proliferating endothelial 2000
cells

Endostatin Phase I advanced neuroendocrine and Rash
melanoma

Angiostatin Phase I advanced tumors Erythema
Anti-VEGF Humanized mAb to VEGF Phase II metastatic RCC, advanced prostate, Thrombosis, proteinuria,

antibody NSCLC, colorectal and other solid tumours hypertension
(bevacizumab)

Anti-VEGFR-2 Antibody to VEGFR-2 Preclinical
(IMC-2C7)

Soluble VEGFR-1 Inhibition of VEGF Phase I advanced tumors Hypertension, fatigue,
(VEGF TRAP) signaling by sequestration proteinuria

of VEGF and possibly
formation of inactive
heterodimers with cell-
surface VEGF receptors

Ribozyme Cleavage of mRNA of Phase I/II refractory solid tumors
(angiozyme) VEGFR-1

SU11248 Small molecule inhibitor of Phase I advanced solid tumors Asthenia,
VEGFR-2, PDGFR, KIT thrombocytopenia,
and FLT-3 neutropenia, skin

discoloration,
depigmentation

SU6668 Small molecule blocker of Phase I in selected advanced tumors Asthenia,
VEGF-receptor, FGF, and thrombocytopenia,
PDGF receptor signaling hypertension, diarrhea

PTK787/ZK22584 Inhibition of VEGFR-1,2,3 Phase I/ II with chemotherapy in CRC Fatigue, neuropathy,
TKI diarrhea

Cilengitide Small molecule inhibitor of Phase I advanced tumors
(EMD121974) avb3 and avb5

Marimastat Synthetic inhibitor that Phase I pancreatic cancer; phase III NSCLC, Musculoskeletal pain and
blocks TNF—a convertase; small cell lung cancer and breast cancer; joint swelling
inhibitor of MMPs phase I GBM

Prinomastat (AG- Synthetic MMP inhibitor Phase III NSCLC, hormone refractory
3340) prostate, pancreatic, and small cell lung cancer

Metastat (COL-3) MMP inhibitor and Phase I/II brain, Kaposi’s sarcoma Lupus, anemia
tetracycline derivative

Neovastat (AE941) Natural MMP inhibitor; Phase II multiple myeloma, Phase III renal cell
derivative of shark cartilage cancer, Phase III non-small cell lung cancer

BMS-275291 Synthetic MMP inhibitor Phase I



dynamics before and after drug exposure.2 Therefore, negative
trial data may simply reflect inadequate drug dosage and
tumor tissue concentrations of these agents rather than drug
inactivity, which raises serious questions over the interpre-
tation of negative clinical trial data unless proof of target 
inhibition is documented within tumor specimens rather
than surrogate tissues.

Noninvasive functional imaging techniques that can
quantify the level of target function in vivo are under inves-
tigation and include dynamic contrast-enhanced MRI 
(DCE MRI) for measuring tumor vascularization and vascular
permeability with angiogenesis inhibitors and positron 
emission tomography (PET) to monitor metabolic changes in
uptake of 18F-fluoro-2-deoxy-d-glucose (18FDG) within the
tumor mass. Other functional modalities include doppler
ultrasound and dynamic infrared imaging of vascular perfu-
sion patterns.115

Phase II

The primary aim of a Phase II trial is to define the spectrum
of antitumor activity for the new drug using the optimal 
dose and schedule determined from Phase I trials. With cyto-
toxic drugs, the traditional endpoint is response rate as 
measured by the percentage decrease in size of the tumor
compared to the pretreatment size. However, objective
response rate may not be an ideal endpoint for target-based
agents because of their cytostatic properties. To overcome
this difficulty, alternative endpoints have been used in 
Phase II clinical studies of targeted therapies. These include
the following:

• Pharmacodynamic endpoints: for example, quantifying
posttranslational changes in biological markers in either
tumor or surrogate tissues

• Functional imaging studies to assess treatment response
at the tumor site (FDG-PET or dynamic contrast-
enhanced MRI)

• Assessment of time to disease progression and the 
proportion of patients with disease progression

• Quality of life (regarded as a secondary endpoint for 
cytotoxic agents)113

None of these endpoints has been well validated.116,117 An
alternative approach to clinical trials investigating the activ-
ity of targeted therapies is the use of the randomized discon-
tinuation design. All patients are enrolled to receive the drug
for an initial 2- to 4-month period. Patients with progressive
disease, toxicity, or noncompliance during this period are
removed from the study. The remaining patients are then
randomized to continue the drug or a placebo. The endpoint
is the percentage of patients that remain with stable disease
in the randomized period. The advantages of this method are
that it can overcome the slow accrual of trials that offer treat-
ment or placebo upfront, eligibility criteria can be relatively
broad, and enrichment of the randomized group may increase
the efficiency of the trial.118 Other Phase II trial designs
include utilizing the patient as the internal control, whereby
a single cohort of patients with progressive disease is treated
with a cytostatic agent to determine whether the agent slows
the rate of disease progression with reference to the pretreat-
ment rate of progression. Similarly, neoadjuvant treatment
can provide a valuable system with tumor sampling for 

molecular analysis that can be performed at progressive time
points during treatment.

Phase III

The aim of Phase III trials is to determine efficacy or clinical
benefit of a new regimen versus a standard therapy in a 
randomized study. Endpoints are usually progression-free 
survival or overall survival. With target-based agents, the tra-
ditional designs should remain relatively unchanged. It is
important that the drug dose that optimally inhibits the
target in question within patient tumor specimens be defined
in advance of Phase III studies.

Patient Selection

The target should be critical to the biology of tumor [e.g., bcr-
abl in chronic myeloid leukemia (CML)], and the targeted
agent should be used in a biologically relevant population.
Disease stage may also need to be considered in patient selec-
tion, as some agents may be less active in the advanced
setting and more effective in patients with minimal disease.
Many Phase III clinical trials conducted (with the exception
of the trastuzumab and imatinib studies) have not selected
patients based on target expression. It is noteworthy that had
the Phase III study investigating the addition of trastuzumab
to chemotherapy in patients with metastatic breast cancer
not selected patients based on HER2 overexpression, the trial
would have been negative.

At the same time, our understanding of the molecular
profile in a tumor that may predict response to targeted ther-
apies remains naive. Little is known about resistance to tar-
geted therapies to guide appropriate strategies of combining
different inhibitors together to inhibit redundant or parallel
signaling pathways, thus maximizing clinical benefit. Future
trials of targeted therapies must incorporate a prospective
analysis of tumor tissue during treatment so that response
can be correlated with the molecular phenotype (either
through microarray or proteomic techniques), thus identify-
ing predictive markers for future studies.

Conclusion: Challenges for the Future

Designing clinical trials to investigate the activity of these
novel agents and optimize their use in a defined patient pop-
ulation are critical challenges to the success of targeted
therapy. There remains much cause for optimism and 
enthusiasm, particularly following the notable successes in
the past few years that have made it to the clinic, such as
trastuzumab for breast cancer, bevacizumab for colorectal
cancer, imatinib mesylate for CML and GIST, and gefitinib
for lung cancer.

The field is moving fast, with an exploding knowledge
base of molecular abnormalities in cancer and an increasing
array of molecules that can target abnormal or overexpressed
onco-proteins. As reviewed here, targeted therapies include a
wide spectrum of approaches that are applicable to many dif-
ferent cancers, and the principles which govern their devel-
opment are evolving as we learn how to utilize these novel
agents. Within the next decade we should find out whether
we make a paradigm shift in the treatment and prevention of
cancer by translating scientific progress into clinical practice.
Many truly believe that we will.
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Biologic Principles of
Hematopoietic Stem 
Cell Transplantation

Robert J. Soiffer

uring the past 25 years, hematopoietic stem cell
transplantation (HSCT) has become accepted as
routine treatment for many patients with hemato-

logic malignancies. Traditionally, the primary biologic objec-
tives of HSCT for malignant disease and marrow disorders
include the following:

• Delivery of chemotherapy/radiotherapy sufficient to
destroy tumor cells

• Infusion of a source of hematopoietic stem cells to replace
damaged lymphoid or myeloid progenitors

• Establishment of organ graft tolerance to prevent rejection
of donor cells

• Induction of graft-versus-tumor (GVT) activity by allo-
geneic immune effector cells

Recent laboratory and clinical observations on the biology of
transplantation have challenged many of the fundamental
beliefs and practices established over the past quarter cen-
tury. Insights into graft-versus-host disease (GVHD), graft-
versus-leukemia (GVL) activity, stem cell engraftment, donor
selection, minimal residual disease (MRD), infectious com-
plications, and treatment-related organ dysfunction all have
contributed to revisions and refinements in the current
approach to potential transplant recipients.

Indications for Transplantation

For many diseases, the indications for transplantation were
established in an era when standard treatment approaches had
very little hope of producing cures or extended long-term 
survival. As both nontransplant therapeutic options and
transplant-related methodologies have evolved, continued
reassessment is needed to determine the place of transplan-
tation in the design of treatment algorithms.

It is a common misconception that research in trans-
plantation is bereft of comparative clinical trials. It is true
that many reported Phase 2 trials are difficult to interpret 
in the absence of rigorously defined control groups. Single
institution case-control studies are only of limited value.
However, the establishment of well-organized data reposito-
ries such as the International Bone Marrow Transplant 
Registry (IBMTR) and the European Bone Marrow Transplant
(EBMT) registry have led to large retrospective observational

studies using standardized data collection tools across many
centers. The reports emerging from these studies have proven
useful in assessing the value of specific transplant strategies.
However, these registry analyses do not take the place of rig-
orously conducted randomized trials. Indeed, there have been
a number of randomized trials conducted in transplantation,
although many have been underpowered to detect small, but
significant, differences because of limited patient availability.

Transplant indications can be divided into three groups
based on the objective evidence that supports its use. The first
group includes those diseases for which results from prospec-
tive randomized trials are available to guide treatment deci-
sions. The most definitive randomized study supporting
transplantation was the PARMA trial, conducted in patients
undergoing autologous HSCT for non-Hodgkin’s lymphoma
(Figure 6.1).1 Patients with relapsed NHL were treated with
two cycles of salvage chemotherapy upon study entry. Those
patients exhibiting a response were randomized to receive
either high-dose chemotherapy and autologous bone marrow
transplantation or four more cycles of chemotherapy. With
extended follow-up in each arm, both disease-free survival
and overall survival were far superior for patients undergoing
transplantation. In another randomized trial conducted in
Europe at the same time, a survival advantage was demon-
strated for patients with recurrent multiple myeloma ran-
domized to autologous transplantation compared to
conventional therapy. This finding was recently confirmed in
another large randomized study.2,3

The importance of randomized trials is not limited to pos-
itive studies. The highly publicized randomized trials in
breast cancer patients with metastatic disease or with more
than 10 positive nodes failed to demonstrate any survival
advantage for autologous transplantation.4–6 Participation in
these studies was critical in helping to determine that high-
dose chemotherapy and autologous HSCT, which had become
standard treatment for many patients with advanced disease,
offered no clear-cut advantage to conventional therapy. Still,
proponents of transplant point to the lower relapse rates in
the transplant arm and argue that if toxicity could be elimi-
nated, high-dose therapy might still offer advantages.

It is also important not to blindly extrapolate the results
of positive studies to distinctly different clinical scenarios.
For example, the encouraging results with autologous trans-
plantation for intermediate-grade NHL in second remission
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prompted its use for patients thought to be at high risk for
relapse in first remission. However, when a prospective 
randomized study was performed in these first remission
patients, no clear benefit of transplantation could be demon-
strated except perhaps in patients with very high inter-
national prognostic index (IPI) scores.7–9

There have also been circumstances in which different
randomized studies have yielded conflicting results, as is
most clearly the case for patients with acute myelogenous
leukemia (AML) and acute lymphoblastic anemia (ALL) in
first complete remission (CRI). Many of these trials were
designed so that patients with HLA-identical donors were
allocated (truly genetically selected) for allogeneic transplan-
tation whereas those without donors were randomized to
autologous transplantation or further chemotherapy. In some
of these trials, allogeneic transplantation held a modest
advantage when analyzed on an intention-to-treat basis. In
other trials, no significant differences in disease-free survival
(DFS) between the treatment arms could be found.10–13

More recent data on the prognostic implications of certain
chromosome abnormalities associated with AML and 
ALL have influenced thinking on who should undergo 
transplantation in first remission. General agreement exists
that patients with adverse cytogenetics (such as monosomy
7 or multiple complex abnormalities in AML or the Philadel-
phia chromosome in ALL) should undergo HSCT in 
CRI. Patients with favorable cytogenetics [such as t(8;21) 
or inv16] are usually not offered transplantation in first 
remission. Transplant decisions for patients with intermedi-
ate-risk cytogenetics in AML and ALL are more difficult and
require careful deliberation with the patient and his/her
family.

The second group of transplant indications includes those
diseases for which a cure rate has been established with HSCT
that is superior to that obtained with conventional therapy
but for which prospective randomized trials have not been
conducted. This group includes patients with recurrent acute

leukemia, recurrent Hodgkin’s disease, low-grade lymphoma,
chronic lymphocytic leukemia (CLL), aplastic anemia, and
chronic myelogenous leukemia (CML).14–24 CML deserves
special consideration since the introduction of imatinib into
practice in 2001.25–27 In the pre-imatinib era, cure rates were
less than 5% and median survival was 5 to 6 years with either
hydroxyurea or interferon, the mainstays of therapy. In 
contrast, for patients under 50 years of age with an HLA-
identical sibling donor, HSCT performed in the first year after
diagnosis of stable-phase CML cures more than 70% of
patients.28,29 DFS for patients with unrelated donors appears to
exceed 50% to 60% in identical circumstances.16 For these
younger patients with CML, it could be safely argued that
HSCT offered the only hope for cure. However, this conclu-
sion did not necessarily mean that HSCT was an obvious
choice for all these patients, because there was a very real pos-
sibility that transplantation would dramatically shorten the
lifespan of a subset of patients as a result of transplant-related
complications. In the current imatinib era, the transplant
decisions faced by physicians and patients cannot necessarily
be based on a reproducible median survival of 5 to 6 years
without HSCT. It is not known what the median survival will
be for newly diagnosed patients treated with imatinib. Despite
the early data that indicate imatinib is superior to interferon
in inducing hematologic and cytogenetic remissions, the dura-
tion of these responses is not known.30,31 Development of drug
resistance has been identified in a number of patients.32,33 At
this point, it is too early to know how imatinib should change
the approach to transplantation for CML.

The third group of transplant indications includes those
diseases for which transplantation benefits some individuals
but for which sufficient follow-up is not yet available in
enough patients to determine the proper role of HSCT in
disease management. Diseases that fall into this category
include hemoglobinopathies, autoimmune disorders, and
renal cell carcinoma.34–36 Transplantation for these indica-
tions should be considered investigational.
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FIGURE 6.1. Randomized study of high-dose
chemotherapy with autologous transplantation
versus chemotherapy. Event-free survival in
patients undergoing transplantation is superior to
that in those receiving chemotherapy alone for
recurrent chemotherapy-sensitive intermediate-
grade non-Hodgkin’s lymphoma. (Adapted from
Philip et al.,1 by permission of New England
Journal of Medicine.)



Sources of Hematopoietic Stem Cells

Hematopoietic stem cells for transplantation can be obtained
from bone marrow (BM) or peripheral blood (PB). Bone
marrow was the traditional source for stem cells until the
1980s. At that time, antibodies were developed that could rec-
ognize CD34+ hematopoietic progenitors, and it was recog-
nized that these CD34+ cells circulate in PB. Moreover, the
number of these CD34+ cells in the periphery increased
during recovery from myelosuppressive chemotherapy and
after administration of growth factors, particularly granulo-
cyte colony-stimulating growth factor (G-CSF).37–39 Strategies
to mobilize stem cells from the marrow out into PB with
chemotherapy, growth factors, or a combination of the two
were developed. Full lymphohematopoietic reconstitution
was observed after ablation and infusion of these mobilized
PB stem cells in the autologous transplant setting. Using
mobilized PB containing a minimum of 2.0 ¥ 106 CD34+
cells/kg, engraftment of both neutrophils and platelets is con-
siderably more rapid than when BM is used.40,41 For autolo-
gous transplantation, mobilized PB has replaced BM as the
stem cell source in most centers. It is notable, however, that
the use of peripheral blood stem cells (PBSCs) has not led to
improved survival after autologous transplantation but has
been associated with decreased duration of hospitalization.

Physicians were initially reluctant to use PB for allogeneic
transplantation as it was feared that the increased number of
T lymphocytes infused with PB would increase the incidence
and severity of graft-versus-host-disease (GHVD). The first
trials published in the 1990s demonstrated rapid engraftment
without apparent increases in GVHD.42,43 A number of ran-
domized trials comparing allogeneic PBSC versus BM have
been reported, as have a meta-analysis and registry data.44–49

As in the autologous setting, neutrophil and platelet engraft-
ment were more rapid with PBSCs. There have been con-
flicting reports on the risk of acute GVHD posed by PBSCs.
In a randomized trial involving 350 patients, both acute
GVHD (grade II–IV) and severe acute GVHD (grade III–IV)
were significantly increased in the PBSCT group (52% versus
39%, P = 0.014 and 28% versus 16%, P = 0.01, respectively).50

Other trials have found differences in acute GVHD that were
not statistically significant. An IBMTR/EBMT retrospective
review of 288 PBSC and 536 BM transplants revealed a bor-
derline increase in grades II–IV acute GVHD [relative risk
(RR), 1.19; 95% CI, 0.9–1.56].51 A meta-analysis of 15 studies
(9 cohorts, 5 randomized trials, and 1 database review) sug-
gested that use of PBSCs did increase risk of acute GVHD (RR,
1.16; 95% CI, 1.04–1.28).46

A number of studies have suggested a higher incidence of
chronic GVHD with PB.44–46,51 An updated meta-analysis of
the randomized trials demonstrated an overall relative risk 
of 1.57 (95% CI, 1.28–1.94) for chronic GVHD after PBSCT
when compared with bone marrow transfer (BMT). The expla-
nation for the increase in chronic GVHD may lie with the
increase in the number of T cells infused, although there
there may be an association between the development of
chronic GVHD and the number of CD34 cells infused.52,53

It has been speculated that the larger number of T cells
infused with mobilized peripheral blood might translate into
improved immune reconstitution and a reduction in disease
relapse posttransplant. In several studies, higher levels of B
cells and T cells were noted after PBSCT compared to BMT,54

with the increase in T-cell number associated with a lower
incidence of confirmed infections (RR, 0.59; P < 0.001).55 With
regard to relapse, several randomized studies have demon-
strated a decrease in the rate of relapse after PBSCT compared
to BMT.48,49 In the largest U.S. randomized trial, the hazard
ratio for relapse was 0.49 (95% CI, 0.38–1.28) among patients
transplanted with PBSCs.44 Unfortunately, despite these
effects on lymphoid recovery and disease relapse, most ran-
domized studies have yet to demonstrate a convincing
improvement in overall survival for PBSCs.

All the comparative studies of PBSCs and BM referenced
previously have involved related donors. For unrelated
donors, a single-arm cohort of PBSCT resulted in outcomes
similar to that noted with BMT.56 Comparative rates of
engraftment, acute and chronic GVHD, and survival in the
unrelated setting await completion of large multiinstitutional
randomized studies now under way.

If there turns out to be no survival advantage to PBSCT
compared with BMT in the allogeneic setting, policies regard-
ing donor source may be determined by quality of life or 
economic issues. Donor preference for either PBSC or BM
donation has been evaluated in one series of allogeneic donors
with no differences in self-reported quality of life measures;
however, patients randomized to donate autologous PBSC or
BM have preferred PBSC collection.57,58 Because of the reduc-
tion in hospital stay associated with PBSCT, costs have been
lower in comparative analyses although these studies did not
factor in the potentially added economic burden of a higher
incidence of chronic GVHD.59

Conditioning Regimens

The conditioning regimen administered before stem cell 
infusion plays several potential roles in promoting the
success of transplantation. Cytoreduction of the endogenous
malignancy with high-dose chemo/radiotherapy has tradi-
tionally been central to transplantation and is the major 
mode by which autologous transplantation benefits patients.
Typical conditioning regimens for autologous transplantation
include cyclophosphamide/total-body irradiation (Cy/TBI),
cyclophosphamide/busulfan (Bu/Cy), cyclophosphamide/
BCNU/VP-16 (CBV), BCNU/etoposide, ara-C, melphalan
(BEAM), VP-16/busulfan, and cyclophosphamide/thiotepa/
carboplatin (CTCb). It is not clear if one particular regimen
is superior in a particular clinical circumstance, although it
is generally assumed that results with current standard regi-
mens are reasonably equivalent.

For allogeneic transplantation, the conditioning regimen
not only reduces the disease burden but also suppresses the
host to facilitate donor engraftment. The most common abla-
tive combinations have been cyclophosphamide/total-body
irradiation or cyclosphosphamide/busulfan. Several random-
ized studies of Cy/TBI and Bu/Cy have been conducted in
patients with AML and CML.60–62 Socie et al. summarized the
long-term results of four of these studies.63 With more than 
7 years of follow-up in each study, no differences in long-term
outcome were noted for patients with CML. They noted a
nonsignificant 10% improvement for AML patients receiving
Cy/TBI compared to Bu/Cy. The development of intravenous
busulfan and strict pharmacokinetic monitoring to target
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plasma levels of the drug has helped optimize efficacy and
limit toxicity of the Bu/Cy regimen.28,64

Attempts to escalate doses of the conditioning have been
disappointing. In several studies in which TBI dose intensity
was increased to more than 1,500cGy, modest decreases in
relapse rates were offset by increases in regimen-related mor-
bidity and mortality.65–67 The introduction of monoclonal
antibodies directed at marrow elements linked to radioiso-
topes in hopes of targeting only marrow and not vital organs
may offer hope of providing truly selective myeloablation.68

The lack of benefit of conditioning regimen dose intensi-
fication and the recognition of the contribution of graft-
versus-tumor activity to disease eradication prompted the
development of low-dose, nonmyeloablative regimens. These
regimens are designed not to have direct antitumor activity
but rather to provide sufficient host suppression to permit
engraftment of donor hematopoietic and lymphoid effector
cells. Many regimens ranging from nearly myeloablative to
minimally myelosuppressive have been piloted. Most regi-
mens have combined a purine analogue, such as fludarabine,
with an alkylating agent or low-dose TBI with or without
anti-T-cell antibodies such as thymoglobulin or alte-
muzumab.69–73 Studies indicate that these nonmyeloablative
regimens can facilitate full donor engraftment with much
decreased upfront toxicity, allowing transplantation to be per-
formed in older patients or those with contraindications to
high-dose therapy. Unfortunately, GVHD still is a problem.
One-hundred-day transplant-related mortality is low in recip-
ients of nonmyeloablative conditioning, but later morbidity
and mortality, usually from GVHD, can be substantial.74

Several retrospective comparative studies have suggested
similar overall outcomes in recipients of myeloablative and
nonmyeloablative transplants, but prospective randomized
studies are needed to determine the impact of these less-
intensive regimens on toxicity and disease control.

Potential Obstacles to Successful
Transplantation

There are three major hurdles that must be overcome for
HSCT to be successful: (1) identification of a suitable donor,
(2) prevention and effective treatment of transplant-related
complications, and (3) sustained eradication of underlying
disease.

Identification of a Suitable Donor

Donor choice can have a profound influence on transplant
outcome. Patients may receive either autologous or allo-
geneic stem cells. Pros and cons of each donor source are dis-
played in Table 6.1.

Autologous Transplantation

A major issue facing investigators surrounding autologous
transplantation is the potential of tumor cell contamination.
The aim of purging in autologous transplantation is to elimi-
nate any contaminating malignant cells and leave intact the
hematopoietic stem cells that are necessary for engraftment.
Most clinical studies in lymphoma and myeloma have
demonstrated that purging can deplete malignant cells in vitro
without significantly impairing hematologic reconstitu-
tion,75–77 but studies in AML using immunologic or chemical
methods have been associated with delayed hematopoietic
recovery (Figure 6.2).78,79 The rationale for removing tumor
cells from hematopoietic cells might therefore appear com-
pelling, yet the issue of purging remains highly controversial.
Both positive (CD34+ columns) and negative (exposure ex vivo
to antibodies directed at tumor cells) selection techniques for
tumor cell purging are available. However, purging has not as
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TABLE 6.1. Comparison of autologous and allogeneic transplantation.

Autologous Allogeneic

Advantages 1. No HLA matching requirement 1. Stem cells have not been
2. No graft-versus-host disease exposed to chemotherapy

(GVHD) 2. Stem cells free of tumor
3. No need for immunosuppression 3. Graft-versus-tumor activity

Disadvantages 1. ? Stem cell damage from prior 1. Donor availability uncertain
therapy leading to delayed 2. GVHD
engraftment or myelodysplasia 3. Infectious complications

2. ? Graft contamination with tumor
3. No graft-versus-tumor effect
Lower risk of complications Higher risk of complications

Higher risk of relapse Lower risk of relapse

Event Free Survival After
ABMT 

100

80

60

40

20

2 4 6 8 10 12 14 16 18 20

Years

PCR neg
(57 pts, 11 relapses)

PCR pos
(57 pts, 53 relapses)

p < 0.00005

FIGURE 6.2. Successful purging of tumor cells from autologous
marrow is associated with improved survival after transplantation.
Patients whose marrows had no detectable lymphoma cells by poly-
merase chain reaction studies after immunologic purging had supe-
rior survival compared to patients with persistent evidence of disease.
(Courtesy of J. Gribben.)



yet been universally adopted because there are no convincing
data in Phase 2 trials that patients receiving purged marrow
fare better than those receiving unpurged cells. A retrospec-
tive analysis of the European Blood and Marrow Transplant
Lymphoma Registry compared the outcome of 270 patients
whose BM had been purged and with the outcome of 270 case-
matched control patients.80 A variety of purging methodolo-
gies was used. Patients with low-grade lymphoma did not
have a significantly improved progression-free survival if the
BM was purged (P = 0.18), but they did have a significantly
improved overall survival (P = 0.0018). In multiple myeloma,
a Phase III randomized trial using purged versus unpurged
autologous PBSC was performed using CD34 selection.81 After
CD34 selection, tumor burden was reduced by a median of 3.1
log, with 54% of CD34-selected products having no detectable
tumor. There was no improvement in disease-free or overall
survival.

Data indicate, however, that contamination of the stem
cell inoculum with tumor cells contributes to posttransplant
relapse. In studies at the Dana-Farber Cancer Institute, poly-
merase chain reaction (PCR) amplification of the t(14;18) was
used to detect residual lymphoma cells in the BM before and
after purging to assess whether efficient purging had any
impact on disease-free survival.82 In this study, patients with
B-cell non-Hodgkin lymphoma and the bcl-2 translocation
were studied. Residual lymphoma cells were detected in all
patients in the harvested autologous BM. Following three
cycles of immunologic purging using the anti-B-cell mAbs
and complement-mediated lysis, PCR amplification detected
residual lymphoma cells in 50% of patients. Patients who
were infused with a source of hematopoietic cells that was
free of detectable lymphoma cells had improved outcome
compared to those who had residual detectable lymphoma
(see Figure 6.2). This finding was independent of degree of BM
infiltration at the time of BM harvest or remission status at
the time of autologous BMT. Further evidence supporting the
contribution of contaminating tumor cells to posttransplant
relapse comes from gene marking studies in AML and 
neuroblastoma.83–85

Allogeneic Donors

When allogeneic transplantation is contemplated, an HLA-
identical or closely matched donor must be found. The major
HLA loci are located on chromosome 6 and are closely
linked.86 Because every individual inherits one chromosome
6 from their mother and one from their father, the chance of
any one sibling being a match is one in four. A complete
match between donor and recipient was considered identity
of both alleles at HLA-A, HLA-B, and HLA-DR loci. Other
major loci, such as HLA-C and HLA-DQ, can influence
outcome and must be checked when performing a search for
an unrelated donor. Indeed, HLA-C identity is now consid-
ered as important as a match at HLA-A, -B, and -DR.87–90

Accurate HLA typing is essential. Serologic methods are no
longer adequate. It is imperative that molecular techniques
using site-specific oligonucleotide probes and direct sequenc-
ing be employed. The formation of the National Marrow
Donor Registry (NMDR) has made possible thousands of
unrelated transplants in the United States. More than 4
million people are registered as potential donors with the
NMDP. The likelihood of finding an HLA-A, -B, and -DR

match is 65% to 70%, although finding a donor is more dif-
ficult in minority populations. It can take weeks to many
months between the time a search is initiated and a donor is
identified, medically cleared, and ultimately donates.

Even when a “complete” match is found, complications
such as GVHD can still be substantial. The reason for this is
that minor HLA antigens, which can influence graft rejection
or GVHD, cannot be easily typed.91–93 Moreover, these minor
antigens likely are not found on chromosome 6; therefore, a
complete match of HLA major loci does not necessarily trans-
late into a complete match of minor loci. Results of allogeneic
transplantation using unrelated donors have been slightly
worse than those of matched related transplants, but with
improvements in typing, the gap has narrowed.94

Sometimes it is possible to identify more than one poten-
tial donor either within a family or through the NMDP. The
most important characteristic in choosing a donor is HLA
identity. The greater the HLA disparity, the greater the risk
of GVHD, graft failure, and adverse outcome. Other factors
that may increase GVHD include the use of female multi-
parous donors for male recipients (a minor HLA antigen
located on the Y chromosome has recently been identified),
older donor age, and prior cytomegalovirus (CMV) expo-
sure.95,96 ABO compatibility is desirable but is not a prereq-
uisite for transplantation. ABO incompatibility may lead to
hemolysis and delayed red cell engraftment.97

Transplantation of hematopoietic stem cells from 
haploidentical family members has been associated with
increased risks of GVHD and graft failure.98,99 Historically,
outcome has been poor. Recent studies of infusion of large
numbers of haploidentical peripheral blood stem cells exhaus-
tively depleted of T cells through positive selection of CD34+
stem cells has been reported to result in high rates of engraft-
ment and low rates of GVHD.100 Despite T-cell depletion,
relapse rates have been low, particularly in patients with
AML. It now appears that mismatching of KIR receptor on
donor NK cells and KIR ligand on recipient cells may actu-
ally promote cell-mediated destruction of AML cells and
recipient antigen-presenting cells, leading to lower relapse
rates without GVHD.101,102

Recent studies have demonstrated that umbilical cord
blood (UCB) is very rich in stem cells but low in alloreactive
T cells. As a consequence, it was hypothesized that these cells
might support engraftment with less GVHD. A series of
studies have confirmed that engraftment can be obtained
with unrelated UCB with a reduced risk of GVHD, even when
partially HLA-mismatched unrelated transplants donor cells
used.103–107 However, because the number of stem cells per
kilogram recipient weight is relatively low in cord blood prod-
ucts, engraftment is slow. The number of cells available for
transplantation from cord blood may make it difficult to
utilize these products with large adult recipients. Strategies
currently under investigation to address low cord blood cel-
lularity include the use of multiple disparate products and
expansion of stem cells ex vivo before infusion.108 UCB trans-
plantation should be considered for patients for whom tradi-
tional related or unrelated products are not available.

Transplant-Related Complications

When evaluating patients for potential complications of
transplantation, it is critical to have a full understanding of
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the entire treatment course to assemble a reasonable differ-
ential diagnosis. Factors that must be taken into account
include donor source (allogeneic or autologous), interval post-
transplant (early versus late), type of GVHD prophylaxis,
infectious prophylaxis, current use of immunosuppressive
medications, ablative regimen, and duration of granulocy-
topenia. The three major categories of transplant-related tox-
icities are (1) treatment-related organ damage, (2) infectious
complications, and (3) graft-versus-host disease.

Organ Damage

Damage can be manifested early or late after transplantation.
Some of the more commonly recognized organ toxicities that
are not clearly attributable to infection or GVHD are dis-
cussed next.

IDIOPATHIC PNEUMONIA SYNDROME (IPS)/DIFFUSE ALVEOLAR

HEMORRHAGE (DAH)/ENGRAFTMENT SYNDROME

These processes usually occur during the transplant hospi-
talization around the time of neutrophil recovery, more 
commonly after allogeneic HSCT.109–111 These terms may rep-
resent slightly different manifestations of the same poorly
understood entity. By definition, they have no clearly identi-
fied infectious etiology. Onset can be insidious, but de-
compensation can be sudden. Radiographic findings can be
nonspecific. Mortality is extremely high in patients who
require mechanical ventilation. Elevated circulating and
bronchoalveolar lavage (BAL) levels of tumor necrosis factor
(TNF) and other cytokines have been observed.112,113 Early
intervention with high-dose steroids (1g IV solumedrol) even
before diagnostic studies are performed may be lifesaving.114

New agents, including TNF blockers such as etanercept
(Enbrel), are being studied in clinical trials.115

INTERSTITIAL PNEUMONITIS (IP)
Interstitial pneumonitis (IP) often occurs 2 to 6 months after
transplant. IP may present as a delayed inflammatory
response to a conditioning agent, such as BCNU. In these 
circumstances, complete responses can be obtained with a
steroid dose of 1mg/kg. IP can be steadily progressive and
fatal, particularly after allo-HSCT. IP must be distinguished
from infectious pneumonitis.

HEPATIC VENO-OCCLUSIVE DISEASE (VOD)
VOD is a clinical syndrome characterized by painful
hepatomegaly, jaundice, ascites, fluid retention, and weight
gain.116,117 The onset is usually before day + 35 after stem cell
reinfusion, and other causes of these symptoms and signs are
absent. VOD develops in 2% to 40% of patients after SCT
and ranges in severity from mild, reversible disease to a severe
syndrome associated with multiorgan failure and death, with
established severe VOD shown to have a mortality rate
approaching 100% by day + 100 post-SCT. VOD is believed
to be caused by primary conditioning regimen-induced injury
to sinusoidal endothelial cells and hepatocytes with subse-
quent damage to the central veins in zone 3 of the hepatic
acinus.118 Early changes include deposition of fibrinogen,
factor VIII, and fibrin within venular walls and sinusoids. As
the process of venular microthrombosis, fibrin deposition,
ischemia, and fibrogenesis advances, widespread zonal dis-
ruption leads to portal hypertension, hepatorenal syndrome,
multiorgan failure, and death. Despite therapeutic interven-

tions, including the use of antithrombotic and thrombolytic
agents such as prostaglandin E1 and tissue-plasminogen acti-
vator (t-PA) with or without concurrent heparin, little success
has been achieved in the treatment of severe VOD. Recently,
the use of defibrotide (DF), a single-stranded polydeoxyri-
bonucleotide that has specific aptameric-binding sites on vas-
cular endothelium, has shown promise in the treatment of
VOD.119,120 DF upregulates the release of prostacyclin (PGI2),
prostaglandin E2, thrombomodulin (TM), and t-PA both in
vitro and in vivo. Moreover, it has been shown to decrease
thrombin generation, tissue factor expression, plasminogen
activator inhibitor (PAI)-1 release, and endothelin activity.

HEMOLYTIC-UREMIC SYNDROME (HUS)/
THROMBOTICTHROMBOCYTOPENIC PURPURA (TTP)

Both HUS and, less commonly, TTP can occur after either
allo- or autotransplant. HUS/TTP presents 2 to 12 months
posttransplant. HUS is manifest by nonimmune-mediated
hemolytic anemia characterized by schistocytes on smear,
mild azotemia, and mild hypertension.121,122 It is likely pre-
cipitated by endothelial damage caused by the ablative
regimen or by medications such as cyclosporine, tacrolimus,
or siroloimus. HUS is usually self-limited, and treatment is
supportive. Plasmapheresis is generally not indicated but iso-
lated reports have indicated some benefit.

CARDIOMYOPATHY

Cardiac dysfunction can occasionally be observed after HSCT.
It usually presents shortly after completion of conditioning
and has been linked with cyclophosphamide.123 It can present
as myopericarditis. If patients can be managed through the
acute episodes, there may not be permanent dysfunction.
Long-term cardiac complications are uncommon and usually
can be related to previous anthracycline exposure.

NEUROLOGIC DYSFUNCTION

Neurologic dysfunction can be an unrecognized problem after
HSCT. Potential issues include memory disturbance and
learning disability secondary to irradiation, Guillain–Barre
syndrome, limbic encephalitis, cyclosporine/tacrolimus-
associated hypertensive encephalopathy and seizures, and
peripheral neuropathies.124

CATARACTS

Cataracts often develop in patients 1 to 5 years after trans-
plant.125 The incidence is increased in patients who received
TBI and those on prolonged steroid therapy for GVHD.

Infection

Infection is a major cause of morbidity and mortality after
transplantation. There are numerous predisposing factors that
increase the risk of infection after HSCT, including the 
following:

• Prolonged granulocytopenia
• Disruption of mucosal barriers
• Extensive use of antibiotics
• Prolonged placement of indwelling venous access
• Delayed recovery of cellular immunity
• Impaired antibody production
• Use of immunosuppressive medications to treat or

prevent GVHD
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• Immune defects associated with underlying malignancy
• Suppression of immune responses by GVHD itself

It is important to have an understanding of the typical time
course associated with risk of developing specific infections
after HSCT.126 It is critical to anticipate the development of
infection, and considerable attention has been paid to pro-
phylaxis and preemptive therapy. Examples are detailed here:

1. Bacterial: During the transplant hospitalization, gut
decontamination with oral nonabsorbable antibiotics is often
employed along with systemic agents such as a quinalone. If
patients become febrile while neutropenic, typical broad-spec-
trum coverage is employed. For outpatients with chronic
GVHD on steroids, oral antibiotics targeting encapsulated
organisms are frequently prescribed on a chronic basis for 
suppression. Although routine immunoglobulin (IgG) admin-
istration is not recommended after transplant, it is recom-
mended that patients whose IgG levels are consistently very
low should receive replacement therapy.

2. Fungal: There are data indicating that prophylactic flu-
conazole can prevent Candida infections and may improve
long-term survival after transplant.127,128 Amphotericin B 
or a liposomal derivative has been routinely administered 
for fever and neutropenia unresponsive to antibacterial 
antibiotics. The newly available voriconazole may ultimately
be substituted for amphotericin in this setting.129,130

Moreover, its oral administration and activity against
Aspergillus may lead to it being more widely adopted as
fungal prophylaxis after discharge for patients on steroids for
GVHD.

3. Pneumocystis carinii: Pneumocystis carinii pneumo-
nia (PCP) can develop as early as 1 month after transplant.
Prophylaxis should be instituted no later than 30 days 
post-HSCT and be continued for approximately a year or
longer if the patient remains on steroids for GVHD.
Trimethoprim-sulfamethoxazole is the most efficacious
agent. For patients with allergies or cytopenias, atovoquone
or other agents (dapsone, pentamidine) may be substituted,
but coverage should never be omitted. Practitioners should be
aware of development of PCP in the months after discontin-
uation of prophylaxis.

4. Viral: Herpesviruses (HSV, VZV, EBV, HHV-6, and,
most importantly, CMV) present the largest viral problem
after transplant. HSV-induced mucositis can be completely
prevented with acyclovir administration during the trans-
plant hospital stay. Many centers will continue acyclovir for
1 year to prevent varicella-zoster virus (VZV) infections,
which occur in 30% to 40% of patients not receiving pro-
phylaxis.131 CMV usually occurs 2 to 6 months after trans-
plant and is more common in allotransplant recipients.
Patients at highest risk are those who are CMV seropositive
and receive cells from a seronegative donor.132 In this cir-
cumstance, no anti-CMV immunity is transferred. CMV-
filtered, or better still, CMV-negative blood products are
essential to prevent nosocomial transmission. Data exist that
demonstrate that treatment of patients preemptively with
gancyclovir when CMV reactivation can be detected in blood
or BAL fluid (before actual development of invasive infection)
will reduce the risk of subsequent CMV pneumonitis and
improve survival.133–136

Vaccinations are routinely administered to patients 1 and 2
years after HSCT. Diptheria tetanus, inactivated polio, MMR
(measles-mumps-rubella), hepatitis B, pneumococcal, and
Hemophilus influenzae vaccine are often given.137 The ability
to make antibody is impaired post-HSCT and vaccinations 
are therefore usually delayed until the 1-year anniversary.
Recent data suggest that vaccination of the donor before
transplant may allow earlier transfer of immunity to the
patient.138

Graft-Versus-Host Disease

GVHD causes complications after allogeneic HSCT as a direct
result of organ damage and as a consequence of infectious com-
plications prompted by GVHD therapy. GVHD can be classi-
fied as acute or chronic based on timing of onset and clinical
features. Acute GVHD usually develops within the first 2
months of BMT and affects mainly the skin, gastrointestinal
(GI) tract, and liver.139 The current standard grading system for
acute GVHD is based on the degree of involvement of these
three organs (Table 6.2). When pharmacologic immunosup-
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TABLE 6.2. Acute GVHD scoring.

Extent of
organ
involvement Skin Liver Gut

Stage
1 Rash on less than 25% of skin Bilirubin 2–3mg/dL Diarrhea more than

500mL/day or
persistent nausea

2 Rash on 25%–50% of skin Bilirubin 3–6mg/dL Diarrhea more than
1000mL/day

3 Rash on more than 50% of skin Bilirubin 6–15mg/dL Diarrhea more than
1500mL/day

4 Generalized erythroderma with Bilirubin more than Severe abdominal
bullous formation 15mg/dL pain with or without

ileus
Grade
I Stage 1–2 None None
II Stage 3 or 4 Stage 1 or 2 Stage 1
III — Stage 2–3 or Stage 2–4
IV Stage 4 Stage 4 —



pression is used as GVHD prophylaxis after myeloablative
transplant, moderate to severe acute GVHD (grades II–IV)
occurs in 25% to 60% of matched related donor transplant
recipients and up to 45% to 70% in unrelated donor recipients.
Development of grade II–IV acute GVHD is associated with
decreased survival in patients after allogeneic BMT.140–143

Chronic GVHD has a later onset than acute GVHD and
is often clinically distinct.144 Chronic GVHD may resemble
an autoimmune collagen vascular disease. Patients can man-
ifest sclerodermatous skin changes, keratoconjunctivitis,
sicca syndrome, lichenoid oral mucosal lesions, esophageal
and vaginal strictures, liver disease, and pulmonary insuffi-
ciency. Despite immunosuppresive agents, approximately
30% to 50% of patients develop chronic GVHD after con-
ventional myeloablative HLA-identical sibling BMT. The
incidence of chronic GVHD may be even higher after allo-
geneic transplantation using unmanipulated peripheral blood
stem cells.45,46,51,52 Chronic GVHD may be classified as sub-
clinical or clinical, limited or extensive. Although subclinical
or clinically limited chronic GVHD often resolves sponta-
neously with minimal intervention, extensive chronic GVHD
requires prolonged immunosuppressive treatment and is asso-
ciated with significant morbidity and mortality. More than
50% of patients with extensive chronic GVHD will die,
mostly secondary to infections resulting from severe immune
dysfunction.

Large single-institution and registry series have identified
factors that place patients at higher risk for the development
of GVHD. For acute GVHD, these include HLA incompati-
bility, use of an unrelated donor, prior donor allosensitization
through pregnancy or blood transfusion, older patient or
donor age, recipient CMV seropositivity, and increased inten-
sity of the ablative regimen. For chronic GVHD, prior acute
GVHD is the major risk factor, but also important are use of
peripheral blood stem cells, histoincompatibility, and the
prior use of corticosteroids.95,145–147

GVHD Pathophysiology

The pathophysiology of GVHD has received extensive atten-
tion. It is recognized that donor T cells are critical mediators
in the graft-versus-host reaction. However, recent animal
research suggests that the pathophysiology of acute GVHD is
far more complex and that it involves intricate interactions
between cellular and cytokine components of the immune
system (Figure 6.3).148,149 Acute GVHD is now believed to
occur in three phases: (1) tissue damage from conditioning
regimen, (2) donor T-cell activation phase, and (3) inflamma-
tory effector phase. In the earliest phase of GVHD, inflam-
matory cytokines are released from host tissue in response to
damage by the pretransplant conditioning regimen. These
cytokines, including interleukin 1 (IL-1) and tumor necrosis
factor-alpha, upregulate the expression of adhesion molecules
and host major histocompatibility complex (MHC) antigens
and enhance recognition of the host tissue by mature donor
T lymphocytes. During the second phase, donor T cells of the
T-helper 1 (Th1) subset are activated upon recognition of
alloantigens and secrete cytokines such as interleukin 2 and
interferon-alpha. IL-2 plays a central role in the recruitment
of other T cells, cytotoxic T lymphocytes (CTLs), natural
killer (NK) cells, monocytes, and macrophages.

GVHD Prophylaxis

T cells remain the prime target for most current therapeutic
strategies in GVHD prophylaxis in humans. Effective
approaches for the prevention and treatment of GVHD involve
direct blockade of T-cell function. These methods have
included the downregulation of T lymphocytes by inhibit-
ing cellular proliferation (methotrexate), inhibition 
of de novo purine synthesis (mycophenolate mofetil), sup-
pression of IL-2 secretion by blocking calcineurin activity
(cyclosporine, tacrolimus), interfering with downstream
growth signaling pathways (rapamycin), reduction of T-cell
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FIGURE 6.3. Pathophysiology of acute graft-versus-
host disease (GVHD). The cytokine theory of acute
GVHD pathogenesis involves release of proinflamma-
tory cytokines after conditioning regimen-induced
injury, which then leads to stimulation of alloreactive
effector cells, which then leads to the further release of
cytokines and tissue injury. (Courtesy of J. Antin.)



responsiveness by blocking the IL-2 receptor (dacluzimab), and
generation of immunosuppressive cytokines (extracorporeal
photopheresis).150–156 Combination therapy with methotrexate
and a calcineurin inhibitor, albeit flawed, remains the gold
standard for GVHD prophylaxis.157–160 The recent combination
of tacrolimus and sirilimus (rapamycin) has shown significant
promise in recipients of HLA-matched unrelated and related
transplants.161

The most effective means for GVHD prophylaxis has been
ex vivo depletion of T cells from the donor inoculum.162 Donor
T-cell depletion (TCD), when it was first introduced in the
early 1980s, offered the potential for prevention of GVHD
without the morbidity associated with immunosuppressive
drugs such as methotrexate and cyclosporine. Numerous TCD
methods have been utilized over the past two decades; these
have included negative selection techniques using monoclonal
antibody(ies) plus complement, immunotoxins, counter-
flow centrifugal elutriation, soybean lectin agglutination, 
and, more recently, positive selection through CD34+
columns.163–166 Most early trials documented that TCD could
substantially limit acute and chronic GVHD. However, this
reduction in GVHD did not translate into improved overall
survival because of unexpected high rates of graft failure,
Epstein–Barr virus (EBV)-associated lymphoproliferative dis-
orders (EBV-LPD), and disease recurrence following TCD-BMT
(Table 6.3).167–170 It is believed that certain sets of donor cells
removed in the purging process are also important for graft
maintenance, viral surveillance, and elimination of residual
leukemia cells that have survived the high-dose ablative con-
ditioning regimen. Despite the problems associated with T-
cell depletion, there remains great interest in developing and
improving this technology, particularly for recipients of mis-
matched or unrelated grafts. Reasonable applications for TCD
may include those patients at high risk for GVHD (unrelated
or mismatched grafts) or patients with comorbid medical con-
ditions who might have a high risk of complications after con-
ventional BMT. TCD may be ideal for patients with diseases
where GVL activity is less critical, such as first remission
acute leukemia. In the future, studies need to assess the poten-
tial role of T-cell depletion when mobilized PBSCs are used for
allogeneic transplantation, particularly with respect to its
effect on chronic GVHD. It would be ideal to be able to manip-
ulate different lymphoid subgroups responsible for GVHD and
GVL, but whether these processes can be effectively separated
at a clinical level remains unknown.

GVHD Treatment

Once established, administration of corticosteroids is the
most effective approach to the treatment of both acute and

chronic GVHD. Complete responses occur in 25% to 40% of
patients. Addition of other agents to corticosteroids or
increasing the steroid dose has not improved response rates
or outcomes.171,172 A comparative trial of 2 and 10mg/kg/day
of methylprednisolone demonstrated no advantage of the
higher dose in terms of response or survival.173 For acute
GVHD, calcineurin inhibitors such as cyclosporine and
tacrolimus are useful in patients who did not receive these
agents initially as prophylaxis.174 Serotherapy with antithy-
mocyte globulin (ATG) can produce responses, although sub-
sequent infection rates are high and survival does not appear
to be improved. Other anti-T-cell antibodies with distinct
specficities have been studied. Responses have been reported,
but these antibodies have not proven superior to steroids
alone. Medications aimed at blocking T-cell proliferation
(mycophenxlate mofetil) or activation (rapamycin) appear to
induce responses in single-arm trials, but these agents have
not yet been studied fully in randomized trials. Targeting
cytokine receptors such as IL-2 (dacluzimab, denileukin
difitox), IL-1 (IL-1RA), and tumor necrosis factor-alpha (TNF-
a) (infliximab) have yielded promising results in small uncon-
trolled trials but have not proven to add benefit in randomized
trials.150–156,175,176

Treatment of extensive chronic GVHD with immuno-
suppressive therapy has been even less rewarding than that
of acute GVHD. Although the combination of cyclosporine
and prednisone is the treatment of choice in many centers, a
recent randomized trial failed to show any survival advan-
tage.177 Encouraging uncontrolled trials with thalidomide
have been reported, but subsequent randomized studies did
not demonstrate significant benefit.178,179 Both psoralen plus
ultraviolet A (PUVA) therapy and extracorporeal photophere-
sis (ECP) have been reported to be effective in acute and 
particularly chronic GVHD.180,181 Randomized studies are 
currently under way to evaluate the value of ECP. The overall
disappointing results of immunosuppressive therapy for
chronic GVHD make other efforts, such as prevention of
infection and physical therapy, even more critical to mainte-
nance of patient well-being.

Sustained Eradication of Disease

The goal of HSCT for malignant disease or marrow disorders
is sustained eradication of disease. This result can be obtained
in certain circumstances with high-dose chemotherapy.
However, it is clear from preclinical models and clinical
studies that immune-mediated allogeneic effects, termed
graft-versus-tumor (GVT) or graft-versus-leukemia (GVL)
effects, are central to the therapeutic effect of allogeneic
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TABLE 6.3. Pros and cons of T-cell depletion.

Advantages Disadvantages

Decreased incidence of acute and chronic Higher incidence of graft failure
GVHD
Reduced or no requirement for posttransplant Loss of GVL activity (higher incidence of disease
immunosuppression as GVHD prophylaxis relapse, especially with CML)
Decreased organ toxicity Delayed immune reconstitution
Lower early transplant-related mortality Increased risk for posttransplant EBV-associated

lymphoproliferative disorder



HSCT.182 Evidence to support the existence of GVL activity
has come from several sources. First, a higher relapse rate has
been noted in recipients of syngeneic transplants compared
with allogeneic transplants from sibling donors, suggesting
that the genetic/immunologic discrepancy between donor
and host plays a role in disease control.140,183 Second, a reduced
risk of relapse is observed in patients who develop GVHD
after HSCT.184 Third, relapse rates are higher in recipients 
of T-cell-depleted grafts where alloreactive T cells are
removed.167 Fourth, withdrawal of immunosuppression in
some patients who have relapsed after transplant can induce
a remission.185 All these lines of evidence still only provided
indirect evidence of the existence of GVL activity. Direct evi-
dence was finally obtained when donor lymphocyte infusions
(DLI) were successfully used to treat patients with CML who
had relapsed after BMT.

Many reports confirmed the efficacy of DLI in inducing
remissions in patients who have relapsed after transplant, par-
ticularly in patients with CML.186–188 DLI induces complete
cytogenetic remissions in more than 70% in patients with
CML when treated in either cytogenetic or hematologic
relapse. Responses are noted in other diseases, including mul-
tiple myeloma, MDS, CLL, and low-grade lymphoma. Acute
leukemia and advanced CML may be less sensitive to DLI.
DLI can cause GVHD. However, it is exciting to note that
DLI can induce remissions in the absence of GVHD, demon-
strating that GVL and GVHD can be separable.189 The dra-
matic activity of DLI is what has led to the exploration of
nonmyeloablative conditioning regimens in clinical situa-
tions that rely predominantly on GVL activity for therapeu-
tic benefit. It is hoped that current efforts to identify targets
of DLI will lead to generation of vaccines that can be tested
in clinical trials.190,191
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Evaluation of Tumor
Markers: An Evidence-

Based Guide for
Determination of
Clinical Utility

Daniel F. Hayes

tumor marker is clinically useful if its results serve to
separate a large heterogeneous population into smaller
populations with more precisely predictable out-

comes. In theory, if this separation is both reliable and 
disparate, one can apply therapy more efficiently to the pop-
ulation by exposing those most likely to need and benefit
from the therapy while ensuring that the other group avoids
needless toxicities. In essence, the term tumor marker has
come to describe a variety of molecules or processes that
differ from the norm in either malignant cells, tissues, or
fluids in patients with malignancies. Assessing these alter-
ations from normal can be used to place patients into cate-
gories that are distinguished by different outcomes, either in
the absence of specific therapy or after various treatments are
applied.

Tumor markers can include changes at the genetic level
(for example, mutations, deletions, or amplifications), at the
transcriptional level (for example, over- or underexpression),
at the translational or posttranslational level (for example,
increased or decreased quantities of protein, or abnormal gly-
cosylation of proteins), and/or at the functional level (for
example, histologic description of cellular grade or presence
of neovascularization). Each of these can be assessed by one
or more assays, which can be performed using one or more
methods with differing reagents. This enormous heterogene-
ity of approaches is the root of considerable confusion regard-
ing the true value, in clinical terms, of a given tumor marker.

The molecular revolution is now well into its fourth
decade. Yet, in spite of impressive advances in our under-
standing of the biology of human malignancy and in the tech-
nology of investigating molecular processes, the number of
clinically useful products from these advances is disappoint-
ing. For example, in 1995, the American Society of Clinical
Oncology (ASCO) convened a panel of experts to establish
guidelines for the use of tumor markers in colon and breast
carcinoma. Although the Expert Panel reviewed many puta-
tive markers (including both tissue-based and circulating

markers), their ultimate recommendations were surprisingly
sparse (Table 7.1).1–3

Why are the ASCO guidelines so conservative? In review-
ing the available literature, the Panel recognized that the
science of clinical tumor marker investigation has been hap-
hazard and relatively chaotic. Too often, studies of tumor
markers are more inclined to be “fishing expeditions” with
the hope that something interesting will be detected with sta-
tistical significance, rather than being prospective, hypothe-
sis-driven investigations. In light of this confusion, several
authors of the Guidelines separately developed a proposal for
a framework in which previously published tumor marker
studies might be critically evaluated in an evidence-based
manner.4 The rest of this chapter reviews the generic concepts
and policies related to tumor marker evaluation. Specific
marker evaluation for a given disease are reviewed in the rel-
evant chapter pertaining to that malignancy.

Critical Elements of a Clinically Useful 
Tumor Marker

The first and most obvious element of evaluating a tumor
marker is to determine its stated use. Tumor markers can be
valuable for risk assessment, screening, diagnosis, prognosis,
prediction of benefit from therapy, and monitoring disease
course (Table 7.2). The most commonly accepted uses are for
prognosis and prediction, as well as monitoring. The first two
of these require more detailed understanding.

What Is the Question: Prognosis Versus Prediction?

Estimating a patient’s prognosis requires a complicated set of
evaluations, which includes the propensity of a malignancy
to expand in volume (proliferative capacity), its ability to
escape its natural site of origin and establish growth in a
foreign tissue (metastatic potential), and its relative sensitiv-
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effective, but it is equally so (in relative terms) for both factor-
positive and factor-negative patients. The best examples of
prognostic factors for most solid tumors are the TNM staging
systems.

A predictive factor helps select therapies most likely to
work against that patient’s tumor. A predictive factor may be
the precise target of the therapy, an associated molecule or
pathway that modifies the effectiveness of the therapy, or
simply an alteration that is an epiphenomenon linked to the
target or pathway of the therapy (such as coamplification of
a neighboring gene). If the factor is a pure predictive factor,
prognosis in the absence of therapy is the same for factor-
negative and -positive patients (it has no prognostic effects).
However, assuming it predicts for benefit from therapy,
factor-positive patients have a much better prognosis than
factor-negative patients in the presence of the therapy for
which the factor is predictive. For example, it is now clearly
established that the level of estrogen receptor (ER) content in
breast cancer tissue is positively related to the odds of
response and benefit from antiestrogen hormonal therapy,
such as ovarian ablation, tamoxifen, or aromatase inhibitors,
because the ER plays a fundamental role in estrogen-depen-
dent tumor growth and biology.7 In contrast, p-glycoprotein
content is a negative predictive factor for resistance to certain
drugs, because this protein modulates multidrug resistance
by increasing efflux of the antineoplastic agent from the
cancer cell.8
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TABLE 7.1. American Society of Clinical Oncology clinical practice guidelines for use of tumor markers in breast and colon cancer (tissue
factors only).

Disease Factor Use Guideline

Breast cancer Estrogen and progesterone Predictive factors for Measure on every primary breast cancer and on
receptors endocrine therapy metastatic lesions if results influence treatment

planning
DNA flow cytometrically Prognosis or prediction Data are insufficient to recommend obtaining results

derived parameters
c-erbB-2 (HER-2/neu) Prognosis Data are insufficient to recommend obtaining results 

for this use
Prediction for: trastuzumab c-erbB-2 should be evaluated on every primary breast

CMF-like regimens cancer at time of diagnosis or at time of recurrence
doxorubicin taxanes for use as predictive factor for trastuzumab;
endocrine Rx Committee could not make definitive

recommendations regarding CMF-like regimens;
c-erbB-2 may identify patients who particularly
benefit from anthracyline-based therapy but
should not be used to exclude anthracycline;
treatment c-erbB-2 should not be used to prescribe 
taxane-based therapy or endocrine therapy

P53 Prognosis or prediction Data are insufficient to recommend use of p53
Cathepsin-D Prognosis Data are insufficient to recommend use of cathepsin-D

Colorectal cancer Circulating carcinoembryonic Screening Not recommended
antigen

Preoperative Recommended to guide surgical planning
Postoperative Recommended to monitor for early, asymptomatic, and

resectable metastases
Metastatic setting Recommended to monitor benefit from therapy

Lipid-associated Monitoring Not recommended for screening, diagnosis, staging, or
sialic acid monitoring

CA19-9 Monitoring Not recommended for screening, diagnosis, staging, or
monitoring

DNA ploidy and flow Prognosis Data are insufficient to recommend use of DNA ploidy
cytometry or flow cytometry

P53 Prognosis Data are insufficient to recommend use of p53
Ras Prognosis Data are insufficient to recommend use of ras

Source: Adapted from Bast RC Jr, Ravdin P, Hayes DF, et al.,3 by permission of J of Clinical Oncology.

TABLE 7.2. Potential uses of tumor markers.

Determination of risk
Screening
Differential diagnosis

Benign vs. malignant
Known malignant: tissue of origin

Prognosis
Prediction
Monitoring disease course

Detect recurrence in patient free of obvious disease
Patient with established recurrence

ity or resistance to therapy. Therapies for most solid tumors
include surgery, radiation, and systemic therapies such as
hormone therapies or chemotherapies. In this regard, the
terms “prognostic” and “predictive” have taken on separate
meanings.5,6 The prognostic factor designation is usually
reserved for those markers that specifically provide an esti-
mate of the odds of the recurrence of a given cancer after local
therapy only. It is usually a measure of both proliferation and
metastatic potential, and it usually implies the odds of sys-
temic recurrence and/or death in a patient who does not
receive systemic therapy. If the factor is associated with a
poor prognosis, patients who are “positive” for the prognos-
tic factor have a worse outcome than those who are “nega-
tive” in the absence of systemic therapy. Therapy may be



Many, in fact most, factors may be both prognostic and
predictive. For example, in addition to serving as a predictive
factor, ER is also a favorable prognostic factor. Breast cancers
with high ER content have generally slower growth poten-
tials, and patients with ER-”positive” tumors have a better
prognosis, even if they receive no treatment.9,10

To further complicate this discussion, some markers may
be associated with a poor prognosis independent of therapy,
but they may predict for an improved outcome related to spe-
cific treatment modalities. For example, in breast cancer,
amplification and/or overexpression of HER-2 is a marker of
poor prognosis in the absence of any systemic therapy.11–14

However, HER-2 serves as the target for a humanized mono-
clonal antibody, trastuzumab (herceptin), and response and
benefit from trastuzumab are tightly linked to HER-2 ampli-
fication and/or overexpression.15,16 Thus, untreated HER-2-
positive patients have a worse prognosis than HER-2-negative
patients if they do not receive trastuzumab, but they may
actually have a more favorable prognosis if they do.

These considerations are often ignored in many “prog-
nostic factor” studies. Often, a population of patients is
studied with a new, putative prognostic factor simply because
the samples to be assayed happen to be available and the
outcome for the patients is known. Indeed, a prognostic factor
can only be evaluated in the absence of systemic therapy, or
at least in the absence of any therapy with which it interacts.
A predictive factor can only be evaluated in the context of an
untreated control group, preferably one that is prospectively
identified and followed, as in prospective randomized trials.
It is not surprising that studies of a marker that might have
both prognostic and predictive capabilities, especially if 
these effects are in opposition (as may be the case with 
HER-2), will provide relatively random and conflicting results
if not carefully planned with appropriate consideration of
treatment effects control groups and satisfactory control
groups.

What Is the Strength of the Marker?

A marker is only helpful if it separates an entire population
into two different groups whose outcome is likely to be so
different that one group might be treated differently from
another. Again using breast cancer as an example, both ER
and HER2 are good examples of strong predictive markers
that are clinically useful. Patients with ER-negative tumors
appear very unlikely to benefit from hormone therapy,17 and,
likewise, it appears that patients with HER2-low or -negative
cancers are very unlikely to benefit from trastuzumab.4,18 It
is important to recognize that clinical utility of a marker is
not justified simply because a tumor marker may separate
two populations of patients whose outcomes differ with sta-
tistical significance. A P value less than 0.05 simply implies
it is likely that those two populations are different (see fol-
lowing). Rather, for a marker to be clinically useful, it must
not only separate the two populations with reliability, the
separation must be of sufficient magnitude that one would
treat the two groups differently.

How large this magnitude needs to be for a tumor marker
to be acceptable for clinical use is an arbitrary decision, and
it depends on the perspectives of the patient, the caregiver,
and the societal elements that pay for the care. Several studies

have been performed in which patients are queried regarding
how much benefit they would require to accept a given level
of toxicity.19–21 Not surprisingly, results from these studies are
heterogeneous, although in general a decreasing proportion of
patients is willing to accept therapy as the absolute odds of
benefit decrease. However, for a few patients, any benefit is
worth the risk of toxicities, and for a few others therapy is
never acceptable, even if the odds of benefit are enormous.
Sophisticated tools are now available on paper and on the
Internet to help patients understand and quantify the relative
odds of benefit and toxicities of certain therapies in selected
situations, such as for adjuvant therapy of primary breast
cancer.22–24 These tools are based on clinical and pathologic
prognostic and predictive factors, such as the T, N, and M
status, and a few classic markers, such as ER. However, these
tools are potentially flexible enough to be modified to permit
incorporation of new prognostic factors if the estimate of
magnitude between positive and negative subgroups is suffi-
ciently reliable.

Is the Magnitude of Difference Between the Two
Groups Reliable?

The hallmark of any scientific observation is, of course, repro-
ducibility. With few exceptions, tumor markers seem to pass
through a “life cycle” in which the original report is extraor-
dinarily positive with great acclaim, but subsequent studies
fail to live up to the promise. There are several elements
regarding both technical variability of the assay and clinical
trial design that account for this phenomenon, and these may
hinder acceptance of the assay for routine clinical use. There
are fundamentally three reasons for this conundrum: (1) tech-
nical variability of the assay; (2) variations in the manner in
which different assays for the same marker are performed;
and (3) inadequate and variable study designs.

The assay must be technically reliable and reproducible.
Assay reproducibility is critical for any clinical test. Repro-
ducibility hinges on several factors, all of which must be stan-
dardized and validated. Too often, an assay is developed in an
individual investigator’s laboratory based on personal prefer-
ences and subjective techniques that are not easily transported
to other investigators and laboratories. For an assay to be
useful clinically, it must be shown to be accurate throughout
a broad dynamic range of values and reproducible at each of
these levels as well. Concern must be taken regarding fixa-
tives and other processing of samples, because these can have
an enormous impact on the results of an assay from one lab-
oratory to the next, resulting in false positives or negatives.

Analysis and Quantitation of Results

How the assay is “scored” or “read” is also critical for repro-
ducibility. For example, when immunohistochemistry is per-
formed, does the reader report the results as percent cells that
stained, the intensity of staining, or a combination of both?
Are the results reported as such, or in an index, such as 0–3+?
Furthermore, selection of the cutoff that distinguishes posi-
tive from negative populations can give incredibly different
results for the same assay. Several means of establishing a
cutoff are employed, and there is no consensus regarding the
optimal method.25 One method is to arbitrarily select a cutoff,
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based on some preconceived reason, such as the mean level
of the assay in an affected population or the mean plus two
standard deviations (2 SD) of the level in an unaffected pop-
ulation. A second method is to test several potential cutoffs
in one population, selecting the one that appears most robust
relative to separation of the outcomes of the two groups or to
apparent statistical significance. Regardless of the method
used, it is essential to validate the results in a separate group
of patients.26 Thus, even if the same assay using the same
reagents is applied in two different studies, use of different
cutoffs will substantially affect the results.

Do Two Studies Use the Same Assay?

Because of competition among scientists and commercial
interests, different assays are often developed to evaluate the
same marker. Thus, when reading what appears to be a con-
firmatory study of a given marker, one must be certain that
the same assay was used in both studies. For example, HER2
status can be determined by examination of cancer tissue
amplification of the erbB2 gene using a variety of techniques
including Southern blotting, slot-blot quantification, or 
fluorescence in situ hybridization, and by evaluation of the
protein using Western blotting, immunohistochemistry,
immunofluorescence, or enzyme-linked immunosorbent
assays (ELISA). Moreover, the circulating extracellular
domain of HER2 can be quantified in human serum using
ELISA.27 Although they are all correlated, each of these
assays, which in one way or another provides an indication
of overproduction of HER2, appears to differ from the other
and to provide different results in regard to prediction of
outcome. Furthermore, even if the assay format is the same,
use of different reagents or conditions may affect results. For
example, it has been clearly shown that different antibodies
against HER-2 can provide very different results in immuno-
histochemical (IHC) assays.28 Thus, it is not surprising that
results from study to study are not validated, if the assays that
are being compared are not identical.

Was the Study Design Appropriate to Address 
the Hypothesis?

The results of a tumor marker are most likely to be valid if
they are studied in the context of a plausible hypothesis that
is prospectively addressed; for example, a study of prognosis
in the absence of the therapy being considered or prediction
that the specific therapy will be beneficial. Many published
studies report results related to hypotheses that are retro-
spectively derived from the observed data. Although such
studies are valuable to generate hypotheses, these observa-
tions must be prospectively validated in subsequent, well-
designed studies.4,25 Unfortunately, most tumor marker
studies are performed using archived specimens collected for
reasons unrelated to the study under question. Therefore, it
is difficult to validate exciting but preliminary observations,
which requires time-consuming prospective studies.
Nonetheless, failure to do so often leaves the reader unable
to draw definitive conclusions and, in the long run, delays
acceptance of the marker for clinical use.

How Should Tumor Markers Be Selected for
Clinical Use?

To summarize the preceding paragraphs, a good tumor marker
study should provide accurate estimate of the magnitude of
difference in outcomes between subgroups of patients who
are positive or negative for the marker, using a reliable, accu-
rate, and reproducible assay. Do prognostic and predictive
factors exist that permit such elegant selection of patients for
treatment? Sadly, in most solid tumors, the answer is no. For
patients with newly diagnosed solid malignancies, there is no
example of a prognostic factor that predicts subsequent recur-
rence and death with absolute certainty. Therefore, when
these markers are applied in the clinic, both physician and
patient must accept some margin of error. These decisions
involve both the tumor marker results, as already discussed,
and also a careful assessment of the magnitude of effective-
ness of therapy for the patient’s condition (proportional reduc-
tion in risk of events), the degree of toxicity of that therapy,
and the patient’s willingness (as well as the caregiver’s and
society’s) to either forgo potential benefit to avoid toxicity or
to accept toxicity and cost to gain benefit.

Therefore, part of the art, and science, of medicine is to
determine which markers are most reliable in separating
groups of patients into those that will do well from those 
that will not, and into those that will benefit from therapy
from those that will not. If performed appropriately, tumor
marker analysis should permit delivery of therapy as effi-
ciently as possible, providing benefit to the greatest number
of patients while avoiding exposure to toxicities as much as
possible.

Levels of Evidence (LOE) to evaluate tumor markers have
been proposed, again by the American Society of Clinical
Oncology Expert Panel on Tumor Markers (Table 7.3).4 LOE
I data are generated from either a prospective, highly powered
study that specifically addresses the issue of tumor marker
utility or from an overview or meta-analysis of studies, 
each of which provides lower levels of evidence. LOE II 
data are derived from companion studies in which specimens
are collected prospectively as part of a therapeutic 
clinical trial, with preestablished endpoints and statistical
evaluation for the marker as well as for the therapeutic 
intervention.

Ideally, the estimate of the relative strength of a marker
for clinical utilities should be determined within the context
of LOE I (or at worse II) studies. In these studies, the marker
is the primary objective of a well-designed, highly powered,
hypothesis-driven prospective clinical trial, or it is the objec-
tive of a statistically rigorous overview of LOE II and/or III
studies. Furthermore, the strength of new prognostic or pre-
dictive factors can only be estimated by multivariate analyt-
ical methods, including preexisting accepted factors such as
TNM staging and histopathology. It is possible that a marker
may be quite prognostic or predictive when considered in a
univariate fashion but that it is, in fact, only reflecting infor-
mation already achieved through other, established methods.
In this case, acceptance of the new marker would only 
occur if it can be performed more easily or reliably or less
expensively.
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Summary

In summary, the field of tumor marker generation is evolving
rapidly, with a convergence of molecular biology and tech-
nology and understanding of clinical trial design and analy-
sis. Several of the large cooperative trialists’ groups have now
established separate correlative/biologic committees that are
charged with designing hypothesis-driven LOE I and II
studies, based on results from pilot studies. The emergence
of erbB-2 in breast cancer as a predictive factor, in a manner
similar to ER, may serve as a model of directed studies 
that lead to determination of the relative strength of 
the marker and determination of whether it should be used
clinically. One hopes that careful and thoughtful considera-
tion of study design will considerably shorten the life cycle
required to being a tumor marker from the laboratory to the
clinic.
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TABLE 7.3. Levels of evidence for grading clinical utility of tumor markers.
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trials with marker data and clinical outcome as primary objective.

II Evidence from study in which marker data are determined in relationship to prospective therapeutic trial that is performed to
test therapeutic hypothesis but not specifically designed to test marker utility (i.e., marker study is secondary objective of 
protocol). However, specimen collection for marker study and statistical analysis are prospectively determined in protocol as 
secondary objectives.

III Evidence from large but retrospective studies from which variable numbers of samples are available or selected. Therapeutic 
aspects and follow-up of patient population may or may not have been prospectively dictated. Statistical analysis for tumor 
marker was not dictated prospectively at time of therapeutic trial design.

IV Evidence from small retrospective studies which do not have prospectively dictated therapy, follow-up, specimen selection, or
statistical analysis. May be matched case controls, etc.

V Evidence from small pilot studies designed to determine or estimate distribution of marker levels in sample population. May 
include “correlation” with other known or investigational markers of outcome, but not designed to determine clinical utility.

Source: From Hayes et al.,4 by permission of Journal of the National Cancer Institute.
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Design and Analysis of
Oncology Clinical Trials

James J. Dignam, Theodore G. Karrison, 
and John Bryant

n this chapter, we discuss the design and analysis of oncol-
ogy clinical trials. Because analysis follows naturally from
design and is specified a priori in any well-planned trial, it

is appropriate to discuss these topics together. We review clin-
ical trial designs and associated analytical methods used in
the different phases of therapy development. Along the way
we identify areas in which the methodology is adapting to
new approaches to therapeutic intervention. This chapter pro-
vides only a brief sketch of the main concepts and current
research areas, and we refer the reader to primary sources and
comprehensive texts on clinical trials in oncology for further
details. Two excellent recent texts in particular, the Hand-
book of Statistics in Clinical Oncology1 and Clinical Trials
in Oncology,2 provide the fundamentals of trial design,
conduct, and analysis, as well as up-to-date discussion of new
challenges and active research in statistical methods for
oncology clinical trials.

Some General Statistical Concepts

Although we assume some familiarity with basic statistical
concepts and space does not permit a detailed account, we
review here some concepts vital to the design and analysis of
clinical trials and associated studies. In the classical (e.g., fre-
quentist) statistical hypothesis testing paradigm, a quantity
referred to as type II or b error equals the probability that a
statistical test fails to produce a decision in favor of a treat-
ment effect when in fact the effect is manifest in the popu-
lation. The complement of this probability (1 - b) is referred
to as statistical power, and equals the probability of correctly
detecting a treatment effect. Statistical power depends on the
other principal parameters in hypothesis testing, specifically,
the probability of incorrectly finding in favor of an effect
when none exists (discussed in a following section), the
sample size, and the size of the treatment effect. It is imper-
ative that clinical trials be designed with adequate statistical
power, typically 0.80 or greater for anticipated treatment
effects that are both realistic and clinically material, so as not
to obtain equivocal findings concerning the potential worth
of a new treatment under consideration. Studies with low 
statistical power can cause delay in development or even
abandonment of promising treatments and waste valuable
resources, not least of which is the participation and goodwill
of patients.3 In contrast, an adequately powered trial that does

not find a new treatment to be superior is informative, and
resources can then appropriately be directed into other more
promising alternatives.

In statistical hypothesis testing, type I or a error refers to
the probability of incorrectly deciding in favor of a treatment
difference when in fact none exists. Typically, the a proba-
bility is fixed at some small value, such as 0.05 or 0.01. When
hypothesis tests are repeated, the probability increases that at
least one test result will be erroneous. A particular compli-
cation arising in clinical trials is the need to periodically eval-
uate the primary hypothesis as information accumulates.
These interim analyses are conducted to ensure that if defin-
itive evidence of benefit or harm emerges before the antici-
pated end of the trial, then actions can be taken for the
protection and benefit of trial participants. Appropriate 
statistical methodology to accommodate multiple serial
analyses is discussed later.

Types of Trials and the Evolution 
of Treatment

In this section we review design, conduct, and analysis of the
three phases of therapy development. We also follow one clin-
ical trial statistician’s recommendation that more descriptive
names be used that reflect the goals of each study phase.4

Phase I or Dose Evaluation Trials

Objectives

The primary objective of a Phase I oncology trial is to deter-
mine the maximum tolerated dose (MTD) of a new experi-
mental regimen. The general assumption is that as dose is
increased, greater efficacy will be achieved; hence, the search
for the highest dose level compatible with an acceptable 
toxicity profile. This assumption is certainly reasonable, 
particularly for cytotoxic drugs, although it need not always
be the case. For example, the maximum beneficial effect 
of immunomodulating agents may occur at intermediate
dosages, or the degree of efficacy may plateau so that little is
gained by increasing the dose beyond a certain level. These
situations create further design and analytical challenges that
are probably best addressed in a randomized comparative
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setting. For the remainder of this section, we assume that the
primary aim of a Phase I trial is to determine the MTD, under
the assumption that the highest dose will produce the great-
est beneficial effects. Secondary objectives may be to conduct
pharmacokinetic studies in individual patients or detect evi-
dence of antitumor activity. More recently, a better knowl-
edge of drug metabolic pathways and pharmacogenomics is
beginning to be incorporated into some trial designs, with the
goal being to evaluate the relationship between toxicity and
genotype.5

Clinical Issues

Key clinical issues to be addressed when designing a Phase I
trial include patient selection, the starting and subsequent
dose levels to be evaluated, and the specification of dose-
limiting toxicities. The obvious ethical requirement when
selecting patients for a Phase I trial is that no other effective
treatment is available, although for a given patient there may
be more than one experimental trial for which he/she is eli-
gible. Most Phase I studies are conducted in adults with solid
tumors; patients with leukemia and children are usually
excluded or studied separately.6,7 Because assessment of activ-
ity is not the main objective of the trial, patients need not
have measurable disease and multiple tumor types may be
included. Life expectancy should be at least 3 months, the
interval from any prior treatment should be sufficient to
ensure that toxicities occurring over the course of the trial
are due to the new agent and not prior therapy, and patients
should generally have normal organ function and biochemi-
cal profiles.

The manner in which a starting dose and subsequent dose
levels are chosen, and the historical development behind 
the various recommendations for doing so, have been
described.1–8 We simply note here that the starting dose is 
generally chosen to be low enough that there is a very small
likelihood of severe toxicity. With regard to dose escalation,
the increments are typically rapid initially, followed by
smaller increases as one presumably approaches the toxic
range. For example, the highly cited modified Fibonacci
scheme begins by doubling the first dose, then increasing by
factors of 1.67, 1.5, 1.4, and 1.33.

The determination of the MTD is based on the toxicities
(adverse events) observed in individual patients and is greatly
facilitated by the U.S. National Cancer Institute’s Common
Toxicity Criteria (CTC) system. In the CTC, adverse events
(AEs) are grouped into various organ/symptom categories,
with each AE graded as 0 (none), 1 (mild), 2 (moderate), 3
(serious/severe), 4 (life threatening), or 5 (fatal). Typically, any
grade 3 or higher AE is deemed a “dose-limiting toxicity”
(DLT) (although certain grade 3 AEs may be excluded). A
second grading scale may be used to indicate whether, in the
physician’s judgment, the AE is likely to have been related to
the investigational treatment, and only those AEs scored to
be at least “possibly” related to the agent are regarded as
DLTs. Note that while common toxicities can be detected in
Phase I trials, the sample sizes are far too small to detect less-
frequent adverse events.

The criteria for a DLT should be clearly specified in the
protocol, along with the time interval over which each
patient will be observed for the occurrence of a DLT (typically
one therapy cycle). With appropriately defined criteria, each

patient’s outcome can be regarded as a binary random vari-
able Y taking the value 0 if the patient did not have a DLT
and 1 if the patient had a DLT within the specified time
frame.

Trial Design Types

The first issue to clarify is what, specifically, is meant by the
MTD, for as Storer9 points out, “a strict quantitative defini-
tion of the MTD is rarely acknowledged in clinical proto-
cols.” As discussed previously, a dose given to an individual
patient is deemed “tolerable” in that patient if he/she does
not experience a DLT, but in statistical terms the MTD must
be defined with reference to the patient population. By virtue
of the traditional and still frequently used “3 + 3” design,
described below, the MTD is usually defined as the highest
dose level for which the incidence of DLT is less than 33%.
Thus, when employing this design, we are saying that 
we want to determine the dose that will be tolerable in at
least 2/3 of the patients, and therefore are accepting that
serious toxicity will be produced in up to 1/3 of the patients.
Given that most cancers carry an appreciable risk of mortal-
ity, this seems an appropriate percentile to target, but it
should not be used unthinkingly. There may be some patient
populations, for example, in whom a lower percentile would
be more appropriate; conversely, patients at a very high risk
of mortality or morbidity may be willing to accept a greater
chance of serious side effects for potential therapeutic 
benefits.

“3 + 3”

In the traditional “3 + 3” design11 (Table 8.1), groups of three
patients are treated. If none experiences a DLT, the dose is
escalated, whereas if two or more experience a DLT, dose
escalation is terminated and the previous dose level is provi-
sionally defined as the MTD. If one of three has a DLT, three
more patients are added at the same dose level, and if none
of these has dose-limiting toxicity, dose escalation continues;
otherwise, the previous dose level is considered the MTD.
Once a presumed MTD is reached, however, if only three
patients have been studied at that dose, three more are added
and if two or more of these patients experience a DLT (yield-
ing greater than one of six), further dose reduction occurs.
Thus, it is intuitive that this design is targeting a dose that
is close to but less than the 33rd percentile. Simulations con-
ducted by Storer9 and others indicate that it is nearer to the
25th percentile.

Accelerated Titration

One criticism of the traditional design, particularly when
accompanied by a conservative starting dose, is that too many
patients are treated at subtherapeutic levels. Simon et al.12

have therefore proposed a variant of the “3 + 3” algorithm,
known as the accelerated titration design, to overcome this
problem. Essentially, only one patient is treated at each dose
level, and the dose is doubled for each subsequent patient
until either a DLT is observed or two patients experience
grade 2 or higher toxicity. At this point the design reverts to
the traditional “3 + 3” with subsequent dose increments of
40%. Intrapatient dose escalation is also permitted if the
patient had no worse than grade 1 toxicity at the previous
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treatment course. As would be expected, this design reduces
the number of patients in the trial who are undertreated, at
the expense of a slightly higher percentage experiencing grade
3 or higher toxicity. The authors also describe a statistical
model for estimating the MTD that takes into account not
just whether or not a patient has experienced a DLT but the
full range of toxicity data from all treatment courses. Legedza
and Ibrahim describe a related longitudinal model that incor-
porates the effects of current dose, cumulative dose, and 
clearance rate on cumulative toxicity.13 In this design, dose
administration within a patient is tailored over successive
treatment courses in an attempt to treat all patients at more-
efficacious dose levels.

Up and Down

To provide a more solid inferential basis for estimating the
MTD, Storer9,14 proposed and evaluated the properties of a
number of “up-and-down” designs, including two-stage ver-
sions to allow more rapid dose escalation, as in the acceler-
ated titration design. His BD design, for example, explicitly
targets the 33rd percentile of the tolerance distribution. Ini-
tially (stage B), a single patient is treated at each dose level,
escalating sequentially from the starting dose until a DLT is
observed. Deescalation then occurs until the first nontoxic
response, at which point the second stage (stage D) begins and
cohorts of three patients are enrolled. Then, if none of the
three has a DLT, the dose is escalated; if two or more have a
DLT, the dose is deescalated; and if one of three has a DLT,
the next cohort is treated at the same dose level. Sampling
continues in this manner until a fixed number of second stage
patients (for example, nD = 24) are treated. The total number
of patients, n = nB + nD, is therefore variable, depending upon
when the second stage is reached. After the trial is completed,
a logistic regression model

(1)

is fit to the n pairs of points (x1, y1), (x2, y2), . . . (xn, yn) where
xi is the dose and yi the response (0 or 1) of the ith patient. The
method provides not only a point estimate of the MTD, but
a means to derive confidence intervals as well. However, for
the small sample sizes typically used in Phase I trials, com-
putationally demanding “exact” methods may be required to
obtain these confidence intervals. The method is easily mod-
ified to estimate other percentiles of the tolerance distribu-
tion (i.e., the 25th percentile). Korn et al.15 found stage B too
aggressive and recommended treating two patients at a time,
increasing dose levels until the first DLT is observed. Other
useful variations of up-and-down designs are discussed by
Ivanova et al.16

Continual Reassessment Method (CRM)

An alternative to the classic designs is the Bayesian approach
developed by O’Quigley et al.,17 who called it the “continual
reassessment method” or CRM (Table 8.2). This method 
is based on a one-parameter model for the dose—
toxicity curve, for example, the logistic model (Eq. 1) with 
the a parameter fixed at a suitably chosen constant a0. Within
the Bayesian framework, a prior probability distribution is
assigned to the parameter b, data are collected, and knowl-
edge about this parameter is updated by constructing the pos-
terior probability distribution for b. Thus, in the CRM, a prior
distribution for b is specified and the first patient is assigned
to the dose level whose probability of toxicity as given by Eq.
1 is closest to the 33rd (or other desired) percentile. After
observing the outcome in this patient, the posterior distribu-
tion for b is formed, toxicity probabilities updated, and the
next patient assigned the dose closest to the desired 
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x
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TABLE 8.1. Design features for three “classic” statistical designs for Phase I trials.

Design Description Pros Cons

“3 + 3” 1) Begin at lowest dose, treating 3 patients. If DLT rate is Easy to implement Many patients may be
—0/3, escalate (to next pre-specified dose level) Conservative treated at subtherapeutic
—1/3, add 3 more: then if 1/6, escalate ≥2/6, go to step 2) dose levels Targeted percentile not
—≥2/3, go to step 2) explicit

2) If 6 patients studied at the previous dose level (1/6 AEs), declare
—that dose to be the MTD; otherwise, add 3 more: Then if
—<1/6, declare MTD
—≥2/6, decrease dose and continue

Accelerated 1) Begin at lowest dose. Treat one patient at a time and double Easy to implement More high-grade toxicities
titration 2) the dose until DLT observed or two patients have experienced Moves quickly to will occur

3) grade 2 or higher AE; then go to step 2) therapeutic dose Targeted percentile not
4) Revert to “3 + 3” design with dose increments of 40% levels explicit

(intrapatient)
5) Dose escalation permitted in if no worse than grade 1 AE)

Storer’s BD 1) (Stage B) Begin at lowest dose. Treat one patient at a time and Easy to implement More high-grade toxicities
design (up 2) escalate until DLT, then deescalate until first nontoxic response; Moves quickly to will occur
and down) 3) go to step 2 therapeutic dose 

4) (Stage D). If DLT rate is levels
—0/3, escalate (to next prespecified dose level) Targeted percentile 
—1/3, add 3 more at same dose is explicit 
—≥2/3, deescalate (33rd percentile)

Sampling continues until fixed number, nD, patients treated at
stage D
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TABLE 8.2. Design features for three Bayesian statistical designs for Phase I trials.

Design Description Pros Cons

Continual reassessment 1) Choose prior distribution for b More patients treated at Requires software to
method (CRM) parameter of logistic family therapeutic dose levels implement

2) Assign first patient to dose level for Utilizes all information First patient could be
which prior probability of DLT is available to choose next dose assigned any dose and
closest to the desired percentile level dose escalation can jump

3) Observe outcome and update posterior Targeted percentile is explicit more than one level
distribution leading to higher

Assign next patient to dose level with observed toxicity rates
probability of DLT closest to desired 
percentile; go to step 3) Sampling continues 
until fixed number N patients are treated

Modified CRM 1) Choose prior distribution for b Less aggressive escalation than Requires software to
parameter of logistic family CRM implement

2) Begin at lowest dose. Enroll Utilizes all available
3 patients, observe outcomes information to choose next
and update posterior distribution dose level

3) Determine dose level with probability Targeted percentile is explicit
of DLT closest to desired percentile,
but escalate no more than one level;
go to step 3)

Sampling continues until fixed number N
patients are treated

TITE-CRM 1) Choose prior distribution for b parameter Incorporates late toxicities Requires software to
of logistic family Reduces trial duration implement

2) Choose T, duration of time over which Utilizes all information More toxicities will be 
toxicity will be monitored for each available to choose next dose observed, particularly if 
patient and tint, interval between dose level they occur toward end of 
cohorts (e.g., half-month) Targeted percentile is explicit monitoring period T

3) Begin at lowest dose. Enroll 3 patients, 
follow for tint and observe outcomes

4) For all patients enrolled thus far, calculate 
g(x, u) (see text); then update posterior 
distribution

Determine dose level with probability of 
DLT closest to desired percentile, but 
escalate no more than one level; go to 
step 4) Sampling continues until fixed 
number N of patients are treated

percentile. This process is repeated until a fixed number of
patients have been studied. The method tends to converge to
the correct target level, even if the original model is incor-
rectly specified.18

Modified CRM

Although it is clearly an attractive approach, some problems
with the CRM were immediately recognized. First, there was
discomfort about starting the first patient at too high a dose.
Second, escalating more than one dose level at a time was
thought to be too risky. Finally, there were concerns that trial
durations would be extended unduly because of the need to
await the outcome in each individual patient before enrolling
the next patient. This concern led to the so-called modified
CRM10,19 whereby the trial starts at the lowest dose level, the
dose is increased no more than one level at a time, and the
cohort size is increased to three patients. Results of a simu-
lation study comparing the modified CRM to the original
CRM and the traditional “3 + 3” design showed that the 
“3 + 3” design generally placed more patients at dose levels
below the MTD; consequently, the CRM designs were more
likely to assign patients to therapeutic dose levels and to
arrive at the correct estimate of the MTD, although there
were exceptions.10

A method that maintains the simplicity of the classic
design, but, as in the CRM, makes better use of the cumula-
tive data, has recently been proposed.20 The method capital-
izes on the assumption that toxicity is nondecreasing with
dose, using a technique known as isotonic regression to 
estimate the dose–toxicity curve at each step, essentially
pooling and averaging outcomes from adjacent dose levels to
maintain a nondecreasing curve. For example, if the current
data were 1 toxicity in 6 patients treated at dose level x1, 1 in
6 at dose level x2, and 0 of 3 at dose level x3 (x1 < x2 < x3), the
algorithm would first pool the data at x2 and x3 to maintain
monotonicity, replacing each estimate with 1/9 = (1 + 0)/
(6 + 3). As 1/9 also is less than 1/6 from the first dose, the
data would be pooled again, and all three estimates would be
changed to 2/15 = (1 + 1)/(6 + 9). Additional patients are added
at the current, higher, or lower dose level depending on the
current DLT rate in relation to a specified target. The trial is
terminated when the same dose level is indicated in three
consecutive cohorts, or when some prespecified number of
patients have been evaluated. A simulation study comparing
the method with the traditional “3 + 3,” modified CRM, and
up-and-down designs found similar performance to the mod-
ified CRM and fewer patients underdosed compared to the 
“3 + 3” design, but on average more patients were required
and were treated above the true MTD.20



TITE-CRM

All the previously mentioned designs require that the toxic-
ity outcome in each patient, or cohort of patients, be observed
before more patients are entered. However, in certain situa-
tions such as radiotherapy or chemoprevention studies, inter-
est may focus on late-onset toxicities as well as short-term
effects, and the current designs would require an inordinate
period of time to complete the study. Cheung and Chappell21

have therefore proposed an extension of the CRM that incor-
porates the time to toxicity in each patient, which they
termed TITE-CRM. The main idea is as follows. Suppose
toxic events occurring anywhere up to T time units from
administration of therapy are of interest. Rather than waiting
for each cohort of patients to be followed for this length of
time (T = 6 months in their example), one could enter new
patients at, say, half-month intervals. As in the CRM, the first
patient is assigned to a dose level based on prior information
or, as in the modified CRM, to the lowest candidate dose. 
The single-parameter logistic model or other suitable
dose–response model is assumed, with p(x) corresponding to
the probability that an individual receiving dose x will expe-
rience a DLT by time T. Then, if an individual has been fol-
lowed for u less than T time units, the probability of a toxic
event is simply taken to be g(x, u) = u/T ·p(x) At the time the
next patient(s) is (are) to be enrolled, the observed toxicities
and follow-up times of patients already entered are used to
form the posterior estimate of b, and the dose level for the
next patient(s) is selected according to the usual CRM or mod-
ified CRM criteria. Simulation studies showed that TITE-
CRM produced results comparable to its CRM counterpart,
while significantly reducing the average trial duration.21 The
only downside was that TITE-CRM tended to generate
slightly more AEs. As might be expected, differences were
greatest for situations in which AEs tend to occur near the
end of the observation period, because escalation may occur
before any such events are observed.

Phase II or Pilot Efficacy and Safety 
Evaluation Trials

Objectives and Clinical Issues

Phase II clinical trials are conducted to determine whether 
a new agent or regimen has sufficient antitumor activity,
usually measured in terms of reduction in tumor size, to
warrant further study. Secondary objectives are to collect
additional safety and toxicity data, and correlative studies to
evaluate the effects of treatment on specific biomarkers or
other intermediate endpoints may be included. It is assumed
that the drug dose and administration schedule will have been
determined from prior Phase I trials.

Unlike Phase I studies, Phase II trials should be performed
in a single, well-defined tumor type and patient population.
The extent of disease, patient performance status, and the
amount of prior therapy are usually highly prognostic, and
therefore, it is important to weigh the eligibility criteria care-
fully, as these parameters will define the population for which
findings may pertain. This is particularly important, as in
most phase II trials the observed level of activity will be 
compared not to a concurrent control group, but rather to a

historical probability of response to standard treatment for
patients presumed to be comparable in terms of stage of
disease, performance status, and other characteristics.

Trial Design

Endpoints

For most Phase II trials, drug activity is defined in terms of
reduction in tumor burden. The most recent criteria for mea-
suring activity, known as the Response Evaluation Criteria 
in Solid Tumors or RECIST,22 are based on unidimensional
measurements. The criteria require the identification of
target lesions and nontarget lesions at baseline. A complete
response (CR) is the disappearance of all target and nontarget
lesions, provided no new lesions have developed. A partial
response (PR) is a 30% or greater decrease in the sum of the
longest diameter (LD) of all target lesions, provided no non-
target lesions have progressed and no new lesions have devel-
oped. Progressive disease (PD) is defined as a 20% or greater
increase in the sum of the LD of target lesions, progression of
nontarget lesions, or the occurrence of new lesions. If there
has been neither sufficient shrinkage to qualify for PR nor suf-
ficient increase to qualify for PD, the patient is classified as
having stable disease (SD). A patient who achieves either a
CR or PR is defined as an objective responder, and the pro-
portion of patients responding, that is, the response rate, has
become the primary endpoint of interest in the design and
analysis of phase II cancer clinical trials. While it is concep-
tually straightforward and can be assessed within a shorter
time frame, there has been concern that the response rate is
an inadequate substitute for more clinically relevant end-
points such as extension of survival. Some studies have
shown that less than 25% of agents that show positive tumor
response are eventually found to extend survival in compar-
ative trials,23 whereas other studies suggest that tumor
response is a reasonable surrogate for survival extension.24

Moertel25 and others have raised additional problems with the
use of response rates in Phase II trials, such as subjectivity
and lack of reproducibility in assessment. Other possible
choices for endpoints are discussed later in this section.

Sample Size

In a typical Phase II study, the objective is to compare the
observed response rate for the new agent to some level, p0

which is usually set equal to or slightly below the response
rate achievable with standard therapy in the target patient
population. The value for p0 must be chosen carefully, using
information from previously reported trials and investigator
knowledge, because the main objective will be to determine
whether there is sufficient evidence to conclude that the
response rate for the new regimen is greater than p0. In formal
terms, if we let p denote the probability of response, the
problem can be formulated as a test of the null hypothesis 
H0 :p = p0, against the alternative hypothesis HA :p = pA where
pA is a response rate that, if true, would be clinically mater-
ial. The value of pA, along with the sample size, will deter-
mine the power of the study and therefore, two points should
be noted. First, to detect a small improvement (say, 10% or
less) requires a large sample size. For example, to detect an
improvement from 20% to 30% with 85% power, more than
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100 subjects are required, which may be undesirable for a
Phase II trial, where there are limited efficacy data thus far.
Second, the value for pA must be realistic; it is of little value
to design and carry out a study to detect an effect size pA - p0

that is unlikely to be realized, simply because it is compati-
ble with the number of patients that can be recruited in a rea-
sonable time period. Most Phase II clinical trials aim for a
response rate improvement of 15% to 20%.

For a specified significance level and power, it is straight-
forward to determine the number of patients needed for the
trial (see Fleming,26 for example) and to test H0. It should be
noted that, in the context of Phase II trials, hypothesis tests
are one-sided in the sense that we are only interested if the
new treatment improves the response rate and not in estab-
lishing whether it could be worse. Statistical power should be
high (85% or 90%), because if the drug is rejected as inactive
it may never undergo further study. It is not uncommon to
relax the a level from the usual 5% to 10%, because if the
drug is falsely declared active, its lack of efficacy would likely
be uncovered in subsequent trials.

Trial Design Types

Multistage Designs

Because it is ethically undesirable to expose patients unnec-
essarily to an ineffective agent, Phase II studies are usually
designed to allow early stopping in the event that the drug
appears inactive. This idea goes back to Gehan,27 and one of
the most popular designs incorporating early stopping is
Simon’s optimal two-stage design.28 For a specified p0, pA, a,
and b, this design calls for enrollment of n1 patients in the
first stage. If r1 or fewer responses are observed, the trial is
terminated due to lack of activity. Otherwise, an additional
n2 patients are entered for a total n = n1 + n2. Then, if r or
fewer total responders among the n patients are observed, the
regimen is rejected, whereas if more than r responses are
observed, the regimen is declared sufficiently active to
warrant further study. The optimal design is the one that min-
imizes the expected sample size under the null hypothesis.
For example, if p0 = 0.10, pA = 0.25 and a = b = 0.10 (90%
power), then 21 patients would be enrolled in the first stage
and if 2 or fewer responses were observed, the trial would be
terminated. Otherwise, an additional 29 patients would be
accrued for a total of 50, and if 7 or fewer responses were
observed, the drug would be rejected, whereas 8 or more
responses (an observed response rate of 16% or more) would
be sufficient to deem it worthy of further investigation. The
probability of stopping at the first stage if, in fact, the true
response rate is only 10%, is fairly high, 0.65; hence, the
attraction of the two-stage design.

Simon also provides tables for a minimax design, which
is that having the smallest total sample size that satisfies the
design constraints, although it often requires a relatively large
sample size in the first stage. Jung et al.29 note that there are
typically many designs that satisfy the design constraints, and
present graphical software that allows one to easily search for
a trial design that is a good compromise between different
options. Green et al.,2 on the other hand, prefer a more flexi-
ble two-stage approach in which an approximately equal
number of patients are recruited in each stage and the power
is set to 90%. In a typical example, if, after the first stage the

alternative hypothesis (e.g., that a response of some specified
size exists) is rejected at significance level a = 0.02, the trial
is discontinued for lack of activity. Otherwise, the study pro-
ceeds through the second stage where the null hypothesis is
tested at a = 0.055. Roughly, this design will stop early if the
observed response rate after the first stage is less than p0 and
will declare the agent sufficiently active to warrant further
study if, after the second stage, the observed response rate
exceeds (p0 + pA)/2. Three-stage designs have also been pro-
posed.30,31 The logistic difficulties of suspending recruitment
between stages, as well as the increase in study duration that
this entails, lead most investigators to opt for two-stage
designs. However, in situations in which it is highly desirable
to minimize the number of patients exposed to an inactive
therapy, a three-stage design may be attractive. Some have
argued that complete and partial responses should not 
necessarily be combined, because complete responses are 
far rarer and are much more likely to confer a survival 
advantage.32,33 They propose two-stage designs that distin-
guish complete from partial responses, giving more weight to
the former.

As mentioned previously, a secondary objective of Phase
II trials is the collection and reporting of toxicity data.
Usually, toxicity analyses are carried out separately from the
analysis of response rates, but designs have been proposed
that incorporate toxicity and response simultaneously.
Conaway and Petroni34 and Bryant and Day,35 for example,
consider trials to establish whether a new drug is “sufficiently
promising” in the sense that it has both a response rate that
is greater and a toxicity rate that is no worse than standard
treatment. If we let pR denote the true response rate of the
new treatment and pT the true rate of DLT, the null and alter-
native hypotheses can be written:

where pR0
and pT0

are the response and toxicity rates asso-
ciated with standard therapy. Thus, the null hypothesis is
rejected only if the response rate is sufficiently high and 
the toxicity rate is not unacceptably high. One must model
the association between response and toxicity by introduc-
ing another parameter, q, corresponding to the odds ratio 
for toxicity among responders relative to nonresponders. 
Fortunately, however, the design characteristics are fairly
insensitive to the assumed value for q. Finally, as one might
be willing to accept greater toxicity with higher response
rates and vice versa, Conaway and Petroni36 propose a related
design that incorporates such trade-offs.

Bayesian Trial Designs

The previously mentioned designs are frequentist in nature,
in that power and significance probabilities refer to the prob-
ability of events under given hypotheses about the param-
eters of interest. A Bayesian approach offers an alternative
inferential framework, for which proponents argue is partic-
ularly suited to situations involving accumulating data.37 For
example, Thall and Simon38 present a Bayesian design for
Phase II trials in which a “moderately informative” prior dis-
tribution is assigned to pS, the response rate associated with
standard therapy. A flat or “weakly informative” prior is
assigned to pE, the response rate for the experimental treat-
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ment, to reflect the limited knowledge available for pE before
the study is begun. A maximum sample size for the trial, nmax,
is specified, patients are enrolled, and the trial is continued
until the new drug is shown with high posterior probability
to be either promising or not promising or until nmax is
reached, in which case the study is deemed inconclusive.
Thus, if Xn denotes the number of responders observed among
the first n patients enrolled, n = 1,2, . . . nmax, the posterior
probability that pE exceeds pS by some minimally interesting
amount, d, is computed. If this probability is very high (say,
greater than 0.95) or very low (say, less than 0.05), the trial is
terminated and the drug is declared promising or not promis-
ing, respectively. Otherwise, the study is continued provided
nmax has not been reached.

Thall and Simon38 evaluate the frequentist operating char-
acteristics of this design under continuous monitoring and a
maximum sample size of nmax = 65. They also suggest setting
a minimum sample size, nmin, of 10 patients so that, in effect,
monitoring does not begin until the 10th patient is enrolled.
Results show, for example, that under a fairly informative
prior for pS centered, say, at 0.20, a weak prior for pE, and a
minimally interesting difference of d = 0.15, that if pE = pS

there is a 7.1% chance that the outcome would erroneously
lead to a conclusion that the experimental drug is promising,
an 83.5% chance that it will correctly be declared non-
promising, and a 9.4% chance that the results will be inclu-
sive. If the true effect is positive (pE = 0.40), there is an 87.5%
chance that the drug will be declared promising, a 7.7%
chance that it will be declared nonpromising, and a 4.8%
chance that the trial would be inconclusive. Subsequent work
describes a Bayesian sequential design for more complicated
situations involving multiple outcomes, such as response and
toxicity.39

Another proponent of the Bayesian approach is Heitjan,40

who points out that in multistage, frequentist designs, the
evidence required for terminating the trial is not the same at
all analysis times, and that a drug can be rejected as inactive
even though there is no strong evidence that the response rate
is any less than that of the standard. He describes a Bayesian
approach designed either to convince a skeptic that the drug
is beneficial or to convince an enthusiast that it is not. This
is accomplished by using different prior probabilities corre-
sponding to these two states of belief and, after outcomes
have been observed, calculating the posterior probability that

(a) the new drug is better than the standard given the skeptic’s
prior (the “persuade-the-pessimist probability”) and (b) the
standard is better than the new drug given the enthusiast’s
prior (the “persuade-the-optimist probability”). Thus, this
method requires that the evidence be sufficient “to choose
between hypotheses [favorable or unfavorable] to the satis-
faction of all interested parties” and, if not, the results are
regarded as inconclusive.40

Randomized Phase II Trial

When there are multiple candidate agents to consider advanc-
ing to further development, randomized Phase II trials, some-
times called selection designs, provide a means to select
agents for further study.41–43 These trials, which allocate
patients to different treatments under consideration by
random assignment and compare outcomes between groups,
have several advantages with respect to patient selection and
other biases present in studies without parallel comparison
groups (discussed in detail in the next section). However, as
a means to determine efficacy in any absolute sense, these
trials lack statistical power and a error control at the sample
sizes typically envisaged for Phase II trials. Nonetheless, the
initial intended use of randomized Phase II trials as “selec-
tion designs” has been broadened to encompass small-scale
randomized trials with a standard therapy comparison group.
Although this approach has some advantages, positive results
emerging from these trials cannot be deemed sufficiently 
conclusive as to preclude Phase III investigation (see Liu in
Reference 1 for discussion). Table 8.3 illustrates advantages
and disadvantages of one-arm and randomized comparative
Phase II trials.

Recent Design Concepts

For cytostatic agents, where frank tumor shrinkage is not
anticipated, there may be a need for alternative Phase II
designs based on endpoints other than response rates. For
trials enrolling patients who have failed prior therapy, Mick
et al.44 propose a method that uses each patient as his/her own
control, comparing the time to progression under the new
agent with the time to progression under prior therapy.
Rosner et al.45 propose a randomized discontinuation design,
in which all patients are initially treated with the experi-
mental agent. After a specified interval, responders remain on
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TABLE 8.3. Advantages and disadvantages of single-arm versus randomized Phase II trials.

Single-arm trial Pilot randomized trial

Advantages • Maximum adverse event information for new agent • Concurrent control group
• Can offer new agent to all participants • Randomization provides for rigorous ancillary studies of 
• Simple endpoint that is rapidly ascertained tumor response markers

• Can use time to event endpoints more readily in this 
comparative setting

Disadvantages • Historical control group response rate must be used • Low power, high a for feasible sample sizes
• Tumor response endpoint may be poor surrogate for • Necessity to randomize patients in terminal disease situation

survival extension • Quantity of adverse event information for experimental agent 
• Time to event endpoints may be difficult to define is reduced

and do not fit into multistage framework • Positive findings may interfere with conduct of appropriately 
powered Phase III trial

Here, we are considering a randomized phase II trial as a relatively small (100 patients or fewer) study intended to serve as a pilot trial for potential efficacy. Note
that the original proposal for use of randomized phase II trials was for selection of potentially superior candidates from among multiple new agents (see Simon 
et al.41 and Liu et al.42), and not to compare new therapies to existing standards. More recently, Bayesian designs for phase II randomized selection design trials
have been proposed (see Esty and Thall43).



treatment and those who progress discontinue, while those
patients with stable disease are randomized to either contin-
ued treatment with the drug or placebo. The idea behind this
design is that the randomized comparison allows one to
assess whether the drug is truly slowing the rate of growth of
the tumor, as opposed to having simply selected patients for
study with slow-growing tumors. Because the patients with
stable disease form a more homogeneous subgroup, this
design also generally requires a smaller sample size than
would a trial that randomized all patients at entry. It is im-
portant to bear in mind—and the authors also emphasize 
this point—that the purpose of this design is mainly to 
determine whether the drug is active in an explanatory 
sense. Obviously, it matters a great deal whether the initial
percentage of patients exhibiting stable disease is high or 
low, as in the latter case the total sample size required may
be quite large and a demonstration of activity in the ran-
domized component would mean only that there is benefit 
in a small subset of the population. Korn et al.46 point out
other caveats with this design. For example, patients may 
find it unattractive to potentially discontinue a treatment
that appears to be working. They describe a number of 
other approaches, including single-arm trials with time to
progression as an endpoint and trials with appropriately val-
idated biologic response markers as surrogates for tumor
response.

Phase III or Comparative Efficacy Trials

General Description and Objectives

The term Phase III trial is synonymous with a prospective
comparison under randomized treatment assignment [alter-
nately called a randomized controlled trial or randomized
clinical trial (RCT)] of two or more treatment regimens, con-
ducted for the purpose of establishing which is superior or, in
some cases, to establish equivalence (in the sense that any
difference in outcome is smaller than that considered clini-
cally material) between different treatment regimens. Thus,
two key features that distinguish RCTs are the inclusion of a
concurrent control group and the use of randomization to
assign treatment. The main purpose of concurrently evaluat-
ing individuals receiving the standard and test treatment(s) 
is to eliminate temporal trends in diagnosis, characterization
of the disease, and ancillary care that would likely be present
in any comparison with a historical control group. Concur-
rent evaluation also provides implicit control over the com-
monly seen phenomenon of research participation itself
having a positive effect on outcomes, regardless of the type 
of intervention. Randomization, which disassociates treat-
ment assignment from any and all extraneous factors on 
the part of the patient or the physician, is the fundamental
means by which bias is removed from measures of treatment
effect.

The obvious alternative to randomization is a nonran-
domized comparative trial, but this design is generally insuf-
ficient for definitive evaluation of treatments for the purpose
of choosing one over another. While differences in character-
istics between treatment groups can be addressed to various
degrees in other ways, typically by comparing “like with like”
through matching, stratification into homogeneous groups, or

statistical modeling or adjustment, only randomization will
reliably eliminate bias in treatment comparisons. Further-
more, it is often not the known potential confounding factors
that we must concern ourselves with, but rather unknown or
uncollected factors, where these methods are not relevant.
Nonetheless, primarily due to ethical concerns, some advo-
cate relying on observational studies with reference to his-
torical experience, coupled with the use of statistical methods
to account for potential confounding of treatment effects and
other factors, to evaluate new treatments.47,48 Numerous
problems with the validity of historically controlled compar-
ative studies have been demonstrated specifically in cancer
research, including temporal changes in disease definition,49,50

data quality issues,51 diagnostic bias in assessing treatment
response,25 and out-of-date historical control comparisons
that tend to inflate effects for new therapies.23 The RCT in
and of itself represents a significant medical research advance,
and, as the recognized gold standard evaluative tool in therapy
development, is integral to the evidence-based medicine 
paradigm.

Trial Design Issues

Endpoints and Sample Size

Phase III trial design begins with specification of a primary
endpoint, which is typically a simple binary event such as
survived/died or recurred/remained recurrence free, but
usually with one important difference relative to Phase II
trials; for each patient the time from randomization until
occurrence of this event will be recorded, rather than the
event status at some fixed time landmark. These time-to-
event endpoints are particularly suited for adjuvant therapy
trials, where because the number of patients participating is
appreciably larger than in Phase II trials, recruitment takes
place over a lengthy interval and each patient will have a dif-
ferent follow-up duration at any given time from trial initia-
tion. Use of follow-up time per patient is more efficient than
waiting until all patients have reached some fixed time. The
treatment effect measure is usually specified in terms of
hazards, which can be thought of as failure probabilities or
failure rates per unit of time, between two treatment groups.
Hypotheses are thus usually formulated in terms of the
hazard ratio (HR) as H0 :lA/lB = HR = 1.0 where lA and lB are
the hazards for treatments A and B, versus alternative HA :HR
< 1.0, for some value of the HR that represents a clinically
material difference in outcomes. In the case of an equivalence
trial, one might test a null hypothesis that the HR does not
differ from 1.0 by more than some specified amount such that
the two treatments would be considered equivalent (hence,
this difference must be small) versus the alternative that a
greater difference exists (see References 1, 2 for more on
equivalence trials). Under the assumption that this ratio is
relatively constant over time, a given HR can be converted to
an absolute difference between groups in proportions remain-
ing event free at a given follow-up time. For example, a
new/standard HR equal to 0.75, or a 25% reduction in failure
rate in the new relative to the standard group, may translate
into an absolute difference in the proportion of patients
remaining free of the event between groups of 4.6% at 5 years,
given that the standard group 5-year survival percentage is
80% (Table 8.4).
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From the specification of difference of interest or effect
size, the sample size in terms of number of events required
to detect this difference with desired statistical power and sig-
nificance level can be determined. Depending on the antici-
pated accrual rate and the prognosis (e.g., rapidity of failure
events) in the control treatment group, the number of
patients required can then be approximated. Typically, the
required number of events is based on the normal theory
approximation of the natural logarithm of the hazard ratio.
For a two-arm trial, the total number of events is

(2)

where Z1–b and Za/2 are the values from the standard normal
distribution associated with the power and significance level
desired, and pA and pB are the proportions of total patients to
be allocated to the two arms, respectively (e.g., 0.5 for equal
allocation). One can see from this equation that the number
of events required depends strongly on the HR, becoming
dramatically larger as the HR approaches 1.0 (see Table 8.4).
The number of patients required and total duration of the trial
depend on the rate of patient accrual and the failure rate in
the control group, both of which contribute to the determi-
nation of how rapidly the requisite events will be observed.
The accrual rate is typically estimated from previous experi-
ence and may also involve querying potential investigators to
project the accrual rate per unit of time. Similarly, the failure
rate for patients under standard therapy is derived from past
observations and available literature estimates. The compu-
tations are straightforward but generally require computer
programs (see Shuster in Reference 1, or commercial pro-
grams) or under certain assumptions, tabled values.52 Sample
size methods have been extended to take into account other
factors that will influence power, such as patients withdraw-
ing from the study while it is ongoing (dropout), switching
from the assigned treatment to the other group (cross-over),
or deviating from protocol treatment (noncompliance).53–56

Another important design aspect concerns the desire 
to ensure that factors associated with outcomes, called 
prognostic factors, are balanced between treatment arms.
Although random allocation to treatments naturally provides
equal distribution of characteristics, using key prognostic
variables as stratification factors, and incorporating these into
the randomization process (by randomizing within strata or
other means discussed in the next section), imbalances that
can arise by chance can essentially be prevented. The number
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of stratification factors needs to be limited to a few key
factors, because the strata increase multiplicatively with the
number of factors and factor levels. For example, the use of
four factors [say, age groups (less than 50 years, 50–64 years,
65 years or older), lymph node status (positive, negative), per-
formance status (0–1, more than 1), and surgical procedure
(procedure A or B)] produces 3 ¥ 2 ¥ 2 ¥ 2 = 24 strata in which
to balance treatment assignments. As the number of strata
becomes large relative to the number of patients to be
entered, the efficiency of stratification as a means to balance
treatment arms diminishes.57

Trial Conduct

Randomization

Because randomization is the signifying characteristic of
Phase III trials, correct implementation and maintenance of
this feature is vital. In the simplest case, a series of treatment
assignments are generated from a random mechanism such
as a random number table or computer program. Sequential
assignments should only be revealed one at a time (to avoid
compromising the randomness with respect to the next
assignment), and thus it is preferable to have a secure cen-
tralized randomization procedure, via telephone or computer
contact. To balance the number of patients in each arm, block
randomization, in which an equal number of assignments 
on each treatment arm of the trial occurs after each block 
of patients is enrolled, can be used (for example, assigning
ABABBA, AABABB, etc., for randomly ordered strings of
assignments brings the number on each arm into balance after
each set of six patients; note that the size of the block is not
revealed and can also be varied to make the process unpre-
dictable). To incorporate stratification factors to be balanced
between treatment arms, blocked randomization can be used
within each stratum. When the number of strata is large, and
in particular in multicenter trials, this type of assignment
scheme can become unwieldy and cannot necessarily assure
balance. In this case, some type of dynamic allocation
scheme can be used whereby the current assignment is gen-
erated based on previous assignments. This type of random-
ization must be centralized, as stratification factor data for 
all previously enrolled patients must be available when 
randomizing the current patient. Rather than deterministic
assignments to balance the arms, often “biased-coin” ran-
domization is used, in which the assignment probability is
weighted toward the arm for which assignments are needed
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TABLE 8.4. Absolute difference in 5-year survival and number of events required for a two-arm Phase III trial.

Reduction in hazard of
Standard group proportion event free at 5 years

No. of events
failure for new treatment .50 .60 .70 .80 .90 .95 required

20% .074 .065 .052 .037 .019 .010 630
25% .095 .082 .065 .046 .024 .012 379
33% .130 .111 .088 .062 .032 .016 191
40% .160 .136 .107 .075 .039 .020 128
50% .207 .175 .137 .094 .049 .025 65

Table entries show the absolute difference (new - standard) in 5-year survival for the hazard reduction due to the new treatment on the left-hand column and the
5-year survival in the standard treatment group (middle columns, top), assuming exponential survival patterns. The right-most column shows the number of events
required (Eq. 2) for 80% power at a two-sided a = 0.05. The number of patients required for the trial to obtain results in some specified time period will depend
on the standard group failure rate and the rate at which patients can be accrued.



to achieve balance. The minimization algorithm is frequently
used for dynamic balancing taking stratification factors into
account.58 This allocation scheme balances treatment arms
for each stratification factor singly, but not necessarily for
every combination of factors, as in fully stratified random-
ization. However, it is much easier to manage over multi-
center studies and performs well for multiple stratification
factors.57

There are several ways in which the benefits of random-
ization can be eroded or nullified. Of course, any breach of
the random assignment process has an irreparable effect on
the validity of the trial. Second, a large number (or differen-
tial number per arm) of patients “canceled” or withdrawn
from the trial calls into question the validity of the compar-
ison for the remaining participants. Differential follow-up and
ascertainment of status per arm can have a similar effect.
Third, bias in assessment of outcomes can have a major
impact on the estimated treatment effect, and thus, objective
outcome measures and blinding of treatment assignment
come into play. Treatment assignment blinding is not feasi-
ble for many oncology trials (e.g., radiotherapy and most
chemotherapy regimens), but has been used with great
success in others (e.g., tamoxifen). In either case, and in par-
ticular for studies that cannot be blinded (among patients or
caregivers), unambiguous, objectively defined endpoints are
essential. In cases where determination of the endpoint
involves possible observer subjectivity, such as when reading
a diagnostic scan to determine disease progression, keeping
assessors unaware of treatment assignment may be necessary.

Trial Monitoring

As in earlier trials, Phase III trials include provisions for
formal oversight of risks and benefits to ensure patient
welfare and use resources efficiently. Interim monitoring con-
sists of both continuous oversight of adverse events and peri-
odic interim tests (a predetermined number) of primary study
hypotheses. With respect to these interim tests, a large body
of statistical developments has addressed how to conduct
tests to determine if an early determination of treatment
superiority is warranted while at the same time controlling
for inflation of a error (e.g., false-positive findings) resulting
from repeatedly performing statistical hypothesis tests.
Caution is also warranted because early results from time-to-
event data tend to be unstable and change as more informa-
tion accumulates. In essence, these problems are addressed by
simply requiring a stricter criterion than the typical P less
than 0.05 “significance” for interim analyses, and early
approaches to this problem used either a smaller constant sig-
nificance criterion throughout interim and definitive analy-
ses, chosen such that the significance level for the entire set
of sequential tests does not exceed a, or a constant but much
more stringent criterion early in interim analyses and a more
conventional significance level after the trial has accumu-
lated the requisite information for definitive analysis. Figure
8.1 shows these and some other examples of early stopping
boundaries, which when exceeded at any of the interim analy-
ses shown on the x-axis would prompt consideration of early
stopping. These boundaries are symmetric with respect to
superiority for either the new or standard treatment group,
reflecting the fact that two-sided hypothesis tests remain the
convention. In reality, it is unlikely that a trial tending

toward a significant difference in favor of the standard treat-
ment would be continued until such a result was realized.
Thus, an additional rule that allows for stopping early for
“futility” with respect to the new treatment is usually also
specified. Alternatively, asymmetric boundaries that more
easily allow stopping early for evidence that the new treat-
ment may actually be inferior to the standard (evidence de
facto that the new treatment will not ultimately prevail) can
be used. More comprehensive treatment of this topic can be
found in clinical trials texts1,2 or books on group sequential
monitoring.59 Regardless of the specific approach adopted, an
interim analysis plan should be devised during trial design
and adhered to throughout trial conduct because failure to
account for multiplicity of analyses can result in spurious
positive findings. Also, a specified plan may help to avoid
diminished influence of a trial even when results are decid-
edly positive, which can occur if there is a perception by
others that the trial had been terminated prematurely due to
favorable results at a particular analysis time.60

The decision to discontinue the trial (accrual and/or treat-
ment, depending on its current state) and release findings is
typically vested in an independent Data and Safety Monitor-
ing Committee (DSMC). However, in addition to evaluating
according to the monitoring rule, the DSMC considers a
broader body of information regarding the trial as well as
external information that bears on treatment for the disease
under study. Table 8.5 outlines the membership, aspects of
trial conduct over which the DSMC has oversight, and rec-
ommendations that might arise from trial review and DSMC
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FIGURE 8.1. Different types of stopping boundaries for monitoring
a Phase III trial. The upper and lower boundaries represent statistical
test values on the vertical axis (on a standard normal scale), which,
if exceeded at a given analysis indicated on the horizontal axis, would
prompt stopping of the trial (the fourth analysis is the definitive
analysis at the predetermined requisite number of events). The hor-
izontal lines at ±1.96 represent the standard P greater than 0.05
boundary. Note that the Pocock boundary uses a fixed, modestly
more extreme value, but the final test result must then also be more
extreme than the conventional 0.05 test to be considered significant.
The Haybittle–Peto method uses a conventional final test value but
is very conservative through the penultimate hypothesis test. The
O’Brien–Fleming boundaries begin very conservatively, but change as
more information accrues, and also allow that the final test be per-
formed using the conventional significance level.



deliberations. The policies and procedures for U.S. National
Cancer Institute-sponsored Cooperative Group trials provide
a good overview of DSMC structure and function for Phase
III trials.61

Analysis

Definitive analysis commences when either the requisite
number of events indicated in the trial design has been
observed, or the DSMC has deemed that the trial results
should be disclosed due to early stopping conditions being
met.

An important aspect of Phase III trial analysis is the def-
inition of the analysis cohort. The concept of analysis by
intention-to-treat is often discussed, but the definition of this
term can sometimes be unclear, so it is best to explicitly
describe which patients are included.62 In the strictest sense,
the intention-to-treat cohort includes all patients random-
ized, irrespective of eligibility, acceptance of and adherence
to assigned treatment, and any and all other postrandomiza-
tion deviations from protocol. However, it is often the case
that patients found ineligible for the trial after randomization
due to having been incorrectly staged or for other reasons are
excluded from the primary analysis, and this practice (used
with caution) is sometimes advocated, as it allows for evalu-
ation of the therapy in the population for which it was
intended.2 A more controversial and rarely acceptable form of
patient exclusion involves removal of patients who did not or
could not comply with assigned therapy regimens or received
nonprotocol therapy. Such exclusions can easily lead to biased
comparisons, and in general, any post hoc analysis of treat-
ment benefit in relation to dose received is fraught with 
interpretational difficulties and should be avoided in primary
analysis.63

For time-to-event data, the principal summaries are the
survival distribution (or survival curve) and the estimated

hazard ratio. The survival curve S(t) represents the probabil-
ity of remaining event free until at least time t, or S(t) = Pr(T
> t). This function is plotted from randomization (e.g., at t =
0, S(t) = 1.0) to some follow-up time that a remaining fraction
of patients has reached. This points to an important feature
of time-to-event data, that is, censoring, where it is known
that a patient is event free as of some follow-up time, but the
(potential) failure time is not yet observed. Censoring is a
natural consequence of staggered enrollment into the trial, so
that at any given time, some patients have less follow-up than
others (administrative censoring), but also may occur because
patients may withdraw from or be lost to follow-up before
experiencing the event of interest. Administrative censoring
can be reasonably assumed to be independent of failure risk
except in cases where characteristics of participants enrolled
changes over time (which is why well-defined entry criteria
are necessary). Any censoring associated with propensity for
failure (e.g., sicker patients more often withdrawing) that
results in different rates of loss per treatment arm can bias
treatment comparisons.

In the case in which censoring is assumed independent of
probability of failure, then estimating S(t) using available
information per patient, including follow-up to censoring, is
straightforward. For a set of ordered observed times where one
or more patients had an event t1 < t2 < t3 < . . . < tJ, define dj

as the number of events at time tj and Yj as the number of
patients available to possibly fail (all those who have not yet
failed and were not censored before tj; by convention, those
censored exactly at tj are considered at risk to fail). The
Kaplan–Meier (KM) estimator64 is the product of the quanti-
ties (1 - dj/Yj) over the J failure times

(3)

Although the KM curve is the typical graphical summary,
the relative hazard of failure between groups is the principal
measure of efficacy. The HR (and associated statistical tests)
pertains to the entire span of follow-up, as opposed to a test
of difference in the survival curves at a specific time point,
in which case the result would depend on which time was
chosen. The log-rank test, which frequently accompanies the
KM curve, in fact compares underlying failure probabilities
between groups over the J failure times.65 Issues related to this
and other tests for comparing survival time distributions are
discussed here.

The HR can be estimated by computing the incidence
density or average failure rate in each treatment group. For
two treatment arms with nA and nB patients, respectively, the
average failure rate for treatment arm A is IA = DA/T̄A, where
T̄A = SnA

i=1Ti, the sum of times to event or censoring for each
patient, and DA is the total number of events in arm A. For
IB similarly computed, HR = IA/IB. More commonly, the HR
is estimated via the Cox proportional hazards model,66 which
relates the hazard of failure to covariates through the 
equation

(4)

where l0(t) is an unspecified “baseline hazard” and the x’s rep-
resent covariates, which may include indicators for treatment
group and other factors. For example, for a single covariate,
x1, representing treatment group with x1 = 0 for the standard
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TABLE 8.5. Prototypical Phase III trial data and safety monitoring
committee.

Membership (voting members,
external to trial) Additional attendees

Physicians Trial statistician
Statisticians Trial coordinator
Patient advocate Trial chaira

Medical ethicist Sponsor representativesa

Review Scope:

— Patient accrual, reporting delinquency and patient withdrawals, treatment
compliance, data quality

— Adverse events
— Treatment efficacy endpoints
— Other relevant materials, including confidential reports provided by other

investigators

Decision to stop/alter trial conduct and/or release findings may be based on:

— Evidence of benefit or harm according to monitoring guidelines or adverse
events (expected or otherwise) observed in the trial

— Evidence of little likelihood that treatment difference will be realized
— External information that raises concerns regarding the scientific, clinical,

or ethical assumptions on which the current trial was based
— Poor likelihood of trial yielding meaningful findings due to problems with

accrual, compliance, or patient retention
aNote that these individuals are typically excluded from discussions of interim
efficacy data, although there is currently some debate regarding this issue.



treatment and x1 = 1 for the new treatment, l0(t) exp(b1)/l0(t)
= exp(b1) equals the HR. From this model, a significance test
for HR = 1.0 and confidence interval for the HR are obtained.
With additional prognostic factors included in the model,
exp(b1) gives the HR adjusted or controlling for these factors.
Prognostic factor analysis using this model or other tech-
niques often follows primary analysis of Phase III trials. The
modeling process, which entails deciding which factors to
include, determining the correct way to represent a given
factor (i.e., in categories, on a continuous scale, and so forth),
consideration of interrelationships (e.g., interactions) among
factors, and many other issues, can be complex, as can using
model results for prediction of individual patient outcomes
or classification into prognostic risk classes. A comprehen-
sive review of current modeling methods applied to oncology
data is provided by Schumacher et al. in Reference 1.

One important issue concerning the HR and tests used to
compare hazards pertains to how failure events occur over
time in the groups being compared. The proportional hazards
condition, whereby the HR is constant over time, is implicit
in the previously described model (hence the name). Under
this condition, the quantity loge (SA(t))/loge(SB(t)), where SA and
SB are the KM estimates at time t in the two treatment groups,
will be approximately the same at different time points on
the survival curves. Note, however, that under this condition
the absolute difference in proportions event free from the KM
curve will not be constant, but in fact the curves will diverge
over time. The log-rank test65 gives equal weight to failure
events across the time span and is the optimal test under 
proportional hazards. For failure patterns that deviate from
proportional hazards, there are a number of alternatives to the
log-rank test that are more sensitive to differences between
survival curves. The Wilcoxon67 test places more weight on
failures occurring early, and so is more sensitive to the case
where survival curves separate early but may later converge.
Other tests also tend to weight earlier failures,68,69 and a gen-
eralized class of tests exists that encompass the standard log-
rank and Wilcoxon test as well as tests with other weighting
schemes.70 Choice of test should be determined by whether
there is specific interest in or expectation that differences will
emerge under some pattern other than proportional hazards.
In any case, when different tests differ, it is usually the case
that the treatment effect is changing over time and thus a
single HR may be an inadequate summary, and separate HR
estimates for specific time intervals may be more appropri-
ate. One of several formal tests for proportionality can be used
when there is empirical evidence of nonproportionality from
the KM curve plot. Heuristically, a single HR under strongly
nonproportional hazards is akin to the mean of a highly
skewed distribution, in that it may be computed but does not
serve as a readily interpretable summary of the data. Figure
8.2 illustrates how statistical tests may differ under some 
different patterns of failure among survival cures being 
compared.

Another issue with KM survival curve displays relates to
the follow-up period shown. Often the curves are plotted until
a time point for which very few patients are under observa-
tion. This practice can create the misleading illusion of a large
expanse between the curves, when in fact variability on the
estimated proportion event free when few patients remain is
very large, and if a few patients or even one patient were to
fail, the estimate would change substantially. It is more
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FIGURE 8.2. Examples of survival curves exhibiting different
failure patterns. Data are generated from hypothetical data with 500
subjects per group. In comparing curves, the Wilcoxon test gives
greater weight to earlier failures, whereas the log-rank test weights
failures equally throughout follow-up. (A) Curves follow the propor-
tional hazards pattern. The hazard ratio is constant (HR = 2.0). (B)
Curves show a violation of proportional hazards, converging over
time as the hazard ratio becomes smaller. (C) These curves also are
nonproportional, separating later in follow-up.



is that combined trial estimates based on heterogeneous treat-
ment regimens may be able to illustrate only a proof of prin-
ciple (for example, “multidrug chemotherapy is effective”),
which may be of limited use for specific clinical questions,
such as which regimen to use. Furthermore, comparisons of
different regimens from data aggregated across trials are
subject to all attendant limitations and biases of observa-
tional studies. Despite these and other limitations and 
pitfalls,74,75 meta-analyses are a valuable complementary
research strategy that has been influential in cancer treat-
ment. An excellent example of the methods and data sum-
maries used in meta-analysis in oncology can be found in the
reports of the Early Breast Cancer Trialists’ Collaborative
Group.76

Bayesian Approach

As in the case of Phase I and II trials, Bayesian statistical
methodology is increasingly being applied to various aspects
of Phase III trials. In study design, a Bayesian approach to for-
mulating the sample size in terms of the questions (1) “what
treatment effect might realistically be realized with a new
regimen?” and (2) “what magnitude of effect would prompt
the current standard to be supplanted?” provides a useful
framework that more closely resembles clinical practice.77,78

In trial monitoring, the use of “skeptical” and “optimistic”
prior distributions introduced earlier, considered in conjunc-
tion with accumulating trial results, provides a rational
means to determine whether current results are sufficiently
convincing to justify early stopping.79
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appropriate to plot the curves and cite proportions event free
only at time landmarks that most of the patients who remain
event free have reached.

Some Additional Topics

Confirmatory Trials and Meta-Analyses

Because of the planning, infrastructure, cost, and time
required, Phase III trials are carefully designed to avoid equiv-
ocal findings, and thus provide definitive evidence for or
against changes in therapy standards. Nonetheless, questions
regarding the treatments under evaluation will invariably
remain unanswered, and thus there is an important role for
replicated (referred to as confirmatory) trials and the synthe-
sis of similar trials into a coherent body of evidence. This is
particularly important for clinical decision making, where
evidence from trials must be weighed in relation to an indi-
vidual patient’s utility for various treatment options. For the
small to moderate benefits seen for most cancer treatment
advances, these confirmatory trials may in fact be necessary
to effect change.71,72 Although costly to obtain, such corrobo-
rating evidence can contribute greatly to practice changes, as
the qualitative value of multiple trials with similar findings
cannot be understated. It is also not uncommon that repli-
cated trials fail to obtain similar results, providing an oppor-
tunity for closer scrutiny of differences between trials and
their potential breadth of applicability.

A more formal quantitative means of combining evidence
from trials is by meta-analysis, a widely used analytic tool in
many areas of social and medical science. Meta-analysis refers
to a process whereby data from independent studies are com-
bined to form a quantitative summary estimate of a given
effect. Randomized trials are in fact more suited to meta-
analysis than nearly all other research designs, as there is
likely to be considerable similarity in disease definitions,
study design features, classes of therapeutic agents or proce-
dures, and endpoints, and this information is increasingly
well documented in trial reports.73 Meta-analyses were ini-
tially carried out by extracting effect estimates from pub-
lished literature and combining these into a single estimate
using statistical techniques, but in medical meta-analysis
studies, it is usually considered necessary to obtain patient-
level data from each trial, a laborious process that necessar-
ily includes seeking data from unpublished trials to avoid the
“publication bias” toward positive findings. Once these data
are acquired and standardized for a common endpoint, the
individual trial effect measures (i.e., hazard ratios) may be
combined using an appropriate statistical model into a
summary effect estimate. Results of each trial are also pre-
sented, as well as tests for evidence of significant hetero-
geneity among trials, in which case a single summary
measure may be inappropriate and thus omitted. Often, a
quality weight measure based on design features is assigned
to each trial, providing a natural opportunity to evaluate trial
quality.

A principal advantage of meta-analyses is the ability to
evaluate consistency among trial findings and possibly
uncover small but clinically meaningful treatment effects
that were not statistically significant in any one trial
(although the meta-analysis is generally not considered the
equivalent of an adequately powered RCT). One disadvantage
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Ethics of Clinical
Oncology Research
Manish Agrawal, Lindsay A. Hampson, 

and Ezekiel J. Emanuel

ver since the earliest days of cancer research, ethical
issues have been integral. In 1891, a French physician,
Victor Cornil, reported that to determine whether

cancer was contagious, a small section of breast tumor
removed from the breast of one woman was implanted in her
contralateral noncancerous breast. The surgical resection and
implant were conducted when the patient was anesthetized
and without the patient’s consent. When this research study
was initially reported it was condemned “as criminal.”1 In
1892, another cancer surgeon, William Coley, was conduct-
ing studies to determine whether “artificial erysipelas”
(induced inflammation) would have antineoplastic effects. In
describing one patient with a sarcoma, he noted that initially
the patient was most reluctant to undergo the treatment. But
“after some deliberation he consented, and on the 21st of
April 1892 I began inoculations.” Since that time, there has
been substantial thought about the ethical issues involved in
clinical oncology research, producing both more systematic
analyses and important empirical data relevant to these
issues. We delineate a general framework for analyzing the
ethics of clinical research studies and then examine ethical
issues involved in individual topics: (1) randomization and
clinical equipoise; (2) informed consent; (3) Phase I oncology
research; (4) stored biologic samples; (5) genetic testing; and
(6) conflict of interest.

General Framework

Clinical oncology research must fulfill eight ethical require-
ments (Table 9.1).2,3 First, research must reflect a collabora-
tive partnership between researchers and the community
from which participants are drawn.4 Typically, a collaborative
partnership is manifest in support from patient advocacy
groups and the public for research funding, as well as inclu-
sion of lay or patient representatives in research advisory and
oversight boards such as institutional review boards (IRBs).
Second, the research must be socially valuable, addressing
meaningful gaps in therapy or scientific understanding.5 “Me-
too” studies confirming well-known findings are unethical.
Third, the study must be conducted to generate reliable and
valid data so that there is a reasonable chance the data will
be able to advance therapy or contribute knowledge. Trivial
questions, invalid or biased methods, and poor statistical
techniques are unethical because worthless science cannot

justify any risk or inconvenience to research participants.
Consequently, there is no conflict between science and
ethics. For research to be ethical, it must be good science.

Fourth, subject selection must be fair.6,7 The eligibility
requirements and recruitment strategies must be defined by
the scientific objectives of the research study, not by social
vulnerability or status. After scientific objectives, individuals
likely to experience lower risks and greater benefits should
be considered for recruitment and enrollment. It is not per-
missible to enroll privileged individuals preferentially in
studies that are perceived to be especially promising. It is
unreasonable to recruit individuals of a certain group into a
study for convenience alone, when the conduct or results of
that study would not benefit that group. Fortunately, unfair
subject selection is rarely a problem in cancer research, where
recruitment is necessarily tied to the disease under study.
Fifth, the research must have a favorable risk-to-benefit ratio.
Although risks can rarely be eliminated, they should be min-
imized. Similarly, the potential benefits to the participants
and to future patients should be enhanced. When the bene-
fits to individual participants are minimal, the risks are 
justified by the benefits of advancing knowledge for society.
Sixth, research must also undergo independent review by a
committee of peers and laypersons, such as an institutional
review board (IRB). Such review is intended to provide unbi-
ased evaluation of the scientific and ethical aspects of
research as well as institutional and public accountability for
that research.

Seventh, subjects must offer their informed consent to
participate in research.8,9 Informed consent has four require-
ments: (1) competence of the research participant to make
decisions; (2) disclosure of relevant information by the
researcher; (3) understanding of the information by the par-
ticipant; and (4) voluntary consent by the participant to
enroll. When participants lack competence, such as in pedi-
atric research, permission from a surrogate is generally
required. Finally, respect for persons does not end with
informed consent. Researchers must respect the participants’
rights to privacy and to relevant new findings and recognize
the continued voluntary nature of participation in the study.
Most importantly, researchers must monitor the health and
well-being of research participants and intervene when it is
threatened.

Each of these eight requirements must be satisfied; that
is, all are necessary, although in particular circumstances,
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such as mental incompetence or emergency research, the
consent of the individual research participant can be waived.
Furthermore, these principles are universal; they apply to
research in all countries, although precisely how they are ful-
filled may vary depending on the particular economic, social,
and cultural circumstances. For instance, in cultures in which
signatures are not the common form of consenting, other
mechanisms may be used.10 Finally, in designing any partic-
ular research study, tensions between the principles may
arise. Different principles may have to be balanced against
other principles; for some studies, lowering risk may have 
to be balanced against scientific validity or social value. 
Such balancing is inevitable. It means that there can be
several different ethically acceptable ways to conduct a
research study.

Randomization and Clinical Equipoise

Randomized controlled trials (RCTs) permit the comparison
of standard care with one or more new interventions. RCTs
are the gold standard of clinical research. Controls and some
form of randomization have been used for about 100 years,11

although the first modern randomized, placebo-controlled
trial was conducted only in 1948 to evaluate streptomycin for
pulmonary tuberculosis.12 There are many concerns about the
ethics of randomization, including the need for researchers to
suspend their suspicions about what treatment is superior
and to follow a protocol rather than provide individualized
care.13 In addition, randomization is probably the aspect 
of informed consent most commonly misunderstood by
research participants.

Controlling for factors that are unknown but might influ-
ence outcomes is the scientific justification for randomiza-
tion. Clinical equipoise is the dominant ethical justification
for randomization.14–16 Originally, the concept of theoretical
equipoise was articulated as a justification for RCTs.17 Theo-
retical equipoise held that it was ethical to conduct a ran-
domized research study when there was exactly balanced
evidence for the various interventions being tested. Theoret-
ical equipoise has many problems. Rarely is the evidence
exactly balanced. It is “overwhelmingly fragile . . . balanced
on a knife’s edge [because] it is disturbed by a slight accretion
of evidence” for one intervention or the other.14 Furthermore,
it relies on the personal views of individual physicians; it
requires each physician who enrolls a patient to be in a state
of uncertainty about which intervention is better—a situa-
tion that rarely occurs.

In 1987, as an alternative, Freedman proposed clinical
equipoise.14 It is based on the recognition that the purpose of
a clinical trail is social, to change standards of medical prac-
tice within the community. Consequently, clinical equipoise
exists when there is uncertainty or disagreement among 
the expert medical community about which intervention is
better. An RCT is conducted to resolve this uncertainty
within the medical community. Clinical equipoise is the
ethical manifestation of the statistical dictum that an RCT
must begin with an honest null hypothesis.14 More impor-
tantly, “clinical equipoise is consistent with a decided treat-
ment preference on the part of the investigators. [Physicians]
must simply recognize that their less-favored treatment is

preferred by colleagues whom they consider to be responsible
and competent.”14 Thus, it is the absence of consensus among
the medical experts about the best intervention that ethically
justifies the research study.

One virtue of clinical equipoise is that it rejects special
ethical significance for any individual physician’s hunch or
intuitions about what is best. It relies on data, not on emo-
tions. This approach can help convince patients that a trial is
just as good an option as any alternative. Indeed, when there
is clinical equipoise, then, at the start of the trial, whatever
arm the patient is randomized to, should be as good as any
other arm; all arms could be said to be in the patients’ best
interest. The recent experience with the trial of bone marrow
transplantation for breast cancer should emphasize to the
oncology community the dangers—ethical, scientific, as well
as for individual patients—of relying on feelings rather than
data from RCTs to choose what treatment to receive.

One important empirical question is whether clinical
research does adhere to clinical equipoise. If it did, we should
find that in many trials there is no difference between the
new intervention and standard care, and that the numbers of
trials demonstrating that the intervention arm is superior to
standard care should be comparable with the number of trials
demonstrating the superiority of standard care. The few meta-
analyses that exist suggest that intervention arms are shown
to be superior more frequently than standard care arms (Table
9.2).18,19 Indeed, at least some data suggest that there is an
equal balance between studies that show superiority of the
intervention arm and those showing superiority of standard
therapy when research is sponsored by government agencies.
However, when sponsored by commercial organizations, the
innovative interventions were significantly more likely to be
proven superior. These data suggest that at least when com-
mercially sponsored, there may be too high a threshold for
testing a new intervention in an RCT; that is, researchers ini-
tiate a new RCT when there is more than sufficient evidence
favoring the new intervention’s effectiveness. This choice
may be explained by the fact that launching an RCT is costly
both in terms of effort and resources. Because of the costs, the
research community may hesitate to initiate RCTs except
when there is substantial evidence supporting the new 
intervention.20

Although clinical equipoise seems to solve many ethical
problems with randomized control trials, some residual prob-
lems remain. For instance, why is a P value of 0.05 the level
at which the community of medical experts is convinced that
one intervention is better than another? Similarly, when the
trial is nearing full accrual, clinical equipoise may not hold
as data may suggest one arm is better than another. In such
circumstances, there may be questions about the ethics of
enrolling additional participants, even if the P value is not
0.05.

Informed Consent

Informed consent is an important element of ethical clinical
research and is the most extensively empirically studied
aspect of research ethics.21–27 As noted earlier, to have valid
informed consent requires fulfilling four elements: (1) com-
petence, (2) disclosure, (3) understanding, and (4) voluntari-
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ness.2 The published studies have predominantly focused on
understanding, by evaluating what research participants
understand and what are their motivations (Table 9.3).26,28

Disclosure of information and voluntariness are less well
studied.27,29–31

Limitations of the Empirical Data on 
Informed Consent

Despite the emphasis placed on informed consent and the
numerous empirical studies, the reliability of conclusions is
limited by five serious methodologic problems. First, there
are no standard instruments to measure the domains of
informed consent. Thus, there are varying and inconsistent
methods and outcome measures, and the questions asked
vary considerably from study to study. Although there are
some proposed measures, none are widely accepted, such as
the SF-36 for measuring quality of life.32,33 This limits the
comparability and generalizability of the available data.
Second, there is confusion as to what should be measured.
Studies claiming to assess understanding are often measuring
motivations, recall, or voluntariness, none of which are
understanding. For example, questions asking about the
purpose of a study do not distinguish between the investiga-
tor’s purpose for conducting the study from the purpose a par-
ticular individual may have for participating in the study.
Third, the studies tend to be small; they usually involve fewer
than 100 participants and are from single institutions.

Fourth, there is important variability in the timing of the
assessment of understanding. Measuring understanding on
the day a research participant decides to enroll in a study
assesses understanding at the ethically key moment of deci-
sion making. Conversely, measurements made a week or
more after signing consent assesses memory or recall rather
than understanding. Such assessments may result in differ-
ences that could be completely due to the delay in assessment
and have nothing to do with the quality of the informed
consent process. Finally, insufficient attention has been given
to the diversity of study contexts. Issues pertinent for
informed consent in a randomized control trial for cancer
differ from than those for a Phase I cancer trial, or an epi-
demiologic study, yet these differences are rarely addressed.28

For example, asking a person their understanding of the
chances they might benefit by enrolling in a randomized
control trial of adjuvant therapy for breast cancer is not com-
parable to asking a person enrolling in a Phase II study of a
single agent for metastatic breast cancer. In the adjuvant sit-
uation, the goal is cure, whereas in the metastatic setting the
goal is palliation. Thus, a single study attempting to evaluate
understanding in patients in these different research contexts
is difficult to interpret.

Data on Informed Consent

Despite these limitations, three consistent results emerge
from the published studies on informed consent. First, some
problems exist with the informed consent process as it is cur-
rently practiced.23,34 In some cases, disclosure seems to be
inadequate. Several studies have suggested that although reg-
ulations are being followed, informed consent documents
have become increasingly unreadable, lengthy, and uninfor-
mative.22,35,36 These studies have found the forms written at
the level of scientific journals rather than at an acceptable
8th-grade reading level.35,36 Another study evaluating disclo-
sure by asking European investigators their practice of obtain-
ing consent found that 12% failed to inform their patients
about the trial before randomization, 38% reported not
always telling patients that they had been assigned their treat-
ment randomly, and 5% never sought consent.37 However, in
the Phase I setting the available data suggest disclosure may
be better. The only study evaluating the substantive content
of Phase I oncology consent forms found that 99% of 272
forms explicitly stated the study was research and that in
86% this statement was prominent.38 Furthermore, 92% indi-
cated safety testing was the research goal. Overall, the mean
length of the risks section was 35 lines in contrast with 4
lines as the average length of the benefit section; and 67% of
the forms mentioned death as a potential consequence of par-
ticipation in the study, whereas only 5% mentioned cure as
a possible benefit. Only 1 consent form indicated that any
benefits were expected. In a different study, evaluating dis-
closure during the physician-patient discussion in the Phase
I setting, Tomamichel et al. reported that the lack of known
treatments and the investigational nature of the Phase I

ethics  of  cl inical  oncology research 1 3 1

TABLE 9.2. Data on adherence to clinical equipoise in randomized controlled trials.

% % showing %
favoring equality between favoring

Year innovative innovation and standard
Author published Disease(s) Studies therapy standard therapy therapy Comments

Djulbegovic 2000 Multiple Myeloma 136 reported between 29% 59% 12% Commercially sponsored 
et al.18 1996 and 1998 trials were significantly 

more likely to favor new 
innovative therapy arms
(74% vs. 26%; P = 0.004).
Studies funded by 
nonprofit organizations 
showed no difference
(53% vs. 47%; P = 0.61)

Joffe et al.19 2004 Adult cancers 103 from two U.S. 29% 68% 3% Mean effect size = 1.19
cooperative cancer (95% CI, 1.12–1.27), 
groups between 1981 favoring innovative 
and 1995 therapy arm.
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oncology study were verbally stated by physicians to 
cancer patients in more than 90% of consultations and 
the lack of sufficient knowledge of toxicity of the drug 
in more than 80%.39 Two other studies report similar 
findings.40,41

Several studies have focused on evaluating understanding
by the research participant and found that the participants did
not understand various aspects of the study.28,42 For example,
a study by Penman et al. of 144 cancer patients participating
in trials at academic cancer centers found that participants
did not fully understand toxicity;42 participants recalled an
average of 3 risks when the consent forms mentioned an
average of 11 risks. More importantly, participants tended to
recall the minor toxicities, such as hair loss, rather than major
potential toxicities.

Studies evaluating understanding have consistently found
that participants most frequently fail to understand details of
research design. In a study of 299 Finnish patients with breast
cancer enrolled in a randomized control trial of hormonal
treatment, 51% thought the doctor had chosen the therapy.43

More recently, Joffe et al. reported on 207 patients enrolled in
Phase I, II, and III oncology studies surveyed 3 to 14 days after
consent.19 Overall, 75% of participants knew that the main
reason cancer trials are done is to improve the treatment of
future cancer patients, while 71% reported that they may not
experience direct medical benefit from participating in the
clinical trial, yet 48% thought the treatments and procedures
were standard for their type of cancer. The understanding
aspect of informed consent in Phase I oncology trials has been
the most extensively studied area of Phase I ethics research.
Most participants in Phase I oncology studies are motivated
to participate by hopes for stabilization, improvement, or
even cure of their cancer (see Table 9.3).44–48 This observation
has been widely interpreted to suggest patients have deficient
understanding of the objectives, benefits, and risks of Phase I
research. However, the data also show that patient decisions
to participate may reflect a motivation to maintain hope in a
difficult situation rather than misunderstanding of the infor-
mation.44 For example, although Daugherty et al. found that
85% of patients were motivated to participate for possible
therapeutic benefit, 78% were either unwilling or unable to
state whether they believed they personally would receive
benefit from participating in a Phase I trial.49 Similarly, Itoh
et al. found 63% of the participants did not expect any benefit
but wished to participate anyway.41 The largest study evalu-
ating understanding by Meropol et al., which asked Phase I
participants how confident they were being among those who
would benefit, found only 27% thought they would definitely
benefit from participating in research.48

Second, several intervention studies have been conducted
in an attempt to improve the informed consent process. Three
broad types of interventions have been tried: (1) modifying 
the consent form, (2) augmenting the discussion between
research participants and investigators, and (3) using a multi-
media or computer-based intervention.22,50 Regardless of the
approach, the majority of the studies have not shown mean-
ingful improvements in the understanding of research partic-
ipants. The major exception is by Aaronson et al., finding that
using a telephone-based nursing intervention could improve
participants’ understanding.50 About 15% to 20% of partici-
pants in the intervention group showed improvements in the
level of their understanding of side effects, trial objectives,

and randomization. It should be noted that although studies
using consent forms have failed to show a consistent and sub-
stantial improvement in understanding, they may still be
important to research participants. Joffe et al. found that 
84% read the consent carefully and 86% found it easy to
understand.28

Finally, despite deficiencies, virtually all the studies
report that research participants are generally satisfied with
the informed consent process.23,42,51–53 Hietanen et al. reported
that of 299 breast cancer patients, 68% thought they had
enough time for decision making and 87% were happy with
their decision to participate.43 Similarly, Verheggen et al. eval-
uated 198 research participants in 26 clinical trials, finding
that the majority of participants were “quite satisfied with
the oral and written information disclosure.”51 Daugherty 
et al., Tomamichel et al., and others report more than 95%
satisfaction in the informed consent process by research 
participants of Phase I oncology trials.28,39,49

Future Directions in Research on 
Informed Consent

That a discrepancy seems to exist between what patients
understand and their satisfaction with the informed consent
process poses several research issues. First, what individuals
should understand when they decide to participate in research
needs to be clearly delineated and justified. As there is not
agreement of what constitutes good informed consent, it is
difficult to judge the current informed consent process. Some
argue understanding of purpose, methods, risks, benefits, and
alternatives to the research are essential components of valid
informed consent. Others lessen the importance of under-
standing and argue good faith effort at disclosure in nontech-
nical language is all that is required for valid informed
consent even if patients ultimately do not fully understand.
Furthermore, the standards of valid informed consent need to
be defined in different research contexts, because what is
required for patients to understand may be different depend-
ing on the context of the particular study. For example, in a
natural history trial studying factors leading to health dis-
parities, good disclosure may be all that is required. Con-
versely, in a study involving bone marrow transplant with
high-dose chemotherapy, total-body irradiation, and a high
chance for peritransplant mortality with a potential for pro-
longed and numerous hospital admissions, a more complete
understanding may be more important. Second, what infor-
mation matters to individuals when making decisions about
participating in research needs to be further studied. One
reason research participants may not understand certain
aspects covered in informed consent is that the details are not
that important to or salient for them. If research design is
unimportant to research participants’ decision making, then
it may be difficult, and even unnecessary, to improve their
understanding of it.

Besides those discussed previously, in the Phase I context,
two issues are particularly important for further research.
Studies that delineate between issues of understanding and
those of motivation are needed. More importantly, research
that evaluates the role hope plays in patients’ decisions to par-
ticipate and whether this hope should be fostered or damped
is needed.
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Phase I Oncology Studies

Phase I oncology studies are critical to the development of
drugs that fight cancer because they are the primary process
by which basic research is translated into clinical applications
that could potentially lead to larger clinical trials and effec-
tive cancer therapies. There are two fundamental ethical 
concerns about Phase I cancer research: the risk–benefit ratio
and quality of informed consent.30,31,42,54–56 Data regarding the
risk–benefit ratio are reviewed here, whereas the data on
informed consent in Phase I studies were discussed earlier
under the section on informed consent.

Risks and Benefits of Phase I Oncology Studies

The risks and benefits of Phase I oncology studies have been
primarily derived from meta-analyses looking at response
rates and mortality.57,58 The two largest published meta-analy-
ses of Phase I studies report on trials conducted between 1970
and 1987; they reveal response rates of approximately 5% and
mortality of 0.5% (Table 9.4).57,58 Although there have been a
few other meta-analyses, they are limited by including only
single-institution studies, evaluating only a few trials, and
not evaluating trials published in the past decade (Table
9.4).59–63 Consequently, neither the newer compounds cur-
rently being evaluated, such as antibodies, vaccines, immuno-
toxins, and antiangiogenesis factors, nor improved supportive
care measures are reflected in the commonly cited response
rate of 5%. More recent data suggest that the response rates
may be higher. A recent meta-analysis of 477 Phase I studies
sponsored by the Cancer Therapy Evaluation Program (CTEP)
at the National Cancer Institute between 1991 and 2002,
including 10,867 participants, reported a response rate of 4%
for trials with one investigational agent but an overall
response rate of 12.2% for all types of Phase I trials, includ-
ing those escalating doses of proven therapies.64 In addition,
another meta-analysis looking at all studies published in 
2002, reports an overall response rate of 18%.65 With the
exception of a few agents such as cis-platinum for testicular
cancer and imatinib mesylate for chronic myeloid leukemia,

which produced a complete hematologic response rate of
98%, of which 96% lasted beyond 1 year, there are few data
on the impact of Phase I oncology studies on other clinical
parameters of benefit such as overall survival or symptom
control.66–68

In regard to risks, the published meta-analyses report a
mortality of 0.5% and the more recent meta-analyses report
a slightly higher mortality of 0.7% to 1.3%.57,58,64,65 Besides
traditional risks such as mortality, toxicity, and survival, non-
medical risks are raised as risks that should be factored in the
risk–benefit ratio; these include frequent blood draws, radio-
logic evaluations, physician visits, and biopsies, all of which
require a substantial commitment of time and resources from
the patients and their families. However, it is unknown
whether such factors adversely affect outcomes and quality
of life of Phase I research participants. Similarly, there is a
concern that nausea, vomiting, and other debilitating side
effects are common; however, their overall frequency, sever-
ity, and impact on quality of life have been poorly docu-
mented. The few data that do exist on the quality of life 
effect suggest that despite the time commitment and side
effects, participating in Phase I oncology studies may actually
improve patients’ quality of life compared with the alterna-
tive of receiving supportive care.69–74

This result seems paradoxical. The improvement in
quality of life of cancer patients in Phase I trials may be due
to receiving psychologic benefit from participating in Phase I
studies.49 For some participants, the routine and regular
physician contacts reduce psychologic distress during a time
of great uncertainty. For others, it may allow them to exer-
cise their willpower in a situation they did not choose.45,75 In
addition, some also receive comfort from knowing they are
helping future patients with cancer.28,75,76 More clinical data
besides response rates and mortality are needed to fully char-
acterize the risks and benefits of participating in Phase I
oncology studies.

Besides obtaining a more complete picture of the
risk–benefit ratio of Phase I oncology trials, there are several
other research challenges. What criteria should we use to
define a favorable risk–benefit ratio for Phase I oncology

TABLE 9.4. Response rates and death rates of Phase I oncology trials.

Total no.
of research Total no. No. of

agents of trials patients Total response Toxic death
Author Trial years evaluated evaluated evaluated rate rate Other

Decoster et al.57 1972–1987 87 211 6,639 4.5% 0.5% No
Estey et al.58 1974–1982 54 187 6,447 4.2% No
Smith et al.58a 1984–1992 NR 23 610 3% 1% Single

institution
Von Hoff et al.59 1970–1983 113 228 7,960 6.3% NR No
Itoh et al.60 1981–1991 38 56 2,200 4% NR Japanese

studies only
Sekine et al.63 1976–1993 399 12,076 4.1% Single-agent

studies only
Bachelot et al.62 1986–1993 9 154 6% 0.6%
Han et al.61 1991–2000 16 16 420 15% UK studies

only
Horstman et al.64 1991–2002 477 10,687 12.2% 0.68%
Agrawal et al.56 2002 125 2,830 18% 1.3%
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studies? Who should decide what criteria to use to define a
favorable risk–benefit ratio?

To determine when a risk–benefit ratio is favorable or
unfavorable requires a standard of evaluation, and one appro-
priate for patients with advanced cancer whose health will
most likely deteriorate and who will die, yet no standard has
been explicitly articulated. Indeed, determining risk–benefit
ratios is one of the most important, but least developed, areas
of determining the ethics of research trials.2,77–79 One approach
could be to elucidate a standard based on socially accepted
determinations of risk–benefit ratios already used for cancer
treatments, such as in FDA approval of cancer agents. For
example, high-dose interleukin 2 (IL-2) is the only FDA-
approved treatment for metastatic renal cell carcinoma. This
IL-2 regimen has a response rate of 14% (5% complete
responses, 9% partial responses), with a median response
duration of 20 months.80 The possible toxicities of IL-2 are
substantial, including a sepsis-like syndrome, requiring judi-
cious use of fluids and vasopressor support to maintain blood
pressure while avoiding pulmonary edema from capillary
leak. Other chemotherapy treatments, such as gemcitabine,
are the FDA-approved treatment of choice for metastatic 
pancreatic cancer, despite a 5.4% response rate, because of
demonstrated quality of life benefits.81 Thus, an explicit stan-
dard, or at least a reasonable approach by which to judge a
risk–benefit ratio of Phase I studies, is needed to meaningfully
discuss whether a particular risk–benefit ratio is favorable or
unfavorable.

Research with Stored Biologic Samples

As information about activation of genes and expression of
proteins in cancer tissues becomes more central to oncology,
use of stored biologic samples has become an ever more
important aspect of clinical oncology research. Over the past
decade or so there has been great controversy about when and
under what conditions it is ethical to conduct research with
stored biologic samples. In 1995, the ELSI-DOE Working
Group suggested that all research with stored biologic
samples be reviewed by an IRB and that, to show respect for
persons, consent should be obtained to use the sample even
if not strictly required by the federal research regulations.82

Subsequently, other groups have advanced other positions.
The American Society of Human Genetics argues recontact
for consent is unnecessary for research using previously
stored samples, provided the risks are minimal.83

In addition to the disagreements about whether consent
should be obtained at all, there are disagreements about what
individuals should have to consent to. The National Action
Plan on Breast Cancer recommends asking individuals to
consent to future research on the disease being studied and
separately to consent to research on other diseases.84 The
National Bioethics Advisory Commission (NBAC) argues
that individuals should be offered six choices, including
allowing individuals to authorize future research on the same
disease, but requiring recontact for consent for research on
other diseases.85

This disagreement has produced uncertainty about what
the ethical requirements are and worries that research is
being stymied. Regarding samples to be prospectively col-
lected, the ethical principle of respect for persons suggests

that consent should be obtained. However, there is a further
question of what the person should consent to. Respect for
persons alone does not determine how many or which
choices individuals should be asked to consent to. For these
issues, we need empirical data revealing which choices indi-
viduals find as expressions of respect. Similarly, for previously
collected samples that lack consent, the question is, what
procedures demonstrate respect for persons. Given these
questions, empirical research is essential to determining
when and how to obtain consent for research with stored
samples.

Although the available data are limited, they indicate that
research participants are willing to have their biologic
samples used for all kinds of research (Table 9.5).86–89 Indeed,
these data suggest multiple questions on the consent form 
are unnecessary. Based on these data, it has been suggested
that it is sufficient to prospectively ask research subjects 
to consent to any type of research with their stored 
biologic sample.86 It has also been suggested that previously
collected clinical samples can be used in research when
anonymized, based on presumed consent with an opt-out
when feasible.

Genetic Testing

Rapid advances in molecular biology resulting from new ana-
lytical techniques combined with detailed knowledge of 
the human genome, offer the opportunity of discovering the
genetic basis of many cancers.90 As basic research into the
genetic basis of cancer progresses, the clinical testing of
cancer genes is becoming more common.91 Two ethical issues
with genetics testing research are particularly relevant: 
confidentiality and informed consent.

A fundamental aspect of respect for human persons is 
protecting confidentiality. The available research suggests
that maintaining confidentiality is a real concern of potential
research participants. For example, in a study in which
Hadley et al. offered genetic testing to 111 eligible first-degree
relatives of patients with hereditary nonpolyposis colon
cancer (HNPCC), 51% chose to participate.92 Fears of dis-
crimination and concerns about psychologic issues were
major barriers to testing. A study by Armstrong et al. of
BRCA1/2 testing found similar concerns about job and insur-
ance discrimination.93 Worries about job and insurance dis-
crimination are concerns for family members, and safeguards
should be in place to protect confidentiality. Research on how
valid these concerns are and how frequent breaches of confi-
dentiality involving genetic tests in research occur would be
helpful. If they are uncommon, dissemination of such infor-
mation might increase enrollment into genetic testing
research studies, and if they are common, it would help
develop safeguards to protect confidentiality.

A second important issue surrounds informed consent
and genetics testing. In the context of genetics testing
research, it is particularly important for research participants
to understand the implications about genetic testing because
of its potential psychologic impact on individuals.94 Indeed,
the data suggest individuals with depressive symptoms are
less likely to participate in genetic testing. A study by Lerman
et al. of 208 members of four extended (HNPCC) families
reported that those with symptoms of depression were four



times less likely to obtain testing.95 Biesecker et al. reported
similar findings in a study of psychosocial factors effecting
genetics testing decisions among BRCA1/BRCA2 families.94

Furthermore, informed consent is also exceptionally impor-
tant in genetics testing research because there is no real
option of going back once the results of the test are known.
Thus, individuals who do not really understand the potential
impact of knowing they are carriers of a gene that predisposes
them to cancer could potentially suffer long-term conse-
quences. However, with the current emphasis on genetic
counseling and the importance placed on it, valid informed
consent may already be in place.

Data on risks and benefits of genetic testing would be
helpful in genetics testing research. For example, there is a
perception of a potential tremendous psychologic burden from
knowing the results of genetic tests, but there are few long-
term data on how such knowledge affects quality of life, the
impact of increased interaction with physicians, and poten-
tially more testing and follow-up. Data on the effects on other
family members and family dynamics would also be helpful.

Conflict of Interest

After the Gelsinger case at the University of Pennsylvania
and multiple cases at Fred Hutchinson Cancer Center, much
attention has been focused on the financial conflicts of 
interest of clinical researchers in general and of oncology
researchers in particular.96,97 This controversy raises five 
fundamental questions: What is a conflict of interest? How
frequently do researchers have a financial interest in their
own clinical research? Do financial interests distort the
design, conduct, or dissemination of research data or com-
promise patient safety and well-being? How should they be
regulated? How well do the safeguards work?

What is a conflict of interest? All professionals have
primary interests that define and orient their professional

activities. Teachers’ primary interest is to educate their stu-
dents. Judges’ primary interest is to ensure justice is served
for plaintiffs and defendants. Physicians’ primary interests are
to promote patient well-being and to teach medical students.
The primary interests of clinical researchers are to produce
and disseminate generalizable knowledge that will improve
health care for future patients and to ensure the health and
well-being of their research participants. In addition to these
primary interests, professionals also have secondary interests.
For a researcher, these could include publishing, gaining
recognition and fame, spending time with his or her family,
and obtaining a good income. These secondary interests are
not in themselves illegitimate or nefarious; in fact, secondary
interests can often be praiseworthy. What makes them prob-
lematic is their ability to unduly influence decisions about an
individual’s primary interest.98

A conflict of interest occurs when a secondary interest
distorts or appears to distort a judgment related to a primary
interest. In other words, a conflict of interest occurs when a
reasonable person could “believe that professional judgment
has been improperly influenced, whether or not it has.”98

Mere suspicion by a reasonable person that a professional
judgment is biased or unduly influenced is sufficient reason
for a conflict of interest to exist, regardless of whether an
undue influence has actually occurred. Conflict of interest
rules are meant both to ensure objectivity in professional
judgments by minimizing the likelihood such judgments will
be compromised and to minimize any harms that might
result from the bias if it does exist. Thus, the aim of conflict
of interest regulations is not to prevent secondary interests
altogether, but to prevent the secondary interest from influ-
encing or appearing to influence judgments concerning the
primary interest.98

How frequently do researchers have financial interest 
in their own clinical research? With the passage of the
Bayh–Dole Act in 1980, which granted universities and
medical schools the exclusive licensing rights to intellectual
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TABLE 9.5. Data on attitudes toward conducting research with stored biologic samples.

Percent permitting
research with their 
research-derived
stored biologic

Author Year Population Data source samples Comment

Wendler and 2002 504 Americans; 246 Survey of attitudes 87.9% (for anonymized 27.3% would require
Emanuel86 enrolled in Alzheimer’s samples collected as consent for research

research and 258 part of research) on clinically derived
Medicare beneficiaries samples that are

anonymized
Stegmayr and 2002 1,311 people 11 years Permission for genetic 93.0% 22.3% wanted

Asplund87 after blood sample research information about
collection in the each use of their
MONICA project sample

Malone et al.88 2002 5,411 individuals in Permission as part of 89.4%
ECOG cancer studies informed consent

2,154 individuals in Permission as part of 93.7% (cancer)
ECOG cancer studies informed consent; more 86.9% (other,

detailed form based on noncancer kinds
National Action Plan for of research)
Breast Cancer model
requiring three questions

Chen et al.89 2004 1,060 individuals enrolled Permission as part of 87.1% 6.7% refused future
in NIH studies informed consent research with stored

samples



property developed through federally funded research con-
ducted at their institutions, industry support of research grew
significantly.99 In 1986, 46% of all biotechnology firms sup-
ported research at universities; by 1996, the proportion had
doubled to 92%. As a result, universities’ share of new gene
patents increased from 53% to 73% between 1990 and 1999,
and at least 2,900 companies have been formed around an
innovation licensed from researchers at an academic institu-
tion since 1980.100,101 Consequently, from 1991 to 2000, the
income to universities from licensing grew from $121 million
to $997 million per year.99 Similarly, the fraction of clinical
research supported by industry grew from 32% in 1980 to
approximately 62% in 2000 while the federal government’s
share fell.102 This expansion by industry has many positive
effects for research and researchers, including providing
access to industrial facilities and databases, increased finan-
cial support for research, and use of industrial expertise.103

However, this increase in industry support and involvement
in research has also resulted in further opportunities for finan-
cial conflicts of interest in clinical research.

Financial relationships between industry and researchers
are common; studies suggest that between 23% and 28% 
of academic investigators in biomedical research receive
funding from industry.104,105 Probably the most well docu-
mented rates of researcher-industry relations are those of the
UCSF faculty, which consists of 900 PIs (principal investiga-
tors) in an institution with $374 million in National Insti-
tutes of Health (NIH) grants, placing it in the top five
institutions receiving NIH funding.106 In 1999, 7.6% of the
faculty reported having personal financial ties to their
research sponsors.106 Of these, 34% had occasional speaking
engagements, 33% had paid consultancy arrangements, 32%
served on boards of directors or scientific advisory boards, and
14% had equity in a company, with the mean value of the
equity being $100,000. Thus, although the prevalence of
faculty with financial ties to industry was relatively low,
those with financial interests often had multiple ties, some
of which involved substantial sums.

Do financial interests distort the design, conduct, or dis-
semination of research data or compromise patient safety and
well-being? In one bone marrow protocol at the Fred Hutchin-
son Cancer Center, 80 of 82 enrolled research subjects died
and the study investigators had $294 million of holdings in a
drug company sponsoring part of the research.97 Importantly,
this does not prove that the patients’ well-being was com-
promised by the potential conflict of interest, but it does raise
questions. In fact, the researchers were cleared of conflict of
interest allegations in a lawsuit that was brought against
them and Fred Hutchinson Cancer Research Center by the
patient’s families.107,108 Unfortunately, there are no data sub-
stantiating whether the financial interests of investigators
compromise the safety of research subjects. This conjecture
is difficult to establish, especially as there are no data on the
overall safety of clinical research.

Regarding the link between financial interests and
research design, the data indicate that industry-sponsored
research is certainly no worse methodologically than clinical
research sponsored by nonprofit organizations, such as the
NIH.109–112 Indeed, the data indicate that industry-sponsored
research studies may well be more methodologically rigor-
ous.18,113 In one study, industry-sponsored trials were more
likely to be double blind than trials with other sources of

funding.114 In another study that used a 100-point scale to
evaluate five criteria for methodological rigor—randomiza-
tion, outcome, inclusion/exclusion criteria, statistical analy-
sis, and report of the interventions—industry-sponsored trials
scored 73.1 while nonindustry-sponsored studies averaged
53.4 (P < 0.0001).115 Recently, Lexchin et al. comprehensively
reviewed studies that assessed sponsorship, design, and
conduct of research.116 They found that “none of the 13
[assessments in the literatures] reported that industry funded
studies had poorer methodological quality . . . Of nine [out of
13 assessments] that provided statistical analyses, four found
that drug company sponsored research had better quality
scores.” Thus, it appears that financial interests do not com-
promise research design.

Financial interests may, however, adversely affect data
collection and interpretation. Many studies have reported
that research funded by industry is more likely to be favor-
able to the industry’s experimental interventions than if the
research was funded by a nonindustry source. Of 11 meta-
analyses, 9 reported that industry-sponsored trials were sig-
nificantly more likely to give pro-industry results.102 Indeed,
when all studies were aggregated, having industry sponsor-
ship was associated with an odds ratio of 3.60 (95% CI,
2.63–4.91) for having a pro-industry conclusion. For instance,
Als-Nielsen et al. reported that among studies funded by for-
profit entities, 51% reported results favorable to industry,
whereas only 16% of studies funded by nonprofits generated
results favorable to industry.117 Furthermore, one report 
summarizing a number of randomized studies conducted in
multiple myeloma, found that 74% of industry-sponsored
trials produced results favorable to the industry’s new 
treatment, whereas only 53% of trials funded by nonprofit
entities generated results favorable to the experimental 
treatments.18 Specifically regarding oncology studies, 
Friedberg et al. reported that drug company-sponsored studies
were much less likely to report unfavorable qualitative out-
comes than studies funded by nonprofit sources (5% versus
38%).118

Importantly, such data do not necessarily demonstrate
bias or compromised studies. The fact that industry-
sponsored studies generate pro-industry results may reflect a
“pipeline” issue; that is, because conducting large research
trials is very expensive, industry tends to only undertake drug
trial studies when it is reasonably sure the results will be pos-
itive. Experimental interventions that are more uncertain or
may not generate huge profits may be terminated before large
randomized studies because of industry’s caution about
expending resources. This decision may ultimately deprive
society of important new interventions, but it does not con-
stitute a financial conflict of interest that might compromise
the integrity of the research design or the data collection and
interpretation. However, none of the reported studies links
industry funding to biased scientific judgments, which, in
turn, produce too many study outcomes favorable to the
funding industry. Just showing that industry-sponsored
studies generate pro-industry conclusions is insufficient to
demonstrate that financial conflicts of interest actually bias
the conduct of studies.

Nevertheless, there are data suggesting that industry
financial support does distort the judgment of researchers.
Stelfox and colleagues analyzed all published studies in
1995–1996 regarding the safety of calcium channel blockers
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in postmyocardial infarction patients.119 They found 70 
publications: 5 original research papers, 32 reviews, and 
33 letters to the editor. As Table 9.6 shows, researchers 
with a financial interest in a manufacturer of calcium 
channel antagonist, or even those with a financial interest in
any manufacturer, were significantly more likely to support
the safety of calcium channel blockers than researchers
without a financial interest. Indeed, this trend held true for
researchers with any type of financial interest in any phar-
maceutical manufacturer, including receiving honoraria and
research funding. The only time there was no association
between having a financial interest in any pharmaceutical
manufacturer and supporting the safety of calcium channel
blockers, was when the researchers’ financial interest was 
to have been employed by or served as a consultant to 
manufacturers.

Finally, there are data showing that financial interests do
alter dissemination of research results. A study of 42 placebo-
controlled trials of selective serotonin reuptake inhibitors
(SSRI) submitted to Swedish regulators found that, of the 21
studies showing positive effects of the drug over placebo, 19
were published, with the results frequently appearing in more
than 1 article. Conversely, of the 21 studies that showed no
difference between the experimental SSRI drug and placebo,
only 6 were published.120 Whether this is a result of the pub-
lication bias against negative studies at major journals or the
result of industry withholding negative data was not deter-
mined. However, a 1993 survey of 2,167 life science faculty
from the 50 universities receiving the most NIH funding
found that one-fifth of the faculty had delayed publication for
more than 6 months during the past 3 years to allow for
patent application or negotiation, to resolve intellectual prop-
erty rights disputes, to protect their scientific lead over com-
petitors, or to slow the distribution of undesired results.
Delays in publication were associated with participation in a
research relationship with industry [odds ratio (OR) = 1.34]
and with commercialization of one’s own research results
(OR = 3.15).104,121 More importantly, there have been a number
of high-profile cases in which industry has actively and
explicitly tried to prevent the dissemination of negative find-
ings about drugs. In the Olivieri case in Toronto, Apotex, the
company that funded Dr. Olivieri’s research on their drug,
tried to prevent her from publishing findings suggesting that
the drug was not only not beneficial for patients with iron
overload, but may actually be harmful to them.122 Similarly,
the manufacturers of Synthroid brand thyroid replacement,
Boots Co., funded a study to compare Synthroid with generic
thyroid replacement drugs.123 The results showed no differ-
ence in patient outcomes. Boots then tried to prevent the

UCSF researchers who conducted the study from publishing
the data.

These data suggest that financial interests probably do not
have an adverse effect on the conduct of clinical research and
may actually be beneficial in terms of study design. Con-
versely, in terms of data interpretation and dissemination, the
data suggest that “money does talk.”

How can we protect against this distorting influence of
conflicts of interest? In general, there are three types of safe-
guards for conflicts of interest. First, and most commonly, is
for researchers to disclose their financial interest. In addition,
the financial interest is managed by instituting data safety
and monitoring boards (DSMBs) or independent consent 
monitors. Finally, when financial interests are too extensive,
prohibitions can be implemented.

Disclosure of researchers’ financial interests in journal
articles is becoming routine and more comprehensive.
However, the data about intrainstitutional disclosure and the
communication of the disclosed information to the various
research oversight groups and committees indicates a flawed
system. A recent General Accounting Office (GAO) study of
five major research institutions found that the rules regard-
ing disclosure and prohibitions of financial interests varied
widely.124 Furthermore, the disclosed information was not
well recorded by the institutions and was not readily avail-
able to the institutions’ IRBs when they considered protocols.
Of the 111 cases in which researchers had substantial finan-
cial interests, the GAO found that in only 3 did the
researchers divest and in no cases were they told to do so by
their universities.

There are other data indicating that disclosure may not be
an adequate safeguard even if institutions do have conflict of
interest (COI) disclosure policies in place, researchers fre-
quently lack knowledge about such policies. For instance, at
UCSF and Stanford, 58% of researchers surveyed could not
accurately describe the COI policy of their institution.125 In
addition, COI policies lack specificity and there are inconsis-
tent standards for disclosure across institutions.126–128

Importantly, while there have been vociferous calls for
disclosure of financial interests to research subjects, there
have been almost no data on whether patients can understand
these data and how they might react.129 Indeed, some highly
regarded commentators have worried that disclosure to
patients would only reveal the problem without providing
them any mechanism to address it, thereby increasing anxiety
but not solving the underlying conflict of interest.130

To address problems about conflict of interest, the Board
of Directors of American Society of Clinical Oncology
(ASCO) voted to revise its conflict of interest policy in 2002.

TABLE 9.6. Support of calcium channel antagonists and financial interest.119

Support Ca Critical of Ca
blockers Neutral blockers P value

No. of respondents 24 (69%) 15 (83%) 30 (91%) 0.02
Financial interest in Ca blocker manufacturer 23 (96%) 9 (60%) 11 (37%) <0.001
Financial interest in any manufacturer 24 (100%) 10 (67%) 13 (43%) <0.001
Honorarium from any pharmaceutical manufacturer 75% 40% 17% <0.001
Research funding from any pharmaceutical manufacturer 87% 40% 20% <0.001
Employment or consultation for any pharmaceutical manufacturer 25% 33% 17% 0.45
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The new policy requires disclosure of all financial payments
or interests from entities “having an investment, licensing,
or other commercial interest in the subject matter under 
consideration,” including (1) executive or leadership posi-
tions, (2) ownership of stock or equity in companies, (3) con-
sultancy or service on an advisory board, (4) honoraria for
speeches, (5) royalty payments on a patent, (6) nonresearch-
related travel or gifts, and (7) expert testimony.131 The policy
does not view research-related funding, funding to attend
investigators’ meetings, or funding as part of a grant to
present research results at a widely attended open meeting
(such as the ASCO annual meeting) as a conflict of interest;
therefore, ASCO does not require disclosure of this type of
information.

In addition to disclosure, ASCO has also implemented
restrictions on researchers’ “finder’s fees,” payments for
recruiting goals or recruiting speed, and payments for certain
data results. Similarly, ASCO believes that because principal
investigators or individuals on the executive committees of
large multicenter studies as well as those on data safety and
monitoring boards have such extensive decision-making
authority over the conduct, analysis, and dissemination of
study results, these individuals should have none of the listed
financial interests in a commercial sponsor.

There are two important exceptions to these restrictions.
Because of the extensive oversight provided through study
sections, DSMBs, and other independent review mechanisms,
these restrictions do not apply to NIH-supported research
studies that might “involve products of specific commercial
interests.” Furthermore, recognizing the importance of trans-
lational research and the reality that the developer of a new
technology is probably the best person to conduct the initial
research studies, the ASCO policy recognizes that when there
is limited worldwide expertise and when “an inventor of a
unique technology or treatment being evaluated in a trial,”
these restrictions might be relaxed. In these cases, there must
be a data safety and monitoring board in place to ensure the
safety of the research participants.

Ethics is a key area of oncology research, and current
ongoing empirical research on many ethical issues—such as
how to improve informed consent, the role hope plays in
patients’ decisions to participate in Phase I studies, and
patients perceptions of COI—may well change the answers to
these ethical questions.
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Informatics
Infrastructure for
Evidence-Based

Cancer Medicine
Jeffrey P. Bond and Scott D. Luria

n old man, and pale: anemia. Also thin: first thought, cancer.
Second thought, tuberculosis, alcoholism, some other
chronic process . . . the computer provided him with a 

differential, complete with probabilities of diagnosis. From The
Andromeda Strain (1969),1 by Michael Crichton

How is cancer information exchanged among laypersons,
clinical professionals, and medical researchers? High hopes
for the role of computers in medical information exchange
have been reflected in science fiction for decades. After at
least two information technology paradigm shifts (personal
computers and the Internet) and countless successful imple-
mentations of, for example, shared electronic records, knowl-
edge bases, decision support systems, speech-to-text tools,
natural language processing tools, or remote monitoring
devices in a variety of medical and nonmedical settings, we
are in the process of realizing these high hopes. An important
component of cancer information exchange infrastructure is
support for the use of knowledge derived from medical
research in combination with patient data to guide cancer-
related decisions, that is, support for evidence-based cancer
medicine, the central focus of this chapter.

We focus on three classes of scenarios that require infor-
matics support: a healthcare professional making a cancer-
related decision about a patient, someone (referred to here as
a layperson) making a cancer-related decision without
medical training and without consulting a healthcare profes-
sional, and a researcher making a decision regarding a cancer-
related experiment. Each such decision involves a collection
of potential actions, information that describes the context of
the action, and knowledge derived from scientific experi-
ments that constitutes evidence bearing the merit of the
potential actions given the context (Figure 10.1).

The purpose of this chapter is to describe how clinicians,
patients, and researchers can find information related to
cancer prevention, diagnosis, treatment, and research on the
World Wide Web. (Although WWW resources will not neces-
sarily behave as they did at the time this chapter was written,
we think it is important to include numerous specific exam-
ples.) Here infrastructure, then, refers to standards, software,

and digital information rather than hardware. We emphasize
digital media but do not intend to imply that other media
(such as printed textbooks, classroom lectures, handwritten
notes, pamphlets, posters in subways, radio/television spots,
or phone support lines) cannot be preferable to computer-
related infrastructure for accomplishing particular goals. 
Currently the support for integration of knowledge bases and
context data available to most clinicians is poor; in nearly all
examples below, this integration is manual.

We do not attempt comprehensive coverage of medical
informatics (for example, electronic medical records,2

HIPAA,3 or telemedicine,4), which includes cancer informat-
ics. Readers interested in resources describing broader aspects
of bioinformatics or medical informatics might consult one
of the more comprehensive resources listed in Table 10.1.
Readers interested in a variety of online bioinformatics data-
bases and software might consider one of the URLs given in
Table 10.2.

We focus on two structures that facilitate information
exchange: indexes and graphs, analogous to the index and
table of contents of a book or the index accessed using a
search box and the directory of a Web resource. Given a set
of objects, indexes associate words or phrases with subsets,
which can be combined using set algebra. For example, one
can search for clinical trials at http://clinicaltrials.gov with a
query such as disease=“breast cancer”, experimental treat-
ment=“surgery”, and state=“Vermont.” Graphs consist of
nodes and relationships between nodes. In the cases described
here, the nodes are Web pages and the relationships are re-
presented by links or buttons. An example of such a graph is
a collection of Web pages including directory pages that
support browsing. Graphs need not be hierarchical like a
physical filing system because there may be multiple paths
between Web pages.

One of the primary difficulties in developing informatics
support for cancer-related decisions results from the level of
detail we expect. Informatics support for book purchases nec-
essarily includes rudimentary support for cancer informatics
in that it serves to identify books on cancer. Searches based
on author, title, or keywords from a simple vocabulary (for
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example, breast cancer) often serve to identify sets of book
records that can either be browsed manually or productively
ranked (for example, the number of times a book has been
purchased is evidence related to the quality of the book). We
expect cancer informatics support to do better than simply
finding books that will answer questions, we expect to iden-
tity chapters or paragraphs that answer our questions. Ideally,
informatics resources should answer questions directly.

Such fine granularity requires, relative to the task of
simply identifying of books on cancer, a complex vocabulary
and a query syntax that supports context data. In this chapter,
we focus on four components of such a solution: vocabulary
resources that support intelligent indexing, manually created
graphs for browsing, manual indexing of documents based on
their generalilty and usefulness, and integration of the search
with patient data.

Laypersons’ Decisions

A variety of cancer information portals and sources of infor-
mation exist on the World Wide Web for laypersons (Table
10.3). We focus on two comprehensive resources: Cancer.gov,

which is maintained by the U.S. National Cancer Institute
(NCI), and Cancer.org, which is maintained by the American
Cancer Society (ACS).

Cancer.gov Features

Cancer.gov is a source of general cancer information as well
as information on NCI research programs, NCI research
funding, cancer statistics, and clinical trials. The cancer 
information section, http://cancer.gov/cancerinfo, includes a
variety of information that is intended for laypersons seeking
information about cancer etiology, diagnosis, and treatment.
Below we highlight certain features of Cancer.gov.

“What You Need to Know About Cancer” (WYNTK) 
documents. http://cancer.gov/cancerinfo/wyntk provides a
starting point for obtaining information about cancer in general
and more than 20 specific cancers. Each such document
includes information about symptoms, diagnosis, and treat-
ment. An overview document provides a general and readable
introduction to cancer with pointers to other NCI resources.

Dictionary. http://cancer.gov/dictionary/ provides non-
technical definitions of cancer-related terms. There are cur-
rently more than 4,000 terms, with approximatly 40 terms
added each month. For example:

metastasis (meh-TAS-ta-sis) The spread of cancer from one part of the
body to another. A tumor formed by cells that have spread is called
a metastatic tumor or a metastasis. The metastatic tumor contains
cells that are like those in the original (primary) tumor. The plural
form of metastasis is metastases (meh-TAS-ta-seez).

Physician Data Query (PDQ). http://cancer.gov/cancerinfo/
pdq is “NCI’s comprehensive cancer database, containing
peer-reviewed summaries on cancer treatment, screening,
prevention, genetics, and supportive care” and also provides
information on clinical trials and directories. Although most
of this information is directed at healthcare professionals,
many of the topics have links to pages written specifically for
patients and linked to dictionary entries. Compared to the
WYNTK documents, “PDQ patient” documents are more
specific; for example, there is a single WYNTK document on
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FIGURE 10.1. Schematic describing how potential actions are based
on and inform knowledge derived from scientific experiments and
the information that describes the context of the action.

TABLE 10.1. General biomedical informatics resources.

Resource Scope

Bioinformatics: A Practical Guide to the Sequences, structures, genomes, alignments,
Analysis of Genes and Proteins53 phylogenetic trees
Bioinformatics Sequence and Genome Sequences, structures, genomes, alignments,
Analysis54 phylogenetic trees
NCBI Handbook23 NCBI databases (sequence, structure, journal

publication, gene expression, textbook, and
taxonomy databases) as well as BLAST and genome
browsing tools

Nucleic Acids Research Database Issues55 Peer-reviewed set of articles about biological
databases

Nucleic Acids Research Software Issue56 Peer-reviewed set of articles about computational
biology software

Cancer Informatics57 Cancer informatics
Medical Informatics6 Medical informatics
Public Health Informatics and Information Public Health Informatics
Systems58

Informatics in Primary Care59 Includes chapters on electronic medical, records,
clinical decision support, and knowledge bases



leukemia while there are seven PDQ documents for patients
on leukemia, each focused on a different leukemia.

Search box. A search box allows users to identify pages
relevant to a set of keywords. The search may return both
“Best Bets,” NCI pages that Cancer.gov staff have judged
most likely to provide the desired information based on the
query, as well as a list of pages matching the set of keywords.
An advanced search page allows users to restrict the scope of
the search based on NCI organization (e.g., to the Division 
of Cancer Control and Population Sciences), to a database of
clinical trials, to subsets of the PubMed publication database,
to specific cancer topics (for example, tobacco), or to a data-
base of genetics services.

Browsing support. A directory allows the same docu-
ments to be browsed from different points of view, for
example, by type of cancer, by treatment, or by etiology.

Examples. Certainly laypersons are encouraged to consult
health professionals on cancer-related questions, but layper-
sons should have many more questions than their physicians
have time to answer. We describe how to obtain information
related to typical questions by browsing or using the search
box.

Example 1. Should I limit use of my cell phone to reduce
my risk of cancer?

By browsing:
• Go to http://cancer.gov/cancerinfo
• Follow the link to “Prevention, Genetics, Causes”
• Follow the link to “Cancer Causes and Risk Factors”
• Follow the link to “Cellular Telephone Use and Cancer”

By searching:
• Enter “cell phone” in the search box.
• Follow the link to, for example, “Cellular Telephone Use

and Cancer”

Example 2. One of my moles looks a little different than it
did 5 years ago. Should I make an appointment to see my
doctor?
• Enter “mole” in the search box
• Follow the link to “What You Need To Know About

Moles and Dysplastic Nevi”
• Follow the link to “Pictures of Melanoma”

Cancer.org Features

Cancer.org is a source of general cancer information for a
variety of interest groups: patients, families or friends of
patients, survivors, health care information seekers, health-
care professionals, and supporters. Below we highlight certain
features of Cancer.org.

Context data and private data management. Users can
create accounts and set preferences that include interest
groups, type of cancer, location, and language. Users can also
manage a “Planner,” which includes a calendar, to-do list, 
e-mail groups, and bookmarks.

Cancer-related information based on context data. The
cancer.org home page points to directories for each of the
interest groups listed above. For example, the “health infor-
mation seeker” category points to information about risk,
prevention, detection, myths, and statistics. The “patients,
family, and friends” directory points to treatment decision
support as well as information useful in preparation for 
or during treatment. The “survivor” directory includes 
information about healthy lifestyles as well as tapping into
the cancer survivor community. If a user selects an interest
group, then by default they are directed to the appropriate
directory.

“In My Community” boxes present regional information
based on the specified zip code. “Getting Specific” boxes
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TABLE 10.2. General WWW resources for biomedical informatics.

Name or supporting organization URL Scope

Nucleic Acids Research Database Issue nar.oupjournals.org Comprehensive database of
biological databases

Nucleic Acids Research Software Issue nar.oupjournals.org Comprehensive database of
computational biology software

EBI ebi.ac.uk Bioinformatics
NCBI ncbi.nlm.nih.gov Bioinformatics
SEER seer.cancer.gov Cancer Statistics
NCI cancer.gov Cancer Information
ACS cancer.org Cancer Information
SDSC Biology Workbench workbench.sdsc.edu Bioinformatics
Cancer Biomedical Informatics Grid cabig.nci.nih.gov Cancer informatics

TABLE 10.3. WWW Cancer information resources for laypersons.

Source URL

Open Directory Project dmoz.org/Health/Conditions_and_Diseases/Cancer
Yahoo dir.yahoo.com/Health/Diseases_and_Conditions/Cancers
Association of Cancer Online Resources www.acor.org
National Cancer Institute www.cancer.gov
American Cancer Society www.cancer.org
American Society of Clinical Oncology www.plwc.org
University of Pennsylvania www.oncolink.upenn.edu



present information specific to the specified type of cancer.
For example, if a user specifies “health information seeker”
as their interest group and “colon and rectal cancer” as the
type of cancer of interest, selecting the “Who is at Risk?” link
will return a page with general information about cancer risk
(for example, “Tobacco and Cancer”) as well as a box that
includes information on risk factors for colon and rectal
cancer.

Interactive decision support tools. Cancer.org links to
NexCura decision support tools, which are designed to be
used by laypersons to help them work more effectively with
clinicians to make better decisions, and to National Com-
prehensive Cancer Network5 treatment guidelines.

News. An “ACS News Center” box on the home page 
provides indexed news updates and inspirational stories.

Example. My father had cancer in his sixties and I am 35.
What family history information should I collect before an
appointment with my doctor?

• Go to cancer.org
• Follow the link to “Cancer Information Seekers”
• Follow the link to “Who is at Risk?”
• If “colon and rectal cancer has been specified in the users

preferences, then a link to “What are the Risk Factors for
Colon and Rectal Cancer?” will appear. Otherwise, the
user can manually choose this type of cancer.

Locating Support Resources, Clinical Trials, 
or Oncologists

After diagnosis, most cancer patients require more emotional
support than a doctor can realistically provide. Although most
such emotional support is beyond the capabilities of com-
puter infrastructure, digital infrastructure can help patients
find and communicate with other cancer patients. At the NCI
site, http://cancer.gov/cancerinfo/support/ points to informa-
tion about support, support organizations, finding an oncol-
ogist, finances, insurance, and hospice care. For example, the
“Taking Time” document includes “Cancer will change your
life,” “Your feelings: learning you have cancer,” and “Living
each day” sections.

At the ACS site, the “survivors” interest group also
includes a variety of support resources for survivors and
patients. ClinicalTrials.gov provides a database of federally
and privately supported clinical research as well as back-
ground information. The American Society of Clinical 
Oncology Web resources include “People Living With
Cancer,” http://www.peoplelivingwithcancer.org,” which has
resources for finding clinical trials and oncologists.

Clinician Decisions

The importance of evidence-based decision support at the
point of service is firmly established,6 and many commercial
medical informatics support products are available (Table
10.4). Many of these currently offer free limited term trials
and support handheld devices. Below we describe some of 
the information resources that are components of a typical
clinical knowledge base.

Technical summaries. In addition to summary text, tech-
nical summaries include links to other knowledge resources

(including other technical summaries, guidelines, primary
literature, and drug information). Such summaries may
include information about authors, document status, and the
last modification date. Free technical summaries can be found
in the PDQ section of Cancer.gov (http://cancer.gov/pdq).
Technical summaries related to cancer genetics can be 
found in the Online Mendelian Inheritance in Man
(http://www.ncbi.nlm.nih.gov/OMIM). Appending “AND
review[Publication Type]” to a PubMed query restricts the
search to review articles.

Guidelines. Computer interpretable guidelines7–11 can
provide formal and compact support for evidence-based deci-
sion making. Freely available cancer diagnosis and treatment
guidelines are available at NGC12 and NCCN.5

Directory. Users unfamiliar with the model of data in a
clinical knowledge base benefit from manually curated sets
of links to information resources. For example, the Physician
Data Query (PDQ)13,14 home page points to cancer informa-
tion summary classes (adult treatment, pediatric treatment,
supportive care, prevention, genetics, etc.) and clinical trials
resources (search page, user’s guide, or support for clinical
trials submission) as well as help documentation that
includes an annotated directory (which has extensive text
along with headings).

Index. Most cancer information knowledge bases include
a search box. After users enter a text string in a search box, a
formal query is constructed, the formal query is compared
against the documents in the database, and the matches are
ordered. Formal queries may be constructed by interpreting
“and” or “or” as Boolean operators rather than keywords, by
default addition of Boolean operators, by stemming15 words
(so that, for example, “neoplasms” will match “neoplasm”),
identifying approximate matches that catch spelling errors
(for example, “endometril cancer” will match “endometrial
cancer”), considering the semantic role of the words (for
example, interpreting “Li” as an author name or as an
element), expanding queries based on synonyms (so that, 
for example, “tumor” will match “neoplasm”), or expanding
queries based on generalization/specialization relationships
among vocabulary words (so that, for example, “surgery” in
a query will match “mastectomy” in a document). Some
resources allow subsequent queries to be applied only to the
current results.

Drug information. Knowledge bases should include infor-
mation on dosage, drug-drug interactions, and side effects.
The U.S. Food and Drug Administration maintains a database
of approved cancer drugs16 that includes generic drug name,
trade name, sponsor, pointers to sudy details, and dosage.
Some PDQ entries are indexed by drugs; for example, enter-
ing “tamoxifen” in the search box returns a variety of rele-
vant documents.
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TABLE 10.4. Commercial clinical information products.

Product URL

UpToDate uptodate.com
First Consult firstconsult.com
MD Consult mdconsult.com
InfoPOEMs infopoems.com
WebMD webmd.com



Clinical trials. It is important to access clinical trials 
databases to identify trials for which a patient is eligible and
evidence bearing on treatment (evidence that may be prelim-
inary from an ongoing study or final). http://clinicaltrials.gov
supports identification of ongoing clinical trials based on
facility, location, disease, and age group. Appending “AND
clinical trials[Publication Type]” to a PubMed query restricts
the scope of the search to reports on clinical trials.

Documents for laypersons. Although several knowledge
bases for laypersons are described previously, a clinician’s
knowledge base should provide direct links from pages aimed
at specialists to documents directed at laypersons.

Researchers’ Decisions

Cancer researchers may act based on a collection of infor-
mation that includes, for example, clinical trials, popula-
tion data, scientific publications, nucleic acid or protein
sequences, genes, genomes, human genetic variation, protein
structures, protein domains, gene expression data, or taxon-
omy. Cancer information also includes relationships between
these objects. For example, a gene may be related to a DNA
sequence, a protein sequence, a somatic mutation database,
publications describing the gene, and summary information
about cancers related to genetic variation. Supporting navi-
gation of such a heterogeneous colletion of objects based on
relationships between them is a difficult problem.

NCBI

The U.S. National Center for Biotechnology Information,17 or
NCBI, was created by the U.S. Congress in 1988 as a division
of the National Library of Medicine of the National Institutes
of Health. The prescience of the architects of the NCBI and
its resources is illustrated by the fact that NCBI resources,
including GenBank,18 PubMed,19 and BLAST,18,20–22 are perhaps
the most widely known informatics tools for biologists and
are used effectively by a wide variety of scientists and edu-
cators. Information relating the biologic objects listed above
can be accessed through an intuitive search engine, Entrez,
that allows users to identify subsets of entries matching
search criteria. NCBI developed a programmer‘s toolkit and
tools for remote data access before the emergence of the
World Wide Web. NCBI declared its data model and described
data using a formal exchange syntax (ASN.1) before the devel-
opment of XML.

We do not have the space to cover NCBI tools compre-
hensively, so instead focus on a few key tools and an example
that integrates use of several tools. Comprehensive and regu-
larly updated documentation about NCBI resources is avail-
able online in the NCBI Handbook.23

Keyword-based searches. Entrez provides a consistent
interface for querying a wide variety of NCBI databases,
including publications, sequences, structures, genomes,
genes, inherited disorders, and protein domains. The search
box supports an unusually intelligent parser based on a con-
trolled vocabulary (Medical Subject Heading, or MeSH24). For
example, a naive query string such as “gene expression tumor
treatment fibroblast 2004” is interpreted as (((((“gene expres-
sion”[MeSH Terms] OR gene expression[Text Word]) AND
((tumor[Text Word] OR tumour[Text Word]) OR “neo-

plasms”[MeSH Terms])) AND ((“therapy”[MeSH Subheading]
OR “therapeutics”[MeSH Terms]) OR treatment[Text Word]))
AND (“fibroblasts”[MeSH Terms] OR fibroblast[Text Word]))
AND 2004.25). The resulting query is sufficiently precise to
retrieve a small number of publications, including, for
example, a paper26 on the use of microarrays for predicting the
clinical course of several common carcinomas. Selecting the
“Details” button shows explicitly how the query is inter-
preted. A “Preview/Index” button provides support for 
construction of precise Boolean queries based on the NCBI
data model and controlled vocabularies. Additional “Links”
provide additional features, including the addition of hyper-
text links from words or phrases in PubMed abstracts to
related textbook entries.

Sequence-based searches. The BLAST family of
tools20–22,27 allows certain types of objects, nucleotide
sequences (including genomes), protein sequences, and 
position-specific models of protein or protein domains, to be
searched based on sequence features in addition to annota-
tion. The BLAST tools have proven useful because of their
ease of use, speed, and reliable statistics. These tools return
not only matches to the query, but expectation values that
provide an estimate of the number of matches of similar or
greater similarity that would have been obtained under a null
hypothesis (no related sequences are in the database). Thus,
users need not rely on expert knowledge to judge the rele-
vance of a match and can rely on common knowledge from
probability and statistics.

Example. What is Li Fraumeni syndrome?

• Select the OMIM link from the menu bar
http://www.ncbi.nlm.nih.gov. OMIM refers to the Online
Mendelian Inheritance in Man,28 a manually curated
catalog of genes and genetic disorders. Enter “Li Fraumeni
in the search box and execute the search.

• Follow the link to “Li Fraumeni syndrome LFS”. This
page includes a wide variety of text description of Li Frau-
meni sydrome; for example, it indicates that LFS is a
familial cancer syndrome of diverse tumors caused by
certain mutations in the TP53 gene.

• Follow the link to the “TP53 gene,” which indicates,
among other useful information, that the p53 protein
binds to and activates the expression of genes that inhibit
growth or invasion.

• Following the “Allelic variants” link indicates that an Arg
248 to Trp mutation causes Li Fraumeni syndrome.

• Follow the link to “Cho et al”29 to find an abstract of the
paper describing the solution of the p53 structure. Select-
ing “Links/Books” adds hyperlinks from terms in the
abstract to textbook entries describing the linked terms.

• Select “Links/Structure” and follow the link to 1TSR. If
you have a structure viewer installed then selecting
“View 3D structure” allows you to see that interactions
of Arg 248 with the DNA binding site would be disrupted
by an Arg248 to Trp mutation.

In this example, NCBI resources took us from the name
of a syndrome to an atomic level hypothesis about the cause
of the syndrome with a very small number of operations. The
infrastructure developed by NCBI provides outstanding
capacity for browsing sets of publications, sequences, struc-
tures, genes, and syndromes by traversing relationsihps
between them.
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European Bioinformatics Institute

Similar to the NCBI, the European Bioinformatics Insti-
tute,30,31 part of the European Molecular Biology Laboratory,
provides support for a wide variety of databases that include
sequence, structure, protein family, mutations, and literature
databases. Notable features include a uniform interface to
germline and somatic locus-specific mutation databases,
including APC, CDKN2a, RB1, and TP53 database, suppport
for private management of queries and results, and the 
Universal Protein Knowledge Base.15,32,33

caBIG

The National Cancer Institute of the U.S. National Institutes
of Health has undertaken construction of comprehensive
cancer informatics infrastructure, the cancer Biomedical
Informatics Grid (caBIG). caBIG includes data, vocabulary,
standards, software infrastructure, and applications.
Although the intial focus of this effort is on cancer, much of
the infrastructure is generally useful in the biomedical 
sciences.

caBIG data currently include the Gene Expression Data
Portal (GEDP34), Cancer Gene Anatomy Project (CGAP35–38),
the Cancer Molecular Anatomy Project (CMAP39), and the
cancer Model Organisms Databases (caMOD40). These
resources integrate data describing the molecular anatomic
changes that accompany tranformation of a cell from normal
to cancerous. Users can approach these data from the per-
spective of microarray experiments, genes, tissues, pathways,
chromosomes, cancer targets, targeted agents, trials, or cancer
models.

The NCI Enterprise Vocabulary Service (EVS41) provides
cancer-specific vocabulary in the context of mature vocabu-
lary resources such as National Library of Medicine’s Unified
Medical Language System (UMLS42–46). EVS includes the NCI
Thesaurus47 and the NCI Metathesaurus.48 The NCI The-
saurus provides a graph that can be browsed to find NCI The-
saurus concepts. Concept pages contain technical definitions,
synonyms, more general concepts that include the current
concept, and relationships to other concepts. For example,
browsing from the top level to “Gene,” to “DNA Repair
Gene,” and finally to “OGG1” yields the OGG1 concept
entry. Browsing the entry reveals that OGG1 is a gene that
encodes a protein that incises DNA at 8-oxoguanine residues,
that it is also known as “8-Oxoguanine DNA Glycosylase,”
that it is included within the concept “DNA Repair Gene,”
and that it exhibits the “Gene_Found_In_Organism” rela-
tionship with the concept “Human.” The power of such a
vocabulary is not in such manual browsing, however, but in
computer inference. A cancer researcher might be interested
in finding human genes involved in DNA repair. The NCI
Thesaurus would allow a computer to infer, for example, that
something pertaining to OGG1, such as a gene expression
level, also pertains to “DNA Repair Enzymes,” or to include
“OGG1” in a response to the question “Which DNA repair
genes are found in humans?”

SEER-Medicare

Presumably standards for sharing electronic medical records
will eventually allow virtual clinical trials, for example,

researchers will identify patients satisifying specified charac-
teristics based on shared medical records and compare the
outcomes by treatment regimen. The Surveillance, Epidemi-
ology and End Results (SEER) program of the NCI collects and
distributes cancer incidence and survival data from cancer
registries (representing about 14% of the U.S. population at
the time of writing). Medicare records provide information
about treatment claims for health care services. By linking
these two datasets into the SEER-Medicare Linked Data-
base,49,50 investigators can evaluate diagnosis and treatment
methods without having to recruit patients. More than 100
publications have made use of the SEER-Medicare database.
For example, Potosky et al.51 used the SEER-Medicare-linked
database to assess reasons for a dramatic rise in prostate
cancer incidence.

Summary

There is currently a wide variety of detailed cancer informa-
tion available on the World Wide Web. We look forward to
the integration of these resources into point-of-service
support that integrates with patient data and will further
reduce cancer-related pain and suffering (see Figure 10.1).

Acts are chosen based on data describing the context of
the decision and evidence/knowledge bearing on the relative
merit of acts based on the given context. Figure 10.1 is very
general in that many acts that are not cancer related are based
on evidence and context data (it is similar to a model of an
agent,52 a basic entity in the study of artificial intelligence).
For example, e-business transactions include product infor-
mation, evidence about purchasing patterns, context data
that include a consumer’s transaction history as well as
highly sensitive (e.g., credit card) information, alerts, and
sophisticated decision support tools that suggest transactions.
Below, we provide examples of three classes of decisions that
require informatics support: clinicians’ decisions, laypersons’
decisions, and researchers’ decisions.

Clinicians’ Decisions. Clinicians act based on patient
information and medical knowledge. Rectangles in Box 1 
represent classes of information, not individual information
sources. For example, “Context Data” for a clinician decision
include patient medical information in electronic medical
records, handwritten notes, a patient’s observations commu-
nicated verbally to the clinician, and unrecorded observations
based on a physical exam. Scientific evidence comes from
training, experience and medical literature. “Scientific evi-
dence” is used here to include a broad range of evidence-based
information that includes, for example, the seven warning
signs of cancer and DNA mutation databases.

• How will estrogen therapy affect a particular patient’s
cancer risk?

• Does a patient’s family history of cancer warrant genetic
testing?

• A patient being seen for an aneuryism is otherwise
healthy but a has spot on a chest X-ray. Should I refer for
a bioposy, refer to take out a lobe of the lung, or follow
noninvasively?

Laypersons’ Decisions. Like clinicians, laypersons act
based on their medical history and medical knowledge, but
in practice these decisions are very different. Clinicians’ and
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laypersons’ acts may be of different types; for example, a clin-
ician’s act may be an order for a laboratory test, an act that
is unavailable to laypersons. In practice, important acts of
laypersons include finding an oncologist, finding a clinical
trial, making an appointment with a clinician, identifying a
question or observation to present to a clinician, gathering
information before a visit to a clinician, a change in lifestyle,
and worrying.

Even when clincians and laypersons are evaluating the
same actions, however, clinicans’ and laypersons’ decisions
are, in practice, made with very different informatics support.
Clinicians make decisions based on formal medical records,
years of professional training and experience, and peer-
reviewed medical literature. Laypersons make decisions
without such detailed and reliable support, because they may
act based on an incomplete understanding of their medical
history, limited medical knowledge, hearsay, and information
they find on the World Wide Web that is not peer reviewed.

• Should I reduce my cell phone use to reduce my cancer
risk?

• I have an unusual mole; do I have skin cancer?
• I have been diagnosed with cancer. How do I find an oncol-

ogist, clinical trial, or support group?

Researchers’ Decisions. Researchers’ acts include the
design of experiments, including identification of hypotheses,
and inference based on experimental results. For researchers
the context data include their experimental data. Scientific
evidence includes primary databases (for example, DNA
sequence and clinical trials databases), primary literature, and
technical synopses.

• Why did prostate cancer incidence increase dramatically
in the late 1980s?

• What is the molecular cause of Li Fraumeni syndrome?
• Given gene expression data from a tumor, what is the

course of a particular carcinoma?
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Economics of 
Cancer Care

James Khatcheressian and Thomas J. Smith

The Standard Principles of Economics 
and Oncology

Several major issues emerge when combining the “dismal
science” of economics1 with the science of oncology. With
rising healthcare costs yet limited resources, it becomes
important to know how to factor economic considerations
into the medical decision-making process. This task is made
more difficult by the paucity of comparative studies of costs
and outcomes (under the general term of cost-effectiveness)
and quality of life; as a result, clinicians are left on their own
to decide “who does what to whom, at what cost, and with
whose money.”

The Cost of Care Is Increasing Rapidly at 
an Unsustainable Rate

Cancer care is second only to cardiovascular disease in terms
of yearly cost to the healthcare system; expenditures for diag-
nosis, supportive care, and treatment are rising and pose an
increasingly severe economic burden on society. Estimates
from 2001 reveal that the United States spends $56 billion
yearly on cancer treatment; additionally, $16 billion yearly is
attributed to indirect morbidity costs and $85 billion for indi-
rect mortality costs. To put this into perspective, medical care
costs now are 15% and education now less than 5% of U.S.
Gross National Product (GNP) (New York Times, January 9,
2004), whereas 30 years ago both medical care and education
had 6% of the GNP2; additionally, these costs have risen over
the past several years at an annual rate of 10% or higher.
Medicare cancer drug costs tripled from $1.2 billion in 1998
to $3.8 billion in 2002 (Association of Community Cancer
Centers Website, accessed August 20, 2003). Precise figures
for private insurance, Medicaid, and direct patient costs are
not available, but practice patterns are similar. Furthermore,
as the baby boomer generation begins to reach retirement age,
a time when they are most likely to develop cancer, the eco-
nomic burden of cancer care and treatment will continue to
rise.

How to Factor Economics into Medical 
Decision Making

With the increasing demand for expanded services, new tech-
nologies, and a growing elderly population, conflicts must
arise between payers, clinicians, and patients regarding what

services to provide, to whom, and on what basis. Our health
economist colleague, Dr. Bruce Hillner, calls this the “What
to do to whom, with whose money, at what cost?” question.
There are several ways to factor economic costs and 
treatment effectiveness into decision making. The most
informative types of analyses are cost-minimization, cost-
effectiveness, and cost-utility; the methods are listed in Table
11.1. We briefly discuss each with regard to its advantages,
liabilities, and possible application to clinical practice.

A significant problem is the reluctance of some clinicians
and patients to accept limitation of resources or rationing by
cost-effectiveness or any other method.3 Although a full dis-
cussion of the thorny ethical, legal, and economic issues is
beyond the scope of this chapter, some overriding factors
based on our experience are listed in Table 11.2. Ethicists,4,5

and now clinicians,6 have argued that the least ethical way to
allocate resources is to continue in the usual unexamined
mode and that ignoring the economic issues is not morally
defensible. Until there is general consensus in society on
“what to do to whom, with whose money, at what cost,”
these issues will continue under debate. Concurrently, all
payers have limited budgets, so they are doing some form of
implicit or explicit rationing now.

Cost or Effectiveness Alone

Clinical Outcomes Alone

This type of study is concerned solely with clinical efficacy
such as improved response rates, survival, and symptom 
management; it ignores treatment costs entirely. This is the
easiest method by which to make decisions for treatments
that are clearly superior to any others available. A good
example of a medication that fits into this category is
imatinab mesylate (gleevec) in the treatment of chronic my-
elogenous leukemia (CML). It clearly has better response
rates, time to disease progression, and toxicity profile than
the traditional treatment of interferon and cytarabine and has
become the standard of care as first-line treatment for CML.7

The decision to use imatinib mesylate is quite easy for physi-
cians given the lack of any other similarly effective agents.
But at $24,000/year (www.drugstore.com), an obvious eco-
nomic consequence of this method is that some patients will
not be able obtain a medication due to prohibitive costs, for
instance, a 20% co-payment or lack of insurance.

1
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TABLE 11.1. Types of studies and application to oncology.

Type of study Advantages and disadvantages Application to oncology

Clinical outcomes alone Easy to perform. Ignores costs. Traditional way to make decisions,
e.g., imitinab mesylate (gleevec)
works for chronic 
myelogenous leukemia (CML). Use it.
Pay what the manufacturer demands.

Cost only Ignores clinical outcomes. Often used by insurers as first reaction
to “sticker shock” of new drugs, e.g.,
zevalin at $22,000–$28,000/dose.

Costs and clinical outcomes together
Cost minimization: assumes two Easy to do if there are direct comparisons. For instance, if darbopoietin is
strategies are equal; lowest cost strategy equivalent to epoietin for
is preferred. chemotherapy-associated anemia,

choose the least expensive drug.
Cost-effectiveness: Requires a trial that directly compares strategies, There are very few direct comparisons
Compares two strategies; assigns $ per and economic analysis alongside that trial. “Only of drugs and strategies. The trials
additional year of life (LY) saved by accept treatments that gain a year of life for typically must be large to detect small
strategy. under $100,000/life year.” differences, are unexciting compared

to new drug trials, and have no willing
sponsor.

Cost-utility: assigns $ per additional year Compares two strategies, with their quality of life There are few interventions that make
of life (LY) saved by strategy, then comparisons converted to utility, or the value a large difference in utility. Also, there 
estimates the quality of that benefit in placed on time in a health state, e.g., time spent is rarely one simple yardstick of 
$/quality adjusted (QALY). on chemo = 0.7 compared to a healthy individual utility that covers all health states.

whose utility = 1.0.
Cost-benefit: Compares two strategies but Possible but rarely done due to difficulty in Would almost certainly be unfavorable
converts the clinical benefits to money, assigning $ value to human life. to most palliative interventions, as
e.g., a year of life is worth $100,000. patients rarely work or generate

income.

The standard cost-effectiveness equation is DC/DE = (C2 - C1)/(E2 - E1) where C = costs and E = effectiveness of treatment measured in time. For intervention 2, as
its cost decreases or effectiveness improves, its CE ratio improves, i.e., decreased cost per year of life gained. When utility, or (life year gained) ¥ (utility factor), is
calculated, the equation becomes DC/DU where DU = U2 - U1. For example, a therapy that does not improve survival but decreases utility factor to 10% will
decrease U by (1 year) ¥ (0.10) = 0.1 year. If this treatment costs an additional $10,000/year, then the cost-utility ratio is DC = C2 - C1 = $10,000 = $100,000/QALY
(the intervention is “less effective” because it adversely affects morbidity).

TABLE 11.2. Difficulties in application of cost-effectiveness analysis or rationing by any method.

Factor Pros, cons, and comment

We should not ration health Avoids the issues—for those able to afford unlimited care. Unsustainable, and not morally defensible in 
care at all. the current high-cost environment.6 Rationing goes on all the time now, based on ability to pay.
There are no accepted This is one of the most daunting tasks: to have a uniform standard. For many years, an unwritten rule has 
guidelines to use. been that technologies that cost $50,000/LY or less were acceptable, based on the incremental cost of

dialysis vs. no dialysis.3 The great majority of published studies referenced that standard.45 Laupacis and 
colleagues in Canada proposed that therapies under $20,000/LY ($ Canadian, 1992) be automatically
accepted, that therapies $20,000–$100,000 be considered, and that therapies over $100,000 be rejected.46

The cost-effectiveness ratio of Recently, Ubel and colleagues have proposed that one of the main reasons cost-effectiveness is not more 
$50,000/LY is too low. widely used is that $50,000 is too low, and that with inflation and the affluence of the United States, a 

benchmark of $100,000–$200,000 is more appropriate.45

There are no unbiased studies. Initial evidence was that industry-sponsored studies were more likely to be published if positive for their 
product47 and that industry sponsored more cost-minimization studies, to show that their product was 
as cost-effective as the competition, but not to address the issue of whether the therapy was a good buy 
for society.48 A comprehensive review suggests that quality control in most studies was low regardless 
of funding source and that industry-sponsored trials have improved.49

Clinicians should not ration Clinicians have no training in this aspect of care, no framework for decisions, and were not able to
at the bedside. adequately judge the appropriateness of their patient for care versus others.50 Others argue that the 

healthcare budget should not be balanced by denying services to vulnerable groups such as the elderly.51,52

Although clinicians may elect to not do these tasks, a more reasonable view is that clinicians should 
at least be involved, because someone must do it, and the decisions should be best informed.5

The individual always comes Hadorn gave the name “the rule of rescue” to the compelling need of one visible patient (in this case,
first. a 7-year-old with relapsed acute leukemia who might have a small chance of cure with a matched 

unrelated stem cell transplant) to the less-visible needs of many others who might also need those 
same healthcare dollars.53 This rule nearly collapsed the Oregon expansion of Medicaid services to the 
uninsured; a mechanism for appeals of individual decisions is always necessary, but some services cannot 
be provided.



Cost Only

This type of study ignores clinical outcomes and relies exclu-
sively upon the expense of a treatment or strategy. Many
newer and more expensive agents improve quality and quan-
tity of life (cetuximab, bevicizimab, irinotecan, or oxaliplatin
in metastatic colon cancer; all at $2,000–$4,000 per treat-
ment).6 This type of method is often used by insurers as a
rationale to not cover particular medications that may be effi-
cacious but do not have enough supporting data to become a
requisite standard of care. Ibritumomab tiuxetan (zevalin), an
yttrium-90 antibody to CD20, is an active agent against non-
Hodgkins lymphoma (NHL), but may register acute “sticker-
shock” effect with many payers at $22,000–$28,000 per dose.
And although it appears to have definite activity in NHL, it
has not yet evolved into a definitive treatment choice in the
algorithm of salvage therapy, at least in part because payers
may not reimburse for its use. Unfortunately, cost alone does
not help clinicians choose among a variety of therapeutic
strategies, unless out-of-pocket expenses for patients make
treatment unattainable.

Combining Cost and Effectiveness

Cost Minimization

Simply put, with cost minimization two equally effective
strategies are compared in terms of cost, and the less-
expensive strategy is chosen. Oftentimes, an assumption of
equivalent efficacy of the two interventions must be made
based on indirect evidence, that is, drug A and B are shown
to have similar response rates, but in separate Phase II trials
rather than head-to-head studies. Manufacturers are reluctant
to design direct comparative studies for fear of losing market
share should their product appear inferior.8 For example, dar-
bepoietin and erythropoietin have not been directly compared
in a large randomized trial until now, but available data indi-
cate they are likely equivalent in the treatment of anemia;
therefore, by the cost-minimization method, the less-
expensive drug is preferable. This method is most useful 
when trying to choose between drugs in the same class, 
such as the hematopoietic growth factors just mentioned.
However, assuming equivalent efficacy of drugs from differ-
ent classes based on noncomparative studies would be fraught
with bias.

Cost-Effectiveness

This method compares two known but not equally efficacious
strategies and assigns a cost per additional year of life (LY)
saved by the best (“dominant”) strategy. Treatment A, which
gains 1 month of survival at a cost of $2,000, has a cost-
effectiveness ratio of $24,000/LY. This cost per unit of effec-
tiveness fosters a reasonable basis of comparison and can be
put into a “League Table” (like team standings) so that deci-
sion makers can compare alternative uses of the same money.
The gold standard way to get this information is to append 
a concurrent economic analysis to the trial, but such trials
can also be done retrospectively after the trial has closed, 
so long as the assumptions and conclusions are justifiable
(“robust”).

For this type of study to be clinically applicable, a limit
must be set on the cost that society will pay for the additional
year of life saved; otherwise, there is no reason to do the study
or impetus for making the strategy more efficient. For
example, a typical limit often used is in the range of $50,000
to $100,000 per additional year of life saved. By setting this
limit, one can then reanalyze the intervention to determine
how to improve the cost-effectiveness ratio. There are only
two ways to improve the ratio: increase effectiveness or lower
costs. Most studies use only the published cost of a drug or
intervention. Health economists would argue that the cost of
an intervention, including drug price, hospital cost, and
physician fees, should always be on the bargaining table. A
therapy that costs $4,000 to save a month of life looks a lot
more attractive to payers if the drug cost is reduced to $1,000
to save that same month! Clinicians should note that the
current gold standard for studies is that 1 month of added sur-
vival for 12 people is as important as 12 months for 1 person
or a chance at cure for a small percentage of people.

Cost Utility

Cost-effectiveness looks only at survival: quantity rather than
quality of life gained. Morbidity associated with diagnosis,
treatment, or complications is not factored into the calcula-
tion for effectiveness. In cost utility, the quality of life in a
given state of disease or treatment is converted to a utility
ratio where 1.0 equals perfect health and 0 equals death. For
example, a patient without evidence of disease after breast-
conserving surgery may have a utility range of 0.90 to 1.00,
whereas a patient with progressive metastatic breast cancer
may have a utility range of 0.40 to 0.60. The utility ratio con-
verts “cost-effectiveness” into cost per quality-adjusted life-
year (QALY). For example, an intervention that costs $10,000
per year of life gained would be converted to $20,000 per
QALY if the treatment’s toxicity lowered the patient’s utility
from 1.0 to 0.5 so that only half of a quality-adjusted year was
gained. Because utility can be assigned to any disease state,
it can be used to compare different strategies across a variety
of clinical conditions; survival and quality of life (which may
be affected by the treatment, disease state, or both) are com-
bined to arrive at a more realistic cost per year of life gained
or, more specifically, cost per QALY.

One difficulty with this method is assigning proper utility
ratios. Quality of life assessments are, by nature, subjective
and lack a single, standard reference as a guide. Attributes
tested usually include, but are not limited to, variables such
as emotion, mobility, cognition, and pain. Controversy exists
as to the most appropriate source for such testing, whether
patients, healthcare workers, or the general population
(society) due to differences in perspective. Patients and clini-
cians view the medical process differently and consequently
place greater emphasis on the issues (such as life, morbidity,
expense) that matter most to them. For example, patients are
more likely than clinicians expect, to accept toxic treatments
in exchange for minor clinical benefits,9–15 although there is
variability,16 whereas a clinician may place more emphasis on
functional status than a patient would. The most objective
source and that least prone to personal bias is probably lay
people (jurors) as recommended by national consensus
panels.17 The difficulty in this lies in properly educating the
jurors in all aspects of a patient’s experience: emotional
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turmoil, treatment toxicity, inconvenience, and other physi-
cal and psychosocial stressors. Quality of life scores can also
be converted to utility values18 using validated methods, but
oftentimes quality of life scores are so high that there is little
discrimination between treatments. We have listed some rep-
resentative utility values for time spent in various cancer
states in Table 11.3.

Cost Benefit

This method compares two interventions but assigns the clin-
ical benefit a monetary value; for example, a year of life is
worth $100,000. The figure is usually based on factors related
to the overall economic productivity of an individual. There-
fore, a treatment that costs $10,000 to prolong life 1 year
might be valued if the person generates $100,000/year of
value to society but not valued if the person is not produc-
tive. This kind of analysis, although common in the areas of
business, insurance adjustment, and economics, is rarely used
in clinical studies because of the difficulties in assigning a
monetary value to a human life, especially if that value is tied

into an individual’s socioeconomic status. Additionally, this
method would almost certainly have a negative impact on
most palliative care interventions because these patients
rarely generate income.

We have listed a summary of cost-utility studies in Table
11.4 for comparison. Although many of these studies were
performed over a number of years with disparate means of
analysis and ranges of utility values factored into their equa-
tion, they are more likely to be accurate than no data at all
and can form the basis of discussion.

How to Apply Cost-Effectiveness Data

The question of how to apply cost and effectiveness data to
clinical practice is difficult to answer, as there is no one stan-
dard that is universally accepted. A Canadian schema has
been widely accepted as one reasonable approach, but it is not
used in the United States.19 Some benchmarks, and represen-
tative cost-effectiveness analyses, are listed in Table 11.5. The
difficulty in developing a single accepted standard of what is
explicit “healthcare rationing” lies in the varied and con-
flicting motives, points of view, and concerns of the three P’s
of the healthcare system: patients, physicians, and payers.
The perspectives of each are listed in Table 11.6.

The perspective of cancer patients is different from that
of well people; they are more willing to accept toxic treat-
ments, for perceived minor benefits, than most would
imagine. Generally, from studies available, these patients are
willing to undergo toxic chemotherapy for a less than 10%
chance of cure, 3 months of life prolongation, or greater than
10% chance of symptom relief,9–12 although there is variation
among patients.16 Furthermore, there is no reason for a
patient to be concerned with treatment costs until their out-
of-pockets expenses become prohibitive; until they reach this
limiting threshold, they may feel entitled to treatment regard-
less of the cost.

Physicians may find themselves trapped in the uncom-
fortable middle ground between their patients’ desire for all
possible treatment alternatives and societal, or payer, demand
to limit treatment costs. For most physicians there is no
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TABLE 11.3. Examples of utility ranges.

Utility range:
0 = dead

Disease state 1 = perfect health

Last month of life with acute leukemia 0.00
Metastatic breast cancer, last month of life 0.16–0.54
Extensive small cell lung cancer (SCLC), 0.31
progressive disease
Metastatic prostate, depending on symptoms 0.42–0.58
Advanced ovarian cancer, responding to 0.71
chemotherapy
Anxiety/discomfort from thoracoscopy 0.88
Induction interferon for stage II/III melanoma 0.94
Extensive SCLC, complete remission 0.99
Hydroxyurea for CML 1.00

TABLE 11.4. Cost-effectiveness of representative cancer treatments.

Cost/year of life
Intervention added

Immunoglobulin for chronic lymphocytic leukemia $7,900,000
Autologous bone marrow transplant (ABMT) for all relapsed Hodgkins disease $421,000
Antiemesis with ondansetron vs. metoclopramide in cisplatin regimens $190,000–$460,000
IDDS vs. CMM, “as randomized” $239,000–$297,000
First-line fluorouracil (5-FU)-based chemotherapy vs. best supportive care, $120,000

pancreas/biliary cancer
Pamidronate to reduce skeletal complications in breast cancer $119,000
Breast cancer screening, elderly $70,000–$140,000
Adjuvant CMF, 75-year-old woman $58,000
5-FU-based treatment for GI cancers $31,000
Adjuvant tamoxifen + CMF, ER + women $14,000–$33,000
Breast conservation vs. mastectomy $21,000
Biopsy versus no biopsy for 50-year-old man with elevated prostate-specific Less than $0

antigen (PSA) levels



incentive to limit a patient’s access to care; in fact, for 
many oncologists the supportive care drugs such as erythro-
poietin, filgrastim, and bisphosphonates help support their
practice. Physicians may also be hesitant to set limits on
cancer care of their own accord outside of widely accepted
professional standards; this is both uncomfortable for the
physician and probably inappropriate bedside medical
rationing that may not be based on sound evidence. For
example, a physician may decide that palliative radiation
therapy for painful bone metastases should be replaced by
opioid medication alone because costs of radiotherapy are
assumed to be very high. In fact, studies tell us that radio-
therapy in such settings is indeed cost-effective and falls 

well within accepted ratio standards.20 In the interest of bal-
ancing the appropriate delivery of care with responsible finan-
cial prudence, clinical guidelines addressing these issues
should continue to be examined by appropriate consensus
groups.21

Payers often need to balance their need to cut costs by
limiting coverage for certain diagnostic or therapeutic inter-
ventions with the image they must present to the public,
their secondary constituents, and consumers: that of an orga-
nization that is primarily concerned with the medical well-
being of their clients, rather than their own fiscal health. The
federal government, in the form of Medicare and Medicaid,
shares the same concerns of private payers.19
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TABLE 11.5. Barriers to use of cost and cost-effectiveness data.

Group Barrier

Patients —Patients are more willing to receive toxic treatments for small benefits 
than well people

—Patients may feel entitled to treatment regardless of cost
—Cost may not become an issue for patients until out-of-pocket expenses 

are prohibitive
—Strict effectiveness data may not reflect improved quality of life seen with 

palliative treatments
Physicians —Physicians may be trapped between patient demands for all possible 

treatment and societal demand to limit care
—For most physicians, there are no rewards to limiting care
—For many oncologists, the supportive care drugs with high incremental 

cost-effectiveness ratios may be the most lucrative to the practice
Payers/government —Payers may not want to antagonize their secondary constituents, 

consumers, by not covering some desired services based on cost-
effectiveness data

—The lawsuits about high-dose chemotherapy with stem cell transplant for 
metastatic breast cancer make some payers leery of confrontation

TABLE 11.6. A framework on how to apply cost-effectiveness data.

Category Consideration Comment

Treatment A is more effective and Use treatment A Hypofractionated (single-dose) radiation for bone
saves money compared with metastases vs. multiple dose schemes32

treatment B PET scans before thoracotomy prevent 21% of
futile thoracotomies26

Incremental cost-effectiveness of Use treatment A, as likely Several widely used interventions fall here:
treatment A $0–$50,000 appropriate use of societal —Guideline-based pain management vs.

resources oncology-based care55

—Adjuvant therapy for breast cancer
—Adjuvant therapy for colon cancer
—Stem cell transplantation vs. melphalan and

prednisone for myeloma patients under 6556

Incremental cost-effectiveness of Consider treatment A Routine preoperative head CT (vs. none) for
treatment A $50,000–$100,000 resectable lung cancer with no evidence of CNS

disease57

Breast cancer screening (vs. none) in women older
than 7558

Incremental cost-effectiveness of Do not use treatment A Several widely used interventions fall here:
treatment A more than $100,000 —Bisphosphonates for breast and myeloma

cancer59

—Selective 5-HT3 antagonists for antiemesis
(reviewed by Earle et al.54)

—Radiotherapy boost to whole breast
radiation as part of primary therapy60

—Trastuzamab for metastatic breast cancer61



The Lack of Studies

There are a small number of recent studies looking at the
issue of cost-effectiveness and cost utility. Barriers to per-
forming such studies include, but are not limited to (1) 
lack of sponsorship; (2) cooperative group efforts to accrue
large enough sample sizes to detect the small differences 
seen; and (3) the lack of glamour associated with studies that
seek to limit resource utilization and possibly come to
uncomfortable conclusions regarding how to ration health
care.

These studies generate little enthusiasm as they require
large patient populations to detect relatively small differences
in cost-effectiveness, and there are rarely additional funds to
support them. Cooperative groups are more interested in
spending money on trials of new therapies than showing cost-
effectiveness (partly because there is no ready market for the
results), and sponsors are not willing to spend money that
puts their product at risk. Several pharmacoeconomic trials
that made perfect sense to perform in the cooperative group
setting, based on preliminary data, generated no support. The
first suggested trial tested 2mg/kg filgrastim instead of 5mg/kg
filgrastim for prevention of neutropenia, based on a small
randomized trial that showed equivalence.22,23 The second
trial would have used bisphosphonates to prevent skeletal
complications from metastatic breast cancer every 3 months
rather than monthly, as monthly pamidronate had a cost-
effectiveness ratio outside the usually accepted bounds.24

Both trials were turned down by the cooperative group for
similar reasons: the job of the cooperative group is to cure
cancer, not to save money; someone else should concentrate
on saving money; and there are more important questions to
answer from the same budget. Drug or device companies may
not have much reason to do this, either: the only aspect of a
large randomized clinical trial in cancer pain management24

that was not funded by the company was the cost-effective
analysis.

Comfort levels of this type of healthcare rationing 
may also depend on where a clinician practices. In general,
Americans spend more on heroic end-of-life intervention than
their European counterparts, who are more likely to divert
healthcare dollars into preventive strategies. In the United
States, more than 20% of all medical expenditures are spent
on the last year of a patient’s life.25

Studies That Have Changed—or Could 
Change—Practice

There are a number of studies that would seem appropriate
for economic evaluation because of high costs, small benefit,
large societal impact, or some combination of these (Table
11.7). Cost or cost-minimization analysis showed that
positron emission tomography (PET) scans prevented 21% of
futile thoracotomies for resectable small cell lung cancer26;
one could argue that PET scans would be used anyway, but
they appear to lower costs overall by preventing more 
expensive surgery. The nonplatinum combination of 
gemcitabine-paclitaxel was no better or less toxic than other
regimens in a large randomized trial and cost 25% more.27

Our own analysis of inpatient palliative care units showed 

a 60% cost savings in a matched case-control set and pro-
spective clinical-financial analysis.28 Many other studies 
were done, but in general, they would not be expected 
to have either a clinical or economic impact, so are not
included.

Cost-effectiveness studies showed that some commonly
used treatments were within the range of accepted cost-
effectiveness ratios but some were not. Postmastectomy radi-
ation in premenopausal women improved survival at a cost
of $24,900/LY. Capecitabine/docetaxel in metastatic breast
cancer, compared to docetaxel alone, improved survival by 3
months29 at a cost-effectiveness ratio30 of approximately
$3,700/LY (Canadian), well within accepted standards of
treatment. In this study, utility was not included but the 
magnitude of survival benefit would likely offset the nega-
tive effects of toxicity associated with capecitabine. Of note,
the alternative strategies of sequential therapies were not
tested, so no conclusion can be drawn. A more expensive
initial strategy, autologous stem cell transplant for myeloma
instead of melphalan and prednisone, had longer survival that
offset the cost, so the incremental cost-effectiveness was
acceptable. One recent study31 looked at cost-effectiveness
through a spreadsheet-based model comparing three strate-
gies for treating pain caused by cancer: guideline-based care,
oncology-based care, and usual care. Treatment strategies
included medications and procedure-based interventions. 
The effectiveness unit used was “additional patient relieved
of cancer pain,” rather than the typical additional year of 
life gained. Guideline-based care (GBC) was more effective 
at relieving cancer pain compared to oncology-based care
(OBC) or usual care (UC): 80% versus 55% and 30%, respec-
tively. The incremental cost-effectiveness for GBC com-
pared to OBC was $452 per additional patient relieved 
of cancer pain, whereas the cost-effectiveness of OBC com-
pared to UC was $601 per additional patient relieved of 
cancer pain.

Several cost-utility studies produced noteworthy results.
Single fraction radiation for painful bone metastases instead
of the usual six treatments was as effective and cost 
substantially less.32 Gordois and colleagues analyzed the
impact of imatinib mesylate (gleevec) in the treatment of
accelerated-phase CML and blast crisis CML compared to
conventional chemotherapy and palliative care in hospital 
or at home.33 Imitinab mesylate improved QALYs in acceler-
ated-phase CML of 2.09 years at $45,000/QALY and in 
blast crisis CML of approximately 0.58 months at $63,000/
QALY. An analysis of imitinab mesylate in chronic-phase
CML, a much more common and costly treatment, compared
with interferon and cytarabine, or bone marrow transplanta-
tion, has not yet been published in the English literature.
Testing for HER-2 positivity by various methods, and treat-
ment with trastuzamab if HER-2 positive, gave better survival
by a few months; however, the cost was always over
$100,000/LY.34 The more common and economically impor-
tant question, at what cost does trastuzamab gain a year 
of life, especially in second- or third-line treatment, was 
not addressed.

Many important advances of the past years have not been
studied, including the cost-effectiveness of adjuvant therapy
for non-small cell lung cancer, dose-dense therapy of breast
cancer, and the effectiveness and cost-effectiveness of most
palliative chemotherapy regimens.
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The 2004 Clinical and Research Challenges in
Economics and How the Principles and
Practice of Oncology May Be Changing

Continued increases in patient demands coupled with esca-
lating costs, without subsequent raises in insurance premi-
ums, will ensure some means of rationing in the future. Cost
and effectiveness analyses offer some way to set a level
playing field for old and new technologies and competing
interests.

Cost-effectiveness analyses can be done successfully
either alongside a clinical trial, when economic interests are
especially prominent,35 or retrospectively, after a therapy is
shown to be effective, but the cost is high. Cooperative
groups, industry groups, or individual researchers can do such
trials. There is always a potential for publication bias, or in-
dustry supporting only those trials that are likely to show their
product is within the fundable range of cost-effectiveness
ratios, as with clinical trials. Funding for these trials will
remain problematic as long as these trials are competing for
the same funds as regular clinical or quality of life trials.

The impact of cost-effectiveness studies has been hard to
gauge. Reflecting over the past years, we can think of only
several examples of the importance of cost-effectiveness
studies. When adjuvant chemotherapy for women with node-
negative breast cancer was first endorsed, a major objection
was the cost, estimated at $300 million or more yearly in the
United States.36 Subsequent studies showed that adjuvant
treatments had similar cost-effectiveness ratios to the treat-
ment of hypertension, and were clearly acceptable.37,38 Similar
objections were raised to the use of chemotherapy for
advanced non-small cell lung cancer, with only a few months
of time gained compared to best supportive care, but subse-
quent analyses showed that chemotherapy could actually be
cost saving39 or have very acceptable cost-effectiveness
ratios.40 Chemotherapy with mitoxantrone in advanced
prostate cancer showed no survival benefit41 but actual cost
savings due to avoided radiation and hospitalizations.42 Royle
and Waugh showed that a relatively simple strategy of search-
ing Medline and similar databases is sufficient for finding
cost-effectiveness studies,43 so the process of updates should
not be difficult. It is important to factor in the cost of the
intervention, if a change in prescribing practices is sought, as
some interventions may cost more than the cost savings gen-
erated, especially with low-cost drugs; this is not likely to be
the case in cancer treatment.44

Summary

In the United States, the cost of health care is now equal to
15% of the Gross National Product, the highest ever, and is
growing at more than 10% annually. Costs rise in response
to increased demand for new therapeutic and diagnostic 
technologies, and as the population ages. Given the limited
resources of payers, an evidence-based and practical method
is needed to mesh our desire for expanded treatment choices
with the reality of limited healthcare dollars. Cost-
effectiveness, defined as the amount of money spent to gain
an additional year of life (LY) by treatment A compared to
treatment B, is one accepted method of analysis and alloca-

tion of resources. Cost-utility assessments, which generate
quality-adjusted life-years (QALY), adjust cost-effectiveness
to account for the morbidity associated with treatment and
illness. We review recent data supporting evidence-based
decision making, some high-profile studies that have changed
clinical practice, and the economic implication of such
changes.

Few studies have integrated cost-effectiveness into their
design for a variety of economic and logistic reasons, but such
studies are needed if we are to make treatment decisions that
are both clinically sound and economically prudent. Once the
data are published, clinicians need commonly agreed-upon
standards to make treatment decisions that account for 
cost and effectiveness, such as “Use therapies that cost
$100,000/LY or less and do not use therapies that cost
$200,000/LY and more.” If the cost-effectiveness ratio is too
high, then the cost of the therapy could be lowered, such as
by convincing pharmaceutical manufacturers to lower the
cost of a drug.

There are examples of cost-minimization and cost-
effectiveness analysis helping in the decision to allocate
resources. Hospital-based palliative care consultation teams
and inpatient units provide equal or better care and can save
as much as 60% per day compared to standard hospital care,
and such programs are growing rapidly. PET scanning,
although very expensive, reduces futile thoracotomies of
potentially resectable non-small cell lung cancer for one of
five patients and can be cost saving; however, 
it would still be used even if it cost additional money.
Chemotherapy for metastatic prostate cancer improves 
symptoms but has limited impact on survival; surprisingly, 
to many, the cost of chemotherapy is more than offset by
avoided complications, such that the cost-effectiveness is
acceptable. Imitinab mesylate for CML, bisphosphonates
used to prevent skeletal complication in breast cancer and
multiple myeloma, trastuzamab for breast cancer, and expen-
sive antiemetics, such as serotonin antagonists, have a cost-
effectiveness ratio of more than $100,000/LY, well outside 
the $50,000/LY parameters normally accepted as appropriate
for cost-effectiveness. However, the treatments are widely
used and accepted as the standard of care. Other effective
strategies that use costly interventions such as dose-dense
chemotherapy in the adjuvant setting for breast cancer, sup-
ported by filgrastim at $1,000 to $2,000/cycle, clearly have
benefit but have not even been studied.

Cost-effectiveness studies offer an objective method by
which to base resource allocation decisions, rather than solely
relying on the response rate or survival benefit of a particu-
lar strategy. Few new cost-effectiveness or cost-utility studies
have changed practice, and many expensive accepted strate-
gies have been adopted without any consideration of cost. The
rapid growth of new and expensive strategies with rapid cost
escalation increases the need for unbiased cost-effectiveness
studies and generally accepted guidelines with which to apply
the results.
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Principles of Screening
for Cancer

Russell Harris and Linda S. Kinsinger

creening is defined as testing for a condition when the
person has no recognized signs or symptoms of that con-
dition. The purpose of screening is not to merely detect

a condition, but rather to help people live better or longer.
This is an important distinction: the detection of earlier
disease by itself is insufficient to justify a screening program.
The program must additionally demonstrate that people live
longer or better because of the earlier detection.

A positive screening test result does not indicate that a
person has the condition, but rather that he or she has a
higher probability of having the condition. People with 
positive screening tests usually undergo diagnostic testing to
determine whether the condition is present. For example, a
woman with a positive mammogram result does not neces-
sarily have breast cancer, but she may undergo a needle local-
ization biopsy to determine whether she has breast cancer.

Screening is not a single test, but rather a cascade of
events that can lead to either benefits or harms (see The
Cascade of Screening, later in this chapter). Potential benefits
include living better or living longer and are usually experi-
enced some years after screening. Potential harms include the
effects of false-positive or false-negative screening tests and
problems that result from overdiagnosis and overtreatment.
Harms are usually suffered soon after screening.

Because screening programs may lead to either net benefit
or net harm, decision makers must carefully evaluate pro-
posed programs. Eight criteria distinguish effective programs:

1. Disease: The disease should cause a sufficient burden
of suffering to warrant attention and should have a detectable
preclinical phase of sufficient length to allow early detection
(see The Critical Point in Cancer Treatment, later in this
chapter).

2. Test: The screening test should be sufficiently sensi-
tive to detect those cancers that could benefit from earlier
treatment. Note that the test does not need to be maximally
sensitive but rather “sensitive enough” to detect those
cancers that it is important to detect. Cancers that are impor-
tant to detect are those which are treatable when detected by
screening but not when detected clinically.

3. Test: There are usually many more false-positive 
test results than true-positive results. The screening test
should be specific enough to minimize the number of false-
positive test results so as to minimize their negative 
consequences.

4. Availability and acceptability: The screening test,
workup, and resultant treatment should be available to all

and acceptable both to clinicians and to the people being
screened.

5. Treatment: There must be a treatment for the disease
that is more effective when applied to screening-detected
cancers than clinically detected cancers. By “more effective,”
we mean that people will live longer or better as a result of
this earlier treatment.

6. Harms of overtreatment: Often earlier detection
includes detection of people with intermediate lesions that
would never progress to invasive cancer. Screening may lead
many people with these lesions to be subjected to treatment
that they do not need and which causes harm. To minimize
harms, people with lesions that will not progress to clinically
important disease should rarely be subjected to potentially
harmful and unnecessary treatment.

7. Benefits and harms: Overall benefits (in terms of people
living longer or better) must outweigh overall harms (includ-
ing harms from the screening test, harms from the workup,
the adverse effects of earlier treatment and overtreatment, the
psychologic effects of labeling, and the downstream effects of
surveillance).

8. Costs: The net health benefits must come at a reason-
able cost.

Screening for cancer is a popular idea, but this popularity may
be based more on intuition than on understanding. Studies
show that the great majority of Americans are convinced that
being screened is part of being a responsible citizen.1 What is
less certain is how well the public comprehends the magni-
tude of the potential benefits of cancer screening; even less
certain is whether the public appreciates the magnitude of 
the potential harms. Further, one could wonder whether the
public has a reasonable grasp of the gaps in our knowledge of
the effects of screening.

One might argue that whether the public understands
these issues is irrelevant. The fact is that the public has
decided that cancer screening is a good that it desires. We
suggest that there are several important reasons for the public
to better understand screening. The first is that screening con-
sumes resources, such as money and the time of medical per-
sonnel. In a system strapped for resources to appropriately
care for all our people, expending resources on services that
offer little benefit and risk greater harm reduces the contri-
bution medical care can make to the health of the public. The
second reason is that if widespread screening fails to reduce
the rate at which people die of cancer, ultimately the public
will ask why it does not. If the medical care system has not
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informed the public of the limitations of cancer screening as
a strategy to reduce cancer mortality, its credibility will be
damaged. Finally, if the public pins all its hopes for cancer
control on screening, this attitude may inhibit creative new
ideas and research that could develop alternative strategies
for cancer control.

The public needs to have a clear idea of both sides of the
cancer screening coin: benefits and harms. Clinicians must
play a large role in this educational effort. This chapter
attempts to help clinicians better understand these issues so
that they can appropriately advise the public.

The Idea of Cancer and the Idea of Screening

The public’s understanding of how cancer works is central to
its understanding of how screening works and thus to its
strong interest in screening. Especially relevant is the public’s
perception of the development and progression of cancer and
of the degree of homogeneity of cancers with the same name
(e.g., breast cancer) in their malignant potential.

Although the process of cancer development is not 
completely understood, it is clear that a normal cell does not
become cancer suddenly, all at once. Rather, cells undergo a
number of assaults over time, with various results.2 Some of
these assaulted cells develop various abnormal forms, or
“intermediate lesions,” such as cervical intraepithelial neo-
plasia (CIN), colonic polyps, or ductal carcinoma in situ of
the breast (DCIS). Although not cancer themselves, these
intermediate lesions do at times develop into cancer.

As screening frequently detects intermediate lesions,
their natural history is important. If nearly all intermediate
lesions progress to malignant cancer, then early detection and
treatment would appear to be an effective strategy for cancer
control. The detection of intermediate lesions would be a
triumph. By interdicting the developing cancer at this early
point (i.e., even before it can be called a cancer), treatment
could eradicate a lesion that would have caused major health
problems in the years to come.

With many intermediate lesions, however, the majority
(most often, the great majority) never progress to invasive
cancer. Thus, screening often results in detecting and treat-
ing intermediate lesions that do not need to be detected or
treated. If there are any harms to this early detection and
treatment, the magnitude of these harms must be counted
against the magnitude of the benefit. It is doubtful if many
people understand this result of screening, or at least the fre-
quency with which it occurs.

After cancer develops, a critical issue is the extent to
which it uniformly progresses in a linear and inevitable
manner to cause symptoms and death. If cancer is always an
inexorably progressive condition, it is intuitively appealing to
think that early detection is an effective strategy for cancer
control. The experiences of people who have cancer with the
same name (e.g., breast cancer) would vary little; all would be
destined for a difficult death because the cancer had pro-
gressed too far for effective treatment. Again, the facts are
otherwise.

Cancers, even cancers with the same name (e.g., breast
cancer), vary widely in their growth rate and malignant poten-
tial. Studies have found that cancers that vary with respect
to certain cell markers have different prognoses.3 Gene

expression profiling using DNA microarrays4,5 has shown the
genetic heterogeneity of individual breast cancers. There is
not one type of breast (or colorectal or prostate) cancer, but 
a number of types, each with a different natural history.
Together with the probable but largely unknown ways in
which individual susceptibility varies, these cancer types
produce great variation in the ways a particular cancer is
expressed. Some cancers in certain individuals grow rapidly
and are lethal within a short time, regardless of our best treat-
ments. Screening is unlikely to make a difference for people
with such cancers, which may metastasize from the first cell.

Other cancers with the same name grow more slowly, or
not at all. People with some of these latter cancers may be
greatly helped by early detection and treatment; others have
cancers that do not need to be detected and treated at all. In
some cases, lesions that clearly meet histologic criteria for
cancer do not cause important clinical problems. Experts have
termed this last group pseudodisease, lesions that appear to
be cancer but do not progress to clinically important disease.
It is the existence of this type of cancer, less malignant and
less requiring of treatment, that gives pause to the push for
screening. Here are cancers that do not need to be found early;
some of them do not need to be found at all.

Much of the public has another conception of how cancer
works. The word cancer usually means a condition that uni-
versally and inevitably progresses, a condition that is poten-
tially fatal in every case. The fact that some people have
long-term survival after cancer diagnosis is attributed to some
exceptional characteristic of the individual or to effective
treatment. Intermediate lesions are called premalignant; the
popular conception is that they too inexorably progress to
cause major clinical problems. This incorrect view of the
nature of cancer is an important underlying reason for the
popularity of cancer screening. As people have commented to
the authors, cancer screening “simply makes sense.” Given
this view of cancer, one can understand their thinking.

The Critical Importance of Treatment
Effectiveness in Determining the Benefits 
of Screening

The purpose of screening is not simply to detect disease
earlier, but rather to help people live better or longer (i.e.,
improve health outcomes) because of early detection. Thus,
the question we need to ask ourselves in considering a screen-
ing situation is not how many early cancers we find but how
many people avoid poor health outcomes.

Although many people and their clinicians view the
potential benefits of screening as primarily a function of the
accuracy (especially the sensitivity) of a screening test, in fact,
the factor that most commonly limits the benefit from
screening is the treatment. For a screening program to
improve health outcomes, it must include a treatment that
is not only effective but which is more effective if applied
earlier than if applied later. That is, the critical issue with
screening is the timing of treatment. If the treatment is not
effective at any time, obviously screening is not useful. If
treatment is excellent and just as effective for clinically
detected cancer as screening-detected cancer, then again early
detection by screening is not helpful. Screening is only useful
in improving health outcomes when the treatment is effec-
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tive for screening-detected cancer but not clinically detected
cancer.

This treatment criterion for a screening program is often
misunderstood. The important question is this: where in the
natural history of this cancer is the critical point (see follow-
ing discussion) at which a particular treatment becomes 
ineffective? Theoretically, at least, many treatments may be
effective when a potentially fatal cancer is only a few cells in
size. As this cancer grows, however, there comes a point at
which treatment is no longer effective in altering its natural
history and helping the person to live better or longer. It is
the location of this critical point, and especially its relation-
ship with the point of detection by the screening test, that
determines the effectiveness of the screening-and-early-treat-
ment program. If the critical point is earlier than the point at
which the cancer can be detected by screening, then screen-
ing cannot be helpful. If the critical point is during the “lead
time” produced by the screening test, then screening will be
helpful. If the treatment is very effective and the critical point
is after the point at which regular, competent medical care
would detect the cancer, then screening is not useful because
treatment after usual clinical detection is as effective as
treatment after screening detection.

When treatment is particularly effective, the critical point
for some potentially fatal cancers may be at a far-advanced
stage. Even very effective treatments may become ineffective
for far-advanced stage cancers. Far advanced stage cancers at
diagnosis may occur in several situations: in people who
neglect their health; in people without access to regular, com-
petent medical care; or in people without understanding that
early signs or symptoms should be evaluated. In the past, for
example, some women presented with breast tumors that
were the size of a lemon or even an orange. It would be diffi-
cult to deny that many such cancers could have been treated
more successfully had they been evaluated at an earlier 
stage. Few women present with such advanced tumors now,
at least partly, because most women in this country recog-
nize that breast lumps of any size should be examined by a 
physician.

The treatment requirement for a screening program is that
the treatment must be more effective after detection by
screening than after usual clinical detection. It does not
require that the treatment be effective for far-advanced stage
cancers. One does not need to implement a screening program
to prevent the development of far-advanced cancers by
helping people understand that new symptoms and signs
should be reported to one’s physician. This educational effort
is different from screening.

The issue of the effectiveness of treatment at different
points in the natural history of cancer is made more complex
by the marked variation in cancers and individuals, as just
discussed. It is not surprising, for example, that early detec-
tion and treatment rarely reduce mortality by 100%. For
example, in the overviews of the randomized controlled trials
of breast cancer screening, mortality is reduced by less than
20%.6 This finding would imply that about 20% of women
destined to die of breast cancer have a type of cancer that is
better treated earlier than later. The other 80% of women des-
tined to die of breast cancer have a type of cancer for which
earlier treatment is not useful. These women may have a par-
ticularly malignant form of cancer in which metastasis occurs
at an early stage, too early to be detected by screening.

Many other women are detected by breast cancer screen-
ing, of course, but these may be women not destined to die
of breast cancer. They may have either a less-malignant form
of the disease for which later treatment is as effective as
earlier treatment or a benign form of cancer that would never
have caused major adverse health outcomes even without
treatment.

The Critical Point in Cancer Treatment

As shown in Figure 12.1, cancer begins as a small number of
cells. If it were possible to detect every cancer at this point,
and accurately distinguish the potentially fatal ones from the
nonfatal, then our treatments would have a high rate of
success. As the cancer grows, however (moving to the right
in the figure), the potentially fatal cancers reach a point at
which they are less effectively treated. This critical point
varies between cancers and within cancers with the same
name. It also varies between treatments. An important
advance in treatment may mean that cancers can be effec-
tively treated at a later stage in their development (i.e., farther
toward the right of the figure).

The relationship of the critical point to the point at which
a screening test can detect a cancer helps determine the
potential benefits of screening. If the critical point is between
points A and B in the figure (i.e., before the screening test can
detect the cancer), then screening with the present test will
not reduce the burden of suffering of the cancer. If the criti-
cal point is between points B and C (i.e., within the detectable
preclinical phase of the cancer), then screening may well be
helpful in reducing mortality and/or morbidity. If the critical
point is to the right of point C in the figure, then the treat-
ment is effective for even advanced cancers, and earlier detec-
tion is not needed.

Sensitivity of the Screening Test: 
A Less Important Criterion

In contrast to effective treatment, the sensitivity of the
screening test, that is, its ability to detect early cancer, may
or may not be an important factor in determining the benefit
from a screening program. If a screening test is made more
sensitive (for example, by reducing the cut-point for defining
“abnormal”), it is likely that the test will detect more
cancers. However, if these additional cancers are either more
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benign (and would never cause problems) or more malignant
(and thus have already metastasized), then the extra sensitiv-
ity would not have made a contribution to improving health
outcomes. The operative question is not how many more
cancers are found by a more sensitive test but rather whether
screening has moved detection for at least some potentially
fatal cancers back to a more treatable stage. If this has not
occurred, then the more sensitive test has not been a useful
addition to the screening program. This rationale includes
such strategies as screening more frequently (i.e., reducing the
screening interval), which may increase sensitivity but may
or may not improve health outcomes.

For this reason, the sensitivity of a screening test may not
be related to its ability to improve health outcomes. For
example, screening for cervical cancer with the Pap smear
probably has a fairly low sensitivity,7,8 yet screening every 3
years apparently reduces cervical cancer mortality by more
than 80%.9 Developments in the technology of screening
tests that seek to improve screening programs by increasing
the sensitivity of the screening test may increase sensitivity
without improving health outcomes. Such approaches may
increase the cost of screening without providing additional
health benefit.

Potential Harms of Screening: False-Positive
Results and Overtreatment

It is difficult to understand how finding cancer earlier could
cause harm. In the popular paradigm of cancer being an inex-
orably progressive disease, the idea of harms from screening
makes little sense. It is not difficult to understand why people
report having little concern about being harmed by a screen-
ing test. But in a real world in which not every cancer is an
enemy, most of the intermediate lesions never progress to
invasive cancer, workups and diagnostic tests have side
effects, and cancer treatments can cause suffering of their
own, the possibility of doing harm with screening is easier to
understand.

The Cascade of Screening

Screening is not a single test, but rather a cascade of events
that can result in either benefit or harm (Figure 12.2). The
first step is the screening test itself. Although some diag-
nostic tests can have useful intermediate results, with a
screening test the result is either positive or negative. If a 
recommendation for anything other than continued routine
screening comes from the screening test, it is a positive test.
The patient is notified that all is not well and that further
evaluation of some kind is needed.

Typically, with cancer screening, many more people have
a negative screening test than a positive. After a positive test,
further workup is required to determine whether the screen-
ing test is a true positive or a false positive. The workup may
vary depending on the degree of positivity of the screening
test or other circumstances. Some people with false-positive
tests have ongoing anxiety related to the experience of screen-
ing whereas others do not.

People with a true-positive test do not all benefit from
earlier detection of their cancer. These people fall into four
categories. Category 1 includes people with fast-growing,

malignant disease for which treatment is ineffective. These
people do not benefit from earlier detection. Category 2
includes people whose cancer is easily treated regardless of
when it is detected. These people also do not benefit from
earlier detection. Category 3 includes people whose cancer
would never have caused important clinical problems and
does not need to be treated. These people have “pseudodis-
ease” and do not benefit from earlier detection. Category 4
includes people whose cancer is more effectively treated
earlier, after screening detection, than later, after clinical
detection. These are the people who benefit from earlier
detection. Treatment of people from category 3 is overtreat-
ment; any adverse effects from treatment of this group must
be counted as among the harms of screening. This situation
happens frequently because category 3 cancers cannot always
be accurately distinguished from other categories.

We next consider two categories of potential harms from
screening: false-positive screening tests and overtreatment.
Although false-negative tests could also theoretically cause
harm by false reassurance, we know of little evidence to 
substantiate this potential harm.

False-Positive Test Results

False-positive screening test results can cause harm both 
psychologically and by adverse effects from unnecessary
workups. Although a positive screening test does not mean
that one has the disease in question, it does mean a person
has been placed into a higher risk group than previously. That
is, the risk of having breast cancer is higher among women
with a positive mammogram than among women who have
not yet had a mammogram. The individual may experience
the uncertainty of not knowing whether she has breast
cancer. This occurrence usually causes stress to the individ-
ual involved; any delay in the diagnostic workup adds to the
person’s concern.

The psychologic trauma from a false-positive screening
test can be increased by incomplete resolution of the situa-
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tion. For example, women with an abnormal mammogram
are sometimes asked to return for follow-up mammograms
every 6 months (rather than annually). Similarly, some men
with a high prostate-specific antigen (PSA) value and a nega-
tive prostate biopsy are asked to return in 3 to 6 months for
a second set of biopsies because the cancer may have been
missed in the first set. People who have had benign colonic
polyps removed are sometimes asked to have repeat
colonoscopy at more frequent intervals. Some of these people
may suffer psychologic stress as a result of prolonging the
experience of uncertainty.

Some people who have had seemingly complete resolu-
tion of the false-positive screening test (e.g., a woman with
an abnormal mammogram who had a negative biopsy and was
told she does not have cancer) still have lasting concerns. A
study of women after having a false-positive mammogram
found that many still had lingering doubts that interfered
with sleep or function 6 months after a negative biopsy.10

A recent study found a similar result among men with a 
high PSA screening test and a negative biopsy for prostate
cancer.11

Because false-positive tests lead to workups without 
clinical benefit, any complication from the workup of a false-
positive screening test (e.g., colonic perforation from a 
false-positive fecal occult blood test) is also a harm from
screening. Most workups for positive screening tests will be
negative.

Although these psychologic effects and complications
from workups may seem of little consequence when com-
pared with the potential for extending life by screening, the
weighing of these effects on a population level must take into
account that the actual number of false-positive screening
tests is far larger than the number of true-positive tests, and
larger still then the number of true-positive tests that lead to
extended life.

The rate at which a screening test yields false positives is
determined by its specificity. Many screening tests have
specificities above 90%. Although this sounds very high,
specificity in the 90% range guarantees a large number of
false-positive tests. This is because specificity is the percent-
age of all people without the cancer who are classified cor-
rectly as having a negative test; 1-specificity is the percentage
of people without disease who are incorrectly classified as
having cancer (i.e., false positive). In a screening program,
however, the number of people without cancer is very large;
thus, even 10% (or even 5%) of a large number is still a large
number.

In most cases, the number of false-positive screening tests
outnumbers true-positive tests by a factor of from 4:1 (e.g.,
prostate cancer) to 10:1 (e.g., breast cancer) or higher. If we
consider the proportion of people who have at least one false-
positive screening test over a period of years of repeated
screening, the ratio of false-positive to true-positive tests 
is even larger. In one study, nearly 50% of women had at 
least one abnormal mammogram over 10 years of annual
screening.12

Because the prevalence of cancer in a screening popula-
tion is low, the number of true-positive tests is usually low.
If, as noted previously (see Figure 12.2), only a fraction of the
true-positive tests lead to extended life, then the number of
people who could, over a period of years, potentially suffer
the harms of a false positive screening test so far outnumbers

the people who may reap the benefits that weighing benefit
and harm overall is not straightforward.

As noted previously, improving the sensitivity of a screen-
ing test may or may not lead to increased benefits from
screening. However, improving the specificity of a screening
test often leads to less harm because there are fewer false-
positive tests. A smaller number of false-positive tests gives
less opportunity for adverse psychologic effects of screening
and for adverse effects of negative workups. Thus, improving
the specificity of screening tests should often be a priority.

For most tests, whether screening or diagnostic, sensitiv-
ity and specificity are inversely related. Thus, increasing the
specificity of a screening test may well reduce the sensitiv-
ity. The optimal screening test, then, may be neither the most
sensitive nor the most specific test, but rather the test (or test
cut-point) that gives the optimal trade-off between benefits
and harms.

Overdiagnosis and Overtreatment

In addition to false-positive tests, harms may also follow from
true-positive tests. Not all people with true-positive screen-
ing tests benefit from the earlier detection of cancer. One can
think of people with true-positive tests as having cancers in
one of four categories.

Category 1: People with an aggressive, malignant cancer may
not benefit from screening because the cancer has already
metastasized before it can be detected. We are learning, in
fact, that some cancers may metastasize within the first
few cell divisions, too early to be the target of screening.

Category 2: Other people with slower-growing cancers may
be highly treatable even after clinical detection. Testicu-
lar cancer may be such a tumor; our treatments are highly
effective without the need of early detection. People with
such cancers do not benefit from screening.

Category 3: Some people may have pseudodisease, cancers
that do not need treatment at all. These people either have
intermediate lesions that would not progress but are still
considered positive tests (e.g., small colonic adenomas) or
have cancer that would not cause clinically important
problems for the person in his/her lifetime. These are
lesions that appear to be cancer but do not act as we think
cancer usually acts. These people cannot benefit from
early detection of their “cancer.”

Category 4: These are people who can benefit from earlier
detection. These people have cancers that are potentially
lethal but which can be treated more effectively because
they were found earlier. In this case, the criterion is met
that the treatment must be more effective if applied after
screening detection than later, after clinical detection.
Usually, this group of true-positive cancers is a minority
of all true positives. The randomized controlled trials of
breast cancer screening, for example, tell us that less than
20% of potentially lethal breast cancers (categories 1 and
4) belong to group 4.

A problem with this formulation, however, is that many
cancers can only be placed in their proper category retro-
spectively. That is, the people in category 3, who do not need
to be detected or treated, are often initially difficult to dis-
tinguish from the other groups. Thus, people in this category
are still treated. An example is men with prostate cancer
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detected by screening. The majority of men with screening-
detected prostate cancer have tumors that are moderately dif-
ferentiated. Some cancers of this type are potentially lethal
whereas others will never cause clinical problems. Because it
is impossible to distinguish these cancers with high confi-
dence at the time of diagnosis, virtually all men with this type
of cancer are treated. This constitutes overdiagnosis, as we
are diagnosing some men with cancer who do not need to be
diagnosed, and overtreatment, as we are treating some men
who do not need treatment.

The fact of overtreatment is undeniable and likely occurs
with many cancers. The most important question is how
often it occurs. Determining the number of people in cate-
gory 3 (the primary group that is affected by overtreatment),
however, is not simple. One can consider the issue in either
of two ways: pathologically or epidemiologically. These 
different approaches explain much of the debate about the
frequency of “clinically important” prostate cancers.

The pathologic approach to determining the frequency of
cancers that do not need treatment uses grade and other 
cellular prognostic characteristics to determine prognosis at
the time of diagnosis. People who are at risk of overtreatment
have cancers with more benign characteristics. The problem
with this approach is that none of the known prognostic char-
acteristics is able to separate benign from malignant cancers
with a high degree of accuracy. For example, one population-
based study found that from 40% to 70% of men (depending
upon age) with localized Gleason score 7 prostate cancer died
of prostate cancer within 15 years of diagnosis.13 This finding
also means that 30% to 60% of men with this type of cancer
did not die of prostate cancer in that time. As these men were
diagnosed before widespread PSA screening, it is likely that
these survival figures would be higher today, independent 
of any changes in the effectiveness of treatment. Thus, the
Gleason score and extent of tumor only give partial informa-
tion about prognosis, and we are uncertain about whether an
individual man will die of prostate cancer.

Another approach is based on the epidemiology of the
cancer. This approach examines such issues as the difference
between incidence and mortality; trends over time; changes
in the effectiveness of treatment; and the lead time produced
by the screening test. Using these assumptions with statisti-
cal modeling, investigators can calculate an approximation of
the proportion of cancers that would not have caused prob-
lems during the person’s lifetime. The problem with this
approach is that it is based on a number of assumptions, at
least some of which may be incorrect.

The best way to calculate the percentage of cancers that
would never become clinically apparent is an analysis of
results from a randomized controlled trial (RCT) of screening,
comparing invited and control groups. If the trial screens
people in the invited group for several years and then stops
screening, the initial increase in incidence usually seen in 
the invited group compared with the control group should
gradually decrease after the end of screening, as the cancers
in the control group are detected at a later time. If the cumu-
lative incidence of cancer in the control group never catches
up with the invited group, this is evidence of detection 
by screening (in the invited group) of cancers that would 
never become clinically apparent. This approach may theo-
retically underestimate the true frequency of overdiagnosis,
however, as it does not count cancers that produce only

minimal symptoms (but symptoms sufficient to be diagnosed)
in the overdiagnosis category. Although such cancers do 
cause some symptoms, they may grow so slowly that they
would never progress to important clinical problems within
the lifetime of the individual. The extent to which such
cancers exist is unknown, but they do not need to be diag-
nosed early.

Overtreatment causes harm in a number of ways. First,
the individual has been labeled as a “cancer patient,” with
likely important consequences for the person’s life. Second,
most cancer treatments have some side effects, some of
which may be long lasting. Thus, in attempting to gain addi-
tional life in the future, people must undergo immediate
harm from treatment. Finally, the large number of people
being treated leads to an exaggerated view by professionals
and the public of the true frequency of the cancer and the
effectiveness of treatment.14 Further, 5-year survival statis-
tics, which improve as more benign cancers are detected and
treated, provide an erroneous overestimate of the efficacy of
treatment (15) (see following discussion), and many “cancer
survivors” are actually people who had either benign-type
cancers (category 2) or pseudodisease (category 3) (see Cancer
Survivors, later in this chapter).

The Fallacy of 5-Year Survival in Indicating the
Effectiveness of a Screening Program

The 5-year survival rate is frequently cited as evidence for the
effectiveness of screening in reducing cancer mortality.
Nearly every cancer has a longer 5-year survival for early-
stage disease than late-stage disease. It should then follow
that finding the cancer at an earlier stage leads to improved
outcomes and lower mortality.

Factors other than the effectiveness of screening,
however, are important determinants of the 5-year survival
rate.15 As survival is defined as the time from diagnosis to
death, it is heavily influenced by early detection, even if death
is not postponed. Thus, improved 5-year survival for early-
stage cancers could simply reflect the stage at which the
cancer is found, with no effect of screening on the natural
history of the cancer.

A second problem with the 5-year survival rate as a
measure of the effectiveness of screening is related to the 
heterogeneity of cancers with the same name. Cancers diag-
nosed at an early stage may be pathologically different from
cancers diagnosed at a later stage. Screening may have little
to do with the higher 5-year survival rate for early-stage
cancers: they would have lower malignant potential regard-
less of how (or when) they were detected.

Biases in Cancer Screening

Several biases may lead one to believe that screening is effec-
tive even in situations where it is not. The first of these is
“lead time bias” (Figure 12.3). As shown in the figure, lead
time is the time by which earlier detection advances diagno-
sis. If treatment is ineffective, however (“situation 2” in
Figure 12.3), then the patient will die at the same time he/she
would have without earlier detection (“situation 1”). The
patient’s “survival,” measured from diagnosis, has been 
prolonged but the patient has not benefited. Thus, studies
that compare survival between people whose cancers were
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detected by screening with those whose cancer was detected
clinically are flawed. The important issue with screening is
whether there is a “situation 3,” in which people’s lives have
actually been extended. The best study design to avoid this
bias is the randomized controlled trial.

A second bias also may cause people to conclude that
screening is useful when it is not. This bias, termed “length-
biased sampling” (or “length-time bias”), is associated with
the heterogeneity of cancer growth rates and malignant
potential (Figure 12.4). Patients 1 and 4 in the figure have
rapidly progressive tumors that spend relatively little time in
the “detectable preclinical phase” area. As a result, these
cancers are often missed by screening tests. Patients 2 and 3,
however, have slower-growing, less-malignant cancers that
are less likely to be fatal. These cancers spend a longer time
in the detectable preclinical phase area and thus are more
likely to be detected by screening. Thus, length-biased sam-
pling makes us believe that screening is effective because
people with screening-detected cancers do better than people
with clinically detected cancers. Slower-growing and less-
malignant cancers are preferentially detected by screening
programs.

Interestingly, patient 4, whose cancer was detected at a
later age, does not die of his or her cancer, even though the
cancer is faster growing and malignant, because of competing
risks: he or she is more likely to die of another cause at this
older age. Patient 4 is not helped by screening.

Cancer Survivors

The prominence of cancer survivors is a factor in the public’s
strong interest in cancer screening. A number of people who
appear to have been cured of cancer attribute their well-being
to detection of their cancer by screening and resultant early
treatment. Their testimony to the power of screening con-
tributes to the public’s perception that cancer screening is a
responsibility. However, at least some of these people likely
had either an easily treated benign-type cancer (category 2) or
pseudodisease (category 3). Neither of these cancers requires
earlier detection. Easily treated cancers are slower growing
and can be treated as well after clinical detection as after
screening detection. Pseudodisease cancers would never have
caused important problems and thus do not need treatment
at all. Because it is often difficult to distinguish these cancers
at diagnosis from more malignant forms, people who do well
after treatment tend to attribute their well-being to screening
and early detection. Because many of these people choose to
have high public visibility, this creates a bias in favor of the
public’s view that screening is highly effective in reducing
mortality from cancer.

Weighing Benefits and Harms: 
Decision Making About Screening

Weighing the benefits and harms of screening programs is dif-
ficult. First, one must determine the presence and magnitude
of the benefits and harms. Benefits seem intuitive, but closer
inspection shows that they are easy to overestimate. Evidence
about the accuracy or yield of screening tests by itself is inad-
equate, as is evidence about the effectiveness of treatment in
people detected clinically. Etiologic data about trends in mor-
tality over time are open to multiple interpretations. To avoid
the strong biases involved, the ideal study design is a ran-
domized controlled trial (RCT) of screening. Even this design,
however, is open to criticism, as has been shown by the 
controversy over the breast cancer screening trials.16,17 In the
end, the determination of the benefits of screening depends
on examining evidence from many sources with different
designs, and then considering the relevance of the studies to
the community setting.18 One should consider not only
whether there are benefits, but how many people benefit and
by how much. Judgment is involved in this complex process.

The same process is involved in determining the harms
of screening. This part of the equation is often forgotten: a
screening program is justified if, and only if, the benefits out-
weigh the harms of the program. Even RCTs of screening
often do not report on the adverse effects caused by screening.

After determining the magnitude of benefits and harms,
decision makers need to consider whether one outweighs the
other. A problem is that the benefits and harms are usually
in different metrics. Benefits should be stated in terms of the
estimated number of lives extended in 1,000 people screened
over a given time period. Some have claimed reassurance
from negative screening tests as a benefit, but careful exam-
ination shows that such reassurance is based on questionable
assumptions. The actual reduction in the probability of
cancer after a negative cancer screening test is very small.
Harms should include the number of people in 1,000 screened
with false-positive tests, people who are referred for workups
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and may suffer psychologic distress. Ideally, one should also
estimate the number of people who were overtreated and the
consequences of overtreatment.

Weighing the (usually) small number of lives extended
against the larger number of people with various types of
harms requires a value judgment. What value is placed on the
experience of the people suffering harms and what value is
placed on the people whose lives are extended? Currently, our
culture seems to have decided that even a small number of
lives extended by cancer screening outweighs a larger number
of people having problems with false positives and overtreat-
ment. It is not clear whether this concept will change as the
public becomes more aware of the magnitude of the benefits
and harms from cancer screening.

For many cancer screening decisions, some have sug-
gested that the people undergoing the screening should be
informed of the potential harms as well as the potential bene-
fits and should be involved in the decision.19 This approach
is called shared decision making (SDM). Research is currently
exploring ways of making SDM more feasible and effective in
the clinical setting, using decision aids and other decision
support resources.

The benefits and harms of cancer screening usually vary
by age. The incidence and mortality of most cancers usually
associated with screening increase with age. If screening leads
to a constant relative reduction in mortality risk, then the
absolute reduction in risk (i.e., mortality benefit) increases
with age. Thus, younger people with a low probability of
having cancer may receive few benefits and expose them-
selves to important harms by having screening. For example,
women in their forties probably receive some benefit from
mammography screening for breast cancer, but the magnitude
of benefit is small. These women do, however, have a higher
probability of having a false-positive mammogram. Given
this information, some women will choose to have mam-
mography in their forties and some will not. The age at which
the benefits of screening overcome the harms depends on 
personal values. In general, however, screening is not offered
to people at a younger age who have a very low probability of
having cancer.

In considering an upper age limit for screening, it is impor-
tant to remember that any life extension from screening does
not occur immediately after screening but rather some years
in the future. Thus, to realize the benefit from screening one
must live a certain period into the future. As people age,
however, the risk of dying of a cause other than cancer
increases. Some older people, then, do not live long enough
to benefit from screening. Clearly, people with a limited life
expectancy have little to gain from screening.

The harms of screening may or may not vary by age. In
some cases (e.g., mammography), the screening test may yield
fewer false positives in older people, thus decreasing the
harms of this finding. In other cases (e.g., PSA for prostate
cancer), the screening test may yield more false positives and
thus potentially increase the probability of harms. Harms
should be carefully considered in every screening decision;
the weight they are given by the patient may vary by age.
Interventions to reduce psychologic harms by educating
people about false positives before screening may be useful
but need more research.

An important decision for people who have decided to be
screened is the frequency of repeat screening. It is unusual to

have RCT evidence about the relative benefits and harms of
various screening intervals. More commonly, we reason about
this issue with indirect evidence, including our understand-
ing of the natural history of the cancer and measurements of
cancer incidence in people who have waited different times
to be rescreened.

In general, cancer detection is greatest with the first
screening round, the so-called prevalence screen, because
there are more asymptomatic cancers to be detected initially
than on later screening rounds. Cancers detected in a previ-
ous round of screening have been removed from the pool of
remaining asymptomatic cancers. Thus, a short screening
interval will likely find fewer cancers than a longer interval.
The longer the interval, the closer cancer detection will revert
to the initial round.

The balance of benefits and harms from various screening
intervals is more complex. A shorter screening interval
usually means increased sensitivity, but specificity may be
reduced. In deciding the most appropriate screening interval,
one must consider the trade-offs between finding all appro-
priate cancers (i.e., increased sensitivity) and increasing the
rate of harms related to false positives.

The value of cancer screening after previously negative
screening tests is uncertain and needs further study. It is pos-
sible that various results from previous screening tests (e.g.,
men with very low PSA values or women with benign types
of parenchymal findings on a mammogram) may be markers
of people at decreased risk of developing cancer. These
markers may help us define a group of people who do not need
further screening, thus allowing us to target screening to
people who have the greatest possibility of benefit. If by defin-
ing a low-risk population (rather than a high-risk population)
we could reduce the number of people requiring screening
(thus reducing costs and potential false positives and
overtreatment), the balance between the benefits and harms
of screening could be improved.

The Costs and Cost-Effectiveness of Screening

Even after gathering the evidence about the benefits and
harms of screening, policy makers must still ask the question
of whether the net benefits are worth the costs and resource
utilization. It may be, for example, that annual abdominal
computed tomography (CT) scans detect unsuspected cancers
of several types and even sometimes extend a life. But the
costs of such a strategy (leaving aside the likely harms for the
large number of false positives) may be prohibitive. In other
words, the benefits may not be worth the cost.

Opportunity costs are also important. That is, if clinicians
spend large amounts of time discussing cancer screening that
has little probability of benefit, this may take away from time
that could be used, for example, to counsel people about stop-
ping tobacco use, or spending more time on SDM for poten-
tially beneficial cancer screening.

Cancer Screening Examples

To illustrate these principles, we have included examples of
screening from four different cancers (cervical, prostate,
breast, and colorectal) among those most commonly consid-
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ered for screening. In each case, there is the clear potential
for benefits and harms. In each case, the benefits are not large
in an absolute sense, whereas the harms are not inconse-
quential. Rational people may decide to have or not to have
screening for these cancers based on the same understanding
of the evidence. It is important for the public to come to a
better understanding of the potential benefits and harms of
cancer screening.

Example of Cervical Cancer Screening

Incidence and Mortality

In 2004, an estimated 10,520 new cases of and 3,900 deaths
from invasive cervical cancer were expected.20 In 2000, the
age-adjusted incidence rate in nine Surveillance, Epidemiol-
ogy, and End Results Program (SEER) registries was 8 per
100,000 women; the age-adjusted mortality rate was 3 per
100,000.21 From 1950 to 1970, the incidence and mortality
rates of invasive cervical cancer fell impressively by more
than 70%. From 1970 to 2000, the rates continued to decrease
by more than 40%.22 This trend has been attributed largely to
screening with the Papanicolaou (Pap) test.

Screening Tests

The Pap test, the standard screening test for cervical cancer,
has never been studied in an RCT. A large body of consistent
observational data, however, supports its effectiveness in
reducing mortality from cervical cancer. Both incidence and
mortality from cervical cancer have sharply decreased in a
number of large populations following the introduction of
well-run screening programs.23–26 Reductions in cervical
cancer incidence and mortality were proportional to the
intensity of screening.22,27

Case-control studies have found that the risk of develop-
ing invasive cervical cancer is 3 to 10 times greater in women
who have not been screened.28–32 Risk also increases with
longer duration following the last normal Pap test, or simi-
larly, with decreasing frequency of screening.33,34 Screening
every 2 to 3 years, however, has not been found to increase
significantly the risk of finding invasive cervical cancer above
the risk expected with annual screening.34,35

The precise sensitivity and specificity of Pap tests has
been difficult to determine because of the methodological
limitations of studies.36 Studies that compare the Pap test
with repeat Pap testing have found that the sensitivity of any
abnormality on a single test for detecting high-grade lesions
is 55% to 80%.7,8 Because of the usual slow-growing nature
of cervical cancer, the sensitivity of a program of regular Pap
testing is likely higher.

Specificity of the Pap test is probably above 90%; it
seldom categorizes a woman without any degree of cervical
intraepithelial neoplasia (CIN) as having anything more 
than a mild cytologic abnormality. Specificity is lower,
however, for women with mild, clinically unimportant
degrees of dysplasia, who are often categorized as having 
cytologic abnormalities that require further testing and even
treatment. Women with such cytologic findings as atypical
squamous cells of undetermined significance (ASCUS) are
often shown on further evaluation to have neither severe 
dysplasia nor invasive cancer. If these women are counted 

as false positives, then specificity will be calculated as 
lower.7

Newer techniques that employ liquid-based cytology 
(e.g., ThinPrep) have been developed to improve the sen-
sitivity of screening. As with the Pap test, the optimal studies
to determine the sensitivity and specificity of these tech-
nologies have not been done. Some less than optimal studies
show that sensitivity is modestly higher for detecting any
degree of CIN, with modestly lower specificity.37,38 One
careful study, however, showed that conventional Pap testing
was slightly more sensitive and specific than liquid-based
cytology.39

The evidence is also mixed about whether liquid-based
techniques improve rates of test adequacy.37,38 One advantage
of liquid-based cytology is that human papillomavirus (HPV)
testing can be done on the same preparation; one disadvan-
tage is that liquid-based approaches are more expensive than
conventional Pap testing. No study has examined whether
liquid-based cytology actually reduces the number of women
dying of cervical cancer compared with conventional Pap
testing.

Rationale for Screening

Invasive squamous carcinoma of the cervix results from the
progression of preinvasive precursor lesions called cervical
intraepithelial neoplasia (CIN), or dysplasia. Not all these
lesions progress to invasive cancer; many mild and moderate
lesions regress. The rate at which invasive cancer develops
from CIN is usually slow, measured in years and perhaps
decades.40 This long natural history provides the opportunity
for screening to effectively detect this process during the
preinvasive phase, thus allowing early treatment and cure.
Because many of these preinvasive lesions (especially low-
grade lesions) would have never progressed to invasive
cancer,41–43 screening also runs the risk of leading to treatment
of women who do not need to be treated. This approach leads
to harms of screening by overtreatment.

The leading etiologic factor in the development of prein-
vasive and invasive cervical cancer is infection with specific
types of HPV transmitted by sexual contact. Thus, women
who are not sexually active rarely develop cervical cancer,
whereas sexual activity at an early age with multiple sexual
partners is a strong risk factor. About 95% of women with
invasive cervical cancer have evidence of HPV infection.44–47

Many women with HPV infection, however, never develop
cervical cancer; thus, this infection is necessary but not 
sufficient for the development of cancer.48

Harms of Screening

The major potential harm of screening for cervical cancer lies
in the detection of many lesions [such as most cases of low-
grade squamous intraepithelial lesions (LSIL)] that would
never progress to cervical cancer. Women with abnormal LSIL
or high-grade squamous intraepithelial lesions (HSIL) on Pap
testing are usually referred for colposcopy and treated with
cryotherapy or loop electrosurgical excision procedure (LEEP),
which permanently alters the cervix and has unknown fer-
tility and pregnancy consequences. As younger women have
the highest incidence of acquisition of HPV and LSIL, they
are disproportionately at risk of receiving intervention for a
condition that often spontaneously resolves.
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The cost of newer screening methods is also problematic.
A cost-effectiveness analysis found little effect on life
expectancy with the new technologies when used for annual
screening.49 They may be more cost-effective when used on a
less frequent (e.g., every 3 years) basis.

Balance of Benefits and Harms

Based on an analysis of screening records from nearly 350,000
women in Bristol, England, investigators projected that 1,000
women would need to be screened for cervical cancer for 35
years to prevent 1 death from the disease.50 For each death
prevented, the authors estimated that more than 150 women
have an abnormal result, more than 80 are referred for inves-
tigation, and more than 50 receive treatment.

Annually in the United States, 50 million women undergo
screening; about 3.5 million (7%) will be referred for further
evaluation. Of these, more than 2 million will be referred for
further evaluation of atypical squamous cells of undeter-
mined significance (ASCUS).51 Fewer than 11,000 cases of
invasive cervical cancer were expected in 2004. Thus, Pap test
screening results in a large number of colposcopies for benign
conditions. Strategies to improve the specificity of the 
cervical cytopathology test are being evaluated by the
ASCUS/LSIL Triage Study (ALTS).52 Improved specificity,
even at the cost of sensitivity, will likely improve the balance
between benefits and harms, given the large burden of false
positives, abnormalities that do not represent risk for inva-
sive cancer or death.

Improved cervical cancer screening practices may also
favor a more positive benefit-to-harm balance. Such practices
include not screening women who have had hysterectomies
(with removal of the cervix) for benign disease. More than
one-third of U.S. women have had hysterectomies by age 65,
more than 90% of which are done for noncancer indications.53

These women rarely have important abnormalities on Pap
testing.54,55 In addition, continued Pap test screening for
women over age 65 who previously have had regular cervical
cancer screening with normal test results provides little
benefit. The risk of cervical cancer and yield of screening
decline steadily through middle age.56 The majority of older
women who are found to have invasive cervical cancer have
not been screened recently, if at all.53 Thus, the focus of cer-
vical cancer screening practices should be on finding and
screening women at increased risk because of inadequate past
screening rather than continuing to screen women at low
risk.

Example of Prostate Cancer Screening

Incidence and Mortality

The American Cancer Society estimated that, in 2004,
230,110 men would be diagnosed with prostate cancer; 29,900
men would die of this disease.20 The age-adjusted prostate
cancer incidence in nine Surveillance, Epidemiology, and End
Results (SEER) registries between 1996 and 2000 was about
173 per 100,000 men.21 The mortality during that period was
about 33 per 100,000 men. The probability at birth of being
diagnosed with prostate cancer by age 80 is about 14%; the
probability at birth of dying of this disease by age 80 is about
1.26%.22 The difference between prostate cancer incidence

and mortality is one of largest for any cancer; this difference
increased greatly after PSA screening became widespread.
This is a strong indication that at least some prostate cancers
now detected by screening would never become clinically
important.

The incidence of prostate cancer increased dramatically
after the beginning of PSA screening in the late 1980s and
then stabilized in the later 1990s. Mortality from prostate
cancer decreased after about 1992, a total reduction of about
20% by 2000. Screening is one of several possible interpreta-
tions of this reduction in mortality.57

Screening Tests

The two most common screening tests for prostate cancer are
prostate-specific antigen (PSA) and digital rectal exam (DRE).
No well-conducted RCT of prostate cancer screening has been
completed; two large studies are under way.

Because of the uncertainty about which prostate cancers
are clinically important, the sensitivity and specificity of
screening is difficult to determine. DRE detects fewer cancers
than PSA. Various approaches have been suggested for
increasing the sensitivity and specificity of screening, but
whether these approaches improve detection of clinically
important cancers and reduce detection of unimportant
cancers is unknown.58

Rationale for Screening

Because of the absence of clear evidence that screening
reduces mortality from prostate cancer, the rationale for
screening is not established. However, many men are still
being screened.59 Many believe that the ecologic evidence
(showing a reduction in mortality after the start of PSA
screening) justifies screening; others find that screening has a
strong intuitive appeal.

A single well-conducted RCT compared radical prostatec-
tomy and watchful waiting in men with clinically detected
prostate cancer.60 After 8 years, fewer men in the prostatec-
tomy group had died of prostate cancer [13.6% versus 7.1%;
absolute difference, 6.6% (2.1%–11.1%)]. The groups did not
differ in all-cause mortality. As the cancers in this study were
more advanced than those usually detected by screening PSA,
this study does not provide adequate evidence about the effec-
tiveness of screening.

Harms of Screening

Two major sources of the harms of prostate cancer screening
are false positives and overdiagnosis and overtreatment.
False-positive tests are common. On the initial screening
round, from 5% to 27% of men (depending on age) have a PSA
greater than 4.0 (the traditional cut-point); about 30% of these
men will have prostate cancer diagnosed by biopsy.57 A
problem for men with a negative biopsy is that biopsies often
miss some prostate cancers; thus, even a negative biopsy does
not assure a man that he does not have cancer,61 and this
uncertainty could increase anxiety.

The frequency of overdiagnosis and overtreatment of
prostate cancer caused by screening is uncertain. Surveillance
data show a large increase in the number of new cases of pros-
tate cancer, with only a small absolute reduction in mortal-
ity, after the introduction of PSA screening in the late 1980s.
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If, as seems likely, most of the new cases detected would
never have been fatal, then more than half of screening-
detected prostate cancers do not require major treatment.

Although a small percentage of prostate cancers have his-
tologic characteristics that reliably predict either a very small
or a very large malignant potential, most prostate cancers
have intermediate histology, leaving us uncertain about the
likely prognosis. Because of the inability to determine prog-
nosis from clinical and histologic data, most men under age
70 years receive aggressive treatment: either radical prostatec-
tomy or radiation therapy. These treatments have important
adverse effects, including impotence and incontinence, for
some 50% of men being treated.57 Thus, if there are a sub-
stantial number of men who do not need treatment but
receive it, many of them will be harmed unnecessarily. The
exact magnitude of this problem is uncertain, but it may be
quite large.

Balance of Benefits and Harms

For screening for prostate cancer, the benefits are not clear
whereas the harms are very clear. Thus, the net balance
between the two is currently impossible to determine. Given
this information, some men will choose to have screening
while others will choose not to be screened. Several profes-
sional associations and expert groups recommend shared deci-
sion making (SDM), informing men of the pros and cons of
screening and encouraging them to participate in the decision
about whether to be screened.62–67

Example of Breast Cancer Screening

Incidence and Mortality

The American Cancer Society estimated that, in 2004,
215,990 women would be newly diagnosed with breast
cancer; 40,110 would die of this disease.20 About 59,390
women will be diagnosed with carcinoma in situ of the breast,
primarily by mammography.20 From 1996 to 2000, the age-
adjusted incidence in nine Surveillance, Epidemiology, and
End Results (SEER) registries was about 137 per 100,000
women; the age-adjusted mortality during this period was
about 28 per 100,000.21 The probability at birth of being diag-
nosed with breast cancer in 80 years of life is about 11%; the
probability at birth of dying of breast cancer by age 80 is about
2%.21 Breast cancer incidence for all women increased from
1980 to 2000, although the increase slowed considerably in
the late 1990s. Between 1990 and 2000, breast cancer mor-
tality for all women decreased by about 2.3% per year.22,68 The
reasons for this decrease are not clear and may be due to a
combination of screening and improved treatment.69

Screening Tests

Three primary tests are currently in use for breast cancer
screening. Although still controversial, the overall evidence
shows that mammography results in a reduction in breast
cancer mortality by less than 20%.6 Indirect evidence sug-
gests that clinical breast examination (CBE), when well con-
ducted, may also lead to a small reduction in mortality, but
uncertainty about this remains.70,71 Breast self-examination
(BSE) has been shown in a large RCT to be ineffective in
reducing mortality.72

The accuracy of mammography depends on a number of
factors. One large prospective cohort study of 329,495 women
of ages 40 to 89 years from seven population-based mam-
mography registries found sensitivity ranged from 62.9% in
women with dense breasts to 87% in women with fatty
breasts. Specificity ranged from 89.1% in women with dense
breasts to 96.9% in women with fatty breasts.73

The accuracy of mammography varies among radiologists
and among countries.74–78 In general, North American radiol-
ogists tend to interpret a higher percentage of mammograms
as positive than radiologists in other countries, without
evident additional benefit. In one study of community radi-
ologists in New England, false-positive rates ranged from
2.6% to 15.9%.76 The accuracy of CBE also varies widely
among clinicians.79

Newer approaches to breast cancer screening are being
studied, targeted especially to increasing sensitivity.80 Inter-
estingly, although earlier mammography from the 1970s and
1980s was certainly less sensitive than present-day mam-
mography, the Health Insurance Project (HIP) study from this
era found a similar reduction in breast cancer mortality as
more recent studies.81,82 Thus, it is not clear whether increas-
ing sensitivity will provide additional reduction in breast
cancer mortality.

Rationale for Screening

The primary rationale for screening comes from the RCTs of
screening that have been conducted over the past 30 years.17,83

Although the overall evidence suggests that breast cancer
mortality is reduced by mammographic screening, the reduc-
tion is less than 20%6; this means that 80% of the women
who have potentially fatal cancers are not helped by screen-
ing and earlier treatment. Clearly, some breast cancers are
aggressive and metastasize before they can be detected by
mammography. Some, however, respond better to earlier
treatment than to later, thus reducing mortality.

Given the relatively low reduction in mortality from
breast cancer from screening, the absolute number of women
whose lives would be extended is small. From one to two
women in their forties and from two to six women in their
fifties and sixties would have their lives extended by screen-
ing annually for 10 years.84

Harms of Screening

The two major potential harms of screening for breast cancer
are false-positive tests and overtreatment of ductal carcinoma
in situ (DCIS). One study estimated that 49% of women
would have at least one false-positive mammogram after 10
rounds of screening; almost 19% would undergo a biopsy as
a result of the false positive.12 False-positive mammograms
sometimes lead to a recommendation of a short-interval
follow-up (e.g., 6 months rather than a year), despite the 
evidence that such a policy rarely leads to increased cancer
detection.85 False-positive mammograms do lead to increased
anxiety, both in the short run and after 6 to 12 months, for
some women.10,86

Ductal carcinoma in situ (DCIS) is a heterogeneous inter-
mediate lesion with an uncertain prognosis. This lesion was
rare before screening mammography but has increased dra-
matically as the number of women undergoing mammograms
has increased. About 1 in 1300 mammograms detects DCIS;

principles  of  screening for cancer 1 7 1



from 16% to 28% of all breast “cancers” are DCIS.87 Proba-
bly less than 50% of untreated women with DCIS ever
develop invasive breast cancer.88–90 Treatment is often surgi-
cal; some women have mastectomy whereas others have
breast conservation surgery. Few women treated for DCIS
eventually die of breast cancer.91

Because DCIS is so common (an estimated 59,000 cases
in 2004)1 and because its prognosis is so uncertain, many
women undergo unnecessary surgery because of its diagnosis.
This is an important area of overtreatment. One modeling
study found that detection of DCIS plays a minor role in the
reduction in breast cancer mortality from screening.92

Balance of Benefits and Harms

Screening for breast cancer is an important example of the
trade-offs involved in the decision to be screened. On the one
hand, screening likely does extend some women’s lives. On
the other hand, screening also leads to many women having
workups for false-positive screening tests, and other women
having treatment for DCIS, a lesion that would never develop
into invasive breast cancer for many women. It is important
for women to understand these trade-offs; women should be
offered the opportunity to participate in the decision about
screening.

Improving screening programs should seek not only to
improve sensitivity. Improved sensitivity may or may not
further reduce mortality. Improved specificity should also be
a priority. If the number of women with false-positive tests
can be reduced, potential harms could be decreased, thus
improving the balance between benefits and harms.

Another way of improving breast cancer screening pro-
grams would involve finding ways of determining which
women with DCIS are truly at risk of invasive cancer, allow-
ing some women to avoid unnecessary surgery.

Example of Colorectal Cancer Screening

Incidence and Mortality

In 2004, an estimated 146,940 new cases of and 56,730 deaths
from colon and rectal cancers were expected.20 Colorectal
cancer (CRC) is the third leading cause of new cancer cases
(11% of all new cases) and cancer deaths (10% of all cancer
deaths) in both men and women.20 In 2000, the age-adjusted
incidence rate in nine Surveillance, Epidemiology, and End
Results Program (SEER) registries was 55 per 100,000; the age-
adjusted mortality rate was 21 per 100,000.21 The lifetime risk
from birth of being diagnosed with CRC is about 6%; the life-
time risk of dying from CRC is about 2%. Thus, about 1 in
3 people who develop CRC die of this disease. Between 1992
and 2001, mortality from CRC declined by 1.8% per year93

and incidence declined by 0.8% annually in the United
States.94 The early detection and removal of precancerous 
colorectal polyps may have contributed to the decline in CRC
incidence and mortality.95

Screening Tests

The major screening tests currently available for CRC 
screening are the fecal occult blood test, sigmoidoscopy,
colonoscopy, and double-contrast barium enema. These tests
are used to identify precancerous or cancerous lesions in the
colon and rectum. No one screening strategy has been shown

to be superior to the others, although they differ in regard to
accuracy, effectiveness, and potential harms.

Fecal occult blood testing (FOBT) has been examined in
three RCTs involving more than 250,000 people followed for
up to 18 years.96,97 All three trials found a reduction in CRC
mortality from 15% to 33%, with an absolute risk reduction
for CRC deaths ranging from 0.8 per 1000 with biennial
screening in the United Kingdom over 8 years of follow-up98

to 4.6 per 1000 with annual screening in Minnesota during
18 years of follow-up.99 The Minnesota study also noted a
17% to 20% decrease in incidence of CRC.99 The sensitivity
of a single test is approximately 30% to 50%, with a speci-
ficity of 90% to 98%, depending on how the test is done. Fecal
occult blood tests find about 25% to 50% of patients with
colorectal cancer, but only 2% of patients with a positive test
had cancer in the Minnesota trial.

The effectiveness of sigmoidoscopy to reduce CRC deaths
has been examined in three well-designed case-control
studies.100–102 These studies showed a mortality reduction of
60% to 80%.97 In a small, randomized trial of sigmoidoscopy,
in which persons with polyps were followed up with
colonoscopy, the incidence of colorectal cancer was decreased
by 80% but no decrease in mortality was found.103 Using full
examination of the colon as the “gold standard,” sigmoi-
doscopy has been found to identify 70% to 80% of patients
with advanced adenomas or cancer.104,105 The sensitivity and
specificity of sigmoidoscopy are difficult to determine,
because all visible polyps are typically removed, many of
which may have little to no malignant potential.

The ability of screening colonoscopy to reduce colorectal
cancer morbidity or mortality has not been directly studied
to date. Data from studies of other modalities have been
extrapolated to support the effectiveness of colonoscopy.
Because it is often used as the gold standard, determining its
sensitivity and specificity has been difficult. A recent study
by Pickhardt et al., comparing optical colonoscopy with CT
virtual colonoscopy,106 in which 1,233 patients underwent
both procedures, found the sensitivity of optical colonoscopy
for adenomatous polyps to be 88% to 92%, depending on the
size of the polyps. As with sigmoidoscopy, the natural history
of many polyps found on colonoscopic examination is not
known; thus, the potential for identifying false positives must
be considered.

No screening studies of double-contrast barium enema
with a mortality outcome have been published; thus, the
accuracy and effectiveness of this procedure are unknown.96

Its sensitivity is likely lower than that of endoscopic proce-
dures, but if it misses primarily polyps that are small and not
likely to progress to invasive cancer, its effectiveness for
screening may be adequate.

Rationale for Screening

A variety of different types of polyps occur in the colon and
rectum. Hyperplastic polyps are the most common of those
that have little potential for becoming malignant. They
cannot be distinguished visually from adenomatous polyps,
so biopsy is required for diagnosis. Whether the presence of
distal hyperplastic polyps increases the risk of proximal 
neoplastic polyps is uncertain.107 A systematic review of 18
studies108 estimated a 21% to 25% risk for any proximal 
neoplasia in patients with a distal hyperplastic polyp, includ-
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ing a 4% to 5% risk of an advanced neoplasm (cancer or polyp
with severe dysplasia or villous histology). In 4 of the studies
in which colonoscopy was performed regardless of distal 
findings, however, the relative risk of finding any proximal
neoplasia was 1.3 (95% confidence interval, 0.9–1.8).

Two-thirds of all colonic polyps are adenomatous, which
are defined as dysplastic and thus have malignant potential.
Most colorectal cancers arise from adenomatous polyps.
Some proportion of these grow from small (less than 5mm)
to large (greater than 1.0cm) to cancer, generally over a period
of 10 years or longer. The proportion that makes this transi-
tion is thought to be small; adenomatous polyps occur in 30%
to 40% of adults over the age of 50, but the risk of develop-
ing colorectal cancer is only about 6%.107 However, removal
of adenomatous polyps is associated with a reduced risk of
colorectal cancer incidence and mortality.

Harms of Screening

The harms of screening for colorectal cancer include the risk
of the screening tests themselves, the risks of the subsequent
workup from positive screening tests, the potential for false-
negative screening results, and the potential for overdiagno-
sis and treatment of lesions that would not have become
malignant over the person’s lifetime. No direct adverse effects
of FOBT exist (other than the inconvenience and some
patients’ distaste for performing the test). Both sigmoidoscopy
and colonoscopy are associated with low risks for major com-
plications, including bleeding and perforation of the colon
during the examination. A large population-based study of
Medicare beneficiaries aged 65 and older found perforation
rates of nearly 1 per 1,000 for sigmoidoscopy and 2 per 1,000
for colonoscopy.109 The risk of death following colonic perfo-
ration was 52 to 65 per 1,000 perforations.

Fecal occult blood tests may miss small adenomas, as
these lesions frequently do not bleed. Whether that represents
a true negative or a false negative is uncertain, as these small
adenomas may not be likely to develop into neoplastic
lesions. Even though some consider colonoscopy to be the
optimal examination of the colon and rectum for detection of
precancerous and cancerous lesions, studies have shown that
significant lesions (i.e., those larger than 1cm) may be missed.
The Pickhardt study comparing virtual with optical
colonoscopy found that virtual colonoscopy missed 5 of 59
advanced neoplasms (defined as adenomatous polyps 10mm
or more in diameter or demonstrating high-grade dysplasia,
villous changes, or cancer) and optical colonoscopy missed 7
of the 59 lesions.106

The risk of overdiagnosis and treatment of lesions that do
not have long-term malignant potential (false-positive
lesions) is more difficult to quantify. Most adenomas
(60%–75%) are smaller than 1cm on endoscopic examina-
tion.107 The risk for high-grade dysplasia increases from 1%
in small adenomas (less than 5mm) to 6% for medium-sized
adenomas (5–10mm) to 21% for large adenomas (greater than
1cm).107

Balance of Benefits and Harms

In a recent study of a screening colonoscopy program at a
work site,110 the authors created a clinical index to stratify
risk for advanced proximal neoplasia (defined as an adenoma
1cm or larger or one with villous histology, severe dysplasia,

or cancer) and to identify a subgroup at low risk for whom
screening sigmoidoscopy alone might be sufficient. Scores
were based on age, sex, and distal findings. In the validation
arm of the study, the 47% of the cohort determined to be in
the low-risk subgroup had a risk for advanced proximal neo-
plasia of 0.4%. Use of the index in this population identified
92% of persons with advanced proximal neoplasia. The
number needed to screen (NNS) to detect advanced proximal
neoplasia among patients with any distal polyp was 16 and,
among everyone, the NNS was 36. The NNS to extend one
life from colorectal cancer mortality was not calculated and
would be higher.

Colorectal cancer screening reduces death from colorectal
cancer and decreases the incidence of invasive cancer by
finding and removing adenomatous polyps. These benefits of
screening, however, are tempered somewhat by the effort
involved, the harms of the screening procedures themselves,
and the possibility of overdiagnosis and overtreatment of
small lesions with low malignant potential. As tests with
greater sensitivity are developed, the risk of overdiagnosis
increases.
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Patient Decision Making
Peter A. Ubel

• A 73-year-old man requests a prostate-specific antigen
(PSA) test from his primary care physician, but the phy-
sician does not believe the test is in the patient’s best
interest.

• A woman with metastatic colon cancer has continued to
progress on standard therapy. She asks her oncologist
whether she should enter a Phase I trial or, instead, enter
a hospice program.

• A woman with a strong family history of breast cancer,
and a BRCA-1 mutation, asks her genetic counselor to
explain the pros and cons of a prophylactic mastectomy.

• A 55-year-old man with myelodysplasia comes to a cancer
referral center to see whether they think a bone marrow
transplant is feasible in someone his age.

Patients interact with a wide range of clinicians, seeking help
in deciding how to prevent, detect, or treat cancer. Many of
these decisions are difficult—sometimes because there is 
not great evidence about the risks and benefits of specific
healthcare interventions, such as the role of PSA testing in
preventing mortality and morbidity from prostate cancer;
sometimes because the evidence, although solid, is so
complex that it is difficult for patients to process the 
information in the time they have to make a decision; and
oftentimes, because the decisions involve difficult value 
judgments, in which there is no right or wrong decision for
all patients, because the best choice varies depending on
patient preferences.

How should clinicians handle these difficult situations?
When should they make clinical recommendations and when
should they let patients decide what is best? How can they
explain uncertainty to patients in ways that they can under-
stand? Or should they even bother to do so?

A Paradigm Shift: Involving Patients in
Healthcare Decisions

A generation ago, clinicians did not struggle with these ques-
tions, because patients played a limited role in their health-
care decisions. For example, a 1961 survey revealed that the
majority of patients undergoing cancer treatments did not
know that they had cancer; their oncologists withheld such
information because of fear that patients could not emotion-
ally handle it.1 Many physicians did not discuss treatment
alternatives with patients, because they, the physicians,
would be making the decisions. For example, it was not

uncommon for a woman to wake up from a breast biopsy 
procedure to learn not only that she had breast cancer 
but that the surgeon had gone ahead and performed a 
mastectomy.2

A paradigm shift has occurred over the past several
decades. Most physicians now recognize that patients deserve
information about their health, and few think it is appropri-
ate to withhold cancer diagnosis from patients, except in the
most extreme circumstances.1 This shift was spurred on in
part by the legal community, who encouraged patients to sue
physicians for not informing them about their treatment
alternatives; by the growth of the bioethics movement and 
its emphasis on patient autonomy; and by larger societal
changes, with consumer groups and community organiza-
tions becoming more involved in decision making that was
previously left to experts.

Accompanying this shift has been a change in clinicians’
attitudes. Many clinicians now recognize that healthcare
decisions often involve trade-offs that require value judg-
ments. For example, oncology trials used to measure survival
rates while paying little attention to quality of life issues. As
the science of quality of life measurement matured, however,
such measures have been incorporated into the vast majority
of trials, thereby providing important information to guide
oncologic decision making. But at the same time, quality of
life information has made these decisions more complex. In
the past, a study might simply have shown that the median
survival for chemotherapy A was 3 months greater than
chemotherapy B, making the decision about which chemo-
therapy to choose relatively straightforward. Now, however,
a trial might show that chemotherapy A, although leading to
longer survival, also leads to a lower quality of life. Now, the
best choice depends on patients’ preferences for longevity
versus quality of life.3

Many clinical decisions are not purely scientific matters,
but also involve value judgments that vary from person to
person. For example, the right choice, for a patient choosing
between surgical and radiation treatment of his prostate
cancer, depends on how much he thinks he would be both-
ered by surgical complications such as impotence or inconti-
nence and on how important he feels it is to have the cancer
physically removed from his body. Similarly, whether a
woman should begin receiving annual mammography at age
40 or 50 depends on how she feels about the inconvenience
and discomfort of mammography, the financial costs of
screening, the consequences of false-positive testing, and the
benefits of receiving more aggressive screening.
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Patients deserve a role in medical decisions, not only
because those decisions often hinge on patients’ values but
also because higher levels of patient involvement in health-
care decision making leads to better health outcomes.
Patients who are more involved in decisions about their care
are more likely to adhere to their treatment regimens, to
report higher levels of satisfaction with medical care, and to
have better functional and clinical outcomes.4–7 For example,
a randomized trial demonstrated that a brief intervention to
increase patient involvement in medical decision making
among diabetic patients significantly lowered their HgbA1C
levels.8

Clinicians used to leave patients in the dark about their
healthcare decisions. Those days are long gone. Part of the art
of medicine now includes knowing how and when to involve
patients in healthcare decisions.

How to Involve Patients in 
Healthcare Decisions

It is one thing to recognize that choices between healthcare
interventions often hinge on patients’ values and quite
another to find a practical and useful way to involve patients
in their healthcare decisions. So how can physicians go about
doing this?

Clinicians could simply play the role of information
providers, giving patients all the information (ideally in a
comprehensible manner) that patients need to make their
decisions. Genetic counselors often take this approach, seeing
their role as educators but not advisors. They help patients
understand information, but believe it is beyond their
purview to make clinical recommendations. The decision,
they believe, is up to the patient. Alternatively, clinicians
could give patients information in conjunction with a 
clinical recommendation, involving patients in decisions by
giving them the final say, but guiding them with their 
recommendations.

More often, physicians reside somewhere between those
extremes. Across physicians, then, there is a continuum of
decision-making styles, with some physicians leaving deci-
sions completely up to patients, with others sharing decision-
making authority with patients, and with yet others taking
the decision-making role on themselves by making strong
clinical recommendations to their patients. Although the use
of some level of participatory decision making has been cor-
related with higher levels of patient satisfaction and better
clinical outcomes, there is little empirical evidence about dif-
ferences in outcomes across the continuum of participatory
decision making.9 Many physicians benefit from tailoring
their decision-making style to the individual patient and the
specific clinical context.

As do physicians, patients vary in their decision-making
styles. Some patients prefer to completely defer decisions to
their physician. Others see themselves as the primary deci-
sion maker and do not want physicians to give them a rec-
ommendation. Many patients want to share decision-making
roles with their clinicians.10–13

Moreover, a given patient’s decision-making style varies
depending on the clinical situation. When situations are more
complex and alternatives do not create value-laden trade-offs,
patients often want physicians to play a more significant role

in making decisions.14,15 For example, oncology patients being
evaluated for possible pulmonary embolisms would rarely
feel any need to discuss the relative merits of Doppler testing
versus d-dimer testing.16 These kinds of decisions are seen as
medical decisions that require a clinician’s training to make
and which do not lead to the kinds of trade-offs that require
patients to be heavily involved in the decision. Other 
decisions are less clinically complex and involve important
trade-offs, such as those described previously between quality
of life and quantity of life. In these cases, more patients
express an interest in being involved in the decision. For
similar reasons, patients express more interest in being
involved in decisions for nonacute conditions than emergent
ones.

Clinicians should not be expected to know how likely the
average patient would be to desire a specific decision-making
role in every clinical context they encounter. There would be
little reason, in other words, for clinicians to remember that
13% of patients want a physician’s recommendation in one
specific clinical context whereas 53% want one in another
context. As interesting as these statistics are, they are not rel-
evant to the one-on-one decisions that clinicians and patients
make. Rather than familiarize themselves with these statis-
tics, clinicians should find out whether this patient wants to
be involved in this decision. And that is best handled by
talking with the patient. Such conversations are crucial,
because clinicians typically underestimate how involved
cancer patients want to be in their decisions.17,18

Although there is significant variance, across patients 
and across situations, in how involved patients want to be in
their healthcare decisions, one desire is almost universal:
patients want to be thoroughly informed about their treat-
ment alternatives, even when they want their clinicians to
decided what alternative they should take.10,19,20 This situa-
tion, then, creates another challenge for clinicians, that is,
providing their patients with comprehensible information
about their healthcare alternatives to help them make good
decisions.

Challenges to Helping Patients Make 
Good Decisions

Emotion

Many physicians fear that patients are so overwhelmed by the
emotional content of their situations that they are unable to
truly comprehend their medical alternatives. For example,
patients often experience strong emotions when they receive
cancer diagnoses. Extreme emotions can interfere with good
decision making. Patients with terminal metastatic cancers
may be so afraid of dying that they grasp at nonexistent
straws. Elderly patients with localized prostate cancer may be
so distressed at the thought of cancer cells residing in their
bodies that they will not even consider watchful waiting.

Clinicians should recognize, however, that emotions are
not necessarily antithetical to optimal decision making. For
example, neurologists have determined that many patients
with frontal lobe injuries have completely intact reasoning
abilities; they can process information about risks and bene-
fits normally but make bad decisions about their lives. They
make bad decisions because they lack emotional feedback to
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guide their decisions.21 In some contexts, in fact, intuitive gut
decision making leads to better outcomes than highly rea-
soned decision making.22,23

Moreover, even when emotions interfere with optimal
decision making, the emotions may still deserve a role in
decision making. For example, imagine a patient who is prey
to what decision scientists call an omission bias; he would
rather accept a 10% chance of some terrible outcome from
natural causes than a 5% chance of the same outcome result-
ing as a complication of treatment because he believes he will
blame himself for making a choice that leads to a treatment
complication.24 Rationally speaking, a 5% chance of some-
thing bad happening is better than a 10% chance of the same
thing happening. But if this person would truly torture
himself if he experienced the complication following treat-
ment, and would not do so if he experienced the outcome
naturally, then he should probably not receive treatment.

Similarly, the need to maintain hope and provide accurate
information is a central challenge to physician–patient 
communication in oncology.25,26 On one hand, patients report
a strong desire to have physicians encourage hope and opti-
mism about their cancer, often in settings where there is little
chance of long-term survival.27 On the other hand, overly
optimistic communication can lead to a misplaced focus on
aggressive treatment and is often regretted by patients when
they reach later stages of their illness.28 Furthermore, provid-
ing patients with accurate information about a prognosis with
and without treatment is necessary for their participation in
medical decision making. Concern about how best to balance
accuracy and hope can lead many clinicians to avoid partici-
patory decision making.29

Numeracy and Literacy

Patients can also struggle with decisions because they have
difficulty processing numerical information. Many people
have a difficult time understanding concepts such as per-
centages or frequencies.30,31 They do not know how to inter-
pret imprecise medical information (“the test indicates you
have somewhere between a 60% and 80% chance of . . .”).
They also have difficulty with medical lingo; even seemingly
simple words such as recurrence confuse many patients.32,33

To make matters worse, physicians are frequently unaware
that patients do not understand the information the physi-
cians have communicated to them.34,35

Folklore and Prior Beliefs

Patients’ decisions are often guided by folklore and prior
beliefs. A patient who believes that cancer can spread through
the air may be reluctant to have a surgical resection of his
cancer for fear that the surgery will spread the cancer.36 Cul-
turally based models of disease and illness can clash with bio-
medical models, hindering participatory decision making.37

These clashes are often evident in patient skepticism about
the efficacy of certain biomedical treatments and interest in
alternative and complementary approaches.38,39 In addition,
patients often have false beliefs about their risks of specific
cancers. For example, the average woman’s lifetime risk of
breast cancer is about 13% and yet the average woman thinks
her risk is closer to 40%.40 Physicians need to negotiate a
common understanding among these divergent beliefs, bring-

ing together respect for the individual cultural background of
a patient with the need to help patients understand their true
clinical situations.

Distrust

Distrust of the medical profession and other components of
the healthcare system may interfere with a patient’s ability
to make a good decision. Distrust arises when physicians are
no longer seen as committed to acting in their patients’ 
best interest.41 This situation may occur when patients are
concerned about physician motives, for example, cost-
containment, or have had prior experiences of failed expecta-
tions.42 Largely anecdotal evidence suggests that distrust is
most prevalent among minority groups in the United States,
in part because of both historical and current examples of
racism within the medical system.43 Although some level of
skepticism may encourage patients to become involved in
their medical decisions, high levels of distrust of the health-
care system may lead patients to discount the potential bene-
fits of medical treatment and avoid medical care. Low levels
of trust may also interfere with effective physician–patient
relationships, making it more difficult and less rewarding for
physicians to devote time and energy to effective participa-
tory decision making.

Desire to Avoid Difficult Decisions

Even in dispassionate moments, people can make irrational
decisions—decisions that conflict with their own preferences.
For example, imagine the following admittedly hypothetical
situation: you were recently diagnosed with colon cancer, and
there are two surgical treatments available. Surgery 1 cures
80% of patients without complications, but the remaining
20% die of colon cancer. Surgery 2 also cures patients without
complications 80% of the time, but only 16% die of colon
cancer. The remaining 4% are cured of their colon cancer, but
experience one of four surgical complications: a permanent
colostomy, chronic diarrhea, intermittent abdominal pain, or
a wound infection that takes 1 year to heal. More than 90%
of people say that the four side effects of surgery 2 are prefer-
able to dying of colon cancer. And yet, 50% of people still
choose surgery 1 over surgery 2.44 It appears that people are
so overwhelmed by the sheer number and graphicness of the
four complications of surgery 2 that they choose surgery 1.
People minimize the survival difference between these two
treatments (“the difference is only 4%”) while fixating on the
different rate of complications. This seemingly irrational
choice does not go away when people are shown, in writing,
the inconsistency of their views. Avoiding such decisions
probably requires face-to-face conversations.

People do not need to be scared by graphic side effects to
shy away from what seem like superior alternatives. For
example, in one study, when physicians were presented with
a hypothetical patient with severe osteoarthritis, many said
they would prescribe a new nonsteroidal antiinflammatory
drug (NSAID) for the patient if it were available at the same
time that they referred the patient to an orthopedic special-
ist. But when physicians were told that two new NSAIDs
were available, many decided not to prescribe either NSAID
and simply referred the patient to a specialist without any
new medication. Addition of the second NSAID put physi-
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cians in a position where they had to make a slightly more
difficult choice, and many physicians acted as if they were
unwilling to make that choice.45 A similar phenomenon
likely explains why people are more likely to purchase jams
from a grocery store displaying 6 of the jams than one dis-
playing 24; when there is too much to think about, people are
averse to making tough choices.46

Anecdotal Reasoning

Perhaps one of the most powerful influences on patients’
decisions is their anecdotal experiences. It might be hard to
interest a patient in chemotherapy whose aunt had a bad
experience with chemotherapy. Anecdotal information is
very powerful and can draw people’s attention away from
much more representative evidence. For example, even when
informed of the success rates of treatment alternatives,
people’s choices can be influenced by uninformative anec-
dotes. A treatment alternative that is described as curing an
illness 75% of the time is looked on less favorably if people
are exposed to hypothetical anecdotes of patients who did not
improve with treatment.47

Emotional Mispredictions

Good decisions rely on good predictions. When choosing what
television show to watch, what flavor of yogurt to eat, or what
house to buy, people try to think about which alternative will
best help them reach their goal of being happy or healthy or
safe or whatever. And yet, people frequently mispredict how
alternatives will make them feel. They spend piles of money
on a big new house, expecting it to make them happy, and
find out that they miss their cozy, old neighborhood.48

Such mispredictions are common in health settings.49 For
example, patients with inflammatory bowel disease expect
that having a colostomy would make them miserable, and 
yet patients emotionally adapt to colostomies relatively
quickly.50 People predict that they would be miserable if they
had kidney failure, and yet most dialysis patients are happy.51

Such mispredictions could influence patients’ healthcare
decisions. If a prostate cancer patient overestimates how
much he will be bothered by impotence or incontinence, he
may forgo potentially beneficially treatments.

Clinician Resources and Training

Despite the multiple patient factors that hinder effective
decision making, clinicians may still be the greatest obstacle
to involving patients in their healthcare decisions. Although
clinicians rarely withhold cancer diagnoses from patients
anymore, they still often fail to give patients enough infor-
mation to be fully involved in their healthcare decisions. Ana-
lyzing audiotapes of visits between clinicians and patients,
researchers have found that physicians rarely give patients
thorough and comprehensible information about their treat-
ment alternatives.52 In addition, clinicians often do a poor job
of giving patients an opportunity to express their concerns,
interrupting them frequently throughout the visits, and not
giving them a chance to ask questions.

Physicians’ poor communication results partly from 
remnants of paternalism. Many physicians still believe that
healthcare decisions are primarily theirs to make. Neverthe-

less, even those physicians who reject this view often have
difficulty communicating to patients. Most physicians do not
receive extensive training on how to communicate effectively
with patients.53 Medical school curricula are still dominated
by the basic sciences. Also, clinical teaching, although
emphasizing the importance of conducting thorough histories
and physical examinations, rarely uses the latest advances in
the communication sciences. This is unfortunate, because
communication skills can be taught, and medical schools 
that have integrated communication skills into their 
curricula have found that their medical students are better
communicators.54

In addition, clinicians face time pressures and fiscal con-
straints that reduce their incentive to discuss issues at length
with their patients. Perhaps more importantly, clinicians rec-
ognize that patients are not always emotionally or intellec-
tually prepared to absorb a great deal of information about
their healthcare alternatives. Consequently, clinicians may
feel that it is a waste of time and money to embark on lengthy
discussions of treatment alternatives with their patients.

Helping Patients to Make Better Decisions

It would be easy for clinicians to conclude that, if patients are
going to make bad decisions because of emotions, mispredic-
tions, or an inability to make difficult choices, then they
should give up on involving patients in their healthcare deci-
sions. But this would be a mistake. It would violate legal and
ethical norms, it would reduce patient satisfaction and treat-
ment adherence, and it would leave patients vulnerable to
physicians’ own biases. Physicians make many of the same
mistakes patients make, for example, avoiding difficult 
decisions and mispredicting the emotional consequences of
health problems. In addition, physicians are prone to specialty
biases; urologists, for example, have very different attitudes
toward radical prostectectomy from radiation oncologists55

and different attitudes toward PSA testing from primary care
physicians.56

For these reasons, we think clinicians should not abandon
the idea of involving patients in their healthcare decisions.
Instead, we recommend the use of several strategies to facil-
itate this task.

Being Selective

Patients do not need to be involved in every healthcare 
decision. When decisions are low stake, and do not involve
trade-offs (where patient preferences are important in decid-
ing what is best), clinicians do not need to involve patients
in the decisions. For example, patients suffering from
chemotherapy-related nausea probably do not want a lengthy
discussion of the merits of one class of medication versus
another. Instead, they want relief from their nausea.

When deciding how much to involve patients in a 
decision, clinicians should think about whether reasonable
clinicians could disagree about the course of action, not just
clinicians from one’s own specialty but also those from other
specialties. The greater the medical consensus, the less need
to talk at great length to patients about inferior alternatives.16

Clinicians should think about how quickly a decision
needs to be made. In emergency situations, it is often diffi-
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cult to involve patients in treatment decisions. Furthermore,
if emotions are running high, patients are often most likely
to rely on clinicians for advice. Patients still need and deserve
information about their treatment alternatives, but when
patients are too emotional to make decisions, they will often
be happy to receive recommendations from their physician.
When decisions are not so urgent, however, there is more
opportunity to involve patients. Decisions in oncology span
the spectrum from the emergent to the elective and clinicians
should tailor their decision-making style to this spectrum.

Taking Advantage of Time

Clinicians should remind themselves that strong emotions
often dissipate over time. Furthermore, the ability to retain
and process information about a cancer diagnosis increases
over time. When possible, clinicians should rely on time as a
useful clinical intervention. For example, men with new diag-
noses of localized prostate cancer often find out about their
diagnosis at the same clinic visit that they decide how to treat
the cancer. It is doubtful that these patients have had time to
absorb all the information in one sitting, especially given
their likely shock at receiving a cancer diagnosis. Perhaps a
better goal at such a visit is to communicate their diagnosis
and prognosis to patients, and let them know that good treat-
ment options are available, which they can decide about over
the next few weeks. When delivering bad news to patients,
clinicians should expect that many patients will not be able
to process much clinical information during the initial visit,
and will usually be more capable on subsequent visits of
doing so, when the shock has subsided.

Time may also provide an important context for balanc-
ing the need for hope and the need for accurate information.
The object of a patient’s hope should vary as his or her disease
progresses. Initially, most patients focus on long-term sur-
vival, whereas later patients may be encouraged to move to
short-term goals, and finally many terminal patients will
shift to hoping for a good or peaceful death.57,58 Clinicians
should understand where a patient is in this timeline and help
the patient to reframe his or her object of hope to match their
clinical circumstance.59 Realistic information can be focused
on what is needed to negotiate the decisions at each step.

Using Tools for Providing Information

In helping patients make good decisions, clinicians should
give patients written information to help them comprehend
their clinical alternatives, when possible, or refer them to
appropriate Websites. Providing audiotapes of visits where
important decisions are discussed may increase patient 
satisfaction and retention of information and is nearly uni-
versally preferred by patients.60–62 Clinicians should encour-
age patients to review all materials with loved ones, and
arrange for an opportunity to answer any questions that arise.
Use of these tools may provide additional benefits by facili-
tating caregiver support during the decision process.63

Risk communication is an important component of pro-
viding information to patients about their medical decisions.
Thus, the use of specific strategies for improving risk com-
munication may have substantial benefits for involving
patients in their decisions. Presentation of frequencies with
specific reference groups (25 of 1,000 people who undergo

chemotherapy will die of the treatment) instead of percent-
ages (0.25%) may reduce confusion and facilitate under-
standing of small risks.64 Furthermore, the use of the same
denominator (i.e., 1,000 people) for different risks (e.g., risk of
dying of chemotherapy and risk of cancer recurrence) simpli-
fies the comparison of these risks.64 Presentation of both neg-
ative (25 of 1,000 people who undergo chemotherapy will die
of the treatment) and positive framing (975 of 1,000 people
who undergo chemotherapy will not die of the treatment) can
reduce biases in decision making.65,66 Furthermore, when pos-
sible, the use of visual aids, such as bar graphs or pie charts,
can increase the comprehension and saliency of risk infor-
mation28 and can even reduce the influence of anecdotal 
information.67

Building Trust

Trust is a critical component of the physician–patient rela-
tionship and necessary for patients to participate effectively
in their medical decisions. Open communication is one of the
key factors that establishes and reinforces trust.68 Thus, even
relatively basic steps toward participatory decision making,
such as providing adequate information to patients and lis-
tening to their opinions and concerns, may serve to increase
trust in the relationship and further improve decision out-
comes. Trust is greatest in relationships where the patient
believes that physician values are compatible with their
own.69 Such perceptions of value congruence are determined
in part by the physician’s behavior, practice circumstances,
and payment structure, but may also be fostered by the physi-
cian demonstrating interest in and respect for the patient’s
life outside of their cancer diagnosis.6,70 Trust erodes when
physicians fail to meet patients’ expectations for communi-
cation and competency.71 Developing systems to minimize
errors in either the process or outcomes of care helps to ensure
that patients’ expectations are met, thereby also increasing
trust and facilitating participatory decision making.

Tailoring the Approach to the Individual Patient

Clinicians should remember that one size does not fit all.
Some patients depend on your clinical recommendations
while others will only want you to lay out their clinical alter-
natives. Giving recommendations is part of being a good
doctor. Recommendations may seem odd in some contexts;
if a patient is choosing, for example, between two treatments
that yield identical survival rates but different complications,
it would seem that the choice entirely depends on the
patient’s views of the various complications. And yet, may
patients expect their doctors to tell them what to do and will
be anxious if too much of the decision is laid at their feet.72

In such cases, physicians might do best to talk to patients
about their various complications, to find out how patients
feel about the complications, and then to make recommen-
dations that seem to fit best with patients’ values.

Conclusion

Under pressure to see more patients in less time, it is diffi-
cult for busy clinicians to always find enough time to involve
patients in their healthcare decisions. Fortunately, with the
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growth of the Internet, with the increasing use of group visits,
and with the expanding use of healthcare teams to take care
of oncology patients, there are lots of creative ways clinicians
can help patients understand their medical choices. And
given the high stakes of so many oncologic decisions, involv-
ing patients in their healthcare decisions can be one of the
most rewarding aspects of practicing the art of medicine.
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Establishing an
Interdisciplinary
Oncology Team
Nathan Levitan, Meri Armour, 

and Afshin Dowlati

n recent decades, cancer treatment has evolved from a
purely surgical approach to the complex coordination of
sophisticated surgery, radiotherapy, and chemotherapy.

The technology associated with pain and nutrition manage-
ment has improved,1–3 and the importance of psychosocial
factors in the treatment of cancer patients has been recog-
nized.4 The knowledge base pertaining to cancer treatment
has become so vast that many physicians have developed sub-
specialty expertise in a focused aspect of cancer care. Quality
of care analyses have indicated that the improved outcomes
of certain cancer treatments occur when they are provided at
high-volume facilities.5

One response to the challenges inherent in the provision
of state-of-the-art cancer care has been the formal 
coordination of multiple disciplines in the planning and
implementation of a treatment program. The American
College of Surgeons, which certifies hospital-based cancer
programs, requires the interaction of medical oncologists,
radiation oncologists, and surgeons at prospective treatment
planning conferences.6 Patient advocacy organizations such
as the R.A. Bloch Cancer Foundation strongly advocate this
approach to care as well.7

The interaction of multiple disciplines in cancer care has
variably been referred to as multidisciplinary or interdisci-
plinary. In The Helper’s Journal, Larson draws a distinction
between these two terms. He defines multidisciplinary care
as that which involves clinicians with multiple different
areas of expertise, although not necessarily in a coordinated
fashion. In contrast, he defines interdisciplinary care as the
formal collaboration of these clinicians in each patient’s
treatment planning, “where the interaction of the team is
necessary to produce the final product.”8 Henceforth, we use
the term interdisciplinary with the aforementioned intended
meaning.

The purpose of this chapter is to review the scientific
basis for and the logistic challenges involved in the delivery
of interdisciplinary cancer care. Noting at the outset that cur-
rently there is a paucity of data in the medical literature per-
taining to the impact of this type of care in comparison to
conventional treatment, we explore closely related issues.
The following questions are addressed: (1) How has cancer
care evolved in recent years, and why is there a need for a

coordinated approach to care? (2) Can cancer care be 
standardized on the basis of clinical trials outcomes, or 
must all treatment decisions be individualized? (3) How
much variability exists in the delivery of cancer care, and
when does this represent a lapse in quality? (4) How can
physician behavior be modified to provide patients with 
the best care? (5) How does the establishment of an interdis-
ciplinary treatment team increase the likelihood that
uniform, high-quality, state-of-the-art cancer care will be
delivered?

The Historical Evolution of Individual Cancer
Treatment Modalities

Surgery

The earliest attempts at surgical treatment for cancer
occurred in London in the early 1800s and were described by
John Abernethy.9 Limited by pain and infection, the outcomes
of these operative procedures were poor. With the availabil-
ity of general anesthesia and antiseptics in the mid-1800s,10,11

early procedures for the surgical treatment of breast cancer
were developed.12 In the late 1800s, William Halsted devel-
oped an aggressive surgical approach to breast cancer 
treatment.13 The “radical mastectomy” resulted in a fourfold
increase in the cure rate for breast cancer.13,14 Subsequent
advances in opioid pain management and blood banking 
permitted even more extensive surgical procedures in 
the 1950s.15,16 Breast-sparing surgery became widespread 
by the 1980s, and axillary sentinel node sampling was 
developed in the 1990s.17,18 By the end of the 20th century,
liver transplantation became feasible for selected cases 
of hepatocellular carcinoma. Additional examples of state-
of-the-art cancer surgery include complex reconstruction 
for hand and neck cancers, bone grafting for resection of pedi-
atric osteosarcomas, nerve-sparing retroperitoneal surgery 
for prostate and testicular cancer, resection of isolated 
pulmonary,19 hepatic,20 or intracranial metastases, mini-
mally invasive abdominal surgery, and video-assisted 
thoracoscopy.21
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Radiation Therapy

The origins of radiation therapy for cancer date back to the
discovery of the X-ray by Roentgen in 1895.22 The properties
of radium were reported by the Curies in 1898.23 The
effectiveness of therapeutic radiation was established in the
1920s,24,25 and radiation therapy for cancer treatment became
established as a medical specialty within the American Board
of Radiology in 1934. Between the 1930s and the 1950s, radi-
ation therapy became a well-established treatment for cancer
of the head and neck.26–28 By 1950, radiation therapy had also
become the treatment of choice for patients with Hodgkin’s
disease.29,30 Brachytherapy became widely used in the 1980s.31

By the late 1990s, progress in computer technology facilitated
the wide availability of computed tomography (CT) scan-
guided computerized treatment planning,32 as well as confor-
mal and intensity-modulated radiation therapy.33

Chemotherapy

The birth of cancer chemotherapy occurred in the early
1940s, when nitrogen mustard was shown to be effective in
the treatment of patients with lymphoid malignancies.34 In
1949, methotrexate was used as curative therapy for patients
with metastatic choriocarcinoma.35 Combination chemo-
therapy became well established in the 1970s, when the 
effectiveness of the MOPP (nitrogen mustard, oncovin, pro-
carbazine, prednisone) regimen was shown for patients with
Hodgkin’s disease.36 Widespread use of newer cytotoxic
chemotherapeutic agents including anthracyclines, vinca
alkaloids, and platinum compounds occurred in the 1980s.
The taxanes and the camptothecins were shown to be effec-
tive either alone and in combination with other drugs during
the 1990s.37–40 Effective new antinausea drugs as well as bio-
logic agents for the treatment of neutropenia and anemia have
reduced the toxicity associated with cytotoxic chemotherapy
and have facilitated the development of high-dose chemother-
apy strategies.41–45 The newest developments in chemother-
apy include monoclonal antibodies directed against lymphoid
cell-surface antigens,46 drugs that act at the signal transduc-
tion pathway to impair cell proliferation,47–49 and antiangio-
genesis agents.50,51

Combined Modality Therapy

As surgery, radiotherapy, and chemotherapy treatments for
cancer have become individually more sophisticated over
time, strategies for combining these modalities have evolved
as well. In 1977, the National Surgical Adjuvant Breast and
Bowel Protocol Group (NSABP) demonstrated that women
who underwent breast-conserving surgery (lumpectomy) fol-
lowed by radiation achieved rates of long-term survival equiv-
alent to those who underwent mastectomy. Subsequent trials
by this and other cooperative groups have proven, in Phase III
trials, that postoperative adjuvant chemotherapy can improve
long-term survival rates in breast cancer by approximately
one-third.52,53 Chemotherapy, radiotherapy, and surgery have
all been applied in the treatment of locally advanced breast
cancer.54

Adjuvant therapy for colon cancer patients with nodal
involvement can improve 5-year survival rates by approxi-

mately 30%.55 Patients with rectal cancer or gastric cancer
benefit from postoperative concurrent chemoradiotherapy.56

Carefully selected patients with non-Hodgkin’s lymphoma or
Hodgkin’s disease are treated with chemotherapy followed by
radiotherapy.57 The use of concurrent chemoradiotherapy
without surgery for patients with limited-stage small cell
lung cancer has been associated with previously unattainable
cure rates of more than 20%.58 Patients with stage III supe-
rior sulcus non-small cell lung cancers benefit from concur-
rent chemoradiotherapy followed by surgery.59

Organ preservation can be achieved with concurrent
chemoradiotherapy for patients with cancers of the larynx,
hypopharynx, and nasopharynx.60,61 Nigro demonstrated that
patients with anal cancer can achieve improved cure rates
(75% versus 30%) and also avoid surgical resection of the
anus when they are treated with this bimodality approach.62

In treating pediatric patients with osteosarcoma, the use of
initial chemotherapy and radiation followed by limb-sparing
surgery for those who respond to induction therapy can
reduce the incidence of amputation to 17%.63,64

Controversies in Multimodality Treatment

Phase III clinical trials have demonstrated the superiority of
combined modality treatment over surgery, chemotherapy, or
radiotherapy alone for several types and stages of cancer.
However, the emergence of new data with potential relevance
to treatment decisions is a dynamic process. Just as one issue
is addressed by clinical research, the next question is asked
by investigators involved in the design of future trials. In addi-
tion, clinical trials may produce confusing or contradictory
data. Accordingly, if one attempts to define “state-of-the-art”
multimodality cancer therapy, there may be disagreement
among treating physicians in many clinical situations.
Several examples are presented next.

Lung cancer is the most common cause of cancer deaths
among men and women in the United States. Patients with
this disease are common in the practices of medical and radi-
ation oncologists as well as thoracic surgeons. The impor-
tance of surgical resection in the treatment of stage I and II
non-small cell lung cancer is well established, as is the 
role of chemotherapy for patients with symptomatic metasta-
tic disease. The efficacy of postoperative adjuvant
chemotherapy following lung cancer resection has recently
been demonstrated.65,66 However, it is unclear which chemo-
therapy regimen is optimal, and whether patients should 
be treated if they have a small stage IA cancer, if more 
than 6 weeks have elapsed since surgery, or if patients are
advanced in age. Postoperative radiotherapy has been 
shown to reduce local recurrence without a clear prolonga-
tion of survival for patients with stage II and III disease. The
decision to use this treatment in the immediate postopera-
tive period versus at the time of tumor recurrence must be
individualized.

There are strong data to indicate that patients with clin-
ical stage III lung cancer should undergo careful mediastinal
staging before surgery. If multistation nodal involvement is
evident, based on radiographic procedures or surgical nodal
evaluation, tumor resection should not be carried out. This
practice is not followed by many physicians across the United
States. The role of preoperative chemotherapy for patients
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with clearly resectable stage IIIA lung cancer is not well
defined, nor is the optimal combination of chemotherapy,
radiotherapy, and surgery for patients with advanced IIIA
disease.

Breast cancer is the second most common cause of cancer
death among women in the United States. The efficacy of hor-
monal and radiation therapy following resection of in situ
cancer has been established, although the use of one or both
modalities must be considered for each patient.67 Adjuvant
chemotherapy following resection of node-positive disease for
pre- and postmenopausal women is well established, although
the optimal combination of chemotherapy drugs and the role
of consolidation therapy are unclear.68 Radiotherapy to the
chest wall following resection of breast cancer with multiple
positive nodes can prolong survival. However, the utilization
of this treatment is highly variable.69

Patients with locally advanced breast cancer are generally
treated with induction chemotherapy. The optimal role and
sequence of radiation and surgical resection are not clear.70,71

Finally, although a multitude of chemotherapy drugs have
been shown to be effective in the treatment of metastatic
breast cancer, there is disagreement concerning the use of
sequential single agents versus combination chemotherapy.72

Esophageal cancer that invades at least into the muscu-
laris propria is often treated with concurrent chemoradio-
therapy followed by surgery. If one examines the results of
Phase III clinical trials, the efficacy of this combined modal-
ity therapy is questionable.73,74 In the management of rectal
cancer, the use of a mesorectal excision has been shown to
be superior to conventional resection.75 It is not clear how to
determine which surgeons are properly trained to perform
this procedure.76 Induction chemoradiotherapy is used in
selected patients in an effort to minimize the extent of 
resection and, in some cases, to permit a sphincter-sparing
approach.

For patients with muscle-invasive bladder cancer,
chemoradiotherapy can be used selectively to achieve bladder
preservation.77 However, the application of limited surgery,
chemoradiotherapy, and radical cystectomy remains highly
variable.78 The management of prostate cancer is complex, as
options often include observation, hormonal therapy, surgery,
or radiation (external beam or brachytherapy).79 Clinically
node-negative nonseminomatous testicular cancer can be
managed with initial chemotherapy or with observation;
treatment varies with the preference of the treating physician
and the details of the patient’s disease.80

Variability in Clinical Practice

The preceding examples highlight the complexity of cancer
care, the absence of a single correct approach to the manage-
ment of many patients, and the need to individualize treat-
ment decisions. However, one could also ask to what extent
variability in cancer care is the result of justifiable differences
in the interpretation of clinical trials outcomes versus a lack
of familiarity on the part of physicians with state-of-the-art
medical information. Several investigators have attempted to
address this question, largely in reference to nonmalignant
conditions.

Ellerbeck demonstrated wide variation in the use of
aspirin and beta blockers following myocardial infarction

during 1992–1993 in several states in the United States.81 This
study was conducted at a time when the benefit of these med-
ications was widely recognized. Patients for whom there
existed a possible contraindication to these medications were
excluded from the study. At the time of hospital discharge,
77% of patients received aspirin and 45% of patients received
beta blockers.82 Schein showed that the selection of the type
of procedure utilized by ophthalmologists for cataract exci-
sion varied with their surgical volume and with the number
of years in practice.83 Carey studied the use of radiographs in
the evaluation of patients with low back pain. He found that
chiropractors and orthopedic surgeons in private practice
were more likely than those employed by a large institution
to order radiographs.84 Wennberg reported marked differences
in the use of coronary angiography and revascularization in
different regions of New England. He demonstrated that the
number of stress tests performed in a region correlated with
the number of invasive procedures that were subsequently
performed.85

Guadagnoli showed that Medicare beneficiaries with a
strong medical indication for coronary angiography following
myocardial infarction were more likely to be referred by their
physicians for this procedure if they were enrolled in a fee-
for-service rather than a managed care insurance plan (46%
versus 37%).86 Hemingway showed that among 908 patients
in London with a strong medical indication for coronary
angioplasty, 34% were not referred for this procedure; and
among 908 patients with a strong medical indication for coro-
nary artery bypass graft, 26% were treated medically.87 These
studies suggest that, although some examples of variability
in treatment recommendations reflect the need to individu-
alize patient management, others indicate a lapse in the
quality of care.

Variability in Cancer Care

If one attempts to assess the variability of cancer care across
the United States, or the extent to which physicians adhere
to established standards of cancer care, there are few data
available.88 Perez developed a questionnaire containing five
different lung cancer case scenarios.89 Primary care physi-
cians, pulmonologists, medical oncologists, radiation 
oncologists, and thoracic surgeons were asked to complete
the survey. Questions pertained to prognosis, recommended
treatment, and the expected impact of treatment on outcome.
For all stages of lung cancer, the recommended treatments
varied greatly among the different specialists. Differences of
opinion pertained not only to complex and controversial
treatment decisions, but also to issues for which a clear 
standard of care had been established.

Emanuel and colleagues90 used data from the Centers for
Medicare and Medicaid Services to retrospectively study the
use of chemotherapy in the final months of life for patients
over the age of 65 (Figure 14.1). They found that, in the state
of Massachusetts, 33%, 23%, and 9% of patients received
chemotherapy in the last 6 months, 3 months, and 1 month
of life, respectively. These data are among the first large-scale
outcomes analyses of the practice of chemotherapy adminis-
tration in the Unites States.

An initiative is currently under way to retrospectively
analyze the use of adjuvant chemotherapy for patients with
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colon and lung cancer.91 This study, jointly sponsored by the
Rand Corporation and the American Society of Clinical
Oncology, will document the compliance of medical oncolo-
gists in the United States with two practice recommendations
that are well supported in the medical literature and are con-
sidered standard care.

Alteration of Physician Practice Patterns

Thus far, we have described the complexity of many cancer
treatment decisions. We have reviewed some of the data 
pertaining to variability in treatment patterns for multiple
medical conditions, including cancer. We have shown that in
some situations this variability reflects the absence of a single
correct evidence-based approach, whereas in other situations
the deviation from an established standard practice consti-
tutes a lapse in quality of care.

In an effort to encourage uniformity of care when a best
practice does exist, several strategies have been employed.
These include the following:92

Didactic continuing medical education presentations
Distribution of consensus conference recommendations
Individualized physician education (academic detailing)
Active participation in guideline development
Physician feedback specific to his/her prior treatment 

decisions
Reminders encountered by physicians in the course of active

patient care

Several studies have shown that neither traditional didactic
continuing education programs nor the dissemination of
patient care guidelines is effective in altering physician
behavior.93–97 Following the national distribution in Canada 
of a consensus statement pertaining to the use of cesarean
section, physician acceptance was measured.98 Surveys
demonstrated that only 67% of targeted physicians were
aware of the recommendations, and rates of cesarean section
declined only slightly. Following the dissemination of the

Joint National Committee VI Hypertension Treatment
Guidelines in the state of New York, physician compliance
was found to be approximately 52%.99 The distribution of
guidelines for the management of community-acquired pneu-
monia to physicians at the Massachusetts General Hospital
resulted in a 56% rate of compliance.100 Poor adherence of sur-
geons to guidelines concerning breast cancer management
has been demonstrated.

Several other interventions have been shown to be more
effective. When physicians are used individually to educate
colleagues, some change in behavior has been observed.101–103

Reminders in the chart specific to individual patients have
been shown to be more effective than general reminders or
lectures.104–106 Recruitment of local physician opinion leaders
to advocate a particular change and/or provision of specific
feedback concerning their compliance with guidelines can
also alter behavior.107–111 Involvement of physicians in the
process of local guideline development can be effective as
well.112

Several authors have attempted to explain the difficulties
that are encountered in attempting to change physician 
practice.113 Smith suggests that the many years of formal edu-
cation and postgraduate training to which physicians are
exposed, as well as their own practice experience, result in
the establishment of somewhat rigid practice patterns that
are difficult to alter.114 He notes that the multitude of printed
materials to which physicians are exposed may actually
desensitize them to new educational content.

Grol proposes that the most effective strategy for altering
physician practice patterns should include the integration of
several techniques (Table 14.1).115 These methods include (a)
provision of scientific evidence in the development of guide-
lines, (b) interactive rather than “top down” physician edu-
cation, (c) ongoing monitoring of clinical performance and
provision of feedback to physicians, and (d) patient empow-
erment. Greco adds that physician opinion leaders, financial
incentives, financial penalties, and administrative rules are
influential as well.116
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The Case for Interdisciplinary Treatment
Teams in Cancer Treatment Planning

Information presented heretofore in this chapter can be sum-
marized as follows:

The knowledge base necessary to provide state-of-the-art
cancer care is extensive.

The cancer treatment literature resides in journals specific to
several different medical specialties, and no single physi-
cian is likely to be familiar with all aspects of this scien-
tific evidence.

A familiarity with active clinical trials and emerging scien-
tific data for each type of cancer is needed.

Physicians from different cancer-related specialties often
have divergent opinions concerning cancer treatment and
prognosis.

For most major types of malignancy, some treatment recom-
mendations are established as standard care whereas
many others remain controversial.

Although data are not available to quantify the extent to
which physicians involved in cancer care adhere to stan-
dard treatment recommendations, studies pertaining to
several other fields of medicine suggest that compliance
may be suboptimal.

When emerging medical knowledge is presented to physicians
in a didactic fashion, they are slow to integrate such infor-
mation into their patterns of practice.

The mere dissemination of treatment guidelines to physi-
cians does not alter their treatment decisions.

To alter physician practice patterns, necessary steps 
include interactive learning, engagement of physicians in
the process of guideline development, involvement of
“thought leaders,” and provision of ongoing outcomes
data.

If one accepts these conclusions, then the need for a collabo-
rative approach to cancer care is clear. When physicians from
multiple cancer-related specialties meet to discuss new
cancer patients and to prospectively plan the optimal treat-
ment plan, several important events occur.

1. Specialty-specific knowledge is shared among partici-
pating physicians.

2. New information from the medical literature possessed
by any member of the group is shared and likely integrated
into the treatment planning process.

3. Disagreements among specialists are discussed until a
unified opinion is formulated, thus providing the patient with
clear and consistent information.

4. Locally applicable treatment guidelines are developed
by participating physicians. The fact of their involvement in
the process increases the likelihood of adherence.

5. The interdisciplinary team is an ideal forum for the
identification of key outcome measures. These same physi-
cians can review the data and modify the process of treatment
as needed; this constitutes a total quality management
cycle.117

6. Medical institutions involved in clinical research can
utilize these meetings to determine patient eligibility for clin-
ical trials and to inform the treating physicians accordingly.
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TABLE 14.1. Effects of different strategies to improve patient care.

No. of No. of
Strategy reviews studies Conclusions

Educational materials, mailed 9 3–37 Limited effects
information
Continuing medical education 4 3–17 Limited effects
Interactive educational 4 2–6 Few studies, mostly effective
meetings
Educational outreach visits 8 2–8 Particularly affects prescribing

and prevention
Use of opinion leaders 3 3–6 Mixed effects
Feedback on performance 7 16–37 Mixed effects, effect on test

ordering
Reminders 5 5–68 Mostly effective
Substitution or delegation of 7 2–14 Pharmacist, effect on
tasks prescribing; nurse, no effect
Use of computer (systems) 4 7–21 Computerized decision

support, mostly effective
Total quality management and 1 55 Limited effects, weak study
continuous quality designs
improvement
Patient-oriented interventions 7 2–34 Mixed effects, reminding

patients mostly effective in
prevention

Combined and multifaceted 16 2–39 Mostly very effective
interventions

Source: From Grol R.115 Improving the quality of medical care: building bridges among professional pride, payer profit,
and patient satisfaction. JAMA 2001;286:2578–2585.



Models for the Delivery of 
Interdisciplinary Care

As noted previously, there is broad support on the part of both
medical professional organizations and patient advocacy
groups for an interdisciplinary approach to cancer care. It is
generally accepted that care labeled as such is characterized
by the participation of multiple specialists in the formulation
of an individualized treatment plan for each patient.
However, beyond this definition, the optimal structure for
such a process has not been clearly defined.

Three models for the provision of interdisciplinary 
gastrointestinal cancer care have been described in a 2002
monograph prepared by The Advisory Board Company.118 The
simplest model consists of a prospective treatment planning
conference. Next, in order of increasing complexity, is the
virtual clinic, in which a coordinator facilitates movement of
the patient through his/her multiple physician visits and
testing procedures. The highest level of integration is
achieved by the establishment of a “comprehensive clinic,”
in which all physicians involved in the care of the patient
practice in a single location (Table 14.2). There are no avail-
able data to indicate either the number of institutions that
are providing interdisciplinary cancer care or the specific
model(s) in use at these intuitions.

Beyond Surgery, Radiation Therapy, 
and Chemotherapy

Thus far, our discussion of integrated care has focused on the
coordination of physicians from multiple cancer-related spe-
cialties. One can broaden the definition of interdisciplinary
treatment to include several other components of care. Ko
reviewed the records of 301 cancer patients and 6,745 con-
trols and found that oncology patients frequently had coexis-
tent pulmonary and cardiac conditions, thus requiring the
participation of primary care physicians, cardiologists, and
pulmonologists in the process of treatment planning and
delivery.119 A model of interdisciplinary care for hepato-
cellular carcinoma published by Van Cleave and colleagues
includes (in addition to physicians) nurses, social workers,
pharmacists, and a chaplain.120

To what extent do psychosocial and/or nutritional services
alter outcomes in cancer care? Several clinical trials have
tested the hypothesis that psychologic treatment can prolong
survival in cancer patients.121–123 The results of these studies

are contradictory, and no firm conclusions can be drawn. More
uniform data suggest that this type of intervention can favor-
ably affect quality of life.122,124–126 Arguably, relief of distress and
enhancement of quality of life may be more appropriate
metrics with which to evaluate the efficacy of psychosocial
services for cancer patients than prolongation of survival.

Potential nutritional interventions range from oral to par-
enteral and from cancer prevention to the support of patients
with metastatic disease.126–128 Some investigators have found
that oral intake of fish oil can reverse cancer anorexia and
weight loss while others have observed no benefit.129,130

Although the use of parenteral nutrition for patients with
end-stage cancer can prolong survival, the associated cost and
adverse effect on quality of life add complexity to the deci-
sion to undertake this therapy.131

A detailed review of the data pertaining to psychologic
and nutritional intervention in cancer care is beyond the
scope of this manuscript (see Chapter 85). However, there
exists a broad body of literature pertaining to these treat-
ments with which physician members of the interdisciplinary
team are unlikely to be familiar. Mental health professionals
and nutritionists can bring this expertise to the interdiscipli-
nary team.

A demonstration project entitled Safe Conduct has been
implemented as a component of care for patients with
advanced lung cancer at the Ireland Cancer Center at Uni-
versity Hospitals of Cleveland. For participating patients, in
addition to physician services from several cancer-related spe-
cialties, the interdisciplinary team includes a spiritual coun-
selor, a social worker, and a nurse practitioner. In addition to
careful attention to pain and symptom control, this team
addresses the spiritual, emotional, and logistic needs of par-
ticipating patients throughout the continuum of care.

Project Safe Conduct’s positive impact on patients and
caregivers emerges in several areas, based on preliminary data
comparing these patients to lung cancer patients receiving
care at ICC 1 year before the introduction of the Safe Conduct
Team (SCT) (Figure 14.2):

The number of hospice referrals increased from 13% to 80%.
The hospice length of stay increased from an average of
10 days to 43 days.

The hospital admission rate (number of hospitalizations per
patient per year) was 3.20 before Project Safe Conduct and
dropped to 1.05 for SCT patients.

Unplanned hospitalizations and emergency room visits
dropped from 6.3 per patient to 3.1.
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TABLE 14.2. Models of interdisciplinary care.

Collaborative treatment
Model Interdisciplinary clinic setup planning

Prospective treatment Clinic visits not formally Interdisciplinary treatment
planning conference coordinated planning conference
Virtual gastrointestinal Patients see multiple specialists Interdisciplinary treatment
(GI) clinic during separate but coordinated planning conference on separate

visits day
Comprehensive GI clinic Patients meet with multiple GI specialists confer on treatment

specialists during a single clinic planning during clinic visit
visit

Source: Courtesy of the Advisory Board Company.



Seventy-five percent of SCT patients died at home, where
most patients prefer to be at the end of life.

Average per-day pharmaceutical costs dropped from $60.90
per patient to $18.45.

Caregivers of SCT patients reported reduced burdens in inter-
views conducted after the death of their loved one.

Economic Implications

Quality of care considerations aside, the existing fee-for-
service model of medical care in the United States (including
the traditional Medicare plan) does not provide a strong eco-
nomic incentive for the provision of interdisciplinary cancer
care. Administrative costs associated with the establishment
and support of these teams cannot be passed on to insurers.
Although Medicare has developed a modifier that provides
reimbursement if a patient is seen by several physicians in
the same clinic in 1 day, physicians cannot bill for time spent
at treatment planning conferences.

Theoretically, there are economic advantages that could
result from an interdisciplinary approach to cancer treat-
ment. In Market Driven Health Care, Dr. Regina Helzlinger
predicts that consumers are increasingly demanding inte-
grated disease-focused care.132 If so, then institutions provid-
ing such services may have an advantage in the medical
marketplace regardless of the reimbursement model.133 In
addition, the interdisciplinary team may contribute to
optimal resource utilization and efficient work flow. Data do
not exist to facilitate a more rigorous return-on-investment
analysis pertaining to interdisciplinary cancer care.

Future Directions

In this chapter, we have shown that there exists in the
medical literature strong justification for the establishment
of interdisciplinary teams for cancer treatment. Several

potential models with differing levels of complexity have
been described, although the optimal structure for the deliv-
ery of such care has not been defined. The incremental cost
involved in establishing these teams, as well as the impact
on reimbursement, resource utilization, clinical trials partic-
ipation, and patient satisfaction, remain unclear. Most impor-
tant, the effects of interdisciplinary care on disease-free
survival, overall survival, and quality of life have not been
measured. Carefully designed outcomes studies are needed to
address these issues.

References

1. Evans WK, Nixon DW, Daly JM, et al. A randomized study of
oral nutritional support versus ad lib nutritional intake during
chemotherapy for advanced colorectal and non-small cell lung
cancer. J Clin Oncol 1987;5:113–124.

2. Tandon S, Gupta S, Sinha S. Nutritional support as an adjunct
therapy of advanced cancer patients. Indian J Med Res 1984;
80:180–188.

3. Foley K. Advances in cancer pain. Arch Neurol 1999;56:413–417.
4. Spiegel D. Effects of psychotherapy on cancer survival. Nat Rev

Cancer 2002;2:383–389.
5. Adams D, Johansen K, Brand R, Rennie D, Milstein A. Selective

referral to high-volume hospitals: estimating potentially avoid-
able deaths. JAMA 2000;283:1159–1166.

6. Standards of the Commission on Cancer. Volume I: Cancer
Program Standards. Chicago, IL: American College of Surgeons,
1996.

7. Bloch R. Cancer . . . there’s hope. R.A. Bloch Cancer Foundation,
1982:9–106.

8. Larson D. The Helper’s Journal. Champaign, IL: Research Press,
1993:200–202.

9. Abernethy J. Surgical Observations on the Constitutional Origin
and Treatment of Local Diseases. London: Longman, Hurst,
Rees, Orm, and Brown, 1814:180–200.

10. Moore C. On the influence of inadequate operations on the
theory of cancer. Med Chir Trans 1867;50:245–280.

11. Lister J. On the antiseptic principles in the practice of surgery.
Lancet 1867;2:353–356.

12. Moore C. On the influence of inadequate operations on the
theory of cancer. Med Chir Trans 1867;50:245–280.

13. Halsted W. The results of operations for the cure of cancer of the
breast performed at Johns Hopkins Hospital from June 1, 1889
to January 1894. Ann Surg 1894;20:497–555.

14. Halsted W. The results of radical operation for the cure of car-
cinoma of the breast. Ann Surg 1907;46:1–19.

15. Martin H. Radical surgery in the cancer of the head and neck.
Surg Clin N Am 1958;33:329–350.

16. Kruskall M. Autologous blood transfusion. In: Hoffman R, Banz
E, Shattil S (eds) Hematology: Basic Principles and Practice. New
York: Churchill Livingstone, 1995:2063–2067.

17. Fisher B, Montague E, Redmond C. Comparison of radical mas-
tectomy with alternative treatments for primary breast cancer.
Cancer (Phila) 1977;29:2827–2838.

18. Noguchi M. Is it necessary to perform prospective randomized
studies before sentinel node biopsy can replace routine axillary
dissection? Breast Cancer 2003;10:179–187.

19. McCormack P. Surgical resection of pulmonary metastasis.
Semin Surg Oncol 1990;6(5):297–302.

20. Wanebo H, Chu Q, Vezerdis M, Soderberg C. Patient selection
for hepatic resection of colorectal metastasis. Arch Surg 1996;
131:322–329.

21. Cox C, Pendas S, Cox J. Guidelines for lymphatic mapping 
of patients with breast cancer. Ann Surg 1998;227:645–
651.

1 9 0 chapter 14

70

60

50

40

30

20

10

0

20.4

10
6.3

27.4

43

$18.45

$60.90

3.1

Percentage of Patients Dying in Hospice

Days in Hospice

Unplanned Admissions or Emergency Department Visits

Pharmaceutical Costs (Average $ cost per patient per day)

Before SCT After SCT

FIGURE 14.2. The positive impact on patients and caregivers of
Project Safe Conduct emerges in several areas, based on preliminary
data comparing these patients with lung cancer patients receiving
care at Ireland Cancer Center (ICC) 1 year before the introduction of
the Safe Conduct Team (SCT).



22. Roentgen W. On a new kind of rays (preliminary communica-
tion). [Translation of a paper read before the Physikalische-
medicinischen Gesellschaft of Wurzburg on December 28, 1895.]
Br J Radiol 1931;4:32.

23. Curie P, Curie M, Bemont G. Sur une nouvelle substance forte-
ment radioactive continue dans la pechblende (note presented
by M. Becquerel). C R Acad Sci (Paris) 1898;127:1215–
1217.

24. Janeway H. Radium Therapy in Cancer at the Memorial Hospi-
tal, NY. New York: Hoeber, 1917.

25. Ewing J. Early experiences in radiation therapy. Janeway Memo-
rial Lecture, 1933. Am J Roentgenol Radium Ther 1934;
31:153–183.

26. Martin H. Radical surgery in the cancer of the head and neck.
Surg Clin N Am 1958;33:329–3350.

27. Coutard H. Roentgen therapy of epitheliomas of the tonsillar
regional hypopharynx and larynx from 1920 to 1926. Am J
Roentgenol 1932;28:313–331.

28. Coutard H. Principles of x-ray therapy of malignant diseases.
Lancet 1934;2:1–8.

29. Easson E, Russell M. The cure of Hodgkin’s disease. Br Med J
1963;1:1704–1707.

30. Peters M, Middlemiss K. A study of Hodgkin’s disease treated
by irradiation. Am J Roentgenol 1958;79:114–121.

31. Downs T, Sadetsky N, Pasta D, et al. Health related quality 
of life patterns in patients treated with interstitial prostate
brachytherapy for localized prostate cancer—data from
CaPSURE. J Urol 2003;170:1822–1827.

32. Mackie T. Radiation therapy treatment optimization. Semin
Radiat Oncol 1999;9:1–3.

33. Grills I, Yan D, Martinez A, Vicini F, Wong J, Kestin L. Poten-
tial for reduced toxicity and dose escalation in the treatment of
inoperable non-small-cell lung cancer: a comparison of inten-
sity-modulated radiation therapy (IMRT), 3D conformal radia-
tion, and elective nodal irradiation. Int J Radiat Oncol Biol Phys
2003;57:875–890.

34. Gilman A, Philips F. The biological actions and therapeutic
applications of the B-chloroethyl amines and sulfides. Science
1946;103:409–436.

35. Hertz R, Lewis J, Lipsett M. Five years’ experience with the
chemotherapy of metastatic choriocarcinoma in acute leukemia
in children produced by folic acid antagonist, 4-aminopteroyl-
glutamic acid (Aminopterin). N Engl J Med 1948;238:787–
793.

36. DeVita V, Serpick A. Combination chemotherapy in the treat-
ment of Hodgkin’s disease. Ann Intern Med 1970;73:881–895.

37. Weiss R, Sarosy G, Clagett-Carr K, Russo M, Leyland-Jones B.
Anthracycline analogs: the past, present, and future. Cancer
Chemother Pharmacol 1986;18:185–197.

38. Rosenberg B. Fundamental studies with cisplatin. Cancer (Phila)
1985;55:2303–2316

39. Rowinsky E, Donehower R. Drug therapy: paclitaxel (Taxol). 
N Engl J Med 1995;332:1004–1014.

40. Wall M, Wani M, Cook C. Plant antitumor agents. I. The isola-
tion and structure of camptothecin, a novel alkaloidal leukemia
and tumor inhibitor from Camptotheca accuminata. J Am
Chem Soc 1966;88:3888.

41. Kovac A. Benefits and risks of newer treatments for chemother-
apy-induced and postoperative nausea and vomiting. Drug Saf
2003;26(4):227–259.

42. Vansteenkiste J, Rossi G, Foote M. Darbepoetin alfa: a new
approach to the treatment of chemotherapy-induced anaemia.
Expert Opin Biol Ther 2003;3:501–508.

43. Bedell C. Pegfilgrastim for chemotherapy-induced neutropenia.
Clin J Oncol Nurs 2003;7:55–56, 63–64.

44. Stockerl-Goldstein A, Blume K, Allogeneic hematopoietic 
cell transplantation for adult patients with acute myeloid
leukemia. In: Thomas E, Blume K, Forman S (eds) Hema-

topoietic Cell Transplantation. Malden, MA: Blackwell, 1999:
823.

45. McSweeney P, Storb R. Bone marrow transplantation for malig-
nant disease. In: Rick R, Fleisher T, Schwartz B (eds) Clinical
Immunology: Principles and Practice. St. Louis: Mosby-Year
Book, 1995:1831–1851.

46. Kaminski M, Zasady K, Francis I. Radioimmunotherapy of B-cell
lymphoma with 131I-anti-B1 (anti-CD20) antibody. N Engl J Med
1993;329:459–465.

47. Sepp-Lorenzino L, Ma Z, Rands E. A peptidomimetic inhibitor
of farnesyl protein transferase blocks the anchorage-dependent
and -independent growth of human tumor cell lines. Cancer Res
1995;55:5302–5309.

48. Drucker B, Talpaz M, Resta D. Clinical efficacy of an abl spe-
cific tyrosine kinase inhibitor as targeted therapy for chronic
myelogenous leukemia. Blood 1999;94(suppl 10, pt 1) (abstract
1639).

49. Cobleigh M, Voel D, Tripathy N. Efficacy and safety of Herceptin
(humanized anti-HER2 antibody) as a single agent in 222 women
with HER2 overexpression who relapsed following chemother-
apy for metastatic breast cancer. Proc Am Soc Clin Oncol
1998;17:97a (abstract 376).

50. Bower M, Howard M, Gracie F. A phase II study of thalidomide
for Kaposi’s sarcomas: activity and correlation with KSVH DNA
load. J AIDS Hum Retrovirol 1995;14:A35 (abstract 76).

51. Politi P, Reboredo M, Losso C. Phase I trial of thalidomide 
in AIDS-related Kaposi sarcoma. Proc Am Soc Clin Oncol
1998;17:161 (abstract).

52. Fisher B, Redmond C, Legault-Poisson S. Postoperative
chemotherapy and tamoxifen compared with tamoxifen alone in
the treatment of positive-node breast cancer patients aged 50
years and older with tumors responsive to tamoxifen: results
from the National Surgical Adjuvant Breast and Bowel Project
B-16. J Clin Oncol 1990;8:1005–1018.

53. Early Breast Cancer Trialists’ Collaborative Group. Systemic
treatment of early breast cancer by hormonal, cytotoxic, or
immune therapy: 133 randomized trials involving 31,000 
recurrences and 24,000 deaths among 75,000 women. Lancet
1992;339:1–15, 71–85.

54. Zambetti M, Oriana S, Quattrone P. Combined sequential
approach in locally advanced breast cancer. Ann Oncol 1999;
10:305–310.

55. Moertel C, Fleming T, Macdonald J. Levamisole and fluorouracil
for adjuvant therapy of resected colon cancer. N Engl J Med
1990;322:352–358.

56. Wolmark N, Wieand H, Hyams D, et al. Randomized trial of
postoperative adjuvant chemotherapy with or without radio-
therapy for carcinoma of the rectum: National Surgical Adjuvant
Breast and Bowel Project Protocol R-02. J Natl Cancer Inst
2000;92:388–396.

57. HD and NHL xrt with chemo seq.
58. Johnson D. Evolution of cisplatin-based chemotherapy in non-

small cell lung cancer: a historical perspective and the Eastern
Cooperative Oncology Group experience. Chest 2000;117:
133S–137S.

59. Rusch V, Giroux D, Kraut M, et al. Induction chemoradiation
and surgical resection for non-small cell lung carcinomas of the
superior sulcus: initial results of Southwest Oncology Group
Trial 9416 (Intergroup Trial 0160). J Thorac Cardiovasc Surg
2001;121:472–483.

60. Forastiere A. Larynx preservation trials: a critical appraisal.
Semin Radiat Oncol 1998:8:254–261.

61. Dimery I, Peters L, Goepfert H. Effectiveness of combined induc-
tion chemotherapy and radiotherapy in advanced nasopharyn-
geal carcinoma. J Clin Oncol 1993;11:1919–1928.

62. Nigro N. An evaluation of combined therapy for squamous cell
cancer of the anal canal. Dis Colon Rectum 1984;27:763–
781.

establishing an interdiscipl inary oncology team 1 9 1



63. Brennan M, Casper E, Harrison L. Soft tissue sarcoma. In: 
DeVita V, Hellman S, Rosenberg S (eds) Cancer: Principles and
Practice of Oncology, 5th ed. Philadelphia: Lippincott, 1996:
1738.

64. Winkler K, Beron G, Delling G, et al. Neoadjuvant chemother-
apy of osteosarcoma: results of randomized cooperative trial
(COSS-82) with salvage chemotherapy based on histological
tumor response. J Clin Oncol 1988;6:329–637.

65. Scagliotti G, Fossati R, Torri V, et al. Adjuvant Lung Project
Italy/European Organisation for Research Treatment of Cancer-
Lung Cancer Cooperative Group Investigators. Randomized
study of adjuvant chemotherapy for completely resected stage I,
II, or IIIA non-small-cell lung cancer. J Natl Cancer Inst 2003;
95:1453–1461.

66. Johnson B. Adjuvant chemotherapy for non-small-cell lung
cancer: the end of the beginning. J Natl Cancer Inst
2003;95:1422–1424.

67. Nakhlis F, Morrow M. Ductal carcinoma in situ. Surg Clin N
Am 2003;83:821–839.

68. Nabholtz J, Vannetzel J, Llory J, Bouffette P. Advances in the use
of taxanes in the adjuvant therapy of breast cancer. Clin Breast
Cancer 2003;4:187–192.

69. Price F, Mendenhall N, Benda R, Morris C. Postmastectomy
radiotherapy: patterns of recurrence and long-term disease
control using electrons. Int J Radiat Oncol Biol Phys 2003;
56:716–725.

70. Anderson WF, Chu CC, Chang S. Inflammatory breast carci-
noma and noninflammatory locally advanced breast carcinoma:
distinct clinicopathologic entities? J Clin Oncol 2003;
21:2254–2259.

71. Therasse P, Mauriac L, Welnicka-Jaskiewicz M, et al. Final
results of a randomized Phase III trial comparing cyclophos-
phamide, epirubicin, and fluorouracil with a dose-intensified
epirubicin and cyclophosphamide + filgrastim as neoadjuvant
treatment in locally advanced breast cancer: an EORTC-NCIC-
SAKK Multicenter Study. J Clin Oncol 2003;21:843–850.

72. Seidman A. Sequential single-agent chemotherapy for metasta-
tic breast cancer: therapeutic nihilism or realism? J Clin Oncol
2003;21:577–579.

73. Leonard G, McCaffrey J, Maher M. Optimal therapy for
esophageal cancer. Cancer Treat Rev 2003;29:275–282.

74. Makary M, Kiernan P, Sheridan M, et al. Multimodality treat-
ment for esophageal cancer: the role of surgery and neoadjuvant
therapy. Am Surg 2003;69:693–700.

75. Kapiteijn E, van de Velde C. The role of total mesorectal exci-
sion in the management of rectal cancer. Surg Clin N Am
2002;82:995–1007.

76. Kapiteijn E, Putter H, van de Velde C. Impact of the introduc-
tion and training of total mesorectal excision on recurrence and
survival in rectal cancer in The Netherlands. Br J Surg 2002;
89:1142–1149.

77. Kim H, Steinberg G. The current status of bladder preservation
in the treatment of muscle invasive bladder cancer. J Urol 2000;
164:627–632.

78. Rödel C, Grabenbauer G, Kühn R, et al. Combined-modality
treatment and selective organ preservation in invasive bladder
cancer: long-term results. J Clin Oncol 2002;20:3061–3071.

79. Clark J, Inui T, Silliman R, et al. Patients’ perceptions of quality
of life after treatment for early prostate cancer. J Clin Oncol
2003;21:3777–3784.

80. Oliver RT. Emerging controversies in the management of stage
1 germ cell cancers. BJU Int 2003;92(1):1–2.

81. Ellerbeck E, Jencks S, Radford M, Kresowik T, Craig A, Gold J.
Quality of care for Medicare patients with acute myocardial
infarction. A four-state pilot study from the Cooperative Car-
diovascular Project. JAMA 1995;273:1509–1514.

82. Wennberg D. Variation in the delivery of health care: the stakes
are high. Ann Intern Med 1998;128:866–868.

83. Schein O, Steinberg E, Javitt J, Cassard S, Tielsch J, Steinwachs
D. Variation in cataract surgery practice and clinical outcomes.
Ophthalmology 1994;101:1142–1152.

84. Carey T, Garrett J. Patterns of ordering diagnostic tests for
patients with acute low back pain. The North Carolina Back
Pain Project. Ann Intern Med 1996;125:807–814.

85. Wennberg D, Kellett M, Dickens J, Malenka D, Keilson L, 
Keller R. The association between local diagnostic testing inten-
sity and invasive cardiac procedures. JAMA 1996;275:
1161–1164.

86. Guadagnoli E, Landrum M, Peterson E, Gahart M, Ryan 
T, McNeil B. Appropriateness of coronary angiography 
after myocardial infarction among Medicare beneficiaries:
managed care versus fee for service. N Engl J Med 2000;343:
1460–1406.

87. Hemingway H, Crook A, Feder G, et al. Underuse of coronary
revascularization procedures in patients considered appropriate
candidates for revascularization. N Engl J Med 2001;344:
645–654.

88. Hewitt H, Simone J (eds) Ensuring Quality Cancer Care.
National Cancer Policy Board, Institute of Medicine and 
Commission of Life Sciences, National Research Council. 
Washington, DC: National Academy Press, 1999:26–27, 
1–17.

89. Perez E. Perceptions of prognosis, treatment, and treatment
impact on prognosis in non-small cell lung cancer. Chest 1998;
114:593–604.

90. Emanuel E, Young-Xu Y, Levinsky N, Gazelle G, Saynina O, Ash
A. Chemotherapy use among Medicare beneficiaries at the end
of life. Ann Intern Med 2003;138:639–643.

91. Epstein A, Schneider E, Kahn K, Malin J. National Initiative on
Cancer Care Quality (NICCQ): project protocol and human
subject protection guidelines. 2001;3.

92. Use of treatment guidelines surges as urge to manage care
increases. J Natl Cancer Inst 1995;87:1044–1047.

93. Davis D, Thomson M, Oxman A, Haynes R. Evidence for the
effectiveness of CME: a review of 50 randomized controlled
trials. JAMA 1992;268:1111–1117.

94. White C, Albanese M, Brown D, Caplan R. The effectiveness of
continuing medical education in changing the behavior of 
physicians caring for patients with acute myocardial infarction:
a controlled randomized trial. Ann Intern Med 1985;102:
686–692.

95. Kosecoff J, Kanouse D, Rogers W, McCloskey L, Winslow C,
Brook R. Effects of the National Institutes of Health Consensus
Development Program on physician practice. JAMA 1987;
258:2708–2713.

96. Lomas J. Words without action? The production, dissemination,
and impact of consensus recommendations. Annu Rev Public
Health 1991;12:41–65.

97. Mor V, Laliberte L, Petrisek A, et al. Impact of breast cancer
treatment guidelines on surgeon practice patterns: results of a
hospital-based intervention. Surgery (St. Louis) 2000;128:
847–861.

98. Lomas J, Anderson G, Domnick-Pierre K, Vayda E, Enkin M,
Hannah W. Do practice guidelines guide practice? The effect of
a consensus statement on the practice of physicians. N Engl J
Med 1989;321:1306–1311.

99. Clause S, Hamilton R. Medicaid prescriber compliance with
Joint National Committee VI Hypertension Treatment Guide-
lines. Ann Pharmacother 2002;36:1505–1511.

100. Halm E, Atlas S, Borowsky L, et al. Understanding physician
adherence with a pneumonia practice guideline: effects of
patient, system, and physician factors. Arch Intern Med 2000;
160:98–104.

101. Schaffner W, Ray W, Federspiel C, Miller W. Improving antibi-
otic prescribing in office practice: a controlled trial of three edu-
cational methods. JAMA 1983;250:1728–1732.

1 9 2 chapter 14



102. Ray W, Blazer D, Schaffner W, Federspiel C, Fink R. Reducing
long-term diazepam prescribing in office practice: a controlled
trial of educational visits. JAMA 1986;256:2536–2539.

103. Ray W, Schaffner W, Federspiel C. Persistence of improvement
in antibiotic prescribing in office practice. JAMA 1985;253:
1774–1776.

104. Headrick L, Speroff T, Pelecanos H, Cebul R. Efforts to improve
compliance with the National Cholesterol Education Program
guidelines: results of a randomized controlled trial. Arch Intern
Med 1992;152:2490–2496.

105. McPhee S, Bird J, Jenkins C, Fordham D. Promoting cancer
screening: a randomized, controlled trial of three interventions.
Arch Intern Med 1989;149:1866–1872.

106. Tierney W, Hui S, McDonald C. Delayed feedback of physician
performance versus immediate reminders to perform preventive
care: effects on physician compliance. Med Care 1986;24:
659–666.

107. Lomas J, Enkin M, Anderson G, Hannah W, Vayda E, Singer J.
Opinion leaders vs. audit and feedback to implement practice
guidelines: delivery after previous cesarean section. JAMA 1991;
265:2202–2207.

108. Everitt D, Soumerai S, Avorn J, Klapholz H, Wessels M. Chang-
ing surgical antimicrobial prophylaxis practices through educa-
tion targeted at senior department leaders. Infect Control Hosp
Epidemiol 1990;11:578–583.

109. Spiegel J, Shapiro M, Berman B, Greenfield S. Changing physi-
cian test ordering in a university hospital: an intervention of
physician participation, explicit criteria, and feedback. Arch
Intern Med 1989;149:549–553.

110. Mertens W, Higby D, Brown D, et al. Improving the care of
patients with regard to chemotherapy-induced nausea and
emesis: the effect of feedback to clinicians on adherence to
antiemetic prescribing guidelines. J Clin Oncol 2003;21:
1373–1378.

111. Berwick D, Coltin K. Feedback reduces test use in a health main-
tenance organization. JAMA 1986;255:1450–1454.

112. Wachtel T, O’Sullivan P. Practice guidelines to reduce testing in
the hospital. J Gen Intern Med 1990;5:335–341.

113. Cabana M, Rand C, Powe N, et al. Why don’t physicians follow
clinical practice guidelines? A framework for improvement.
JAMA 1999;282:1458–1465.

114. Smith W. Evidence for the effectiveness of techniques to change
physician behavior. Chest 2000;118:8S–17S.

115. Grol R. Improving the quality of medical care: building bridges
among professional pride, payer profit, and patient satisfaction.
JAMA 2001;286:2578–2585.

116. Greco P, Eisenberg J. Changing physicians’ practices. N Engl J
Med 1993;329:1271–1273.

117. Berwick D, Blanton G, Roessner J. Curing Health Care. San
Francisco: Wiley, 1990:31.

118. The Advisory Board Company. Interdisciplinary Gastrointesti-
nal Cancer Programs. Practice Brief #30, February 11, 2002.

119. Ko C, Chaudhry S. The need for a multidisciplinary approach to
cancer care. J Surg Res 2002;105:53–57.

120. Van Cleave J, Devine P, Odom-Ball P. Multidisciplinary care of
hepatocellular carcinoma. Cancer Pract 1999;7:302–308.

121. Fawzy F, Canada A, Fawzy N. Malignant melanoma: effects 
of a brief, structured psychiatric intervention on survival and
recurrence at 10-year follow-up. Arch Gen Psychiatry 2003;60:
100–103.

122. Goodwin P, Leszcz M, Ennis M, et al. The effect of group psy-
chosocial support on survival in metastatic breast cancer. N Engl
J Med 2001;345:1719–1726.

123. Ross L, Boesen E, Dalton S, Johansen C. Mind and cancer: does
psychosocial intervention improve survival and psychological
well-being? Eur J Cancer 2002;38:1447–1457.

124. Greer S. Psychological intervention. The gap between research
and practice. Acta Oncol 2002;41:238–243.

125. Butler L, Koopman C, Cordova M, Garlan R, DiMiceli S, Spiegel
D. Psychological distress and pain significantly increase before
death in metastatic breast cancer patients. Psychosom Med
2003;65:416–426.

126. Talamini R, Franceschi S, La Vecchia C, Serraino D, Barra S,
Negri E. Diet and prostatic cancer: a case-control study in north-
ern Italy. Nutr Cancer 1992;18:277–286.

127. Persson C, Johansson B, Sjoden P, Glimelius B. A randomized
study of nutritional support in patients with colorectal and
gastric cancer. Nutr Cancer 2002;42:48–58.

128. Cohen L, Rose D, Wynder E. A rationale for dietary intervention
in postmenopausal breast cancer patients: an update. Nutr
Cancer 1993;19:1–10.

129. Barber M, Ross J, Voss A, Tisdale M, Fearon K. The effect of an
oral nutritional supplement enriched with fish oil on weight-
loss in patients with pancreatic cancer. Br J Cancer 1999;81:
80–86.

130. Bruera E, Strasser F, Palmer J, et al. Effect of fish oil on appetite
and other symptoms in patients with advanced cancer and
anorexia/cachexia: a double-blind, placebo-controlled study. 
J Clin Oncol 2003;21:129–134.

131. Okusaka T, Okada S, Ishii H, Ikeda M, Kosakamoto H, 
Yoshimori M. Prognosis of advanced pancreatic cancer patients
with reference to calorie intake. Nutr Cancer 1998;32:55–58.

132. Herzlinger R. Market driven health care. Cambridge: Perseus,
1997:8–96.

133. The Advisory Board Company. The Oncology Watch, October 3,
2003, p 3.

establishing an interdiscipl inary oncology team 1 9 3



1 9 4

Principles of
Complementary 
and Alternative

Medicine for Cancer
Andrew J. Vickers and Barrie Cassileth

omplementary and alternative medicine (CAM) is a
general term used to describe techniques as diverse as
chiropractic and yoga, iridology and meditation,

colonic irrigation and spiritual healing. As such, it resists
simple definition. Most published definitions describe CAM
simply as practices outside of mainstream care.1 A more fun-
damental issue concerns the difference between complemen-
tary and alternative approaches. Alternative therapies are
used in place of mainstream care. Conversely, complemen-
tary therapies are used as adjuncts to mainstream care for
symptom management and to enhance quality of life. This
distinction is especially important in oncology, where treat-
ment choices can be literally a matter of life and death.

CAM is widely used by the general public in the United
States2,3 and in other industrialized countries.4–7 CAM use is
markedly prevalent among cancer patients: a systematic
review located 26 surveys of cancer patients from 13 coun-
tries, including 5 from the United States. The average preva-
lence across all studies was 31%, with prevalence rates as
high as 64% in published reports.8 Research published subse-
quent to the systematic review showed similar or slightly
increased rates of CAM use.9–15 Particularly popular today
among cancer patients is the use of herbs, vitamins, and other
dietary supplements. For example, more than one in four
prostate cancer patients at a Canadian cancer clinic16 and at
a veterans’ affairs medical center17 used supplements or
herbal treatments. A review of several studies reporting CAM
product use in breast cancer patients found rates as high as
50% for herbs and 60% for other supplements.18

Given such widespread use, the first principle of CAM for
cancer is that health professionals should ask patients about
their use of CAM. This information helps to complete the clin-
ical picture and to alert clinicians to potentially harmful inter-
actions with conventional therapy. Keeping an open dialogue
with patients is also likely to reduce the risk that they abandon
conventional care to pursue unproven alternative cures.

In this chapter, we review data on alternative cancer treat-
ments, botanical (herbal) anticancer agents, and interactions
between CAM therapies and conventional oncologic care. We
then review the evidence supporting the use of complemen-
tary therapies for symptom control.

Alternative Cancer Therapies

This section reviews alternative therapies, anticancer thera-
pies offered outside of mainstream cancer treatment pro-
grams. Most of these methods are based on unfounded
theories and involve considerable travel or expense; many are
also known to incur significant risks of adverse events. It is
common for advocates of alternative therapies to promote
their treatment instead of conventional care. For example,
Nicholas Gonzalez, a private physician in New York who
treats cancer with a regimen that involves diet, vitamins,
enzymes, and enemas, has stated that “You don’t do
chemotherapy and [my regimen]. You do one or the other.”19

This feeling raises the possibility that patients may be
harmed by postponing care of proven benefit, an especially
important consideration given that alternative cancer thera-
pies are shown to be ineffective when subjected to clinical
trial.

The related principle is the importance of trying to 
dissuade patients from using unproven cancer therapies.
These therapies are typified by one or more of the following
characteristics:

1. Promoted as effective against a wide range of ailments
2. The government or medical profession is said to conspire

to suppress the therapy
3. Use of testimonials instead of facts and figures
4. Product is available from only one source
5. Credibility based on having been available for years and

on anecdotal reports
6. New laws of nature are used to explain how it works
7. Promoted as “less toxic” than mainstream cancer 

treatment
8. Recommended for use instead of mainstream cancer 

treatments

Burzynski and Antineoplastons

An alternative cancer therapy popular for over a decade is that
of Stanislaw Burzynski, who treats cancer with what he terms
“antineoplastons.” These are mixtures of peptides, amino
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acids, and other simple organic substances that he claims
promote the body’s natural defenses against cancer. Although
he has published several studies of his own, these are of a
rather unclear design.20 A Phase II trial in glioma conducted
under the auspices of the National Cancer Institute (NCI) was
halted due to poor accrual and a failure of Burzynski to agree
with the investigators on possible expansion of the eligibility
criteria. Nine patients were accrued, six of whom were evalu-
able for response. There were no objective responses, and all
six patients showed evidence of tumor progression after treat-
ment durations between 16 and 66 days. The mean time to
treatment failure (progression or discontinuation due to tox-
icity) was 29 days. All nine patients died before the study
closed, all but one death resulting from tumor progression.21

Despite the absence of data in support of Burzynski’s regimen,
it remains heavily promoted, especially as a treatment for
pediatric brain tumors.

High-Dose Vitamin C

High-dose vitamin C was originally popularized as a cancer
therapy by Linus Pauling. His claim that vitamin C potenti-
ated the body’s ability to fight off cancer garnered intense
public interest and prompted two randomized trials in the
late 1970s and early 1980s. Both trials found no difference
between vitamin C and placebo, with short survival times
regardless of allocation.22,23 Interest in vitamin C as a cancer
therapy recurred as researchers argued that early investiga-
tions were based on incomplete understanding of the vitamin
C mode of action and that the oral doses used were inade-
quate.24 Intravenous vitamin C with arsenic is currently
under investigation as a treatment for myeloma at Sylvester
Cancer Center.25

Laetrile

Laetrile is a substance derived from the pits of apricots and
other fruits. It was a popular alternative cancer cure through-
out the 1970s until research documented its lack of benefit26

and its sale was banned in the United States. Following a two-
decade hiatus, promotional activity resumed. Often termed
“vitamin B17” or sold as amygdalin, laetrile currently is avail-
able via the Internet and in Tijuana, Mexico.

Metabolic Therapies: Gerson and Gonzalez

Metabolic therapies are based on the belief that cancer is a
symptom of the accumulation of toxins. The aim of treatment
is therefore “detoxification” using coffee enemas or high
colonics, special diets, raw juices, enzymes, and supplements.
A retrospective study of melanoma patients treated by Gerson
therapy, conducted by physicians working at the clinic where
study patients were treated, concluded that 5-year survival of
patients receiving Gerson therapy was higher than reported in
large cohort studies.27 This analysis was flawed by the use of
unadjusted comparisons to nonrandomized controls and the
exclusion of 40% of the Gerson therapy patients from analy-
sis. In response to detailed criticisms, the authors accepted
that a nonrandomized study such as the one published did not
provide strong evidence of a treatment effect.28 A more
promising result has been reported from a cohort study of 11
pancreatic cancer patients treated by Nicholas Gonzalez using

a metabolic regimen. Gonzalez reported 81% survival at 1
year and 45% survival at 2 years and claimed such results were
far superior to national averages.29 The study was small and
obviously prone to several biases: not only is the comparison
to national average unadjusted for confounders, but the prin-
cipal results are based on patient selection; 12 patients who
did not comply with treatment were excluded from analysis.
Nonetheless, the generally positive results reported by Gon-
zalez were sufficient to prompt an NIH-funded Phase III trial,
which remains under way.

Psychotherapy as a Cancer Cure

The theory that changing mental state can affect the course
of cancer has been popularized by authors such as Bernie
Siegel and Deepak Chopra. A support group program called
Exceptional Cancer Patients (ECaP), developed by Dr. Bernie
Siegel, was evaluated in a matched cohort study. Thirty-four
women with breast cancer attending the ECaP program were
matched 1 :3 with comparable patients identified from tumor
registries. At 10 years of follow-up, there were no differences
in survival between the two groups, with approximately 40%
of patients in both groups alive at the end of the study.30

Several other studies, however, appear to show survival
advantages in cancer patients receiving psychologic treat-
ment. In the late 1970s, David Spiegel conducted a random-
ized trial that aimed to examine the effects of a psychosocial
support group on quality of life and symptoms in women with
metastatic breast cancer. As a post hoc analysis, the investi-
gators looked at survival differences and reported a statisti-
cally significant prolongation of survival in the group
receiving psychosocial support.31 This trial has been
extremely widely publicized and extensively cited, despite an
unplanned survival analysis and subsequent randomized
replications that failed to support Spiegel’s results.32,33

Electromagnetic Therapies

Some practitioners claim that cancer and other diseases are
caused by disruptions of the body’s electromagnetic fields.
They believe that disease can be treated using pulsed, high-
frequency electromagnetic waves. “BioResonance Therapy”
is a relatively new version of the many alternative “energy
therapies” that predominated in the 1930s. For example,
Royal R. Rife developed an energy machine to destroy the
microbes that he believed were the cause of cancer. Electro-
magnetic therapies today are costly treatments, offered
mainly in Tijuana, Mexico, and in some European countries,
despite their lack of value.

Oxygen and Ozone Therapies

Oxygen therapy refers to treatments based on the idea that
cancer and other disease cannot survive in an oxygen-rich
environment. Such therapies purport to kill cancer cells by
delivering high levels of oxygen to tissues. Methods include
intravenous infusion, ingestion, colonic administration, or
dermal application of hydrogen; “ozone autohemotherapy,”
in which blood is bubbled with ozone and reinjected; and
“oxygenated” water, pills, and solutions. Oxygen therapies
are popular today despite the absence of supportive data and
reports of serious side effects, including death.34–36
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Botanical (Herbal) Medicines Used 
Against Cancer

Medicines derived from whole plant extracts, and which
therefore contain many different types of molecules, are gen-
erally described as herbal medicines. The term botanical is
used here to reflect that such agents are obtained from a wide
variety of natural products, not just from herbs. Medicinal
botanicals are minimally toxic, particularly when compared
with plant-derived chemotherapeutic agents, and they are
readily available without prescription. Described next are
some botanicals commonly used by cancer patients. No
botanical product has been proven effective against cancer,
despite Internet claims of herbal remedy cures.

A principle of CAM for cancer is therefore that patients
should not be advised to pursue anticancer therapy with
botanicals.

Essiac. Essiac was popularized by a nurse, Rene Caisse, who
claims to have derived the formula from a traditional
native healer. This product consists of four herbs: burdock
root, Turkey rhubarb, sorrel, and slippery elm. A review
in the Canadian Medical Association Journal reported no
published research on Essiac.37

Mistletoe. Mistletoe extracts, which are more widely known
by the trade names Iscador, Helixor, and Eurixor, are
popular cancer treatments in Europe and are available in
some mainstream European cancer clinics. Unlike many
botanical treatments, mistletoe extracts have been sub-
jected to randomized trials in cancer patients. A system-
atic review of early trials revealed small sample sizes and
serious methodologic shortcomings in most studies.38 In
subsequent larger studies, no survival benefit was found
in patients with malignant melanoma39 or head and neck
cancer.40 A small trial in glioma reported possible benefit
in a subgroup, but there were no overall differences
between groups.41

Noni. This popular botanical product is typical of many
unproven therapies: it is a natural product used for “thou-
sands of years” by “traditional Polynesian healers.” The
discovery of its use against cancer is colorful, involving
the miraculous cure of a pet dog. Claims made for noni
are ambiguous and implausible, as it is promoted as a
“blood purifier” to “cleanse the body of harmful bacte-
ria.” Its value for cancer is based on a mouse study42 that
used a polysaccharide fraction of the fruit. There are no
published human studies of noni.

Pau d’arco tea. Pau d’arco tea is said to be an old Incan remedy
for many illnesses, including cancer. Made from the bark
of an indigenous South American evergreen tree, its puta-
tive active ingredient, lapachol, has been isolated. In a
Phase I trial, the blood levels of lapachol that were
achieved without toxicity were far below those predicted
to be effective on the basis of cell culture studies.43

PC-SPES. PC-SPES (PC for prostate cancer; spes is Latin for
hope), a botanical treatment for prostate cancer, consists
of eight herbs, all but two from Traditional Chinese Med-
icine. Laboratory research supports the activity of PC-
SPES against prostate cancer, and antiproliferate and
proapoptotic effects on tumor lines in vitro44 have been
demonstrated.45,46 In rat models, PC-SPES decreased the
incidence of spontaneous tumors and reduced tumor

weight of implanted tumors.47 PC-SPES also demon-
strated estrogenic activity in a yeast assay and in mice.44

Phase II studies with PC-SPES show prostate-specific
antigen (PSA) declines and improvements in pain and
quality of life.48–50 In a single-arm study of PC-SPES involv-
ing 70 patients with prostate cancer, no patient progressed
objectively or in terms of PSA at median 64-week follow-
up. PC-SPES was associated with a number of endocrine
side effects51 and with increased risk of thromboembolic
events.52–54 A randomized trial comparing PC-SPES to DES
in 90 patients with androgen-independent prostate cancer
found that 17 of 38 PC-SPES patients, versus 8 of 39 DES
patients, achieved a PSA response (P = 0.023).55

Despite these encouraging results, a survival advan-
tage for PC-SPES has yet to be demonstrated. More impor-
tantly, the product is no longer available for clinical use:
PC-SPES was found to contain warfarin (and SPES, a more
generic version for all cancers, to contain alprazolam) and
was withdrawn by the manufacturer in February 2002.

b-Glucans. Many mushrooms used in Oriental botanical med-
icine contain b-glucans, a class of polysaccharide molecule.
These agents have been widely studied for their anticancer
effects. Most human Phase III trials of mushroom-derived
b-glucans have used the polysaccharide Kureha (PSK), an
extract of Coriolus versicolor, or an extract from the
culture medium of Schizophyllum commune Fries known
as SPG. Trials typically compared chemotherapy or radio-
therapy plus b-glucan versus conventional treatment
alone, finding superior survival for PSK compared to con-
trols following colectomy,56,57 gastrectomy,58,59 and
esophagectomy.60 In a typical trial, 120 patients with
Dukes’ C colorectal cancer undergoing curative resection
were randomized to PSK or placebo and followed for up to
10 years. Significant differences between groups for both
disease-free and overall survival emerged, with median sur-
vival in the PSK group approximately 5 years compared to
just over 4 years in controls.56 SPG was slightly but not sig-
nificantly superior to control for gastrectomy, although
improved survival was seen in patients with curative resec-
tion in a subgroup analysis.61,62 Results have been less
encouraging in breast cancer63,64 and leukemia.65 The most
promising results for SPG are seen in cervical cancer, with
trials demonstrating improvements in survival66 and
increased rates of tumor response.67

In Phase II trials, an extract of Shiitake mushroom
given to 61 patients with prostate cancer found that no
patient experienced PSA decline, 4 showed some evidence
of disease stabilization, and 23 patients progressed.68 In a
“preference” study, 269 consecutive patients undergoing
liver resection for hepatocellular carcinoma were offered
active hexose correlated compound (AHCC), an extract of
several different fungi. Overall survival in the 113 patients
who selected AHCC was superior to that of nonusers
(hazard ratio, 0.64; P < 0.001).

Green tea. Interest in green tea as an anticancer botanical
stemmed originally from epidemiologic research that
demonstrated lower rates of various cancers, particularly
colorectal cancer, in Chinese and Japanese green tea
drinkers.69 Typically, tea consumption was compared in
cancer patients and matched local controls. Odds ratios
for colon and rectal cancer among the highest consumers
were 0.6 to 0.8 compared to those who did not consume

1 9 6 chapter 15



tea regularly.70 Green tea prevents induced colorectal
tumors in animal models71,72 and appears to have mod-
erate inhibitory effects on cell growth.73,74 Although green
tea is under study as a possible chemopreventive agent,75

its viability as a cancer treatment has yet to be docu-
mented.

Interactions Between CAM and Conventional
Oncologic Therapy

Concurrent use of botanicals with conventional treatments
raises the risk of interactions,76 including herb–drug interac-
tions that reduce the effectiveness of chemotherapy.

The relevant principle of CAM for cancer is that patients
should avoid botanical products and other dietary supple-
ments during and for a 2-week washout period before
chemotherapy, radiotherapy, or surgery. Botanicals with hor-
monal effects should not be used concurrently with hormonal
therapy.

Metabolic interactions: Many botanicals are known to modify
the activity of cytochrome CYP450 3A4, affecting the
blood levels of drugs metabolized on this pathway.77 St.
John’s wort, for example, induces CYP450 3A4 in vitro,77

and in a randomized cross-over study, the plasma con-
centration of SN-38, irinotecan’s active metabolite, was
dramatically reduced when patients concurrently used St.
John’s wort.78 Several other popular botanicals, such as
Echinacea and goldenseal, also were shown to modify
CYP450 3A4 activity by an in vitro screen.77

Antioxidants: Many cytotoxic therapies, notably radiother-
apy, depend on producing oxidative damage within the
cancer cell. The activity of radiotherapy depends at least
in part on the production of free radicals. Many botani-
cals, such as grape seed extract and ginseng, contain
antioxidant constituents. Patients may unwittingly exac-
erbate the problem by taking additional antioxidants in
the form of other dietary supplements. It is widely
thought that concurrent administration of antioxidant
supplements may, at least in theory, compromise the
effectiveness of radiation therapy and some chemothera-
peutic agents.79 Although some researchers believe that
concurrent use of antioxidants and cytotoxic therapy80

can produce benefits, suppression of chemotherapy-
induced apoptosis by antioxidants has been demonstrated
in vitro.81 Moreover, a nonrandomized comparative study
recently found poorer survival in patients taking high
doses of vitamins, including antioxidants, concurrent
with systemic therapy.82 At the very least, caution is
advised.

Hormonal interactions: Many botanicals, including soy,
chasteberry, dong quai, ginseng, and red clover, contain
phytoestrogens, or plant-based estrogen-like substances.
These compounds may interfere with antiestrogen thera-
pies such as tamoxifen or raloxifene, or promote the
growth of estrogen-sensitive tumors.83,84 Indeed, genistein,
the predominant isoflavone in soy products, reduced the
inhibitory effect of tamoxifen in a mouse model of breast
cancer.85 Similarly, black cohosh increased the prolifera-
tion of MCF-7 breast cancer cells in vitro.86,87 Although
some authors claim the opposite effect, that is, that botan-

icals containing phytoestrogens can inhibit breast tumor
cell growth or potentiate antiestrogen therapy,88 the pos-
sibility of harmful interactions will remain a concern
until studies are conducted.

Other chemotherapy interactions: CAM products may inter-
act with chemotherapeutic agents through a number of
other mechanisms. In vitro study has shown that berber-
ine, a component of a number of herbs, upregulates the
expression of pgp-170, a multidrug-resistant transporter
protein, in a number of cancer cell lines, resulting in
decreased paclitaxel cytotoxicity.89 Botanicals can also
interfere with the conversion of chemotherapy prodrugs
to the active form90 or with apoptotic pathways.81

Surgical interactions: Over-the-counter remedies interfere
with blood coagulation, posing a risk of bleeding compli-
cations in the perioperative period.91 Garlic and vitamin
E are common examples. Psychoactive herbs, such as
valerian or kava kava, are reported to potentiate the seda-
tive effects of anesthetics.91

Complementary Therapies for 
Symptom Control

Therapies such as acupuncture, massage, relaxation therapy,
and hypnosis are widely used for symptom control by the
general public. Acupuncture, for example, is widely used in
the United States to treat conditions such as back pain, and
massage therapy is sought to help treat for anxiety disorders.
Similarly, complementary therapies are increasingly used to
treat symptoms of cancer or its treatment. A description of
the most important complementary therapies is given below,
followed by a review of the evidence for their effects against
cancer-related symptoms. On the basis of this evidence, the
following principles apply to the use of complementary
modalities for cancer symptoms:

• Hypnosis or relaxation therapy should be considered for
acute or chronic cancer pain, particularly when pain is
poorly controlled with medication or when medication
causes unacceptable adverse effects.

• Acupuncture is indicated to help control chronic cancer
pain that remains severe despite medication or when med-
ication causes unacceptable adverse effects.

• Mild or moderate mood disorders can be alleviated with
therapies such as relaxation, imagery, meditation, and
massage. Music therapy is available for inpatients at some
cancer centers and appears effective for mood disorder in
this population.

• Hypnosis or acupuncture is often effective for poorly con-
trolled acute or subacute nausea in cancer patients.

• Botanicals do not relieve hot flashes.

Types of Complementary Therapies

Mind–body medicine. A wide variety of complementary ther-
apies are used to relieve stress and enhance quality of life
by producing relaxation. Hypnosis is the induction of a
deeply relaxed state during which the therapist works to
increase suggestibility and to help patients suspend criti-
cal faculties. Once in this state, sometimes called a hyp-
notic trance, patients are given therapeutic suggestions to
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encourage changes in behavior or symptom relief. Visual-
ization and imagery techniques involve the induction of
a relaxed state followed by use of a visual image, such as
a pastoral scene, that enhances the sense of relaxation.
Progressive relaxation involves sequential tensing and
relaxing of muscles.

Acupuncture. Acupuncture is the insertion of very fine
needles at special points on the body. Although details of
practice may differ between individual schools, all tradi-
tional Chinese medical theory is based in the Taoist
concept of yin and yang and the flow of Qi (energy) along
hypothesized channels in the body. Stimulating acupunc-
ture points situated on these channels provides one way
of altering the flow of energy. Modern scientific under-
standing views acupuncture points as corresponding to
physiologic and anatomic features such as peripheral
nerve junctions.

Massage. Therapeutic massage involves manipulation of the
soft tissue of whole or partial body areas to induce general
improvements in health, such as relaxation or improved
sleep, or specific physical benefits, such as relief of mus-
cular aches and pains.

Music therapy. Music therapy is the controlled use of music
to effect clinical change. Music therapists select and play
live music according to patient mood and preference.
They may involve patients in music making by having
them develop lyrics, sing, or play a drum.

Pain

The most commonly used complementary therapies for pain
include mind–body techniques, acupuncture, and massage.
Both a systematic review92 and a National Institutes of Health
(NIH) technology assessment panel93 have supported the use
of hypnosis for cancer-related pain. There is also randomized
trial evidence that relaxation and imagery reduce pain in
cancer patients.94 There is good evidence that acupuncture is
effective for both chronic and acute nonmalignant pain.95

Support for its use in oncology comes from a recent random-
ized trial involving 90 patients with refractory neuropathic
cancer pain: pain scores at 60 days fell by more than a third
in the acupuncture group compared to little change in
patients receiving placebo (P < 0.001 for the difference
between groups).96 Several small randomized trials indicate
that massage can reduce pain in cancer patients at varying
stages of disease.97,98 In the largest study to date, 87 hospital-
ized cancer patients were randomized to massage or to control
on a crossover basis. Pain and anxiety scores fell by approxi-
mately 40% during massage compared with little or no
change during control sessions.99 National Comprehensive
Cancer Network (NCCN) guidelines currently recommend
consideration of massage and acupuncture for refractory
cancer pain.100

Anxiety and Depression

Many complementary therapies modulate levels of arousal.
The most obvious examples are hypnosis and relaxation ther-
apies. A systematic review included 15 randomized trials that
assessed the effects of relaxation therapies on acute, treat-
ment-related anxiety and depression in cancer patients.
Scores of patients receiving relaxation therapy were approxi-

mately half a standard deviation better than controls, with
differences between groups being statistically significant.101

Several randomized trials have explored the effects of relax-
ation treatments on anxiety and depression in out-patients.
In a typical study, 109 cancer patients with varying diagnoses
and different stages of disease were randomized to receive
seven weekly 90-minute meditation classes and were encour-
aged to practice meditation at home. Anxiety and depression
scores fell by nearly 50% in the meditation group with little
change in controls (P < 0.01 for difference between groups on
reanalysis).102

The broad perception that massage is relaxing has now
been documented in randomized trials.103–106 Several studies
examined the effects of massage on psychologic endpoints in
cancer patients. In a high-quality trial, 35 patients undergoing
autologous bone marrow transplant were randomized to
receive up to nine 20-minute massages during inpatient stay
or to standard care control. Massage was superior to control for
anxiety, fatigue, and general well-being, although differences
for depression did not reach statistical significance.107 A ran-
domized cross-over study of 87 hospitalized cancer patients
found that foot massage reduced anxiety scores substantially
whereas the control procedure produced little change.99

Music therapy has been shown to reduce mood distur-
bance in patients undergoing autologous bone marrow trans-
plant: 69 patients were randomized either to receive a course
of treatments from music therapists during their inpatient
stay or to standard care alone. Total mood disturbance scores
fell by approximately two-thirds immediately following
music therapy compared to only about 15% in controls (P =
0.0003 for the difference between groups). When measured
over the course of the inpatient stay, anxiety scores were
approximately 33% lower in the music therapy group (P =
0.014).108

Nausea and Vomiting

A variety of cognitive behavioral techniques address
chemotherapy-related nausea and vomiting; many include
hypnosis and relaxation techniques.109 Most randomized
trials show clinically and statistically significant improve-
ments in nausea and vomiting in patients assigned to relax-
ation or hypnosis compared to controls (Table 15.1).

There is solid evidence that acupuncture reduces postop-
erative nausea and vomiting. A meta-analysis of 19 studies
involving 1,679 patients showed that acupuncture reduced
both nausea (relative risk compared to placebo control, 0.4;
95% CI, 0.2–0.7; 5 trials) and vomiting (relative risk compared
to placebo control, 0.5; 95% CI, 0.35–0.65; 8 trials) in the
immediate postoperative period. These findings were robust
to sensitivity analyses of study size and quality.110

The results for chemotherapy-associated nausea are less
clear. In one study, women undergoing myeloablative
chemotherapy were randomized to acupuncture, placebo
acupuncture, or antiemetic medication. The mean number 
of vomiting episodes in the three groups was 6.3, 10.7, and
13.4, respectively, with highly significant differences between
acupuncture and placebo.111 The effects of acupuncture on
nausea and vomiting, however, do not appear to persist. One
estimate is that the effects of treatment do not last more than
approximately 8 hours.112 Wristbands that provide continuous
electrical or pressure stimulation to an acupuncture point on
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the wrist are promoted for purported antiemetic effects, but
studies do not support their value.113–116 Wristbands may not
provide adequately strong stimulation to the acupuncture
point.117

Hot Flashes

Botanicals such as soy and black cohosh are promoted to
reduce treatment-related hot flashes in cancer patients.
However, evidence suggests that they are not effective. Ran-
domized, placebo-controlled trials show no benefit for black
cohosh118 or soy119,120 in reducing the frequency of hot flashes
in breast cancer patients. Vitamin E decreases hot flashes only
minimally,121 but its low cost and lack of toxicity have led at
least some authorities to recommend its use.122

Complementary and Alternative Medicine for
Cancer: Summary

Current data suggest that many patients use CAM therapies.
The use of complementary therapies for symptom control can
be encouraged. These therapies are noninvasive, pleasant, and
effective. Randomized trials support their value. Conversely,
alternative methods, promoted for use instead of conven-
tional oncologic therapy, should be discouraged. These
methods are not effective. Moreover, they are invasive, typi-
cally biologically active, expensive, and potentially harmful,
as patients may delay timely receipt of beneficial care while
trying a nonviable “alternative.”

The provision of evidence-based complementary thera-
pies along with mainstream cancer treatment is a relatively
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TABLE 15.1. Randomized controlled trials (RCTs) of hypnosis or relaxation versus control.

Author Year Patients Intervention Result

Jacknow123 1994 20 children with Hypnosis versus standard care No difference in nausea/vomiting but fewer
chemotherapy nausea/ control antiemetics in hypnosis group; less anticipatory
vomiting nausea in hypnosis group at follow-up

Zeltzer124 1991 54 children starting Hypnosis versus relaxation Hypnosis superior to nonhypnotic relaxation for
chemotherapy versus standard care control control of both anticipatory and posttreatment

nausea; both treatments superior to control
Vasterling125 1993 60 adults starting Relaxation versus distraction Relaxation and distraction equally effective and

chemotherapy versus standard care control superior to control for anticipatory nausea
Morrow126 1982 60 patients experiencing Systematic desensitization Decreased anticipatory nausea in the treatment

anticipatory nausea (including relaxation) versus group compared to control
standard care control

Troesch127 1993 28 newly diagnosed Guided imagery and Less nausea and vomiting in the treatment
patients about to start relaxation versus standard group but no statistically significant differences
chemotherapy care control from controls

Cotanch128 1987 60 patients receiving in- Relaxation versus music tapes Decreased vomiting in relaxation group
patient chemotherapy versus standard care control compared to controls; trend toward decreased

nausea
Holli129 1993 67 patients receiving Relaxation therapy versus No differences in vomiting between groups

chemotherapy standard care control
Syrjala130 1992 45 patients undergoing Hypnosis versus cognitive Nausea and vomiting did not differ between

bone marrow transplant behavioral training versus groups
“therapist contact” control
versus standard care control

Syrjala94 1995 94 patients undergoing Hypnosis versus cognitive Nausea did not differ between groups
bone marrow transplant behavioral training versus

“therapist contact” control
versus standard care control

Burish131 1981 16 patients undergoing Hypnosis and relaxation Lower nausea scores in treated patients; very
chemotherapy training versus standard care low levels of vomiting in both groups

control
Lyles132 1982 50 patients undergoing Relaxation therapy and Lower nausea in group receiving relaxation

chemotherapy hypnosis versus standard care therapy and hypnosis
control

Zeltzer133 1984 19 children with Hypnosis versus supportive Large reductions in symptoms in both groups;
chemotherapy nausea/ counseling no difference between groups
vomiting

Burish134 1987 24 patients undergoing Relaxation therapy versus Less nausea and vomiting in relaxation therapy
chemotherapy standard care control group

Lerman135 1990 48 patients undergoing Relaxation therapy versus Relaxation therapy reduced postchemotherapy
chemotherapy standard care control nausea; effects on anticipatory nausea depended

on patient’s predominant coping style
Feldman136 1990 60 patients undergoing Hypnosis versus standard care No difference between groups

chemotherapy control



recent development. Termed “integrative oncology” to
emphasize the integration of complementary and mainstream
care, this synthesis seeks to provide optimal overall manage-
ment of cancer patients. High-quality research, an integral
aspect of integrative oncology, is enabled when the expertise
available in cancer programs is applied to the study of com-
plementary therapies. Because research supports the value of
complementary modalities in the control of symptoms asso-
ciated with cancer and its treatment, these modalities should
increasingly become part of oncologic care.

References

1. Zollman C, Vickers A. ABC of complementary medicine. What
is complementary medicine? BMJ 1999;319(7211):693–696.

2. Eisenberg DM, Davis RB, Ettner SL, et al. Trends in alternative
medicine use in the United States, 1990–1997: results of a
follow-up national survey. JAMA 1998;280:1569–1575.

3. Druss BG, Rosenheck RA. Association between use of uncon-
ventional therapies and conventional medical services. JAMA
1999;282:651–656.

4. Thomas KJ, Nicholl JP, Coleman P. Use and expenditure on com-
plementary medicine in England: a population based survey.
Complementary Ther Med 2001;9:2–11.

5. Fisher P, Ward A. Complementary medicine in Europe. BMJ
1994;309:107–111.

6. MacLennan AH, Wilson DH, Taylor AW. The escalating 
cost and prevalence of alternative medicine. Prev Med 2002;
35(2):166–173.

7. Millar WJ. Use of alternative health care practitioners by 
Canadians. Can J Public Health 1997;88:154–158.

8. Ernst E, Cassileth BR. The prevalence of complementary/alter-
native medicine in cancer: a systematic review. Cancer (Phila)
1998;83(4):777–782.

9. Rees RW, Feigel I, Vickers A, et al. Prevalence of complemen-
tary therapy use by women with breast cancer. a population-
based survey. Eur J Cancer 2000;36(11):1359–1364.

10. Crocetti E, Crotti N, Feltrin A, et al. The use of complementary
therapies by breast cancer patients attending conventional treat-
ment. Eur J Cancer 1998;34(3):324–328.

11. Miller M, Boyer MJ, Butow PN, et al. The use of unproven
methods of treatment by cancer patients. Frequency, expecta-
tions and cost. Support Care Cancer 1998;6(4):337–347.

12. Gray RE, Fitch M, Goel V, et al. Utilization of complemen-
tary/alternative services by women with breast cancer. J Health
Soc Policy 2003;16(4):75–84.

13. Chrystal K, Allan S, Forgeson G, et al. The use of comple-
mentary/alternative medicine by cancer patients in a New
Zealand regional cancer treatment centre. N Z Med J 2003;
16(1168):U296.

14. Diefenbach MA, Hamrick N, Uzzo R, et al. Clinical, demo-
graphic and psychosocial correlates of complementary and alter-
native medicine use by men diagnosed with localized prostate
cancer. J Urol 2003;170(1):166–169.

15. Yoshimura K, Ichioka K, Terada N, et al. Use of complementary
and alternative medicine by patients with localized prostate 
carcinoma: study at a single institution in Japan. Int J Clin Oncol
2003;8(1):26–30.

16. Jewett MA, Fleshner N, Klotz LH, et al. Radical prostatectomy
as treatment for prostate cancer [comment]. CMAJ Can Med
Assoc J 2003;168(1):44–45.

17. Kao GD, Devine P. Use of complementary health practices by
prostate carcinoma patients undergoing radiation therapy.
Cancer (Phila) 2000;88(3):615–619.

18. Richardson MA. Biopharmacologic and herbal therapies for
cancer: research update from NCCAM. J Nutr 2001;
131(11):3037S.

19. Specter M. The outlaw doctor. New Yorker 2001;48.
20. Burzynski SR, Kubove E, Burzynski B. Phase I clinical studies of

antineoplaston A5 injections. Drugs Exp Clin Res 1987;13(suppl
1):37–43.

21. Buckner JC, Malkin MG, Reed E, et al. Phase II study of anti-
neoplastons A10 (NSC 648539) and AS2–1 (NSC 620261) in
patients with recurrent glioma. Mayo Clin Proc 1999;
74(2):137–145.

22. Creagan ET, Moertel CG, O’Fallon JR, et al. Failure of high-dose
vitamin C (ascorbic acid) therapy to benefit patients with
advanced cancer. A controlled trial. N Engl J Med 1979;
301(13):687–690.

23. Moertel CG, Fleming TR, Creagan ET, et al. High-dose vitamin
C versus placebo in the treatment of patients with advanced
cancer who have had no prior chemotherapy. A randomized
double-blind comparison. N Engl J Med 1985;312(3):137–
141.

24. Drisko JA, Chapman J, Hunter VJ. The use of antioxidant ther-
apies during chemotherapy. Gynecol Oncol 2003;88(3):434–439.

25. Bahlis NJ, McCafferty-Grad J, Jordan-McMurry I, et al. Feasibil-
ity and correlates of arsenic trioxide combined with ascorbic
acid-mediated depletion of intracellular glutathione for the
treatment of relapsed/refractory multiple myeloma. Clin Cancer
Res 2002;8(12):3658–3668.

26. Moertel CG, Fleming TR, Rubin J, et al. A clinical trial of amyg-
dalin (Laetrile) in the treatment of human cancer. N Engl J Med
1982;306(4):201–206.

27. Hildenbrand GL, Hildenbrand LC, Bradford K, et al. Five-year
survival rates of melanoma patients treated by diet therapy after
the manner of Gerson: a retrospective review. Altern Ther
Health Med 1995;1(4):29–37.

28. Zollman C, Rees R. Disputes conclusions in Hildenbrand study.
Altern Ther Health Med 1997;2(4):14–15.

29. Gonzalez NJ, Isaacs LL. Evaluation of pancreatic proteolytic
enzyme treatment of adenocarcinoma of the pancreas, 
with nutrition and detoxification support. Nutr Cancer 1999;
33(2):117–124.

30. Gellert GA, Maxwell RM, Siegel BS. Survival of breast cancer
patients receiving adjunctive psychosocial support therapy: a 10-
year follow-up study. J Clin Oncol 1993;11(1):66–69.

31. Spiegel D, Bloom JR, Kraemer HC, et al. Effect of psychosocial
treatment on survival of patients with metastatic breast cancer.
Lancet 1989;2(8668):888–891.

32. Cunningham AJ, Edmonds CV, Jenkins GP, et al. A randomized
controlled trial of the effects of group psychological therapy 
on survival in women with metastatic breast cancer. Psycho-
Oncology 1998;7(34):508–517.

33. Goodwin PJ, Leszcz M, Ennis M, et al. The effect of group psy-
chosocial support on survival in metastatic breast cancer. N Engl
J Med 2001;345(24):1719–1726.

34. Sherman SJ, Boyer LV, Sibley WA. Cerebral infarction immedi-
ately after ingestion of hydrogen peroxide solution. Stroke 1994;
25(5):1065–1067.

35. Meyer CT, Brand M, DeLuca VA, et al. Hydrogen peroxide
colitis: a report of three patients. J Clin Gastroenterol 1981;
3(1):31–35.

36. Hirschtick RE, Dyrda SE, Peterson LC. Death from an uncon-
ventional therapy for AIDS. Ann Intern Med 1994;120(8):694.

37. Kaegi E. Unconventional therapies for cancer: 1. Essiac. The
Task Force on Alternative Therapies of the Canadian Breast
Cancer Research Initiative. Can Med Assoc J 1998;158(7):
897–902.

38. Kleijnen J, Knipschild P. Mistletoe treatment for cancer. Review
of controlled trials in humans. Phytomedicine 1994;1:255–260.

39. McNamee D. Mistletoe extract ineffective in melanoma. Lancet
1999;354:1101.

40. Steuer-Vogt MK, Bonkowsky V, Ambrosch P, et al. The effect of
an adjuvant mistletoe treatment programme in resected head

2 0 0 chapter 15



and neck cancer patients: a randomised controlled clinical trial.
Eur J Cancer 2001;37(1):23–31.

41. Lenartz D, Dott U, Menzel J, et al. Survival of glioma patients
after complementary treatment with galactoside-specific lectin
from mistletoe. Anticancer Res 2000;20(3B):2073–2076.

42. Hirazumi A, Furusawa E, Chou SC, et al. Anticancer activity of
Morinda citrifolia (noni) on intraperitoneally implanted Lewis
lung carcinoma in syngeneic mice. Proc West Pharmacol Soc
1994;37:145–146.

43. Block JB, Serpick AA, Miller W, et al. Early clinical studies with
lapachol (NSC-11905). Cancer Chemother Rep [2] 1974;
4(4):27–28.

44. DiPaola RS, Zhang H, Lambert GH, et al. Clinical and biologic
activity of an estrogenic herbal combination (PC-SPES) in
prostate cancer. N Engl J Med 1998;339(12):785–791.

45. Hsieh T, Chen SS, Wang X, et al. Regulation of androgen recep-
tor (AR) and prostate specific antigen (PSA) expression in the
androgen-responsive human prostate LNCaP cells by ethanolic
extracts of the Chinese herbal preparation, PC-SPES. Biochem
Mol Biol Int 1997;42(3):535–544.

46. de la Taille A, Hayek OR, Buttyan R, et al. Effects of a phy-
totherapeutic agent, PC-SPES, on prostate cancer: a preliminary 
investigation on human cell lines and patients. BJU Int 1999;
84(7):845–850.

47. Tiwari RK, Geliebter J, Garikapaty VP, et al. Anti-tumor effects
of PC-SPES, an herbal formulation in prostate cancer. Int J Oncol
1999;14(4):713–719.

48. de la Taille A, Buttyan R, Hayek O, et al. Herbal therapy PC-
SPES: in vitro effects and evaluation of its efficacy in 69 patients
with prostate cancer. J Urol 2000;164(4):1229–1234.

49. Oh WK, George DJ, Hackmann K, et al. Activity of the herbal
combination, PC-SPES, in the treatment of patients with andro-
gen-independent prostate cancer. Urology 2001;57(1):122–126.

50. Pfeifer BL, Pirani JF, Hamann SR, et al. PC-SPES, a dietary 
supplement for the treatment of hormone-refractory prostate
cancer. BJU Int 2000;85(4):481–485.

51. Small EJ, Frohlich MW, Bok R, et al. Prospective trial of the
herbal supplement PC-SPES in patients with progressive
prostate cancer. J Clin Oncol 2000;18(21):3595–3603.

52. Schiff JD, Ziecheck WS, Choi B. Pulmonary embolus related to
PC-SPES use in a patient with PSA recurrence after radical
prostatectomy. Urology 2002;59(3):444.

53. Weinrobe MC, Montgomery B. Acquired bleeding diathesis in a
patient taking PC-SPES. N Engl J Med 2001;345(16):1213–1214.

54. Lock M, Loblaw DA, Choo R, et al. Disseminated intravascular
coagulation and PC-SPES: a case report and literature review.
Can J Urol 2001;8(4):1326–1329.

55. Small EJ, Kantoff PW, Weinberg S, et al. A prospective multi-
center randomized trial of the herbal supplement, PC-SPES vs.
diethylstilbestrol (DES) in patients with advanced, androgen
independent prostate cancer (AiPCa.). Proc Am Soc Clin Oncol
2002;21:178a.

56. Torisu M, Hayashi Y, Ishimitsu T, et al. Significant prolongation
of disease-free period gained by oral polysaccharide K (PSK)
administration after curative surgical operation of colorectal
cancer. Cancer Immunol Immunother 1990;31(5):261–268.

57. Mitomi T, Tsuchiya S, Iijima N, et al. Randomized controlled
study on adjuvant immunochemotherapy with PSK in cura-
tively resected colorectal cancer. The Cooperative Study Group
of Surgical Adjuvant Immunochemotherapy for Cancer of Colon
and Rectum. Gan To Kagaku Ryoho 1989;16(6):2241–2249.

58. Niimoto M, Hattori T, Tamada R, et al. Postoperative adjuvant
immunochemotherapy with mitomycin C, futraful and PSK for
gastric cancer. An analysis of data on 579 patients followed for
five years. Jpn J Surg 1988;18(6):681–686.

59. Nakazato H, Koike A, Saji S, et al. Efficacy of
immunochemotherapy as adjuvant treatment after curative
resection of gastric cancer. Study Group of Immunochemo-

therapy with PSK for Gastric Cancer. Lancet 1994;343(8906):
1122–1126.

60. Ogoshi K, Satou H, Isono K, et al. Immunotherapy for esophageal
cancer. A randomized trial in combination with radiotherapy
and radiochemotherapy. Cooperative Study Group for
Esophageal Cancer in Japan. Am J Clin Oncol 1995;
18(3):216–222.

61. Fujimoto S, Furue H, Kimura T, et al. Clinical evaluation of
schizophyllan adjuvant immunochemotherapy for patients with
resectable gastric cancer—a randomized controlled trial. Jpn J
Surg 1984;14(4):286–292.

62. Fujimoto S, Furue H, Kimura T, et al. Clinical outcome of post-
operative adjuvant immunochemotherapy with sizofiran for
patients with resectable gastric cancer: a randomised controlled
study. Eur J Cancer 1991;27(9):1114–1118.

63. Toi M, Hattori T, Akagi M, et al. Randomized adjuvant trial to
evaluate the addition of tamoxifen and PSK to chemotherapy in
patients with primary breast cancer. 5-Year results from the
Nishi-Nippon Group of the Adjuvant Chemoendocrine Therapy
for Breast Cancer Organization. Cancer (Phila) 1992;70(10):
2475–2483.

64. Iino Y, Yokoe T, Maemura M, et al. Immunochemotherapies
versus chemotherapy as adjuvant treatment after curative resec-
tion of operable breast cancer. Anticancer Res 1995;15(6B):
2907–2911.

65. Ohno R, Yamada K, Masaoka T, et al. A randomized trial of
chemoimmunotherapy of acute nonlymphocytic leukemia in
adults using a protein-bound polysaccharide preparation. Cancer
Immunol Immunother 1984;18(3):149–154.

66. Okamura K, Suzuki M, Chihara T, et al. Clinical evaluation of
sizofiran combined with irradiation in patients with cervical
cancer. A randomized controlled study; a five-year survival rate.
Biotherapy 1989;1(2):103–107.

67. Noda K, Takeuchi S, Yajima A, et al. Clinical effect of sizofiran
combined with irradiation in cervical cancer patients: a ran-
domized controlled study. Cooperative Study Group on SPG for
Gynecological Cancer. Jpn J Clin Oncol 1992;22(1):17–25.

68. deVere White RW, Hackman RM, Soares SE, et al. Effects of a
mushroom mycelium extract on the treatment of prostate
cancer. Urology 2002;60(4):640–644.

69. Kohlmeier L, Weterings KG, Steck S, et al. Tea and cancer 
prevention: an evaluation of the epidemiologic literature. Nutr
Cancer 1997;27(1):1–13.

70. Ji BT, Chow WH, Hsing AW, et al. Green tea consumption and
the risk of pancreatic and colorectal cancers. Int J Cancer
1997;70(3):255–258.

71. Hirose M, Hoshiya T, Akagi K, et al. Effects of green tea cate-
chins in a rat multi-organ carcinogenesis model. Carcinogenesis
(Oxf) 1993;14(8):1549–1553.

72. Hirose M, Takahashi S, Ogawa K, et al. Chemoprevention of het-
erocyclic amine-induced carcinogenesis by phenolic compounds
in rats. Cancer Lett 1999;143(2):173–178.

73. Yang GY, Liao J, Kim K, et al. Inhibition of growth and induc-
tion of apoptosis in human cancer cell lines by tea polyphenols.
Carcinogenesis (Oxf) 1998;19(4):611–616.

74. Chen ZP, Schell JB, Ho CT, et al. Green tea epigallocatechin
gallate shows a pronounced growth inhibitory effect on cancer-
ous cells but not on their normal counterparts. Cancer Lett
1998;129(2):173–179.

75. Kelloff GJ, Crowell JA, Steele VE, et al. Progress in cancer
chemoprevention: development of diet-derived chemopreven-
tive agents. J Nutr 2000;130(suppl 2S):467S–471S.

76. Cassileth BR, Lucarelli C. Herb Drug Interactions in Oncology.
Hamilton, Ontario: Decker, 2003.

77. Budzinski JW, Foster BC, Vandenhoek S, et al. An in vitro eval-
uation of human cytochrome P450 3A4 inhibition by selected
commercial herbal extracts and tinctures. Phytomedicine 2000;
7(4):273–282.

principles  of  complementary and alternative  medicine  for  cancer 2 0 1



78. Mathijssen RH, Verweij J, de Bruijn P, et al. Effects of St. John’s
wort on irinotecan metabolism. J Natl Cancer Inst 2002;
94(16):1247–1249.

79. Labriola D, Livingston R. Possible interactions between dietary
antioxidants and chemotherapy. Oncology (Huntingt) 1011;
13(7):1003–1008.

80. Prasad KN, Kumar B, Yan XD, et al. Alpha-tocopheryl duccinate,
the most effective form of vitamin E for adjuvant cancer treat-
ment: a review. J Am Coll Nutr 2003;22(2):108–117.

81. Somasundaram S, Edmund NA, Moore DT, et al. Dietary cur-
cumin inhibits chemotherapy-induced apoptosis in models of
human breast cancer. Cancer Res 2002;62(13):3868.

82. Lesperance ML, Olivotto IA, Forde N, et al. Mega-dose vitamins
and minerals in the treatment of non-metastatic breast cancer:
an historical cohort study. Breast Cancer Res Treat 2002;
76(2):137–143.

83. Smolinske SC. Dietary supplement-drug interactions. J Am Med
Womens Assoc 1999;54(4):191–192, 195.

84. Boyle FM. Adverse interaction of herbal medicine with breast
cancer treatment. Med J Aust 1997;167(5):286.

85. Ju YH, Doerge DR, Allred KF, et al. Dietary genistein negates
the inhibitory effect of tamoxifen on growth of estrogen-
dependent human breast cancer (MCF-7) cells implanted in
athymic mice. Cancer Res 2002;62(9):2474–2477.

86. Liu ZP, Yu B, Huo JS, et al. Estrogenic effects of Cimicifuga race-
mosa (black cohosh) in mice and on estrogen receptors in MCF-
7 cells. J Med Food 2001;4(3):171–178.

87. Hsieh CY, Santell RC, Haslam SZ, et al. Estrogenic effects of
genistein on the growth of estrogen receptor-positive human
breast cancer (MCF-7) cells in vitro and in vivo. Cancer Res
1998;58(17):3833–3838.

88. Bodinet C, Freudenstein J. Influence of Cimicifuga racemosa on
the proliferation of estrogen receptor-positive human breast
cancer cells. Breast Cancer Res Treat 2002;76(1):1–10.

89. Lin HL, Liu TY, Wu CW, et al. Berberine modulates expression
of mdr1 gene product and the responses of digestive track cancer
cells to paclitaxel. Br J Cancer 1999;81(3):416–422.

90. Yokoi T, Narita M, Nagai E, et al. Inhibition of UDP-
glucuronosyltransferase by aglycons of natural glucuronides 
in kampo medicines using SN-38 as a substrate. Jpn J Cancer
Res 1995;86(10):985–989.

91. Ang-Lee MK, Moss J, Yuan CS. Herbal medicines and perioper-
ative care. JAMA 2001;286(2):208–216.

92. Sellick SM, Zaza C. Critical review of 5 nonpharmacologic
strategies for managing cancer pain. Cancer Prev Control 1998;
2(1):7–14.

93. NIH Technology Assessment Panel on Integration of Behavioral
and Relaxation Approaches into the Treatment of Chronic Pain
and Insomnia. Integration of behavioral and relaxation
approaches into the treatment of chronic pain and insomnia.
NIH Technology Assessment Panel on Integration of Behavioral
and Relaxation Approaches into the Treatment of Chronic Pain
and Insomnia. JAMA 1996;276(4):313–318.

94. Syrjala KL, Donaldson GW, Davis MW, et al. Relaxation and
imagery and cognitive-behavioral training reduce pain during
cancer treatment: a controlled clinical trial. Pain 1995;63(2):
189–198.

95. Linde K, Vickers A, Hondras M, et al. Systematic reviews of
complementary therapies: an annotated bibliography. Part 1:
Acupuncture. BMC Complement Altern Med 2001;1(1):3.

96. Alimi D, Rubino C, Pichard-Leandri E, et al. Analgesic effect of
auricular acupuncture for cancer pain: a randomized, blinded,
controlled trial. J Clin Oncol 2003;21(22):4120–4126.

97. Weinrich SP, Weinrich MC. The effect of massage on pain in
cancer patients. Appl Nurs Res 1990;3(4):140–145.

98. Ferrell-Torry AT, Glick OJ. The use of therapeutic massage as a
nursing intervention to modify anxiety and the perception of
cancer pain. Cancer Nurs 1993;16(2):93–101.

99. Grealish L, Lomasney A, Whiteman B. Foot massage. A nursing
intervention to modify the distressing symptoms of pain and
nausea in patients hospitalized with cancer. Cancer Nurs 2000;
23(3):237–243.

100. Mock V, Atkinson A, Barsevick A, et al. NCCN Practice Guide-
lines for Cancer-Related Fatigue. Oncology (Huntingt)
2000;14(11A):151–161.

101. Luebbert K, Dahme B, Hasenbring M. The effectiveness of relax-
ation training in reducing treatment-related symptoms and
improving emotional adjustment in acute non-surgical cancer
treatment: a meta-analytical review. Psycho-Oncology 2001;
10(6):490–502.

102. Speca M, Carlson LE, Goodey E, et al. A randomized, wait-list
controlled clinical trial: the effect of a mindfulness meditation-
based stress reduction program on mood and symptoms of stress
in cancer outpatients. Psychosom Med 2000;62(5):613–622.

103. Field T, Morrow C, Valdeon C, et al. Massage reduces anxiety in
child and adolescent psychiatric patients. J Am Acad Child
Adolesc Psychiatry 1992;31(1):125–131.

104. Stevensen C. The psychophysiological effects of aromatherapy
massage following cardiac surgery. Complement Ther Med
1994;2(1):27–35.

105. Fraser J, Kerr JR. Psychophysiological effects of back massage on
elderly institutionalized patients. J Adv Nurs 1993;
18(2):238–245.

106. Field T, Seligman S, Scafidi F, et al. Alleviating posttraumatic
stress in children following Hurricane Andrew. J Appl Dev
Psychol 1996;17(1):37–50.

107. Ahles TA, Tope DM, Pinkson B, et al. Massage therapy for
patients undergoing autologous bone marrow transplantation. 
J Pain Symptom Manag 1999;18(3):157–163.

108. Cassileth BR, Vickers AJ, Magill LA. Music therapy for mood
disturbance during hospitalization for autologous stem cell
transplantation: a randomized controlled trial. Cancer (Phila)
2003;98(12):2723–2729.

109. Redd WH, Montgomery GH, DuHamel KN. Behavioral inter-
vention for cancer treatment side effects. JNCI Cancer Spectrum
2001;93(11):810.

110. Lee A, Done ML. The use of nonpharmacologic techniques to
prevent postoperative nausea and vomiting: a meta-analysis.
Anesth Analg 1999;88(6):1362–1369.

111. Shen J, Wenger N, Glaspy J, et al. Electroacupuncture for control
of myeloablative chemotherapy-induced emesis: a randomized
controlled trial. JAMA 2000;284(21):2755–2761.

112. Dundee J. Acupuncture/acupressure as an antiemetic: studies of
its use in postoperative vomiting, cancer chemotherapy and
sickness of early pregnancy. Complement Med Res 1988;
3(1):2–14.

113. Roscoe JA, Morrow GR, Bushunow P, et al. Acustimulation
wristbands for the relief of chemotherapy-induced nausea.
Altern Ther Health Med 2002;8(4):56–63.

114. Roscoe JA, Morrow GR, Hickok JT, et al. The efficacy of acu-
pressure and acustimulation wrist bands for the relief of
chemotherapy-induced nausea and vomiting. A University 
of Rochester Cancer Center Community Clinical Oncology
Program multicenter study. J Pain Symptom Manag 2003;
26(2):731–742.

115. Pearl ML, Fischer M, McCauley DL, et al. Transcutaneous elec-
trical nerve stimulation as an adjunct for controlling chemother-
apy-induced nausea and vomiting in gynecologic oncology
patients. Cancer Nurs 1999;22(4):307–311.

116. Treish I, Shord S, Valgus J, et al. Randomized double-blind study
of the Reliefband as an adjunct to standard antiemetics in
patients receiving moderately-high to highly emetogenic
chemotherapy. Support Care Cancer 2003;11(8):516–521.

117. Dundee JW, Ghaly RG, Bill KM, et al. Effect of stimulation of
the P6 antiemetic point on postoperative nausea and vomiting.
Br J Anaesth 1989;63(5):612–618.

2 0 2 chapter 15



118. Jacobson JS, Troxel AB, Evans J, et al. Randomized trial of black
cohosh for the treatment of hot flashes among women with a
history of breast cancer. J Clin Oncol 2001;19(10):2739–
2745.

119. Quella SK, Loprinzi CL, Barton DL, et al. Evaluation of soy phy-
toestrogens for the treatment of hot flashes in breast cancer sur-
vivors: a North Central Cancer Treatment Group Trial. J Clin
Oncol 2000;18(5):1068–1074.

120. Van Patten CL, Olivotto IA, Chambers GK, et al. Effect of soy
phytoestrogens on hot flashes in postmenopausal women with
breast cancer: a randomized, controlled clinical trial. J Clin
Oncol 2002;20(6):1449–1455.

121. Barton DL, Loprinzi CL, Quella SK, et al. Prospective evaluation
of vitamin E for hot flashes in breast cancer survivors. J Clin
Oncol 1998;16(2):495–500.

122. Loprinzi CL, Barton DL, Rhodes D. Management of hot 
flashes in breast-cancer survivors. Lancet Oncol 2002;2:199–
204.

123. Jacknow DS, Tschann JM, Link MP, et al. Hypnosis in the 
prevention of chemotherapy-related nausea and vomiting in
children: a prospective study. J Dev Behav Pediatr 1994;15(4):
258–264.

124. Zeltzer LK, Dolgin MJ, LeBaron S, et al. A randomized, con-
trolled study of behavioral intervention for chemotherapy dis-
tress in children with cancer. Pediatrics 1991;88(1):34–
42.

125. Vasterling J, Jenkins RA, Tope DM, et al. Cognitive distraction
and relaxation training for the control of side effects due to
cancer chemotherapy. J Behav Med 1993;16(1):65–80.

126. Morrow GR, Morrell C. Behavioral treatment for the anticipa-
tory nausea and vomiting induced by cancer chemotherapy. 
N Engl J Med 1982;307(24):1476–1480.

127. Troesch LM, Rodehaver CB, Delaney EA, et al. The influence of
guided imagery on chemotherapy-related nausea and vomiting.
Oncol Nurs Forum 1993;20(8):1179–1185.

128, Cotanch PH, Strom S. Progressive muscle relaxation as
antiemetic therapy for cancer patients. Oncol Nurs Forum
1987;14(1):33–37.

129. Holli K. Ineffectiveness of relaxation on vomiting induced by
cancer chemotherapy. Eur J Cancer 1993;29(13):1915–1916.

130. Syrjala KL, Cummings C, Donaldson GW. Hypnosis or cognitive
behavioral training for the reduction of pain and nausea during
cancer treatment: a controlled clinical trial. Pain 1992;
48(2):137–146.

131. Burish TG, Lyles JN. Effectiveness of relaxation training in
reducing adverse reactions to cancer chemotherapy. J Behav Med
1981;4(1):65–78.

132. Lyles JN, Burish TG, Krozely MG, et al. Efficacy of relaxation
training and guided imagery in reducing the aversiveness of
cancer chemotherapy. J Consult Clin Psychol 1982;50(4):
509–524.

133. Zeltzer L, LeBaron S, Zeltzer PM. The effectiveness of behav-
ioral intervention for reduction of nausea and vomiting in chil-
dren and adolescents receiving chemotherapy. J Clin Oncol
1984;2(6):683–690.

134. Burish TG, Carey MP, Krozely MG, et al. Conditioned side
effects induced by cancer chemotherapy: prevention through
behavioral treatment. J Consult Clin Psychol 1987;55(1):42–48.

135. Lerman C, Rimer B, Blumberg B, et al. Effects of coping style
and relaxation on cancer chemotherapy side effects and emo-
tional responses. Cancer Nurs 1990;13(5):308–315.

136. Feldman CS, Salzberg HC. The role of imagery in the hypnotic
treatment of adverse reactions to cancer therapy. J S C Med
Assoc 1990;86(5):303–306.

principles  of  complementary and alternative  medicine  for  cancer 2 0 3



Translational
Basic Science

SECTION T WO



2 0 7

Fundamental Aspects of
the Cell Cycle and Signal

Transduction
Jeffrey R. Skaar and James A. DeCaprio

uring normal cycles of cell growth and division, cells
are exquisitely sensitive to their environment,
responding to many stimuli ranging from nutrient

availability, growth factors, and cell density with either
increased proliferation or growth arrest. The cell’s ability to
sense and respond to these environmental cues is lost on the
progression of cells to a malignant state, rendering cancer
cells resistant to growth inhibition by growth factor with-
drawal, contact inhibition, or irradiation. These cancerous
cells acquire many genetic and epigenetic mutations that can
constitutively activate signaling pathways to mimic growth
factor signaling, block growth inhibitory signals, and funda-
mentally alter core components of the cell-cycle machinery,
removing key inhibitors or increasing amounts and activity
of key activators. Although the genetic alterations of many
upstream genes of diverse function have been shown to lead
to malignancy, in the end these upstream factors feed into a
core network that governs cell-cycle progression.

The Cell Cycle

The cell cycle can be divided into four phases: G1, S, G2, and
M. G1 refers to the gap between the mitosis (M) of the previ-
ous cell division and the DNA synthesis (S) stage of the
upcoming cell, and G2 refers to the gap between DNA syn-
thesis and mitosis. Additionally, quiescent cells, which are
nondividing but metabolically active and terminally differ-
entiated, such as muscle cells or neurons, are considered to
be in G0 phase.

The control of cell-cycle progression from G1 to S to G2

to M is tightly controlled by the activities of a small number
of heterodimeric kinase complexes (Figure 16.1). The regula-
tory subunit of each dimer is required for kinase function, and
the levels of these regulatory proteins oscillate throughout
the cell cycle in response to upregulation by transcription
factors and downregulation by the ubiquitin proteosome
system. Because of the cyclic behavior of these regulatory
subunits, they are called cyclins, and the kinases they regu-
late are called cyclin-dependent kinases (cdks).

In general, expression of G1 cyclins activates the G1-
specific cyclin–cdk complex, allowing transcription of genes
required for entry into S phase, including the DNA synthesis
machinery; S-phase-specific cyclins; and proteins that remove

inhibitors of S-phase cyclin/cdk activity. The increase in S-
phase cyclin expression and function causes activation of the
DNA synthesis machinery as well as the transcription of
genes required for M phase, including cyclins and the mitosis
machinery. Finally, M-phase cyclin–cdk complexes activate
the mitotic machinery to break down the nuclear envelope,
assemble the mitotic spindle to align the chromosomes
during metaphase, and divide the cell during anaphase.

Because the cyclins in each phase of the cell cycle are
degraded by the ubiquitin proteosome system on phase pro-
gression, once a cell enters the cell cycle, it is obligated to
attempt complete cell division. Therefore, the primary
control of cell-cycle entry occurs in G0 cells, when cyclins are
not expressed. Exposure of G0 cells to mitogens induces the
expression of cyclins and other proteins required for the cell
cycle. After a certain period of exposure to mitogens, the cell
reaches the restriction point, and it is irrevocably committed
to entering the cell cycle. If mitogens are removed before the
restriction point, the cell will exit the cell cycle and reenter
G0.

When G0 mammalian cells are stimulated with mitogens,
receptor tyrosine kinases transduce signals to activate imme-
diate early transcription factors such as c-Fos and c-Jun,
causing expression of the D-type cyclins, the E2F family of
transcription factors, and other early genes required for pro-
gression through G1.1–3 The activities of these early gene prod-
ucts ultimately control the passage of the cell through the
restriction point and into the cell cycle. During G1, E2F family
transcription factors are bound by the retinoblastoma protein,
pRb, which converts E2F from a transcriptional activator to a
transcriptional repressor via its association with histone
deacetylase complexes. As cyclin D levels rise through G1 in
response to mitogenic stimuli, the cyclin forms an active
cyclin–cdk complex with either of the two related D-type
cyclin cdks, Cdk4 or Cdk6; these active kinase complexes
drive the cell through the restriction point by phosphorylat-
ing pRb, allowing E2F to activate transcription of cyclin E
(Figure 16.2). As the amount of cyclin D–Cdk complex
increases, it acts as a sink for the Cip/Kip family of cdk
inhibitors.4

The Cip/Kip inhibitors, including p21, p27, and p57, act
as potent inhibitors of cyclin E/Cdk2 activity. Cyclin D–Cdk
complexes contribute to increasing cyclin E/Cdk2 activity
through E2F-mediated transcription as well as the sequestra-
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tion of the Cip/Kip inhibitors. The production of robust
cyclin E/Cdk2 activity supplants cyclin D/Cdk4/6 activity as
the driving force of progression from G1 phase to S phase.4 At
this point, the cell has passed the restriction point, as cyclin
D/Cdk4/6 activity is no longer required. Cyclin E/Cdk2
serves to hyperphosphorylate pRb, completely removing its
inhibition of E2F, allowing transcription of genes required for
S phase, including cyclin A, the S-phase cyclin.

Cyclin A, similar to the D-type cyclins, can bind two dis-
tinct cdks, Cdk2 and Cdk1. Currently, any differences in the
function between the two cyclin A–Cdk complexes are
unknown. The active cyclin A–Cdk2/1 complex has a nuclear
localization and is thought to control DNA replication, con-
trolling initiation and restricting replication to once per cell
cycle, by phosphorylation of substrates. RPA, Mcm4, and the
DNA polymerase a-primase are known cyclin A substrates
that are involved in DNA replication.5 In addition to a role in
regulating DNA replication, cyclin A plays a key role in
allowing cell-cycle progression through G2 phase into M.

During S phase, cyclin B levels begin to increase, and by
G2 phase, two cdk complexes, cyclin A–Cdk1 and cyclin
B–Cdk1, are active. The accumulation of active cyclin
B/Cdk1 is strictly dependent on cyclin A/Cdk1 activity.
During the S and G2 phases, cyclin A/Cdk1 phosphorylates
Cdh1, preventing it from targeting cyclin B to the anaphase-
promoting complex (APC) for ubiquitination and degrada-
tion.5 Active cyclin B/Cdk1 first accumulates in the
cytoplasm, where it is thought to prepare structural compo-
nents of the cell for the upcoming cell division. Cyclin B/cdk1
activity reorganizes the cell’s microtubules and microfila-
ments, and phosphorylates proteins in the nuclear lamina,
resulting in this structure’s breakdown.6 Just before the break-
down of the nuclear membrane, cyclin B/Cdk1 translocates
to the nucleus to target further substrates, including those
that control the shutdown of RNA polymerase III-mediated

transcription.6 Finally, cyclin B and cyclin A are rapidly
degraded by the APC before the end of mitosis. The APC also
mediates the transition from metaphase to anaphase by
degrading securin, the inhibitor of separase. Separase then
proceeds to cleave Scc1, a protein found in the cohesin
complex of proteins that holds the newly replicated chromo-
somes together, allowing anaphase to ensue.

In addition to being regulated by their cyclin partners,
mammalian cdks are subject to regulation by a number of dif-
ferent inhibitors throughout the cell cycle. These inhibitors
can arrest or slow the cell cycle in response to many signals
including nutrient depletion, failures in DNA replication, and
DNA damage. During the G1 to S transition, two distinct
inhibitor classes function to inhibit Cdk4/6 and Cdk2 activ-
ity. The INK4 family of proteins (p16INK4A, p15INK4B,
p18INK4C, and p19INK4D) are noncompetitive inhibitors of
Cdk4 and Cdk6, binding to these kinases and causing
allosteric changes that weaken binding to both cyclin D and
adenosine triphosphate (ATP).4 With the exception of
p19INK4D, the expression of the INK4 family does not appear
to be cell-cycle dependent, and p16INK4A, which appears to
be the most important of the INK4 proteins, has been shown
to increase with age and population doubling. However, the
exact mechanism of regulation of this family of proteins
remains under investigation.

The Cip/Kip family of cdk inhibitors, which includes p21,
p27, and p57, also function at the G1 to S transition. Cip/Kip
inhibitors can inhibit multiple cyclin–cdk complexes with
varying efficiencies, but, important for the G1 to S transition,
as already mentioned, they inhibit cyclin E/Cdk2 strongly
while inhibiting cyclin D/Cdk4/6 poorly.4 When bound to the
cyclin E–Cdk2 complex, the Cip/Kip proteins bind the cat-
alytic site of the cdk, blocking ATP from binding. In addition
to being inactivated by titration away from cyclin E–Cdk2
complexes by cyclin D/Cdk4/6, p27 is subject to ubiquitin-
mediated degradation during S phase. Although the regulation
of all the Cip/Kip proteins is not completely understood, the
gene for p21, CDKN1A, in particular, is subject to upregula-
tion by the p53 tumor suppressor (see following) in response
to DNA damage, allowing p53 to block cell-cycle progres-
sion.3,7–9 p21 is a particularly potent protein for inducing cell-
cycle arrests, as it can also inhibit cyclin A/Cdk2 and,
indirectly, cyclin A/cyclin B/Cdk1.6

During the S, G2, and M phases of the cell cycle,
cyclin–cdk complexes containing Cdk2 and Cdk1 are also reg-
ulated by activating and inhibiting phosphorylations. All the
cdks require an activating phosphorylation provided by a
Cdk-activating kinase (CAK) composed of cyclin H, Cdk7,
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Figure 16.1. The human cell cycle. The cell cycle is divided into
four phases: G1, S, G2, and M. Cyclin D–Cdk4/6 controls early G1,
cyclin E–Cdk2 controls late G1, cyclin A–Cdk2/1 controls S and G2,
and cyclin B–cdk1 controls G2 and entry into M phase. Activators and
inhibitors of these cyclin–cdk complexes are shown. G0 is a state
defined by quiescent, nondividing cells that have exited the cell cycle.

Figure 16.2. Inactivation of pRb by cyclin–Cdk complexes in G1.
Phosphorylation of pRb by cyclin D/Cdk4/6 in early G1 partially inac-
tivates pRb, allowing some E2F-mediated transcription. Hyperphos-
phorylation of pRb by cyclin E–sCdk2 in late G1 phase completely
inactivates pRb, allowing uninhibited E2F-mediated transcription.



and MAT1.5,6 Because the cyclin H–Cdk7 complex can be
inhibited by the Cip/Kip inhibitor p21, p21 upregulation by
DNA damage can induce a G1 arrest by direct inhibition of
cyclin E/Cdk2 and a G2–M arrest by indirect inhibition of
cyclin B/A/Cdk1 via cyclin H/Cdk7 inactivation. However,
the most potent control over Cdk2 and Cdk1 activity comes
from the inhibitory phosphorylation of two amino-terminal
tyrosine residues by the Wee1 kinase.6 Phosphorylation of
these residues blocks not only the ability of the kinase to
transfer phosphate but also the ability to bind ATP. Removal
of these inhibitory phosphorylations is accomplished by the
actions of a Cdc25 phosphatase member. Cdc25A specifically
dephosphorylates Cdk2 and Cdc25B and Cdc25C specifically
dephosphorylates Cdk1.6,10 The effects of Cdc25B and Cdc25C
on Cdk1 are additive, and after activation by Cdc25B, cyclin
B/Cdk1 activates Cdc25C by phosphorylation in a positive
feedback loop. By regulating the levels and activities of Wee1
kinase activity and Cdc25 phosphatase activity, the cell can
stop or promote cell-cycle progression as required. For
example, the detection of DNA damage during S phase results
in the rapid degradation of Cdc25A and increased expression
of Wee1, causing a cell-cycle arrest.10

Finally, cell-cycle progression can be blocked by other
pathways not directly involving cdks and cdk inhibitors. The
mitotic spindle checkpoint monitors the proper attachment
of chromosomes to the mitotic spindle and the proper align-
ment of these chromosomes along the metaphase plate. Fail-
ures in the mitotic spindle activate a mitotic checkpoint
complex (MCC) that includes Mad2, BubR1, and Bub3. Mad2
and BubR1 both can bind and inhibit Cdc20, the subunit of
the APC that targets securin, as well as cyclin B, for degra-
dation.11 Inhibition of APC-mediated degradation of securin
prevents cleavage of the cohesin complex holding replicated
sister chromosomes together, preventing mitosis.

The Cell Cycle and Cancer

With all the growth-promoting and -inhibiting signals that are
integrated into the core cell-cycle controllers, it is surprising
that the majority of cancers, although arising from mutations
in many different genes, result from the improper activation
or inactivation of relatively few pathways. Recent research in
cell culture systems coupled with genetic analysis has shown
that human cells acquire changes to as few as five distinct
pathways, mainly controlling protein phosphatase 2A (PP2A)
function, telomere maintenance, RAS activation, the pRb
pathway, and the p53 pathway.1 Currently the contribution
of PP2A inactivation to cancer is unknown, although it has
been suggested that only the inactivation of a particular
subtype of PP2A complexes is required for transformation of
human cells. However, significantly more is known about
telomere maintenance, RAS activation, the pRb pathway, and
p53 pathway in human cancer.

Telomerase

Telomeres, the repetitive, structured regions of DNA at the
end of chromosomes, are required elements for chromosome
integrity. These regions are not synthesized by the normal
replicative DNA polymerases, but they are instead added to
the end of chromosomal DNA by the telomerase ribonuclear

protein, composed of an RNA template and the telomerase
reverse transcriptase (TERT) protein.1 The telomeres form a
unique structure that allows for linear DNA chromosomes to
persist without the activation of DNA damage pathways.
After expression of telomerase ceases during the differentia-
tion of a cell, subsequent DNA replications cause a progres-
sive shortening of telomeric regions of DNA as a result of the
inability of normal replicative DNA polymerases to com-
pletely copy the end of chromosomes. Over time, the loss of
telomeric DNA to the “end replication problem” results in
the activation of a checkpoint similar to DNA damage
responses.1,12 In normal cells, this telomeric checkpoint acti-
vation results in senescence, but mutations in the pRb
pathway and the p53 pathway can allow these cells to con-
tinue to cycle.1,12 Although these cells can escape senescence,
the shortening of telomeres continues with each replication,
reducing overall telomere length to a critical level. At this
crisis point, telomeres fail to protect chromosome ends, acti-
vating DNA damage responses that result in chromosome
fusion, leading to breakage, genomic instability, and massive
amounts of cell death.12 Rare escape mutants of crisis either
reactivate telomerase to maintain telomere length or acquire
mutations that activate the alternative lengthening of telo-
meres (ALT) pathway. For cancer cells to gain infinite replica-
tive capacity, they must maintain telomere length via one of
these two methods, most commonly reactivation of telom-
erase expression.

The pRb Pathway

The ability of a cancerous cell to break through senescence
is governed by mutations affecting the pRb pathway, the p53
pathway, and the activation of Ras. As already discussed, pRb
acts as the ultimate inhibitor of the G1 to S transition by
binding and converting the E2F transcription factor into a
repressor. Hyperphosphorylation of pRb, initially by cyclin
D/Cdk4/6 and then cyclin E/Cdk2, dissociates pRb from 
E2F, allowing E2F-mediated transcription to occur. The im-
portance of pRb in cancer is documented in hereditary
retinoblastoma, which originally defined pRb as a tumor sup-
pressor protein. In hereditary retinoblastoma, patients inherit
one wild type and one mutant allele of RB1. The normal allele
of RB1 is lost in a somatic cell, leading to the development
of an RB1-/- tumor. This loss of heterozygosity (LOH) defines
the classic tumor suppressors.3 Although mutation of RB1
itself leads mainly to retinoblastoma and some osteosarco-
mas, the importance of the pRb pathway to all cancers has
been confirmed by mutation of pRb or pRb pathway modi-
fiers in other tumors. Nearly all known tumors contain a
mutation that activates Cdk4, amplifies cyclin D, or elimi-
nates the Cdk4/6 inhibitor p16INK4A. In particular, a high
percentage of breast cancers exhibit overexpression of cyclin
D1, whereas p16INK4A is often inactivated in melanomas
and pancreatic cancer.4 Even more strikingly, known human
tumor viruses, such as human papilloma virus, the causative
agent of most cervical cancers, and Kaposi’s sarcoma-
associated herpesvirus, the causative agent of Kaposi’s
sarcoma, target the pRb pathway specifically through direct
pRb inactivation or by expression of a constitutively active
D-type viral cyclin, respectively. Finally, mutations in the
pRb pathway appear to be mutually exclusive, with tumors
containing mutations in only one gene in the pathway. Of
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special note, mutations within p16INK4A are especially
potent because it shares its second exon, read in a different
frame, with the p14ARF (alternate reading frame) tumor sup-
pressor, which functions in the regulation of p53.2,13 The two
proteins are both considered products of one gene, CDKN2A.

The p53 Pathway

Mutations in the p53 pathway allow cancerous cells to avoid
senescence by preventing cell-cycle arrest at the G1 to S and
G2 to M transitions. TP53 is a canonical tumor suppressor
gene and is subject to LOH in tumors. Germ-line mutation
of p53 causes Li Fraumeni syndrome, an early-onset cancer
syndrome, resulting in a broad spectrum of tumors, including
cancers of the brain, breast, and blood.14 Additionally, Wilm’s
tumors often have germ-line mutations in TP53. Mutations
in TP53 are found in more than 50% of all sporadic tumors,
and, in some capacity, p53 appears to be dysregulated in every
cancer. p53 functions as a tetrameric transcription factor, pro-
moting the expression of cell-cycle arrest genes and proapo-
ptotic genes in response to signals of DNA damage, aberrant
growth signaling, heat shock, and other cellular stresses.7

Tumors commonly contain point mutants in the p53 DNA-
binding domain, and mutations often result in the abnormal
stabilization of p53. Additionally, heterozygous mutations of
TP53 can function as dominant negatives for p53 function
because of the tetramerization functions of p53.3,9 Finally, p53
is also a target for inactivation by human papilloma virus in
cervical cancer, affirming its importance in the development
of cancer.

Functional inactivation of p53 is advantageous for tumor
formation because it affects two cell-cycle transition points
as well as apoptotic pathways. The dual function of p53
allows the cell to stop cycling to attempt to repair damage
and to undergo apoptosis if the damage is irreparable. When
induced by cellular stress, p53 activates transcription of the
gene for the Cip/Kip inhibitor p21 to induce both a G1 and
G2–M arrest.7,9 Additional products of p53 target genes,
including GADD45 and 14–3-3s, also aid in arresting the cell
cycle.9 Proapoptotic p53 target genes include the genes for
PUMA, Apaf-1, and Bax, a critical inhibitor of the antiapo-
ptotic protein Bcl-2.9,15 A negative feedback loop is also initi-
ated by p53-mediated transcription, increasing levels of the
p53 ubiquitin ligase Hdm2, potentially allowing resumption
of the cell cycle following repair of damage.

Under normal conditions, p53 is extremely unstable, but
upon exposure to genotoxic stress, it is stabilized by phos-
phorylation of serine residue 15 (Figure 16.3). Depending on
the genotoxic stress, the kinase responsible for this phospho-
rylation is either the ataxia telangiectasia-mutated (ATM)
kinase or the ataxia telangiectasia and Rad3-related (ATR)
kinase.3,9 Notably, inherited mutations in ATM result in
cancer, although not all the ATM cancer-relevant functions
involve p53. Phosphorylation of serine 15 interferes with p53
binding to the ubiquitin ligase Hdm2, blocking ubiquitina-
tion of p53 and resulting in stabilization of p53. As noted
earlier, stabilized p53 induces the expression of genes
involved in arresting the cell cycle to allow for DNA repair
but also induces proapoptotic genes if the cell cannot repair
the damage. Transcriptional activation by p53 is dependent
on binding to the transcriptional coactivators p300/CBP that
activate p53 by acetylation of C-terminal lysines and func-

tion as a histone acetyltransferase for transcription. p53 can
also be activated in response to aberrant growth signals, such
as inappropriate inactivation of pRb, through a distinct
pathway involving p14ARF.13 p14ARF binds to Hdm2 and pre-
vents the polyubiquitination of p53 independent of p53 phos-
phorylation.2 Activation or overexpression of E2F or c-Myc
induces apoptosis through p14ARF-mediated stabilization of
p53, creating a link between the pRb and p53 pathways.

Because of their functional significance to the p53
pathway, Hdm2 and p14ARF are often dysregulated in human
cancer, and it is thought that the majority of tumors with
wild-type p53 overexpress HDM2 or inactivate CDKN2A, the
gene encoding p14ARF. In particular, p14ARF mutations are
common in melanoma. Although it is not strictly required to
inactivate both p53 and pRb through the same mutation
event, both Hdm2 and p14ARF can become dysregulated by
mechanisms that also inactivate the pRb pathway. Hdm2 is
often amplified in human cancers as part of an amplicon with
Cdk4, and p14ARF is often lost by deletions that affect
p16INK4.2,4 The role of other proteins intimately associated
with p53 in human cancer, such as p300/CBP, is less clear,
although they remain a target of investigation.

Signal Transduction

The mitogenic signals that a cell receives are transmitted
through receptor-associated tyrosine kinases (RTKs) to RAS,
which in turn activates a multitude of cellular pathways
leading to cell growth and proliferation. Therefore, a broad
class of oncogenic mutations that occur in signal transduc-
tion pathways can generally be considered RAS pathway acti-
vators. Oncogenic mutations in the RAS pathway can occur
upstream of RAS, downstream of RAS, or in RAS itself. Acti-
vated mutants of all three RAS proteins can promote onco-
genesis, and, although their functions are not entirely
overlapping, a generic RAS signaling pathway is described
next (Figure 16.4).16

The RAS proteins are small, farnesylated GTPases. Far-
nesylation, the attachment of a 15-carbon lipophilic chain, is
required for proper localization of RAS to the cell membrane
in close proximity to RTKs.16,17 When mitogens bind to an
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Figure 16.3. Regulation of p53 activity. Phosphorylation of p53 by
ataxia telangiectasia-mutated (ATM) or ataxia telangiectasia and
Rad3-related (ATR) in response to DNA damage leads to the dissoci-
ation of the p53–Hdm2 complex, resulting in p53 stabilization.
p14ARF inhibits the ubiquitin ligase activity of Hdm2 toward p53,
resulting in p53 stabilization.



removes a phosphorylation from the PI-3 kinase-generated
secondary messengers.

The RAS pathway and various subpathways are subject to
activation at many points in cancer. Activating mutations in
the epidermal growth factor receptor (EGFR), platelet-derived
growth factor receptor (PDGFR), c-Kit, and FMS-like tyrosine
kinase 3 (FLT3). RTKs are common in cancer, as well as
simple overexpression of normal proteins.18–21 Mutations in
RAS that maintain the GTP-bound state are also found in
tumors, and the inactivation of RAS GAPs, such as the NF1
tumor suppressor, can lead to RAS activation through
decreased rates of hydrolysis of GTP.16 Additionally, several
downstream RAS effectors have links to cancer. BRAF acti-
vations have been observed in many patients, and the PTEN
tumor suppressor is also subject to inactivation in multiple
cancers. Finally, RTKs are not the only RAS activators. Other
tyrosine kinases such as the translocation product BCR-Abl
can bind GRB2 and activate RAS. BCR-Abl is the oncogene
found on the Philadelphia chromosome, and activation of
RAS by BCR-Abl is required for its oncogenic function.22

Targeted Therapy

Historically, cancers have been treated with nonspecific geno-
toxic agents and antimitotic drugs such as cisplatin and taxol.
Such chemotherapeutic agents are successful in killing can-
cerous cells; however, their lack of specificity can result in
increased toxicity for normal cells as well. Knowing the path-
ways required for the transformation of human cells allows
not only the rational design of drugs against specific pathways
in cancer, but also the correct application of treatment based
on the mutations present in individual tumors. In particular,
the pRb pathway and Ras pathway have been examined for
potential small molecule drugs that are effective and easily
delivered. Both these pathways contain enzymes that catalyze
posttranslation modifications required for functional activity,
and these enzymes are particularly important for small mol-
ecule inhibitor approaches.

CDK Inhibition

Although designing drugs for restoring pRb binding to, and
repression of, E2F would be extremely difficult, the G1

cyclin–cdk complexes appear to be good candidates for ratio-
nal drug design. Preventing hyperphosphorylation of pRb
should block the cell from breaching the restriction point,
preventing cell-cycle progression. The inhibition of the G1

cyclin–cdk complexes can be targeted in two distinct ways.
The most obvious method of inhibition is the direct inhibi-
tion of the desired cyclin–cdk complex, but a second method
of cyclin/cdk inhibition, analogous to the effect of the
Cip/Kip p21 on cyclin B/Cdk1, seeks to inhibit the cyclin/cdk
activation by CAK or prevent inhibition by Wee1.23 Many cdk
inhibitors have been developed, with varying degrees of speci-
ficity for individual cdks. In general, these inhibitors tend to
inhibit other cellular kinases as well as cdks, and the design
of absolutely specific cdk inhibitors is not imperative, pro-
viding that nonspecific inhibitors are effective treatments.
Currently the most promising cdk inhibitors in clinical trials
are flavopiridol and UCN-01, both of which are nonspecific
cdk inhibitiors.
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Figure 16.4. The RAS pathway. Mitogenic stimuli from growth
factors are transmitted through receptor tyrosine kinases (RTKs) to
RAS, which becomes active by exchanging guanosine diphosphate
(GDP) for guanosine triphosphate (GTP). GTP-bound RAS can acti-
vate many pathways, including the RAF and phosphatidylinositol 3-
kinase (PI-3) kinase pathways.

RTK, the receptor dimerizes and becomes autophosphory-
lated, allowing the SH2 domain of an adapter protein known
as growth factor receptor-bound protein 2 (GRB2) to bind,
which in turn recruits the son of sevenless (SOS) protein to
the cell membrane, where RAS is anchored.17 SOS functions
as a guanine nucleotide exchange factor (GEF), facilitating the
ability of inactive RAS to become active RAS by exchanging
bound guanosine diphosphate (GDP) for guanosine triphos-
phate (GTP). RAS in the GTP bound state remains active
until a GTPase-activating protein (GAP) allows the hydroly-
sis of GTP to GDP.17

GTP-bound RAS can activate a multitude of pathways,
but two are particularly relevant to our understanding of
cancer. First, RAS activates the serine/threonine kinase RAF,
which subsequently activates the mitogen-activated protein
kinase (MAPK) pathway.17 The end effect of the activation of
this pathway is the activation of c-Fos and c-Jun by phos-
phorylation, resulting in the upregulation of gene expression
required for the G1 phase of the cell cycle, including the D-
type cyclins. A second pathway activated by RAS is the phos-
phatidylinositol 3-kinase (PI-3) pathway.17 Activated PI-3
kinase phosphorylates phosphatidylinositol 4,5-bisphosphate
to produce the second messenger phosphatidylinositol 3,4,5-
triphosphate. This second messenger lipid can activate
numerous other proteins including the kinase Akt. Phospho-
rylation by Akt promotes growth by inactivating many
proapoptotic proteins such as Bad and the forkhead family of
transcription factors. The PI-3 kinase pathway also affects
levels of the Cip/Kip protein p27, most likely through upreg-
ulation of the proteins required for p27 degradation. Finally,
the functions of the PI-3 kinase pathway are antagonized by
the phosphatase and tensin homologue (PTEN) protein that



Flavopiridol inhibits a broad spectrum of cdks by acting as
a competitive inhibitor of ATP for the binding pocket of
cdks.23 Although the inhibitory effect of flavopiridol on most
cdks can be competed away by the addition of excess ATP, the
inhibitory effect of flavopiridol on cyclin T/Cdk9 cannot be
competed away by the addition of excess ATP, making the
exact mechanism of inhibition of cyclin T/Cdk9 unclear.
Additionally, flavopiridol appears to be more specific for a
subset of cdks because it is less potent in its inhibition of cdk7
(CAK). Cell-cycle arrests from flavopiridol can result at either
the G1–S transition or the G2–M transition. As expected, the
G1–S transition results in part from the direct inactivation of
Cdk4/6/2, but flavopiridol also reduces CYCLIN D1 expres-
sion and inhibits activation of G1 cdks by CAK.23 The inhibi-
tion of CAK can also result in the G2–M arrest.

UCN-01 causes cell-cycle arrest in a different manner
from flavopiridol, regulating the activity of cdks indirectly at
low concentrations.23 Created by rational design from stau-
rosporine, a nonspecific kinase inhibitor, UCN-01 affects
several kinase targets, including PKC, cdks, Wee1, and
PDK1.23 Although UCN-01 only directly inhibits cdks at high
concentrations, it has an antiproliferative effect that func-
tions in part through its inhibition of Wee1. Blocking Wee1
activity leads to increased activation of Cdk1, causing pre-
mature entry into mitosis and apoptosis. Recent research also
indicates that UCN-01 can inhibit PDK1, which may con-
tribute to the antiproliferative effects. PDK1 activates Akt by
phosphorylation, so inhibition of PDK1 would prevent Akt
from inactivating the forkhead family of transcription factors.
Although UCN-01 affects cdk regulation through Wee1, the
drug clearly has off targets, such as PDK1, which may con-
tribute to its success or failure as a chemotherapeutic agent.

Ras Inhibition

The RAS pathway offers many possibilities for the small mol-
ecule approach, including the targeting of RAS itself, modi-
fiers of RAS activity, upstream activators, or downstream
effectors. Of these approaches to inhibition of RAS activity,
targeting of RAS itself has been the least successful. The
development of drugs that block GTP binding and do not
result in the activation of RAS has been difficult. Because of
the high concentrations of GTP in a cell, it is likely that such
a drug would have to be used at very high concentrations.24

Instead, most attempts to target RAS pathways have focused
on RAS modifiers, downstream effectors, and upstream 
activators.

The modification of RAS by farnesyltransferase is essen-
tial for the proper membrane localization and activation of
RAS. Farnesyltransferase adds a 15-carbon chain to a cysteine
near the C-terminus of RAS, which is then cleaved by an
endopeptidase before the new C-terminus is methylated by a
methyltransferase.17 After these reactions, RAS localizes to
the plasma membrane, where K-RAS and N-RAS, but not H-
RAS, undergo an additional palmitoylation. Soon after the
discovery of this pathway, inhibitors of the farnesyltrans-
ferase were developed. These inhibitors are quite successful
in inhibiting farnesyltransferase activity in vitro and in vivo,
but they have been ineffective in inhibiting RAS in patients
because of the alternative pathways for targeting K-RAS and
N-RAS to the membrane.24,25 In the presence of farnesyl-
transferase inhibitor, K-RAS and N-RAS become substrates

for geranylgeranylation, the addition of a 20-carbon group that
substitutes for farnesylation. Inhibitors of this process were
also generated, but the combination of farnesylation and ger-
anylgeranylation inhibitors results in high levels of cytotox-
icity, most likely because of other targets of farnesylation and
geranylgeranylation.25 Despite the lack of success of farne-
syltransferase inhibitors, the endopeptidase and methyltrans-
ferase involved in RAS localization remain possible targets
for this approach.

The inhibition of downstream RAS pathways has also
been an area of active research for chemotherapeutic agents.
The signal transduction machinery of the BRAF and PI-3
kinase pathways appears suitable for the development of
small molecule inhibitions. In fact, inhibitors of the BRAF
and MEF kinases have been developed and used in clinical
trials, and although the compounds are successful in inhibit-
ing their kinases, they generate only partial responses.24 More
recent attempts to target downstream pathways are focusing
on the PI-3 kinase pathway, but these attempts remain in
their infancy.

Receptor Tyrosine Kinase Inhibition

By far the most successful approach to targeting the RAS
pathway in cancer has been to develop inhibitors of upstream
activators of RAS. The development of inhibitors for specific
RTKs limits the utility of these drugs to cancers where that
particular RTK is overactive, but given these constraints, this
class of drugs seems highly effective. RTKs play prominent
roles in many cancers, ranging from non-small cell lung
cancer to breast cancer to gastrointestinal stromal tumors,
which often feature activation/overexpression of EGFR,
ErbB2/HER-2, and c-Kit, respectively.22,26 Additionally, the
Bcr-Abl oncoprotein, which causes chronic myelogenous
leukemia, can mimic RTK signaling. The fusion of Bcr to c-
Abl redistributes the normally nuclear c-Abl activity to the
cytoplasm, where it can activate RAS.

Drugs using two different mechanisms of action have
been used successfully against the upstream activators. First,
herceptin, a humanized antibody against the extracellular
domain of Erb2, has been used in treating Erb2/HER2/Neu-
positive breast cancers. Erb2 is the most highly active EGFR
family member, and although there is no known ligand for
Erb2, activation of other EGFR family receptors by ligand
binding results in their heterodimerization with Erb2 and
increased signaling potential.21,26 The antibody stops the
transmission of signals to RAS before they start by binding
Erb2, blocking dimerization and activation, and stimulating
internalization and degradation of the receptor.26 Herceptin
may also contribute to immune responses against tumors, as
demonstrated by the increased effectiveness of herceptin with
a complete Fc region of the antibody. Several other human-
ized antibodies have been approved for use in targeting RTKs;
erbitux targets EGFR, whereas avastin targets vascular
endothelial growth factor receptor (VEGFR).

The second class of drugs is small molecule inhibitors of
the tyrosine kinase activity of receptors such as PDGFR and
EGFR, which have been targeted for inhibition successfully
with gleevec and iressa.26 Gleevec is the final product of a
screen that began looking at modified ATP competitive
inhibitors of PKC-a for the inhibition of PDGFR, which is
activated in many tumors. Although it was designed as an
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inhibitor or PDGFR, it functions against RTKs related to
PDGFR, such as c-Kit. Surprisingly, it also was found to be
effective against the Bcr-Abl fusion protein. When used in the
treatment of cancers resulting specifically from activations of
c-Kit and Bcr-Abl, such as gastrointestinal stromal tumors
and chronic myelogenous leukemia, respectively, gleevec has
been wildly successful.26 Iressa, a small molecule inhibitor of
EGFR, has also been a successful treatment in non-small cell
lung cancer, and inhibitors of several other RTKs involved in
cancer, such as FLT3, are under development.20

Although antibodies and small molecules targeting RTKs
are effective, they have limited utility for the treatment of
multiple cancers, as the targeted RTK must be activated in a
tumor for the drugs to have an effect. For instance, herceptin
is only beneficial in breast cancers expressing Erb2, which
encompass only 30% of all breast cancers.26 Even further
specificity has recently been shown with non-small cell lung
cancers and iressa. The target of iressa, EGFR, is expressed in
the tumors of multiple patients, but the best response is seen
only in a subset of patients who have somatic mutations in
the kinase domains of EGFR.18,19 This exquisite sensitivity
has also been reported for gleevec treatment of tumors 
containing c-Kit mutations. Taken together, the examples 
of herceptin, iressa, and gleevec, show that inhibition 
of RTKs is extremely effective only when the expression
pattern and mutations of the receptors in any given tumor are
known.

Although much is known about the core cell-cycle
machinery and the alterations of the machinery in cancer,
many modifiers of these proteins, either upstream or down-
stream, and their connection to the core cell-cycle machin-
ery remain a mystery. Further research into these areas will
present new targets for the rational design of drugs to combat
cancer. The continued development of effective cancer treat-
ments is dependent upon a further understanding of the path-
ways that lead to cancer, the development of drugs that
inhibit these pathways, and the ability to determine which
drugs to use against specific cancers or even the tumors of
specific patients.
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Viral Carcinogenesis
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Giuseppe Barbanti-Brodano

mportant causes of human tumors are biologic and envi-
ronmental agents, mostly of a chemical and physical
nature, that act by genotoxic mechanisms which induce

alterations in the cell genome such as chromosomal dele-
tions, rearrangements, and mutations. In the complex multi-
factorial pathogenesis of cancer, viruses often participate as
biologic cofactors that cooperate with chemical and physical
agents in both the initiation and progression of tumors. Thus,
the detection of a tumor virus in a given tumor does not estab-
lish causation. Moreover, the genetic background of an indi-
vidual and his/her immune status at the time of infection or
during viral latency may influence susceptibility to various
carcinogens, especially viral carcinogens. Often, it appears
that oncogenic viruses act at the beginning of tumor devel-
opment, inducing in the host cell a number of genetic alter-
ations and immortalizations that can lead to tumor growth.
Viruses at other times can be oncogenic only upon infection
of cells that already contain genetic alterations. For example,
BKV can transform human mesothelial cells that overexpress
Notch-1 and which express telomerase activity, whereas in
the absence of these alterations, mesothelial cells were not
transformed. Oncogenic viruses may act directly, as the 
combined effects of viral sequences or gene products within
the target cell lead to transformation. In other circumstances,
the role of viruses may be more subtle, that is, predominantly
indirect. Examples of this condition are liver cancer, arising
during hepatocyte regeneration that follows hepatitis B and C
virus infection, and acquired immunodeficiency syndrome
(AIDS)-associated neoplasms, favored by loss of antitumor
immune surveillance as a result of human immunodeficiency
virus (HIV) infection of the immune system and consequent
immunosuppression. HIV-induced immunosuppression
allows the emergence of oncogenic viruses such as
Epstein–Barr virus (EBV), which causes B-cell lymphomas in
AIDS patients. Thus, in AIDS, two viruses cooperate 
independently to cause human cancer. It is also argued that
the regenerative process associated with liver cirrhosis, which
is caused by hepatitis B virus (HBV) and hepatitis C virus
(HCV) infection, and the release of cytokines by the inflam-
matory infiltrate in the regenerating liver favor tumor devel-
opment. In this latter scenario, the role of HBV and HCV 
in causing hepatocellular carcinoma would be indirect yet
critical.

Viruses are important causes of cancer in several animal
species, and they are increasingly implicated in human neo-

plasia. Because oncogenic viruses are generally involved in
the initial phases of tumor development, control of viral
infection should prevent or reduce the incidence of those
tumors linked to viral infection. Cancer-associated viruses
belong to several families of deoxyriboviruses and riboviruses
(Table 17.1). The International Agency for Research on
Cancer (IARC) so far has identified six viruses—human papil-
lomavirus (types 16 and 18), Epstein–Barr virus, hepatitis B
virus, hepatitis C virus, human T-cell lymphotropic virus
type I, and human immunodeficiency virus type 1 (also,
KSHV is a likely candidate)—as group 1 carcinogens, that is,
agents that have been shown to be carcinogenic in humans.
Together, these viruses may cause or contribute to about 15%
of human malignancies.1 However, if other viruses for which
the evidence is suggestive but not definitive, and the group 2
carcinogens are included, this value would almost double.1

Ment in SV-40 as an emerging carcinogenic agent.
The classic Koch’s postulates, formulated to demonstrate

the etiologic role of microorganisms in infectious diseases,
cannot be applied directly to prove the viral etiology of
human tumors for various reasons: (1) several tumor-
associated viruses are ubiquitous in humans, and (2) they
produce a persistent or latent infection in many human
tissues, making epidemiologic studies difficult. Viruses are
seldom complete carcinogens, and their carcinogenic poten-
tial becomes apparent only when studied together with those
carcinogens associated with a specific tumor type. For
example, skin carcinomas in patients infected with cutaneous
human papillomavirus (HPV) develop in sun-exposed areas
because of the cocarcinogenicity of UV light; SV-40 infection
may carry a higher risk of mesothelioma development in indi-
viduals exposed to asbestos, etc. Furthermore, cooperation
among different viruses may be required for cocarcinogene-
sis, such as HIV-1 and EBV in lymphomas that develop in
AIDS patients. In this case, HIV causes immunosuppression
that facilitates EBV lymphomagenesis. Thus, because Koch’s
postulates do not address these issues, new rules should be
considered to establish the oncogenic role of viruses in
humans.2–4 To address this problem, the National Cancer
Institute (NCI) organized (December 11–12, 2003), an inter-
national workshop with some of the leading experts in
various disciplines. The recommendations of this workshop
concerning the identification of human cocarcinogens
appeared in an issue of Seminars in Cancer Biology in 2004,
edited by M. Carbone and M. Wong.
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Oncogenic Deoxyriboviruses

Herpesviruses

Epstein–Barr Virus

Epstein–Barr virus (EBV) is a member of the human her-
pesvirus subfamily Gammaherpesviridae. EBV is an
enveloped virus with a double-stranded DNA genome of 172
kilobases (kb) containing more than 100 genes. EBV is a ubiq-
uitons virus that infects and persists in about 90% of the
world’s human population. EBV selectively infects mature B
lymphocytes, the only cells bearing the CD21 receptor for
virus attachment, recognized by the viral envelope glycopro-
tein gp350.5 However, natural killer (NK) cells can also be
infected with EBV and are associated with unusual malig-
nancies of these cell types. Primary infection with 
EBV usually occurs in childhood. In most cases, the clinical
course is unapparent. In a subset of infected individuals,
primary EBV infection can result in infectious mononucleo-
sis, a self-limited lymphoproliferative disease. The syndrome
of mononucleosis is more frequent when primary infection is
delayed into adolescence. Once infected, individuals become
lifelong virus carriers and, when the virus has gained access
to the B-cell compartment, it is disseminated to many organs
including liver, Bm, and central nervous system (CNS). B 
cells are eliminated by specific cytotoxic T cells, and T-cell
immunosuppression can lead to the development of EBV-

associated malignant lymphomas. However, EBV is also asso-
ciated with the development of lymphoid and epithelial
malignancies in apparently immunocompetent hosts.6

After infection, EBV enters a latent state, with or without
a minimal production of viral progeny. During latency the
viral genome remains in an episomal state, sometimes with
rare viral DNA molecules integrated into the cell genome.5

Latent infection by EBV causes the immortalization of B lym-
phocytes, which lose the ability to achieve terminal differen-
tiation. EBV-infected B lymphocytes produce antibodies but
never reach the stage of plasma cells.5 During latency, EBV
expresses only some of its genes: six proteins localized in the
nucleus and called Epstein–Barr nuclear antigens (EBNA) 1, 
-2, -3A, -3B, -3C, and leader protein (LP); three proteins local-
ized in the cytoplasmic membrane, called latent membrane
proteins (LMPs) 1, -2A, -2B; two small noncoding RNAs
(EBER-1 and EBER-2); and the BARF1 gene, located in the
BamHI-A region of the viral genome.5 Several of these genes
are expressed in EBV-immortalized lymphoblastoid cell lines
and in EBV-associated malignancies.5,6 These genes have activ-
ities that may contribute to the deregulation of normal cell
growth and to oncogenesis. EBNA-1 is a DNA-binding protein
that is postulated to act as a transcriptional activator of the
cellular recombinase-activating genes RAG-1 and RAG-2,7

which in turn lead to chromosomal translocations within the
host cell. The main function of EBNA-1 is maintenance of 
the EBV episome during cell division. EBNA-2 (in concert
with EBNA-LP) also functions as a transcriptional activator

TABLE 17.1. Human tumor viruses.

Virus family Virus Genome type Associated tumors

Herpesviridae Epstein–Barr virus DNA Burkitt’s lymphoma
B-cell and T-cell lymphomas
Nasopharyngeal carcinoma
Gastric cancer
Leiomyomas and

leiomyosarcomas
Human herpesvirus 8 DNA Breast cancer (?)

Kaposi’s sarcoma
Primary effusion lymphoma
Castleman’s disease
Multiple myeloma (?)

Papovaviridae BK virus DNA Brain, bone, pancreatic, and
urinary tract tumors

JC virus DNA Brain tumors, mainly
medulloblastoma, colorectal

DNA tumors
Simian virus 40 Mesothelioma, brain and bone

DNA tumors, lymphomas
Human papillomavirus Skin, anogenital, oral, and

laryngeal papillomas and
carcinomas

Hepadnaviridae Hepatitis B virus DNA Hepatocellular carcinoma
Flaviviridae Hepatitis C virus RNA Hepatocellular carcinoma

Lymphoproliferative diseases (?)
Retroviridae Human T-cell lymphotropic RNA Adult T-cell leukemia and

virus I RNA lymphoma
Human T-cell lymphotropic RNA Hairy cell leukemia

virus II Kaposi’s sarcoma
Human immunodeficiency B-cell lymphoma

virus 1 Anogenital carcinoma (?)
Hepatocellular carcinoma (?)



that induces the expression of CD21, which encodes the cel-
lular EBV receptor, and CD23, the tyrosine kinase c-fgr, cyclin
D2, and all the other latent EBV genes, including the LMP-1,
LMP-2A, and LMP-2B.5,6,8 LMP-4 by itself cannot transform
human cells. LMP-1 transforms rodent cells and is necessary
for transformation of human cells; it has multiple effects,
including increased expression of cellular adhesion molecules,
upregulation of lymphocyte activation antigens, and stimula-
tion of the transcription factors, such as AP1 and NF-kB.5,6

The human lymphoid malignancies associated with 
EBV infection are Burkitt’s lymphoma, B-cell lymphomas in
immunocompromised individuals, T-cell lymphomas, the X-
linked lymphoproliferative disease, and Hodgkin’s disease.9–15

Lymphocyte immortalization induced by EBV and the acqui-
sition of an indefinite life span may increase the probability
of accumulating genetic alterations that can lead to malig-
nancy. In fact, EBV-positive lymphomas typically develop 
specific chromosomal translocations involving the regulatory
sequences of the immunoglobulin genes on chromosome
14q32 (76% of cases), 22q11 (16% of cases), or 2p11 (8% of
cases), which are joined to the c-myc proto-oncogene on
chromosome 8q24.16 These translocations cause the deregu-
lated activation of c-myc expression and are the basis for
oncogenicity in BL. c-myc activation renders the proliferation
of EBV-immortalized cells independent of LMP1 and EBNA2
expression.17 EBV infection may favor, but is not a necessary
prerequisite, for the rearrangement of c-myc and for lym-
phoma development, because rare cases of endemic Burkitt’s
lymphoma (BL) in equatorial Africa are EBV negative.18,19

Moreover, only 15% to 20% sporadic BL in the Western world
are EBV positive whereas all BL contain the typical c-myc
translocations.20 EBV-associated B-cell lymphomas occur
with notable frequency in patients with acquired immuno-
deficiency syndrome (AIDS), and 65% to 100% of AIDS lym-
phomas, especially brain lymphomas, contain EBV DNA.
These tumors, in addition to c-myc translocations, often
contain c-ras mutations, p53 inactivation by deletion or point
mutation, and bcl-6 rearrangements.21,22 A similar set of 
molecular alterations was described in EBV-positive lympho-
proliferative disorders and lymphomas arising in immuno-
suppressed transplant patients.23 I think EBV by itself is able
to drive these proliferative conditions. They are initially poly-
clonal, and through selection become monoclonal and
autonomous, that is, no longer responsive to reduction of
immunosuppressive drugs. These findings support the notion
that multiple genetic alterations are required for the devel-
opment of the transformed phenotype. EBV, by contributing
to some of these genetic changes, increases the risk of these
tumors in infected individuals.

The X-linked lymphoproliferative disease (XLP) or
Duncan’s disease is a hereditary syndrome caused by the
alteration of a gene located at chromosome region Xq25.24,25

The XLP gene, called SH2D1A, was recently cloned,25 and its
product regulates the interaction between B and T lympho-
cytes. Mutations in the SH2D1A gene, detected in XLP
patients, generate a state of immune dysfunction that induces
an altered response to viral infections, especially to EBV. XLP
patients, when infected with EBV, develop in approximately
65% of cases a severe form of infectious mononucleosis that
is fatal in 70% of children less than 10 years of age.25 Most
surviving patients develop a lymphoproliferative disorder or
a lymphoma, and a few develop aplastic anemia or vasculi-

tis.25 The pathogenesis of the disease is related to an enhanced
response to EBV infection.25 Following infection with EBV,
normal individuals develop a T-cell response to EBV-infected
B cells with elevated serum levels of TH-1 cytokines, such as
interferon-g and IL-2. This response is greatly increased in
XLP patients,26 and the dysregulated TH-1 response is con-
sidered the most important pathogenetic event that causes
fulminant infectious mononucleosis. The malignant lym-
phomas arising in XLP patients are non-Hodgkin’s B-cell 
lymphomas of the Burkitt’s type and diffuse large cell lym-
phomas.24 The expression of EBV genes has not been studied
in detail in XLP lymphomas, and the pathogenic role of EBV
in these tumors is under investigation.

In Hodgkin’s disease (HD), EBV involvement is supported
by the presence of EBV DNA in 26% to 67% of sporadic cases
and in 100% of HD arising in AIDS patients.13,27 Episomal
EBV DNA is detected in the multinucleated Reed–Sternberg
cells, the malignant neoplastic giant cells of HD that are
required for the histopathologic diagnosis of the disease. The
EBV genome is detected also in Hodgkin cells, the mono-
nuclear giant cells that are considered the precursors of
Reed–Sternberg cells. In HD, Reed–Sternberg and Hodgkin
cells represent clonal expansions of EBV-infected cells. The
oncogene EBV LMP-1 is expressed within Reed–Sternberg
cells and their precursors, whereas EBNA-2 is not
expressed.13,27 The function of EBNA-1 is to maintain the EBV
episome, from which the various EBV onco-proteins are
expressed. LMP-1, the most potent EBV oncogene, seems to
play an important role in the pathogenesis of HD.13 In addi-
tion to the EBV-infected Hodgkin and Reed–Sternberg cells,
the pathologic tissue contains macrophages, B and T-lym-
phocytes that outnumber the malignant cells. In this context,
the EBV antigens expressed in HD neoplastic cells may stim-
ulate the reactive cellular component of the disease to secrete
cytokines and other biologic mediators that could favor the
growth and the expansion of tumor cells.13

EBV can also infect nonlymphoid cells, such as epithelial
and, in children with AIDS, muscle cells, which are devoid of
the CD21 receptor. EBV probably infects these cells by fusion
or cell-to-cell contact with EBV-infected lymphocytes.5,28

Thus, EBV can contribute to the development of some types
of epithelial cancers, such as nasopharyngeal carcinoma
(NPC).9,14,15 Undifferentiated NPC accounts for up to 80% of
all NPC and occurs with high prevalence in certain regions of
East Asia, such as Southern China. Clustering of this tumor
in these specific geographic areas is probably a result of a com-
bination of genetic predisposition and lifestyle factors.14,15

Detection of IgA antibodies against the EBV viral capsid
antigen, a rare finding in the normal population, has been 
successfully employed as a marker of increased tumor risk 
in screening programs in high-incidence areas.14,15 Multiple
copies of monoclonal EBV episomes are present in every cell
of NPCs,14,15 whereas integrated EBV DNA has been detected
only in a fraction of NPC.28,29 Immunoblotting demonstrates
LMP-1 protein in 65% or more NPC, and LMP-1 transcripts
are detectable in virtually all cases by polymerase chain reac-
tion (PCR) analysis.14,15,30 EBNA-1 is expressed in essentially
all NPC cells. Other nonlymphoid malignancies possibly
associated with EBV are gastric carcinoma, leiomyoma, and
leiomyosarcoma. In gastric carcinoma, the viral DNA is found
in approximately 90% of the rare gastric lymphoepithelioma-
like carcinomas and in about 10% of the common gastric ade-
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nocarcinomas.28,31,32 EBV is present in clonal, episomal form
in the malignant epithelial cells that express EBNA1 but not
other EBNA genes or LMP1.28,30–32 Recently, it was shown that
the EBV BARF1 gene, which acts as an oncogene,33 is
expressed in EBV-positive gastric adenocarcinomas,32,34 sug-
gesting that BARF1 contributes to gastric cancer. Leiomyomas
and leiomyosarcomas are rare smooth muscle cell tumors
whose frequency is increased in immunocompromised
patients, especially in HIV-positive patients and in organ
transplant recipients.35,36 Leiomyomas and leiomyosarcomas
developing in immunocompromised patients, but not in
immunocompetent individuals, are associated with EBV, and
the tumor cells harbor episomal monoclonal EBV genomes.35

EBV is the likely cause of oral hairy leukoplakia,28 an EBV
cytolytic lesion not known, and is associated with undiffer-
entiated parotid carcinoma.37 The possible association of EBV
with some aggressive forms of breast cancer has been sug-
gested by some investigators,38 but presently the weight of evi-
dence does not support a pathogenic role of EBV in breast
cancer. The mechanisms of cellular transformation by EBV are
reported in Table 17.2. LMP-1 also induces a variety of inva-
siveness, metastasis, and angiogenic factors including matrix
metalloproteinase (MMP)-9, cyclooxygenase (COX)-2, vascu-
lar endothelial growth factor (VEGF), fibroblast growth factor
(FGF)-2, and HIFIX.

Human Herpesvirus 8

Human herpesvirus 8 (HHV-8) is a herpesvirus recently iso-
lated from Kaposi’s sarcoma (KS) tissue39 using the technique
of representational difference analysis.40 HHV-8 is a gamma-
herpesvirus, showing sequence homology to EBV and to 
herpesvirus saimiri, a squirrel monkey virus that induces
lymphoproliferative disorders in monkeys and transforms
human T cells.41 HHV-8 is associated with KS, primary effu-
sion lymphoma (PEL), and Castleman’s disease. PELs are
AIDS-associated lymphomas characterized by malignant lym-
phocyte effusions in the pleural, pericardial, and peritoneal
cavities, usually without significant tumor masses or 
lymphadenopathy. All PELs contain HHV-8 DNA and 
most, but not all, are coinfected by EBV,42–44 suggesting that
the two viruses may cooperate in neoplastic transformation.
Multicentric Castleman’s disease (MCD) is a rare polyclonal
lymphoproliferative disorder45 appearing in both immuno-
compromised and immunocompetent individuals. HHV-8 is
present in nearly 100% of HIV-1-positive patients with MCD.
Among MCD immunocompetent patients, HHV-8 is detected
in about 40% of cases.44

KS occurs in four epidemiologic forms46: (1) classic KS, 
a rare tumor of elderly men, usually of Mediterranean origin,
with a mild clinical course; (2) endemic KS, developing in
HIV-1-negative individuals in equatorial Africa; (3) iatrogenic
KS, occurring in immunosuppressed transplant recipients;
and (4) epidemic KS, presently the most common form of 
KS, developing in patients with AIDS. KS lesions exhibit a
complex morphology and contain a variety of cell types,
including malignant spindle cells, probably of endothelial
origin.47–49 KS cells release various lymphokines, including IL-
6 genome, interferon-g (IFN-g), basic fibroblast growth factor
(bFGF), tumor necrosis factor-g (TNF-g), and VEGF. KS growth
is enhanced by inflammatory cytokines of the Th1 type and
by the HIV-1 Tat protein.47 These observations suggest that
the local dysregulation of cytokines plays an important role
in the development of KS lesions. HHV-8 DNA was detected
in 89% to 100% of KS biopsies and in only 2% of non-KS
biopsies, except for blood (8%–25%), from the same individ-
ual,43,44 indicating that the viral load is highest in KS lesions.
Seroepidemiology demonstrates that HHV-8 antibody preva-
lence is low (2%–3%) in the United States and in England,
and that it is greater and increases steadily with age in
Mediterranean Europe and in Africa. HHV-8 seroprevalence
reaches 85% in KS patients and 35% in homosexual men.
Moreover, in this latter category the prevalence of HHV-8
antibodies rises with the increasing number of homosexual
partners in the previous 2 years,44 suggesting that HHV-8
could be the sexually transmitted agent previously suggested
to be associated with KS.48,49 HHV-8 is not present in other
vascular tumors, including angiomas, hemangiomas, and
angiosarcomas, and is only rarely detected in other forms 
of skin tumors, such as squamous cell carcinomas and
melanomas.44 The presence of HHV-8 DNA in peripheral
blood cells of HIV-1-positive individuals and HHV-8 reactiva-
tion from a latency stage correlates with a greater risk of
developing KS.44,50,51 PCR in situ hybridization, RNA in situ
hybridization, and immunohistochemistry showed HHV-8 in
nearly all spindle cells of KS lesions.44,51,52

The oncogenic mechanisms of HHV-8 are not fully under-
stood. Sequence analysis of the viral genome53 yielded clues
to the transforming activity of HHV-8.44,52,50 Several HHV-8
genes have significant sequence homology to human
genes,44,50,52,54 suggesting that the virus has captured cellular
genes during evolution. The viral homologues are similar to
cellular genes involved in apoptosis, growth control, cell-
cycle regulation, and chemokine and cytokine signaling.
HHV-8 contains a gene homologous to bcl-2 that inhibits
apoptosis.55 The viral antiapoptotic activity is supported by

viral  carcinogenesis 2 1 7

TABLE 17.2. Mechanisms of transformation by Epstein–Barr virus.

First phase Second phase Third phase

Expression of viral antigens Transactivation and expression Chromosome translocations
of cellular and viral genes

EBNA1, EBNA2 RAG1, RAG2, CD21, CD23, c- t(8;14), t(2;8), t(8;22)
fgr, cyclin D2, LMP1, LMP2A,
LMP2B

LMP1 LFA1, LFA3, HLAII, ICAM1, Increased expression of the
blc-2, vimentin oncogene c-myc, directed by the

promoter-enhancer of the
immunoglobulin genes



two other cellular homologues: FLIP, which interferes with
apoptosis signaled through the FLICE death; and LANA,
which binds p53, inhibiting p53-mediated apoptosis.44,50,52

HHV-8 also codes for a cyclin D-like gene whose protein
product participates in pRb phosphorylation.56,57 Another
HHV-8 protein that is involved in cell proliferation is the G
protein-coupled receptor (GPCR), which is constitutively
active for downstream signaling in the absence of the
chemokine ligands.58 GPCR shows a high sequence homol-
ogy to the cellular IL-8 receptor, transforms NIH3T3 mouse
fibroblasts in vitro, and induces VEGF expression.59 Trans-
genic mice expressing HHV-8 GPCR in hematopoietic cells
develop angioproliferative KS-like lesions in multiple
organs.60 The viral MIP-I, MIP-II, and MIP-III proteins exhibit
homology to the cellular chemokine MIP-1-a. MIP-I and MIP-
II possess strong angiogenic potential and may therefore con-
tribute to the marked vascularization characteristic of KS.61

The K1 protein of KSHV, the homologue of EBV LMP-1, 
also induces MMP-9 and VEGF expression (John Pagano, per-
sonal communication). Furthermore, the virus encodes a
homologue of cellular IL-6, a possible growth factor for KS
cells, and up to four proteins related to cellular interferon-reg-
ulatory factors (IRF)52,54,62 that may confer resistance to the
antiproliferative effects of IFN-a. Because KS growth appears
to be supported by a variety of cytokines,47 it is interesting
that HHV-8 codes for homologues of cellular cytokines and
cytokine receptors that may function as growth factors for the
proliferation of KS cells. HHV-8 has also been linked to the
development of multiple myeloma,63 but this association is
not established.

Papovaviruses

BK Virus, JC Virus, and Simian Virus 40

BK virus (BKV), JC virus (JCV), and simian virus 40 (SV-40)
belong to the family of Papovaviridae. The three viruses are
similar in structural and functional properties.64,65 Nucleotide
sequence homology of the three viruses is 68% to 72%, and
protein sequence homology is 76% to 90% in different
regions of the viral genomes.64 Primary infection by BKV and
JCV occurs in childhood and is usually unapparent. During
primary infection, the virus spreads by viremia to several
organs and establishes a latent infection in the kidneys. Reac-
tivation from latency can be induced by immunologic impair-
ment. BKV and JCV are ubiquitous in the human population
worldwide, and seroprevalence in adults is 80% to 100%.
Both viruses are probably transmitted by the respiratory and
the orofecal route.4,66,67 BKV and JCV cause posttransplanta-
tion interstitial nephritis in renal transplant recipients and
BKV causes hemorrhagic cystitis in bone marrow transplant
patients.4,64–66 JCV is the etiologic agent of progressive mul-
tifocal leukoencephalopathy, a severe degenerative neurologic
disease affecting immunosuppressed individuals.64,65 SV-40,
which is a monkey virus, was introduced only recently into
the human population when polio vaccines, produced in SV-
40-contaminated monkey kidney cell cultures, were mas-
sively administered to millions of individuals between 1955
and 1963.68 Soon it was shown that people vaccinated with
SV-40-contaminated polio vaccines shed infectious SV-40 in
stools for at least 5 weeks after vaccination.69 This observa-
tion suggested that SV-40 could be transmitted from recipi-

ents of contaminated polio vaccines to contacts by the orofe-
cal route and could spread in humans by horizontal infection.
This hypothesis is supported by some experimental results.
First, SV-40 DNA sequences have been detected in normal
and neoplastic tissues of persons too young (1 to 30 years) to
have been vaccinated with SV-40-contaminated polio vac-
cines.3,70–74 Second, SV-40 sequences have been found in blood
specimens of neoplastic and healthy individuals72,74,75–79 and
SV-40 virions were detected in urine and sewage samples,68,80

suggesting that the hematalogic and orofecal routes of trans-
mission might be responsible for SV-40 horizontal infection
in humans. An alternative or additional hypothesis is that
some polio vaccines continued to be contaminated by SV-40
after 1963.81 Third, infectious SV-40 was rescued by transfec-
tion of monkey cells with the DNA of an SV-40-positive
human choroid plexus carcinoma in an individual too young
to have received a contaminated vaccine.82 Finally, antibod-
ies to SV-40 capsid antigens were found in sera of children
and of both normal and HIV-1-infected adults.83–86

The early region of the BKV, JCV, and SV-40 genomes,
which is expressed in the initial phase of the replicative cycle,
encodes the two viral oncoproteins: the large T antigen (Tag)
and the small t antigen (tag). The Tag displays multiple func-
tions that alter the normal physiologic metabolism of cells,
ultimately leading to immortalization and neoplastic trans-
formation.64,65,87–89 An important property of Tag in relation to
transformation and oncogenicity is its ability to bind and
block the functions of the tumor suppressors p53 and the pRb
family proteins (p105 Rb1, p107, and p130 Rb2).88–91 Poly-
omavirus Tag induces chromosomal damage in human cells
characterized by numerical and structural chromosomal aber-
rations such as DNA gaps, breaks, dicentric and ring chro-
mosomes, deletions, duplications, and translocations.92–95 The
molecular mechanism of the clastogenic effect of Tag may
reside in its ability to bind topoisomerase I96 and in its heli-
case activity,97 which could induce chromosome damage
when Tag promotes the unwinding of the two strands of cel-
lular DNA. Moreover, Tag inhibition of p53-induced apopto-
sis allows DNA-damaged cells to survive, increasing their
probability of becoming transformed and acquiring immor-
tality.89 Small tag98 cooperates with large Tag in transforma-
tion by reducing serum dependence of transformed cells 
and binds protein phosphatase 2A (PP-2A).99 PP-2A is a
serine/threonine phosphatase that regulates the phosphoryla-
tion signaling activated by protein kinases,100 and it has
recently been shown to function as a tumor suppressor gene
involved in some lung, colon, and breast carcinomas and
melanoma.101,102 In addition, SV-40 small tag is able to
enhance transcription of E2F-activated early growth response
genes.103

BKV, JCV, and SV-40 transform to neoplastic phenotypes
and are highly oncogenic in rodent and human cells.3 The
spectrum of experimentally induced tumors is similar but dis-
tinct for each of the three viruses.3 BKV, JCV, and SV-40 DNA
were detected in human tumors by PCR, and occasionally by
Southern hybridization of the whole cell genome, indicating
the presence of relatively low amounts of viral sequences.
Expression of virus-specific RNA and Tag was often observed
in virus-positive tumors. The histotype of the human tumors
positive for viral sequences corresponds to that of the tumors
induced by the three viruses in experimental animals. BKV
has been associated to human brain tumors, tumors of pan-
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creatic islets, osteosarcomas, and tumors of the urinary
tract.3,4,64–66,104 BKV DNA sequences were also detected in
primary KS and in KS cell lines.105 JCV has been associated
with human brain tumors, especially astrocytoma and medul-
loblastoma,64,65,106–109 and possibly with colorectal carci-
noma.109–112 In colorectal cancers, negative for mutations in
the APC gene, JCV Tag activates the Wnt pathway, with con-
sequent constitutive expression of b-catenin,113 which leads
to continuous cell proliferation. SV-40 is associated with
human mesothelioma, with brain tumors, and possibly with
osteosarcoma and non-Hodgkin’s B-cell lymphoma.114–117

Human brain tumors can be coinfected by SV-40 and BKV or
by SV-40 and JCV,107 suggesting a possible interaction between
polyomaviruses in oncogenesis. In three human brain tumors,
one of the authors (G.B.B.) detected the simultaneous pres-
ence of the DNA sequences of BKV, JCV, and SV-40.4,66 It
remains to be demonstrated whether in these tumors the
viruses coexist in the same cells. Some studies, however, did
not detect SV-40 in human tumors.118 Three independent
panels have reviewed the association of SV-40 with human
tumors: one organized by the National Cancer Institute,28 one
by the Institute of Medicine,119 and one at an international
SV-40 mesothelioma consensus conference held at the Uni-
versity of Chicago.120 All three panels concluded that there is
compelling evidence that SV-40 is present in some human
tumors, especially mesothelioma and brain tumors, and that
SV-40 is a potent cocarcinogen.

Because BKV and JCV are ubiquitous in humans,3 their
DNA sequences are often detected not only in tumors but
also in normal tissues.72,74 The viral load in BKV-, JCV-, and
SV-40-positive human tumors is usually low (10-2 to 10-4

genome equivalents per cell), and Tag is expressed only in a
fraction of tumor cells.3,75 This is a general characteristic of
polyomavirus-induced tumors: for example, only a fraction of
tumor cells in SV-40 transgenic tumors is Tag positive.
However, BKV, JCV, and SV40 induce chromosome aberra-
tions92,95 that can affect the functions of genes important in
tumorigenesis.121 Once the genetic damage has been triggered
in tumors and chromosomal alterations have reached a
threshold, genomic instability ensues122,123 as a result of the
functional alteration of DNA repair genes, especially in the
presence of Tag-mediated inactivation of cellular p53, which
prevents DNA repair or apoptosis of damaged cells. These
events lead to accumulation of genetic lesions and to tumor
progression.122,123 A similar course of events may occur in
some polyomavirus-positive human tumors, where the clas-
togenic activity of Tag, similarly to a chemical or physical
carcinogen, initiates the tumorigenic process by causing
DNA damage, and then becomes dispensable; it may be lost
during tumor progression when the accumulation of genetic
alterations renders the presence of viral transforming genes
unnecessary. Immunoselection may select against persis-
tently polyomavirus-infected cells, whereas genetically
mutated cells that have lost the viral genome may have a pro-
liferative advantage and become the prevalent population in
the tumor. This “hit-and-run” mechanism has been demon-
strated in SV-40-mediated transformation of some rodent
cells.124,125 In human mesothelial cells, SV-40 Tag activates an
autocrine-paracrine loop involving the hepatocyte growth
factor (HGF) and its cellular receptor, the oncogene c-met,126

as well as VEGF and its cellular receptor.127,128 It has been sug-
gested that HGF and VEGF, released from SV-40-positive

cells, bind their receptors in neighboring SV-40-negative cells,
driving them into proliferation and tumorigenesis.126–129

There is strong evidence in support of a causative associ-
ation between SV40 and mesothelioma, including (1) the
ability of SV-40 Tag to bind and inactivate p53 and Rb family
proteins in primary human mesotheliomas130,131; (2) the induc-
tion of growth arrest and apoptosis in mesothelioma cell lines
transfected with antisense DNA to the SV-40 early region
gene132; (3) the presence of SV40 in malignant mesothelioma
cells and not in nearby stromal cells microdissected from the
same slide133; and (4) the activation, in primary human
mesothelial cells, of Notch-1, a gene promoting cell-cycle pro-
gression and cell proliferation,134 considered a general require-
ment for the maintenance of the neoplastic phenotype in
human cells.135 Also, (5) human mesothelial cells are resistant
to SV-40-induced cell lysis and are particularly susceptible 
to SV-40-mediated transformation126,136 because human
mesothelial cells limit SV-40 replication thanks to the
endogenous high levels of wild-type p53.136,137 Therefore, SV-
40 DNA remains episomal, the viral oncogenes are expressed,
cell lysis is limited, and the frequency of transformation is
high (1–5 ¥ 10-3 transformed foci in human mesothelial cells
compared to 1 ¥ 10-7–1 ¥ 10-8 transformed foci in human
fibroblasts).136,137 (6) Human mesothelial cells are specifically
susceptible to SV-40 infection compared to the human poly-
omavirus JCV, which does not infect mesothelial cells, and
BKV, which causes mesothelial cell lysis.138 (7) Asbestos,
which is the main cause of human mesothelioma, cooperates
with SV-40 in transformation of human mesothelial cells,136

suggesting that asbestos and SV-40 are cocarcinogens in the
pathogenesis of mesothelioma. (8) SV-40 tumor antigens
induce telomerase activity in human mesothelial cells,138 a
requirement for cellular immortalization and tumor growth.
(9) SV-40 induces promoter methylation and inactivation of
the RASSF1A tumor suppressor gene in both SV-40-positive
mesothelioma and in SV-40-transformed human mesothelial
cells.137 Most of the conflicting arguments concerning the role
of SV-40 in human tumors have been extensively discussed
in a recent critical review139 that points out the unique 
features of SV-40 infection in humans and emphasizes the
limitations of the conventional studies of descriptive epi-
demiology which cannot reliably distinguish among infected
and noninfected cohorts.119,139

Human Papillomaviruses

Papillomaviruses belong to the family Papovaviridae and are
small (55nm), nonenveloped viruses with a double-stranded
circular DNA genome of about 8kb. Papillomaviruses infect
several animal species and are highly species specific and
epitheliotropic. The human papillomavirus (HPV) species
comprises more than 140 different types, but only a few types
are prevalent in human neoplasia.140,141 HPV is associated
with both benign and malignant proliferative epithelial
lesions affecting the genital organs and skin.142 The mucosal
HPV types infect the anogenital tract. Low-risk HPVs, with
HPV-6 and HPV-11 as classic representatives, induce benign
proliferations such as condylomata acuminata and papillomas
that often regress and only rarely progress to malignancy.
High-risk HPVs are associated to cervical cancer and other
anogenital malignancies, such as vulva, vagina, penis, and
anal cancer. Six HPV types, HPV-16, -18, -31, -33, -35, and 
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-39, are associated with more than 90% of cervical carcino-
mas.140,141 The cutaneous HPV types are involved in skin
warts and in epidermodysplasia verruciformis (EV), a heredi-
tary autosomal recessive disease associated with a state of
immunodeficiency and characterized by a great number of
skin warts, often disseminated and confluent. In up to half of
the affected patients, the warts of EV progress to skin carci-
nomas,140–143 usually in sun-exposed sites because of the effect
of UV irradiation, a clear example of cooperation in human
carcinogenesis between a physical agent and viral infection
and genetic predisposition. The HPV types most commonly
involved in skin warts and EV lesions are HPV-5, -8, -9, -12,
-14, -20, -23, -38, -49, and -75, but the squamous cell carci-
nomas arising from EV lesions contain mostly HPV-5, -8, -20,
-23, and -38.140–143

The role of HPV in human neoplasia involves complex
mechanisms.140–144 Of great importance in the pathogenesis of
both genital and cutaneous HPV-associated tumors is host
immunosuppression, especially loss of cell-mediated immu-
nity. Skin warts and cutaneous squamous cell carcinomas are
common in immunosuppressed transplant recipients, and the
frequency of condylomata acuminata and cervical cancer is
enhanced in HIV-1-infected patients.140,141 Most of the infor-
mation about the role of HPV in anogenital tumorigenesis has
been obtained from studies of cervical cancer.144 While the
genome of the low-risk HPV-6 and HPV-11 remains episomal
in benign genital papillomas, the DNA of high-risk HPV-16,
-18, -31, and -33 becomes integrated into the DNA of the
tumor cells in cervical cancer.144,145 Despite frequent loss of
much of the viral genome in cervical cancer cells, the regions
encoding the early viral proteins E6 and E7 are always main-
tained and expressed in HPV-positive cervical cancers.140–145

Analysis of the high-risk HPV genomes in a variety of in vitro
systems and in primary tumors indicated that the E6 and E7
genes are the primary oncogenes of HPV. HPV cannot be
grown in vitro, possibly because virus maturation specifically
requires differentiated epidermal cells. However, in vitro
studies using retrovirus-mediated gene transfer and other
transfection techniques demonstrated that HPV-16 or HPV-
18 E6 and E7 genes in combination were able to efficiently
immortalize and transform primary human foreskin kera-
tinocytes (which resemble the normal in vivo target cells of
HPV), whereas E7 alone immortalized genital keratinocytes
at a reduced efficiency and E6 alone was ineffective.146–148

HPV-16- and HPV-18-transformed keratinocytes showed aber-
rant differentiation patterns that made them almost indistin-
guishable from cells of low-grade cervical intraepithelial
neoplasia, a precursor of cervical cancer.146–148 Retrovirus con-
structs encoding low-risk HPV-6 E7 alone or both HPV-6 E6
and E7 failed to immortalize genital keratinocytes.148

Subsequent molecular analysis of the transforming activ-
ities of E6 and E7 oncoproteins has elucidated their role in
the pathogenesis of genital cancer. The E6 protein of high-
risk HPV types binds the p53 tumor suppressor protein with
high affinity and mediates its degradation via the ubiquitin
pathway.149,150 The E6 protein also activates telomerase151

and binds E6BP or ERC55, a calcium-binding protein152,153 that
may influence keratinocyte differentiation. Moreover, E6
binds paxillin,154 which mediates a variety of signals from the
cytoplasmic membrane to focal adhesion molecules and 
the actin cytoskeleton and binds, and possibly inactivates the
hDLG protein,155,156 the human homologue of the Drosophila

large tumor suppressor protein. E6 transactivates TATA 
containing heterologous promoters through a mechanism
unrelated to p53 binding.157 The observation that although the
E6 proteins encoded by several other papillomaviruses, such
as bovine papillomavirus, HPV-1, and HPV-8, do not interact
with p53 yet show strong transforming activity,158 emphasizes
the biologic relevance of these additional E6 activities.

The E7 oncoprotein binds p105Rb. The affinity of high-
risk E7 proteins for pRb is severalfold higher than that of 
low-risk E7 proteins.145,159 pRb plays an important role in cell-
cycle control by coordinating entry of cells from G1 into S
phase.89,160 Unphosphorylated pRb binds members of the E2F
family of transcription factors89,145,161 in early G1. E2F proteins
transcriptionally activate c-myb, c-myc, c-fos, c-jun, cyclin A,
and cyclin E genes and other genes involved in DNA replica-
tion and stimulation of cell proliferation.89,145 By binding to
E2F, pRb inhibits E2F-mediated transcriptional activation and
thus blocks cell-cycle progression from G1 to S. In normal
cells this block is relieved by phosphorylation of pRb through
the action of the cyclin-dependent kinases (CDKs), resulting
in the dissociation of the E2F–pRb complex. Free E2F is then
able to transactivate its cell-cycle-promoting target genes,
triggering progression into S phase.89,145,160,161 The E7 oncopro-
tein can disrupt the pRb-mediated control of the cell cycle
through at least three different mechanisms, leading to
release of E2F and to unregulated activation of E2F target
genes: (1) the direct binding of E7 to pRb results in a com-
petitive interference with pRb–E2F complex formation,89,145,162

(2) E7-induced degradation of pRb,145,163 and (3) E7-mediated
interference with regulatory pathways upstream of pRb, such
as blocking the activity of the p21WAF1 CDK inhibitor.164,165

The interaction with pRb is not the only activity through
which E7 can contribute to cell transformation, as the trans-
formation potential of mutant E7 proteins does not necessar-
ily correlate with their ability to bind pRb.166–168 E7 also
interacts with the pRb-related proteins p107 and p130,89,145

and it has been found in complexes with the cell-cycle regu-
latory proteins cyclin A, cyclin E, p21WAF1, and p27KIP1.30 E7-
induced alterations of the molecular pathways controlled by
these cell-cycle regulatory proteins further contribute to the
dysregulation of cell growth. E7 interferes with p21WAF1-
mediated regulation of DNA methylation30 and with the
p21WAF1-induced DNA replication arrest in cells with DNA
damage,30 thus favoring the accumulation of DNA damage.169

E7 has transcriptional modulatory activities and can influ-
ence transcription of cellular genes in an E2F-independent
fashion by interacting with proteins of the AP1 family of tran-
scription factors170 or with general transcription factors, such
as the TATA box binding protein (TBP).171

The functional inactivation of the p53 and pRb family
gene products by the oncoproteins of high-risk HPV types
substitutes for mutations in these tumor suppressor genes.
Indeed, it was shown that primary genital tumors and tumor
cell lines infected with HPV do not carry mutations in p53
and Rb genes,172,173 although mutations may subsequently
occur during tumor progression toward an invasive and
metastatic phenotype. Conversely, p53 mutations are
detected only in the rare HPV-negative cervical cancers.174 In
contrast to high-risk anogenital HPV infections, cutaneous
HPV infections may contribute indirectly and in a less com-
plex way to skin squamous cell carcinoma: the presence of
HPV may simply protect cells from apoptosis after genetic
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damage induced by solar exposure, thus resulting in increased
survival of the genetically altered cells.141 Besides their
involvement in genital and cutaneous carcinogenesis, HPVs
are also linked to head and neck cancers and to esophageal
carcinoma.141,143,175 Although the transforming functions of
HPV E6 and E7 proteins are important pathogenetic factors
in human tumorigenesis, they are probably not sufficient to
induce malignancy. In animals, human papillomavirus often
cooperates with other carcinogens to cause cancer.144 An out-
standing example of the synergism between papillomaviruses
and environmental factors is bovine papillomavirus, which
induces papillomas and carcinomas of the alimentary tract in
cattle in cooperation with dietary carcinogens.176 Some
metabolites of the vaginal microbial flora, alcohol, and smoke
are considered relevant risk factors for the development of
cervical, oropharyngeal, and laryngeal cancers.141,143,175 Sexual
hormones may enhance the oncogenic effect of HPV on
genital tissues, because the promoter of high-risk HPV types
harbors consensus sequences responding to transcriptional
activation by estrogens and progesterone.30 Herpes simplex
virus infection may cooperate with HPV by promoting DNA
mutations in genital tissues.177 Physical carcinogens also have
a cooperative role, as shown by transition to malignancy of
the EV lesions exposed to UV light140–143 and by the frequent
conversion of laryngeal papillomas to carcinomas following
X-ray treatment.141

Hepadnaviruses

Hepatitis B Virus

Hepatitis B virus (HBV) is the prototype of a new family of
closely related DNA viruses, the Hepadnaviruses. This family
comprises the woodchuck hepatitis virus (WHV), the ground
squirrel hepatitis virus, and the duck hepatitis B virus as well
as several other avian and mammalian strains. As in humans
infected with HBV, chronic hepatitis and hepatocellular 
carcinoma (HCC) are commonly observed in persistently
infected woodchucks and less frequently in infected ground
squirrels and ducks.178 All the hepadnaviruses show hepa-
totropism and similar life cycles in their hosts. They all start
the replication cycle by reverse transcription of viral RNA to
form DNA within core particles of the virus. The partially
double-stranded circular DNA encodes four overlapping open
reading frames179: S for the surface or envelope gene, C for the
core gene, P for the polymerase gene, and X for the X gene.
The S and C genes have upstream regions designated pre-S
and pre-C. The whole virion, or Dane particle, is a 42-nm
spherical body that contains the nucleocapsid. The viral enve-
lope, coded by the S gene, contains three distinct components
(large, middle, and small proteins) that are synthesized by
beginning transcription within the pre-S or S gene, respec-
tively. HBV can produce a large excess of the envelope surface
antigen (HBsAg), consisting of both rods and small spheres
with an average diameter of 22nm, that can be found in
patients’ blood. The hepatitis B core antigen (HBcAg) is the
nucleocapsid that encloses the viral DNA. When HbcAg-
derived peptides are processed and expressed on the surface
of hepatocytes, a T-cell-mediated immune response is
induced to kill infected cells and eliminate the virus. The
hepatitis B antigen (HbeAg) is a circulating peptide derived
from the core gene and secreted by liver cells. Its presence in

serum is a marker of active viral replication. The X gene
encodes two proteins that have transactivating activity on the
HBV enhancer to support viral replication. The X proteins can
also transactivate cellular genes that may play a role in hepa-
tocellular carcinoma.

Chronic HBV infection and cirrhosis are conditions
leading to the development of HCC.180–183 This concept
emerged from evidence that (1) the greatest incidence of HCC
is detected in areas of the world (tropical and equatorial
regions) where HBV infection is widespread and (2) most
patients affected by HCC bear markers of a long-lasting HBV
infection. Based on prospective epidemiologic studies, it is
estimated that chronic HBV carriers exhibit a 100-fold-
increased risk for HCC development.184 In sub-Saharan Africa
with a high incidence of HCC, endemic infection by HBV
cooperates in HCC together with exposure to aflatoxins
derived from fungi of the Aspergillus genus, which grow on
improperly stored foods.181,185 The mechanisms of hepatocar-
cinogenesis by HBV are both direct and indirect. The direct
mechanisms are related to integration of the HBV genome
into cellular DNA and to potential oncogenic functions
expressed by some viral genes (Figure 17.1). The role of HBV
integration is most clearly observed in animal models. In
more than 50% of HCCs arising in woodchucks, the WHV
sequences specifically integrate 5¢ or 3¢ to the proto-
oncogenes c-myc or n-myc, inducing a steady-state level
overexpression of their mRNA, due to near insertion of the
WHV enhancers.180 In human HCC, the HBV DNA integrates
randomly in the cellular genome, and direct effects of inser-
tional mutagenesis on oncogene activation were observed. In
one such rare case, HBV DNA was integrated within an exon
of the gene of the retinoic acid receptor b,180,186 disrupting the
gene sequence. Because retinoic acid is important in induc-
ing terminal cell differentiation, the inappropriate expression
of one of its receptors may disturb the normal control of cell
growth. In a second HCC, HBV DNA integration occurred in
an intron of the cyclin A gene,180,185,187 leading to its trunca-
tion and to the production of a cyclin A/HBV fusion gene. The
N-terminus of the cyclin A protein, containing the signal for
protein degradation, was deleted and replaced by HBV pre-S
sequences (including the strong pre-S2/S promoter). The
resulting fusion protein was expressed in a high amount, and
it was resistant to degradation.180,185,187 Constitutive expres-
sion of this chimeric form of cyclin A may lead to cell-cycle
deregulation, uncontrolled DNA synthesis, and cell prolifer-
ation. In human HCC, deletions, rearrangements, and muta-
tions at several chromosomal loci are frequently
observed,180,185 inducing overexpression of c-myc and c-fos
oncogenes and reduced expression of the most common
tumor suppressor genes, such as p53, pRb, and p16INK4.185

None of these chromosomal alterations, however, seems to
be a direct consequence of HBV DNA integration.

A more relevant direct viral mechanism of human hepa-
tocyte transformation is related to the expression of the HBV
X gene.183 Its products, the X protein, transform NIH3T3 and
other immortalized mouse cells to the neoplastic pheno-
type,188,189 and transgenic mice expressing the HBV X gene
from the HBV promoter develop HCC.190 HBV X can tran-
scriptionally activate a broad array of cellular genes, includ-
ing epidermal growth factor and cellular proto-oncogenes,
such as c-myc, c-fos, and c-jun. Because HBV X does not bind
to DNA, HBV X-mediated transcriptional alterations may
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occur through the interaction with cellular transcription
factors in the nucleus, through posttranscriptional modula-
tion of their activities or through affecting signal transduction
cascades in the cytoplasm.26 HBV X binds p53,191 inhibiting
p53-mediated transcriptional transactivation192 and apopto-
sis.193 A close correlation has been observed between the HBV
X–p53 interaction and the development of HCC in a trans-
genic mouse model.194 The mechanism of p53 inhibition by
HBV X is unique, because p53 is sequestered by HBV X in the
cytoplasm of hepatocytes,195 thereby blocking entry of p53
into the nuclear compartment. A further mechanism by
which the HBV X protein could influence HCC development
is through binding to components of DNA repair complexes.
For example, the X protein binds to a human homologue of a
UV light-damaged DNA-binding protein in monkeys.196 The
X protein also blocks binding of p53 to a transcription factor,
ERCC3, involved in DNA repair.192 The disruption of the
fidelity of DNA repair, mediated by the X protein, may con-
tribute to the genetic alterations observed in infected hepa-
tocytes. HBV DNA integration in some HCCs can result in
the deletion of the 3¢-end of the HBV X and pre-S/S genes.
This deletion leads to the synthesis of truncated pre-S/S pro-

teins, which exhibit transactivation potential for a wide range
of cellular genes involved in cell proliferation such as PKC,
c-raf, AP-1, and NF-kB.197

HBV may also elicit an indirect promoting effect in liver
cancer. This effect is related to the immunopathogenesis 
of chronic HBV infection. The T-cell-mediated immune
response to HBV antigens, mostly derived from HBcAg epi-
topes located on the surface of hepatocytes, normally kills
infected cells in the liver and clears the organ from HBV infec-
tion. When this cellular immune response is ineffective, the
HBV infection progresses from acute to chronic hepatitis 
and, in some patients, to liver cirrhosis. During this process,
the coexistent inflammation and hepatocyte regeneration
increase the risk of HCC development. Liver cell proliferation
in the presence of inflammation and of inflammatory media-
tors favors accumulation of genomic alterations, which can
lead to hepatocyte transformation. During the inflammatory
response, lymphocytes and macrophages produce cytokines
and growth factor that stimulate hepatocyte proliferation. The
phagocytic cells release products of the oxidative metabolism
such as H2O2 and hydroxyl radicals.180,183 Oxygen free radicals,
produced by activated Kupffer cells, lead to the formation of
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FIGURE 17.1. Indirect and direct mecha-
nisms and the integration of the HBV
genome into cellular DNA.



8-hydroxyguanosine adducts, which are promutagenic DNA
lesions inducing G to T transversion.180,183 The role of hepato-
cyte necrosis and regeneration in hepatocarcinogenesis is best
illustrated by Chisari’s model of HbsAg transgenic mice.198,199

These mice overproduce the HBV large envelope polypeptide,
accumulate toxic quantities of HBsAg within the hepatocytes,
and develop a severe, prolonged hepatocellular injury. This
lesion triggers inflammation, regenerative hyperplasia, tran-
scriptional deregulation, and aneuploidy, finally progressing
to neoplasia. These results are supported by the evidence that
mice transgenic for the TGF-a gene, showing continuous
mitogenic stimulation of hepatocytes, develop liver cancer.200

In human chronic hepatitis, liver injury may be due to either
the immune response during HBV infection or the toxic effects
of alcohol.30,181,201 In summary, severe prolonged cellular injury
and persistent growth stimulation induce a proliferative
response, which leads to genetic damage that can lead to
tumor development. It should be noted that HBV also repli-
cates in extrahepatic sites, such as bone marrow, lymphoid
cells, pancreas, and kidneys.202,203 Therefore, clearance of the
virus from hepatocytes may not cure the disease, and HBV
moving from these extrahepatic locations may reinfect the
liver after transplant.202

Oncogenic Riboviruses

Flaviviruses

Hepatitis C Virus

The hepatitis C virus (HCV) belongs to a genus of the family
Flaviviridae. The virion is spherical and enveloped. The
genome is a single-stranded linear RNA molecule of about 9.5
kb encoding a single large polyprotein precursor of about
3,000 amino acids from which three structural and seven non-
structural proteins are generated by specific cleavage. The
capsid protein or core protein is located at the amino-
terminus of the polyprotein precursor. Similarly to HIV-1,
HCV shows a great genomic variability, thus representing a
quasi-species, that is, a population of closely related, yet het-
erogeneous, viral genomes.204–206 Nevertheless, HCV can be
subdivided into six major genotypes. HCV genetic hetero-
geneity may have important implications because it could
influence the immunologic and therapeutic responses as well
as represent a major obstacle in the preparation of an effec-
tive anti-HCV vaccine.30,204–207 Epidemiologic studies have
shown that HCC is associated with HCV infection, but the
proportion of cases related to HCV varies considerably.208 In
countries of southern Europe such as Italy, Spain, and Portu-
gal, as well as in Japan, HCV infection appears to be the most
frequent underlying cause of HCC, because from 50% to 70%
of patients with HCC show anti-HCV antibodies. In the
United States, the proportion of patients with HCC who are
seropositive for anti-HCV antibodies is much lower, about
30%,208,209 but still very significant.

The process of hepatocarcinogenesis caused by HCV
results mainly from indirect mechanisms.183 Similar to HBV
infection, when the cell-mediated immune response fails to
eradicate HCV infection, the acute hepatitis may evolve
toward chronic persistent hepatitis, cirrhosis, and HCC. As
for HBV infection, the host immune response plays the major

role in causing the hepatocellular damage.182,205,206,208,210

During the evolution from acute infection to chronic hepati-
tis and cirrhosis, the repeated bouts of inflammation, necro-
sis, and hepatocyte regeneration favor the emergence of a
neoplastic liver cell population. Cirrhosis is found in about
90% of HCC patients with HCV markers,182,205 although there
are patients with HCV-related HCC without liver cirrhosis.211

This observation suggests a possible direct role of HCV in
hepatocarcinogenesis. Various mechanisms appear possible.
The HCV nonstructural protein NS3 transforms to the neo-
plastic phenotype in the NIH3T3 mouse fibroblasts.212 More-
over, the HCV core protein suppresses apoptosis183,213 and, in
cooperation with the human activated c-H-ras oncogene,
causes malignant transformation of primary rat embryo
fibroblasts.214 Finally, HCV core gene transgenic mice develop
HCC.215 The HCV genotype 1b has been associated with more
severe and rapidly progressive liver disease and a higher risk
of HCC.182,208

HCV infects other tissues besides the liver, and it is 
associated with several diseases,216,217 such as sialadenitis,
membranoproliferative glomerulonephritis, and mixed cryo-
globulinemia, a disorder characterized by the presence in the
serum of a mixture of polyclonal immunoglobulins of various
isotypes that reversibly precipitate at temperatures below
37°C. Most of these immunoglobulins are complexes of poly-
clonal IgG and polyclonal rheumatoid factor that are mainly
IgM.216,217 Because mixed cryoglobulinemia is considered the
expression of a low-grade malignant lymphoproliferative
disease, an association was postulated between HCV and lym-
phoproliferative disorders. Epidemiologic studies showed a
significant association between HCV infection and B-cell
non-Hodgkin’s lymphoma (NHL).217 HCV-related markers
(HCV RNA and anti-HCV antibodies) were detected in 34%
of B-cell NHL, compared to 3% Hodgkin’s lymphomas and
1.5% healthy controls.217 Comparable values of association
between B-cell NHL and HCV infection were confirmed in
subsequent studies,217,218 although HCV markers were not
detected in NHL cells in HCV-infected patients.216,219,220 A
case-control study demonstrated that HCV infection
increases by 50-fold the risk of B-cell NHL involving the liver
and the major salivary glands (the most common sites of HCV
infection) and by four fold the risk of lymphomas at other
sites.221 Although HCV has been widely detected in periph-
eral blood mononuclear cells of patients with mixed cryo-
globulinemia and B-cell NHL with HCV infection, the virus
replicates poorly in lymphoid cells.216,219 Therefore, the pos-
tulated oncogenic role of HCV in lymphoproliferative disor-
ders is presently unclear. According to other models of B-cell
lymphomagenesis,13 HCV may act as an exogenous prolonged
antigenic stimulus inducing a mitogenic effect and prolifera-
tion of B lymphocytes in HCV-infected patients.219 Treatment
with IFN of HCV infection in patients with splenic lym-
phomas led to strikingly complete responses of the lym-
phomas, but not in noninfected patients.

Retroviruses

Human T-Cell Leukemia Virus Types I and II

Human T-cell leukemia viruses type I (HTLV-I) and type II
(HTLV-II) belong to the subfamily Oncovirinae of the family
Retroviridae. HTLV-I infection is endemic in Japan, other
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regions of Asia such as the Philippines, the Caribbean region,
central Africa, and some areas of Australia and New Guinea.
In these areas of the world, the seroprevalence rate of anti-
bodies to HTLV-I is 5% to 33% in the normal human popu-
lation.207 HTLV-I is associated with adult T-cell leukemia and
lymphoma (ATL),222,223 as well as with its cutaneous variants,
mycosis fungoides and Sézary’s syndrome. HTLV-I is also the
etiologic agent of HTLV-I-associated myelopathy or tropical
spastic paraparesis. HTLV-II is associated with an atypical
form of hairy cell leukemia.30,222,224 Monoclonal integration of
HTLV-I proviral DNA was demonstrated in ATL neoplastic
cells, and all individuals with ATL have antibodies to HTLV-
I.225,226 HTLV-I, at variance from the avian and rodent retro-
viruses, immortalizes T lymphocytes much like the
oncogenic deoxyriboviruses, that is, through the product of a
viral oncogene, the tax gene. The Tax protein has pleiotropic
effects because it is able to activate or repress the expression
of a wide array of cellular genes.227 Tax does not bind directly
to DNA, but it interacts with cellular transcription factors or
modulators of cellular functions. Binding of Tax to NF-KB
results in transcriptional activation of IL-2a and IL-2a recep-
tor genes, leading to autocrine stimulation of T-cell prolifer-
ation.228,229 Interaction of Tax with serum responsive factor
(SRF) activates the expression of c-fos and of the early growth
response genes egr-1 and egr-2.230 Other cellular genes acti-
vated by Tax include the GM-CSF, IL-1, IL-3, IL-6, PDGF,
TGF-b1, TNF-b, and NGF.231 Conversely, Tax represses tran-
scription of the DNA polymerase b gene232 encoding a cellu-
lar enzyme involved in host cell DNA repair. This finding
suggests a possible correlation between HTLV-I infection and
host cell chromosomal damage, which is often observed in
ATL. Tax inhibits the expression of the lck gene,233 encoding
a tyrosine kinase of the src family, which plays a major role
in the regulation of T-cell activation.233 Tax also dysregulates
the cell cycle by binding and inactivating p16INK4, a key
inhibitor of CDK4 and CDK6.234 In HTLV-I-infected cells, Tax
is responsible for the stabilization and inactivation of p53
protein by phosphorylation at Ser15, which blocks p53 inter-
action with transcription factors.227,235 Tax also targets the
mitotic checkpoint protein MAD-1, an important control
protein for the formation of the mitotic spindle.227,236 The
block of p53 and MAD-1 functions may be responsible for the
genetic instability, aneuploidy, and chromosomal rearrange-
ments that have been reported in ATL cells,226,227 and may
affect oncogenes, tumor suppressor and DNA repair genes.
Also, Tax expression enhances the mutation frequency in
chromosomal DNA after transfection of the tax gene into the
rat fibroblastic cell line Rat 2.237 These diverse effects of Tax

suggest a scenario where ATL cells are initially dependent on
Tax expression for proliferation. After the appearance of chro-
mosomal aberrations and mutations involving genes crucial
in oncogenesis, the neoplastic cells grow independently from
Tax and ATL progresses toward a more malignant phenotype.

Human Immunodeficiency Virus Type 1

Human immunodeficiency virus type 1 (HIV-1) belongs to the
subfamily Lentivirinae of the family Retroviridae. In the
course of HIV-1 infection, an opportunistic neoplastic pathol-
ogy develops that is mainly due to immunosuppression,
leading to decrease of the immune surveillance against tumors
and latent viruses. Indeed, most cancers arising during AIDS
are associated with oncogenic viruses (Table 17.3), because
HIV-1 infection provides the immunologic background on
which other viruses can escape immune control and induce
tumors.238 However, a large body of evidence indicates that
HIV-1 itself may be oncogenic through the expression of the
Tat protein, the product of the early HIV-1 tat gene.239,240 The
Tat protein of HIV-1 is a small polypeptide of 14 to 15kDa con-
taining 86 to 102 amino acids, depending on the viral strains.
Tat is a potent transactivator of the HIV-1 LTR and is also able
to activate the expression of many cellular genes, thereby
affecting cellular functions and inducing angiogenesis, cell
proliferation, inhibition of apoptosis, and oncogenesis.239,240 A
remarkable property of Tat protein is that it is released from
HIV-1-infected cells, circulates in the bloodstream and in
extracellular fluids, and is taken up by uninfected cells where
it exerts its biologic effects.241–243 Tat induces neoangiogenesis
in vivo240,244 and has a synergic effect with bFGF on the induc-
tion of KS-like lesions in nude mice.245 During neoangiogene-
sis and cell growth, Tat activates the expression of cytokines,
chemokines, and growth factors (IL-1a, IL-1b, IL-2, IL-6, IL-8,
IFN-g, TNF-a, TNF-b, MCP-1, bFGF, VEGF, GM-CSF, PDGF,
SF/HGF, and TGF-b) by KS cells and induces the activity of
urokinase and collagenase IV, which allow endothelial cells to
invade underlying tissues.239 The multiple angiogenic and
growth-stimulating effects of Tat, together with the profound
immunodeficiency associated with AIDS, may be responsible
for the more aggressive and invasive behavior of AIDS-KS
compared to the other forms of this tumor.46,49 When Tat is
transfected under the control of the HIV-1 long terminal
repeat, it efficiently transforms immortalized keratinocytes to
a neoplastic phenotype.246 Moreover, Tat inhibits expression
of the manganese-dependent superoxide dismutase (Mn-SOD)
gene by direct interaction with Mn-SOD transcripts,247

thereby contributing to the establishment and maintenance
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TABLE 17.3. Tumors with increased incidence in acquired immunodeficiency syndrome (AIDS).

Tumor Associated virus

Kaposi’s sarcomaa Human herpesvirus 8 and HIV-1 Tat
Primary effusion lymphoma Human herpesvirus 8
Multiple myeloma Human herpesvirus 8 (?)
B-cell non-Hodgkin’s lymphomaa (mostly systemic and brain lymphomas) Epstein–Barr virus
Hodgkin’s disease Epstein–Barr virus
Leiomyoma and leiomyosarcoma (in children) Epstein–Barr virus
Cervical carcinoma and squamous cell neoplasia of oropharynx and anus Human papillomavirus
aTumors whose frequency is significantly increased in AIDS patients.



of oxidative stress. Mn-SOD has been shown to control cell
proliferation by regulation of the oxidative metabolism248 and
is a candidate tumor suppressor gene involved in the patho-
genesis of melanoma and other human tumors.249 The onco-
genic activity of Tat may be related also to its ability to
downregulate p53 expression250,251 as well as to upregulate IL-
2, bcl-2, and IL-6 gene transcription.252–255 The angiogenic and
tumorigenic effects of Tat are confirmed and recapitulated in
tat-transgenic mice.256,257 These animals develop angiogenic
proliferation in the derma, resembling the early phases of KS.
In addition, they develop skin papillomas and carcinomas,
adenocarcinomas of subcutaneous glands, lymphoid hyper-
plasia and lymphomas, liver dysplasia and hepatocarcinomas,
polyps of the rectum, and squamous cell hyperplasia of the
anal orifice and adjacent perianal skin. Liver dysplasia affects
about 40% of tat-transgenic mice256,257 and represents a pre-
neoplastic state, predisposing to liver tumorigenesis induced
by chemical carcinogens.258,259 In conclusion, the HIV-1 Tat
protein is oncogenic and may be a cofactor in AIDS-related
malignancies, especially in KS and PELs where Tat may coop-
erate with HHV-8 in the angiogenic and oncogenic
effects.46–49,239

Conclusions and Perspectives

There has been notable progress in recent years in identify-
ing the causative roles of viruses in human tumors and elu-
cidating the molecular mechanisms of virus-induced cellular
transformation. Because of the multifactorial and multistep
nature of human carcinogenesis, infection with a tumor virus
is usually not sufficient for malignant transformation and
tumor growth. Human tumor viruses must therefore be
studied in the context of the cofactors that cause a specific
tumor type susceptibility. Exposure to exogenous and endoge-
nous carcinogens, genetic alterations of the host cells, and the
patient’s immunologic status determine, among infected indi-
viduals, those who will develop a malignancy. Great efforts
are under way to set up effective therapeutic and prophylac-
tic interventions against tumor viruses.30 Vaccines against
tumor viruses have both prophylactic and therapeutic appli-
cations and may protect from viral infection or may control
tumor growth by eliciting a cell-mediated immune response
against infected tumor cells. Excellent results have been
obtained with an anti-HBV prophylactic vaccine, prepared
with HBsAg expressed in yeasts. The report of a national HBV
vaccination program in children of Taiwan indicates that the
incidence of HCC is declining,182,260 and a similar trend is
observed in other areas of the world with endemic HBV infec-
tion, where the anti-HBV vaccine has been administered on
a mass scale. This is the first example of prevention of a
human cancer by vaccination. Recently, the introduction of
a new oral HBV recombinant vaccine constituted by HBsAg
produced in transgenic potatoes and production of HbsAg in
transgenic tomatoes and bananas is under way.261 Oral immu-
nization, because of its simplicity of use, ease of administra-
tion, and increased compliance, represents the ideal mode of
delivery for implementation of large-scale vaccination pro-
grams in poor areas of the world where HBV infection is
endemic and the incidence of HCC is high.

Vaccination against HCV faces more difficult problems
because of the genetic heterogeneity virus and its great anti-

genic variability. Therefore, an HCV vaccine is not yet avail-
able. Vaccines against HPV have been prepared by using the
nonstructural proteins E6 and E7 as well as virus-like parti-
cles made of the structural proteins L1 and L2 from HPV-16
and HPV-18. Rodents immunized with these proteins become
resistant to papillomavirus tumorigenesis.30,262,263 These HPV
vaccines are currently being tested in clinical trials. A vaccine
against EBV was prepared with the major envelope glycopro-
tein gp350, the main component of the EBV envelope antigen,
which functions as a viral receptor for virus attachment to
susceptible cells. This vaccine protected cottontop tamarin
monkeys from B-cell lymphomas induced by EBV,264,265 but
it has not been adopted for use. A recombinant vaccinia
vector containing a safety-modified SV-40 Tag sequence 
was constructed.266 Such modified Tag excludes the p53 and
Rb protein binding sites as well as the amino-terminal onco-
genic CRI and J domains,267 but preserves the immunogenic
regions. Tumorigenesis studies carried out in mice indicated
that this vector can efficiently prime the immune response
to provide effective, antigen-specific prophylactic and thera-
peutic protection against SV-40 Tag-expressing lethal
tumors.266 This vaccine is currently being produced for testing
in clinical trials and would be used, as a prophylactic
measure, in individuals exposed to asbestos, at risk for
mesothelioma. Although truncation of Tag at the carboxyl
terminus, where the p53 binding sites are located, produces
unstable products,267 such types of vaccines may represent in
the future a useful immunoprophylactic and immunothera-
peutic intervention against human tumors associated with
SV40.268

A vaccine against HIV-1 has long been sought. Several
vaccine preparations, based on the two envelope glycopro-
teins gp120 and gp160 as well as on the core capsid antigen,
have been tested, but the results were generally disappoint-
ing.239 The evidence that both the intracellular and the extra-
cellular Tat protein is crucial for HIV-1 replication239,240

prompted the preparation of anti-Tat vaccines. These vac-
cines protected monkeys from a letal challenge with the SHIV
virus,269,270 a recombinant virus containing the HIV-1 tat gene
within the simian immunodeficiency virus (SIV) genome. It
seems reasonable, therefore, to include the Tat protein within
the polyvalent vaccine that will be used in the future to
prevent and cure the HIV-1 infection. As a result of the onco-
genic properties of Tat, anti-Tat immunization may also
reduce the incidence of Tat-related tumors arising in the
course of AIDS.
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Environmental
Carcinogenesis

T. Sabo-Attwood, M. Ramos-Nino, 
and Brooke T. Mossman

nvironmental carcinogens are broadly defined as com-
pounds that humans are exposed to through diet,
lifestyle, infectious agents, and occupation.1 They are

considered as nongenetic factors that contribute to cancer
risk. A subset of known and reasonably anticipated human
carcinogens can be classified as environmental carcinogens
and include such compounds as dioxins, metals, components
of pesticides, the polyaromatic hydrocarbon (PAH)
benzo(a)pyrene (BaP), and mineral fibers such as erionite and
asbestos2 (Table 18.1). These contaminants are major con-
stituents of indoor and outdoor air pollution, water, soil, and
food products.

Criteria for deciding whether a substance is a carcinogen
are constantly being modified as technology and our under-
standing of carcinogenesis evolve. Definitively linking expo-
sure to environmental contaminants and cancer is difficult
because parameters such as dose, duration, composition, 
and routes of exposure are indeterminate. Currently, the 
U.S. Environmental Protection Agency (EPA) relies on data
from human epidemiologic, animal, and mechanistic studies
to classify compounds as carcinogens. Individually, these
approaches have limitations, and therefore, these assays
should complement each other in defining which compounds
have the ability to cause cancer in humans.

One of the major hurdles in assessing the ability of envi-
ronmental contaminants to cause disease is defining the dose
of exposure. Contact with suspected compounds is com-
monly at low levels over long periods of time. In many cases,
the latency period can last decades, masking our ability to
realize the cancerous potential of compounds until many
people are already sick; this is the case for asbestos-related
diseases that have latency periods of greater than 20 to 40
years.3 Thus, a causal link between exposure to asbestos and
malignancies was not realized until long after thousands of
people were exposed.

Another difficulty in assessing the exposure dose of com-
pounds found in the environment is their ability to bioaccu-
mulate in both environmental media and human tissues.
Many potential carcinogens have lipophilic properties
whereby smaller doses accumulate in human tissues over
time.4 Biomagnification through the food chain is also
another way small doses of chemicals are amplified. For
example, there is increasing concern regarding compounds
termed hormonally active agents (HAA) that have the ability
to act as natural hormones such as estrogen, androgens, and

thyroidal proteins. Although much controversy exists regard-
ing the carcinogenic potential of HAAs, they have been impli-
cated in a variety of reproductive diseases including breast
and prostate cancers.5,6 Enough scientific data have convinced
the EPA to mandate the testing of all active ingredients of
pesticides for endocrine disrupting effects through the Food
Quality Protection Act (P.L. 104–170, 1996).

It is also difficult to causally link carcinogenesis to a
single compound because environmental contaminants are
frequently present as complex mixtures. Interactions of a
single compound with other chemicals and elements may
greatly increase or decrease the carcinogenic potential to
human populations.

As exposure to target compounds can vary greatly among
individuals, much of the information available today regard-
ing human cancer risk stems from occupational and acciden-
tal exposures. In these situations, information regarding the
dose, composition, and duration of the exposure is readily
available. A classic example is the industrial accident in
Seveso, Italy, where in 1976 an explosion at an industrial
plant released large quantities of 2,3,7,8-tetrachlorodibenzo-
p-dioxin (TCDD) into the air.7 Populations residing in the
vicinity of the plant have been studied to try and elucidate
the direct effect of TCDD exposure on human health, specif-
ically the development of cancers. Although controversial,
evidence from epidemiologic, animal, and mechanistic
studies support the National Toxicology Program (NTP) clas-
sification of TCDD as a known human carcinogen.8

Mechanisms of Action of 
Environmental Carcinogens

Cancer is a multistage process that involves tumor initiation,
promotion, and progression. Environmental carcinogens can
initiate and/or advance this process by altering the expres-
sion and activity of genes crucial to biologic processes that
maintain cell growth, differentiation, DNA repair, cell-cycle
control, and apoptosis, among others.

In many cases, these compounds act through genetic
mechanisms, interacting directly with DNA. Some are meta-
bolically activated to reactive molecules that form covalent
adducts with DNA, causing mutations in genes important 
to processes such as cell-cycle regulation and DNA repair.9

Polyaromatic hydrocarbons were the first compounds shown
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to cause cancer (at least in part) by forming covalent adducts
with DNA. The most notorious PAH historically is BaP, a
compound that was isolated from coal tar in 1930 and shown
to induce tumors in rodent models. It was later discovered
that a reactive metabolite of BaP could form covalent adducts
with DNA, resulting in altered cell growth and repair.10

Compounds may also act through epigenetic mechanisms
whereby they do not directly alter the genome, but cause
mitogenic expansion of initiated cells by modifying the
expression of genes that control cell proliferation and death.11

Changes in DNA methylation, growth factor signaling path-
ways, oxidative stress, and cellular communication are
thought to contribute to carcinogenesis.12,13

Certain genes are thought to be major targets of chemical
carcinogens. These genes, termed proto-oncogenes and tumor
repressor genes, when mutated, allow cells to grow uncon-
trollably. Alterations in these types of genes have been dis-
covered in many different types of cancers including breast,
colon, and lung cancer.9,14

The proto-oncogenes that have been identified so far, such
as ras and myc, have many different cellular functions includ-
ing regulation of the cell cycle and apoptosis.15 Mutations in
these genes contribute to dysregulated cell division. The
mutant proteins retain their normal functions but are no
longer sensitive to the controls that regulate these processes.

ras gene products are involved in kinase signaling path-
ways that regulate cell growth and differentiation. Mutations
in ras have been implicated in organochlorine pesticide and
polychlorinated biphenyl (PCB)-induced human cancers16 and
in Syrian hamster embryo cells (SHE) exposed to arsenic.17

One of the most well recognized tumor suppressors is p53.
In general, tumor suppressors produce products that inhibit
cell division under suboptimal conditions for growth such as
DNA damage and loss of growth factors. This gene is found
to be defective in about half of all tumors, regardless of their
type or origin.18,19 The mutations that inactivate p53 may be
inherited or acquired sporadically during an individual’s life
span.20

Mutations in p53 have been observed in various cell lines
exposed to environmental contaminants. For example, an
increase in p53 mutations was discovered in human breast
epithelial cells (MCF) exposed to organophosphorous pesti-
cides,21 and in human bronchial epithelial cells by PAHs.14

Whether environmental compounds contribute to the devel-
opment of these types of cancers in humans by directly mutat-
ing p53 or similar types of genes remains to be elucidated.

The propensity to develop cancer following environmen-
tal exposure to compounds can be increased by genetic factors.
Gene polymorphisms can render individuals more susceptible
to developing cancer in comparison to the average popula-
tion.22 Many of these mutations arise in metabolizing enzymes
that can increase the formation of reactive compounds in the
body. One of the best studied populations is cigarette smokers.
Mutations in cytochrome P-450 enzymes increase the forma-
tion of reactive metabolites of BaP, a major component in cig-
arettes. Additionally, phase II enzymes that are required for
elimination of reactive compounds have also been shown to
contain mutations; this leads to DNA damage that contributes
to the development of lung cancer.23 Therefore, individuals
with these mutations are at greater risk to develop cancer from
cigarette smoke. Studying populations with specific polymor-
phisms gives us important information regarding the mecha-
nism of action of environmental carcinogens.

Occupational Carcinogens

Occupational carcinogens, a subset of environmental car-
cinogens that are generally encountered at higher doses due
to workplace use, are more easily detected, and exposures can
be regulated. As illustrated previously, a person’s risk of
developing cancer is influenced by a combination of factors
including genetics, the presence of certain medical condi-
tions, diet, and personal habits (cigarette smoking and alcohol
consumption). Occupational hazards, particularly coal tar
fumes, asbestos, and aromatic amines, have been linked his-
torically to cancer development.22 According to the National
Institute for Occupational Safety and Health, an estimated
20,000 cancer deaths and 40,000 new cases of cancer each year
in the United States are attributable to occupation (less than
8% of all cancers). Many U.S workers are exposed to sub-
stances that have tested as carcinogens in animal studies, but
less than 2% of chemicals (of a total of approximately 80,000
chemicals) in commerce have been tested for carcinogenic-
ity.24 When new chemicals are introduced into the U.S.
market, the Toxic Substances Control Act (TSCA) requires a
manufacturer or distributor to submit a premanufacture
notice to the EPA 90 days before marketing. The EPA may
order additional testing, including cancer bioassays. In
general, chemicals are selected for testing when there is a 
significant human exposure or evidence suggesting potential
carcinogenicity.

2 3 4 chapter 18

TABLE 18.1. A partial list of known and reasonably anticipated
human carcinogens.

Aflatoxins
Arsenic compounds, inorganic
Asbestos
Benzene
Benzo(a)pyrenea

Cadmium and cadmium compounds
Chromium hexavalent compounds
Coal tars and coal tar pitches
Coke oven emissions
Diethylstilbestrol
Environmental tobacco smoke
Erionite
Ethylene oxide
Nickel compounds
Pesticide components: dichlorodiphenyltrichloroethane (DDT)a

Radon
Silica, crystalline (respirable size)
Solar radiation
Soots
2,3,7,8-Tetrachlorodibenzo-p-dioxin (TCDD); dioxin
Thiotepa
Wood dust
aAll compounds that are “reasonably anticipated” human carcinogens. Com-
pounds focused on in this chapter are denoted in boldface type.

Source: Data from the National Institute for Environmental Health Sciences
NTP. Tenth Report on Carcinogens, 2002.2



Identification of occupational cancers often depends on
the observation of a cluster of cases. Following these initial
observations, it is necessary to establish a link between the
agent and the development of cancers. This phase normally is
followed by a cohort study, which compares the incidence of
cancers in people exposed to the suspected agent with an
unexposed population or a case-controlled epidemiologic
study. In the case-control study, populations with cancer are
compared to those without it to determine if exposure to the
suspect carcinogen occurs more frequently among people with
cancers. The strengths and limitations of occupational cancer
epidemiology are highlighted by Ward et al.25 As of 1999, the
International Agency for Research on Cancer (IARC) classi-
fied 38 chemicals with industrial uses as Group 1 (known
human carcinogens). In addition, many other industrial chem-
icals are in IARC Groups 2A and 2B, indicating “probably” or
“possibly” carcinogenic to humans. These classifications
indicate that there is sufficient evidence for carcinogenicity
in animals but less than sufficient evidence from epidemio-
logic studies. Most insufficient evidence is the result of appro-
priate cohorts for accurate epidemiologic studies.25

More than 3 million U.S. workers are estimated to have
potential occupational exposure to agents classified by IARC
as Group 1 or Group 2A or 2B.8 Doll and Peto estimated that
occupational exposures accounted for 4% of human cancers,
and the majority of these cases involved lung cancers and
mesotheliomas caused by asbestos exposure.26 Other esti-
mates range as high as 10%.27,28 The contribution of occupa-
tional carcinogens to human cancers is exceeded only by
cigarette smoking and diet.25

In light of the multiplicity of compounds considered envi-
ronmental or occupational carcinogens, we have chosen to
review a few select compounds and information on their car-
cinogenic potential. Initially, we discuss contaminants to
which the general population is exposed in food products,
water, and air pollution; these include PAHs, dioxins, pesti-
cides, and arsenic. We then concentrate on naturally 
occurring durable fibers to which humans are primarily
exposed in environmental and occupational settings, namely
asbestos.

Polyaromatic Hydrocarbons

Polyaromatic hydrocarbons are a group of more than 100
ubiquitous environmental contaminants that occur naturally
in coal, crude oil, and gasoline and are produced mainly from
incomplete combustion of fossil fuels. PAHs are found in
tobacco smoke, smoke from wood-burning stoves and fire-
places, and motor vehicle exhaust.2 Additionally, smoking or
charbroiling meat can increase the formation of PAHs.29 Aside
from occupational exposure, humans can potentially come
into contact with PAHs through contaminated air, food, and
water sources.2

One of the major routes of exposure to PAHs is via air pol-
lution. It has been estimated that the daily intake for the
general population of total PAHs inhaled is 207ng/m3.30 PAHs
are believed to be present in urban air absorbed to respiratory
particles.23 Once inhaled, these compounds can form covalent
adducts with DNA, or are metabolized to quinones by
CYP450 enzymes, namely CYP1A1, that initiates the forma-
tion of reactive oxygen species (ROS). The formation of ROS
can also be stimulated by particle-induced inflammation.31

The consequence of these actions is thought to contribute to
carcinogenesis via damage to DNA, initiation of cell prolif-
eration, or alterations in cell-cycle control.

The carcinogenic potential of PAHs has been well estab-
lished for decades, and evidence to date has resulted in many
of these compounds being labeled as reasonably carcino-
genic.2 The most striking data come from animal and in vitro
studies of BaP, as well as occupationally exposed populations
and cigarette smokers. Epidemiologic data supporting the
development of cancer in the general (nonsmoking) popula-
tion by inhaling these compounds is not as robust, but recent
studies in conjunction with previous occupational exposure
data suggest that exposure to PAHs in ambient air is a current
concern. Presently, increases in markers of genotoxicity such
as PAH–DNA adducts, PAH–protein adducts, cytogenetic
damage, and urinary metabolites30 have been detected in
several populations exposed to air pollution containing PAHs
as a major contaminant in comparison to control regions.31

Lung tumors have also been detected in animals exposed to
PAH-containing diesel exhaust.32 Data from in vitro studies
show that c-myc expression, adduct formation, and cell-cycle
progression are altered in lung epithelial cells exposed to
PAHs33 and particulate matter containing PAH compounds.34

Li et al.35 showed a positive correlation between PAH content
of particulate matter and the generation of ROS in rodent
macrophages, whereas arsenic caused oxidative stress-
induced apoptosis in rat lung epithelial cells.36

PAHs are also found in groundwater, usually as a result of
industrial runoff into raw water supplies, and in leachates from
coal tar and asphalt linings in water storage tanks and distri-
bution lines. Overall, the levels of PAHs in drinking water sup-
plies have been relatively low and, in general, are more 
abundant in food than water. A study by Kazerouni et al.29

showed the presence of PAHs in charbroiled meats and veg-
etables. They suggest that PAHs in plants are directly acquired
from contaminated soil and air. Although animals that ingest
PAHs in their diet get stomach cancers, future studies are
required to determine if human populations are at increased
risk for PAH-induced cancer through dietary exposures.2

The genotoxic mechanisms by which PAHs initiate
cancer have been extensively explored since the discovery
years ago that reactive metabolites of BaP could form DNA
adducts. Based on this information, current biomarkers of
PAH exposure have been limited to the detection of PAH
metabolites and PAH–DNA adducts in blood, urine, and
various tissues.37,38 Epigenetic mechanisms are not as well
defined; however, recent studies indicate PAHs can alter cell
signaling cascades that control cell communication, growth,
and immune functions, which may lead to additional targets
that would be useful as biomarkers of exposure. The expres-
sion of key signaling pathways including mitogen-activated
protein kinase (MAPK), activator protein 1 (AP-1), nuclear
factor kappa beta (NFkb), and protein kinase C (PKC) have all
been shown to be affected by PAHs. More specifically, PAH-
induced activation of MAPK, which resulted in altered cellu-
lar communication via gap junctions,39 suppressed various
PKC isoforms,40 suppressed humoral and cell-mediated
immunity,41 and induced AP-1 and NFkb, which may be
involved in tumor-promoting effects.35 Additionally, PAHs
have been shown to act through nuclear receptors, including
estrogen receptors and the aryl hydrocarbon (Ah) receptor.42,43

Deciphering which signaling pathways are involved in PAH-
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induced carcinogenesis is a complex task that is a current
focus of researchers in the field.

Pesticides

Pesticides are a group of both natural and synthetic com-
pounds that are used to control unwanted insects, plants,
fungi, and rodents. All pesticides contain biologically active
compounds that are purposely designed to interfere with
normal biologic processes in target organisms. The activity of
these compounds may target specific plants or animals, or
they may be toxic to a wide range of species. Therefore,
humans exposed to certain pesticides may be at risk to the
toxic effects of these compounds, including the development
of certain cancers.

Aside from individuals who come into contact with pes-
ticides through occupational exposures, the general popula-
tion is exposed to pesticides through the ingestion of food and
water, by absorption through the skin, or by inhalation during
application. Assessing exposure through these routes is
extremely difficult because many of these factors rely on
lifestyle and vary tremendously on an individual basis.

The EPA’s pesticide program and other national and inter-
national bodies have classified approximately 165 pesticide
chemicals as known, probable, or possible human carcinogens.
Currently, there is a lack of human data to support most pes-
ticides as being definitively carcinogenic to humans (except
arsenic and ethylene oxide). However, data from animal and in
vitro mechanistic studies suggest many of the main compo-
nents of pesticides have the potential to cause cancer in
humans and are therefore classified as probable carcinogens.2

Many pesticides may cause tumors by disrupting cell pro-
liferation, apoptosis, and cell communication and inducing
oxidative stress through nongenotoxic mechanisms.12 For
example, glycophosphate-based pesticides alter cell-cycle
parameters in human lymphocytes.44 In another study, differ-
ent chemical classes of pesticides were shown to alter cellu-
lar proliferation by activation of erbB-2/MAPK signaling
pathways.45

1,1,1-Trichloro-2,2-bis(p-chlorophenyl)-ethane (DDT) is
one of the most well-studied organochlorine pesticides rea-
sonably anticipated to be a human carcinogen.2 Despite the
banning of DDT in the United State in the early 1970s because
of its adverse effects on wildlife, it is still produced in other
countries.46 DDT is an environmentally persistent compound
that has been detected at high levels in air, water, soil, plants,
animals, and human tissues. A great deal of controversy sur-
rounds the carcinogenic potential of DDT. There is an abun-
dance of in vitro data to suggest DDT is carcinogenic; however,
data from human and animal studies have been inconsistent.

DDT can interfere with normal endocrine pathways and
so it is suspected to contribute to the increasing incidence of
breast and prostate cancers. There is also evidence of DDT-
induced tissue damage through oxidative mechanisms.47

More recently, DDT has also been shown to alter cell signal-
ing pathways (MAPK) that regulate growth through the 
AP-1 transcription factor.48 DDT also activated the oncogene
erb-B2 and MAPK phosphorylation in human prostate45

and breast epithelial cells,49 which correlated with cell 
proliferation. These results provide evidence of signaling
pathways whereby environmental chemicals may alter
tumorigenesis.

Arsenic

Inorganic arsenic has been known as a human carcinogen for
decades. The first evidence suggesting arsenic could cause
cancer occurred in 1977.50 During this time, arsenic was being
applied directly to the skin as a treatment for psoriasis, which
resulted in the development of skin cancers.51 Arsenic is
released into the atmosphere from both natural and anthro-
pogenic sources, the latter being responsible for the majority
of emissions released.51 The production of arsenic in the
Unites States has been banned since 1985; however, it is still
imported for use. The current concern lies in being exposed
to arsenic through food and drinking water. Additionally,
individuals may be exposed to arsenic compounds through air
emissions from industrial facilities that manufacture pesti-
cides, glass, and cigarette tobacco, smelting operations, and
the burning of fossil fuels.2

Studies from around the world have linked exposure to
arsenic with the formation of skin, lung, and bladder cancers.
There is also increasing evidence that arsenic increases the
risk of developing cancers of the kidney, liver, and colon. The
majority of epidemiologic studies have focused on popula-
tions with contaminated groundwater/drinking water. Many
of these populations have higher incidences of lung cancers
in comparison to control populations.52,53 More recently, there
is concern that ingestion of arsenic through contaminated
food sources and ambient air pollution may be additional
routes of exposure.

The means by which arsenic causes cancer is not well
understood. Multiple mechanisms have been proposed and
include both genotoxic and nongenotoxic modes of action.51

Arsenic does not interact with DNA, but indirectly causes
chromosome aberrations, genomic instability, and aberrant
DNA methylation in promoter regions of genes. In animal
studies, arsenic induces the formation of ROS, which may
alter regulation of DNA repair and cell-cycle progression.54,55

The generation of ROS by arsenic can have a profound effect
on signal transduction pathways. Growth factor receptors
[epidermal growth factor receptor (EGFR), platelet-derived
growth factor (PDGF), vascular endothelial growth factor
(VEGF)], G proteins (Ras, C-src), kinases [extracellular regu-
lated kinase (ERK), c-Jun NH2-terminal kinase (JNK), p38],
and nuclear transcription factors [NFkb, AP-1, hypoxia-
inducible factor 1 (HIF-1)] have all been suggested as targets
of arsenic-induced oxidative damage through mechanisms
that are still poorly understood.56 Arsenic can also affect these
pathways independent of free radical generation by direct
interaction with these proteins. Alterations in these signal-
ing pathways can have profound effects on cell proliferation,
apoptosis, differentiation, and transformation.57

Dioxins

Dioxins are a collective group of structurally related com-
pounds that are by-products of industrial and combustion
activities such as smelting, bleaching of paper and pulp, the
manufacture of some pesticides, waste incineration, and
burning fuels such as wood, coal, or oil. They are also released
from natural processes such as volcanic eruptions and forest
fires.2 Dioxins are found throughout the world in air, soil,
water, and food sources. These compounds break down very
slowly and therefore tend to bioaccumulate in the environ-
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ment. Dioxins also tend to accumulate in the tissues of both
mammalian and aquatic species. The major route of exposure
is now thought to be via food sources.2

Environmental exposure to dioxins has been a concern for
decades. Two of the best publicized accounts of dioxin expo-
sure include the industrial accident in Seveso, Italy, in 19767

and the use of Agent Orange during the Vietnam War in the
1960s and 1970s.58 Epidemiologic data from these incidents
imply that there is sufficient evidence of an association
between dioxins and various cancers including soft tissue sar-
comas, lymphomas, leukemias, and Hodgkin disease.

TCDD is the most well-studied dioxin. TCDD is regarded
by the NTP as a known human carcinogen (Ninth Report on
Carcinogens, 2001) based on sufficient evidence from human
epidemiologic and mechanistic studies. Experimental animal
studies also support TCDD as a carcinogen because it pro-
duces tumors in multiple species including mice, rats, and
hamsters. Mutations in the proto-oncogene H-ras have also
been observed in TCDD-exposed animals.59 Despite the deci-
sion of the National Institute of Environmental Health Sci-
ences (NIEHS) to add TCDD to the list of known carcinogens,
scientists argue that current scientific data suggesting the 
carcinogenic potential of TCDD in humans are weak and
inconsistent.60

The best-studied mode of action of TCDD-induced car-
cinogenesis is via the aryl hydrocarbon (Ah) receptor. The Ah
receptor controls the expression of genes containing a xeno-
biotic response element (XRE) in their promoters. Studies
have shown activation of the Ah receptor by TCDD produces
a wide spectrum of biologic responses, including altered
metabolism, growth, differentiation,61 stress, DNA repair, and
motility,62 that may contribute to carcinogenesis.

The effect of TCDD on specific signaling pathways has
recently been studied. For example, the MAPK-ERK pathway
has been implicated in TCDD-induced carcinogenesis
through activation of tumor necrosis factor-alpha (TNF-a) and
epidermal growth factor (EGF).62 Whether activation of this
pathway by dioxins is independent of the Ah receptor remains
to be elucidated. New scientific approaches including gene
arrays are currently being employed to gain a better under-
standing of the mechanisms responsible for dioxin-mediated
carcinogenesis. Recently, Martinez et al.63 showed that
TCDD alters multiple integrated cell signaling pathways
associated with lung cancer in human airway epithelial cells
using a gene array approach.

Asbestos: General Aspects of Exposure

Asbestos, a group of naturally occurring, fibrous silicate min-
erals, include the serpentine mineral, chrysotile, and five
amphibole minerals (actinolite, amosite, anthophyllite, cro-
cidolite, and tremolite)64 (Table 18.2). Chrysotile, anthophyl-
lite, amosite, and crocidolite are the only forms that have
been used commercially.65 However, tremolite can be a con-
taminant in chrysotile and talc deposits, and actinolite is a
common contaminant in amosite deposits.2 Occupational
exposure to chrysotile, amosite, anthophyllite, and mixtures
containing crocidolite has resulted in lung carcinomas, and
mesothelioma has been observed after occupational exposure
to crocidolite, amosite, and, to a lesser extent, chrysotile
asbestos.66–68 Due to asbestos-related cancers in occupational
settings, consumption of asbestos in the United States has
been declining since 1973.2

Asbestos is released into the environment from natural
and man-made sources and has been detected in indoor 
and outdoor air, soil, drinking water, food, and medicines. 
Significant exposure to any type of asbestos increases the risk
of lung cancer, mesothelioma, and nonmalignant lung and
pleural disorders, including asbestosis, pleural plaques,
pleural thickening, and pleural effusions. This conclusion is
based on observations of these diseases in workers with
cumulative exposures ranging from about 5 to 1,200 fibers-
year/mL, which results from 40 years of occupational expo-
sure to air concentrations of 0.125 to 30 fibers/mL. These
conclusions are supported by results from animal and mech-
anistic studies.69

Evidence for asbestos carcinogenicity in humans comes
from epidemiologic studies as well as from numerous clini-
cal reports on workers exposed to asbestos in a variety of
occupational settings.68,70 Most recently, tremolite asbestos
exposure has been associated with an increased incidence of
disease in vermiculite miners and millers from Libby,
Montana. Vermiculite is a clay mineral used in concrete
aggregate, fertilizer carriers, insulation, potting soil, and soil
conditioners. The Libby mine opened in 1921 and at one point
accounted for 80% of the world’s vermiculite production. The
Libby vermiculite deposit is unique in the sense that it con-
tains an average amphibole asbestos content of 4% to 6%,71

including tremolite and actinolite.69 Miners, millers, and
some residents of Libby were exposed to high levels of
asbestos-containing dust and developed nonmalignant respi-
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TABLE 18.2. Types and physicochemical properties of asbestos fibers (defined as having at least a 3 :1
length-to-diameter ratio).

Type Composition Morphology Sources

Chrysotile (Mg)6(OH)8Si4O10 (±Fe) Curly 95% of asbestos usage historically
Crocidolite Na2(Fe3+)2(Fe2+)3(OH)2Si8O22 Straight/rodlike Mined in Australia and South Africa

(±Mg)
Amosite Fe7(OH)2Si8O22 (± Mg, Mn) Straight/rodlike Mined in Australia and South Africa
Tremolite Ca2Mg5(OH)2Si8O22 (± Fe) Straight/rodlike Contaminant of certain chrysotile

deposits
Anthophyllite (Mg, Fe)7(OH)2Si8O22 Straight/rodlike Mined in northern Europe
Actinolite Ca2Fe5(OH)2Si8O22 (± Mg) Straight/rodlike Contaminant of certain chrysotile

deposits

Source: Data from Guthrie,64 by permission of BookCrafters, Inc.; 1993.



ratory diseases, lung cancer, and mesothelioma.69 A mortal-
ity review that compared asbestos-related deaths in Libby
versus Montana versus the United States found that, for the
20-year period examined (1979–1998), mortality from asbesto-
sis was approximately 40 times higher than the rest of
Montana and 60 times higher than the rest of the U.S. popu-
lation. Lung cancer mortality was 1.2 to 1.3 times higher than
expected compared to Montana and the United States, and
the mesothelioma mortality was also elevated.72 The Libby
vermiculite mine closed in 1990, but its products are still on
the market.71 In a recent medical testing program to identify
and quantify asbestos-related radiographic abnormalities
among persons exposed to vermiculite in Libby, cross-
sectional interview and medical testing was conducted in
7,307 persons who have lived, worked, or played in Libby for
at least 6 months before December 31, 1990. Of these, 6,668
participants received chest radiographs to assess the preva-
lence of pleural and interstitial abnormalities. The study
showed 17.8% of pleural abnormalities and less than 1%
interstitial abnormalities.

Tremolite asbestos, a hydrated calcium magnesium sili-
cate [Ca2Mg5Si8O22(OH)2], is also a known contaminant of
chrysotile and fibrous talc.73–75 The differences in cancer
potential between chrysotile asbestos, a serpentine mineral,
and amphibole asbestos have been debated extensively. Many
studies show that chrysotile is cleared from the lungs more
rapidly than amphiboles.76 Due to the clearance and dissolu-
tion of chrysotile, it has been suspected that contaminating
tremolite might be responsible for mesotheliomas occurring
in chrysotile miners and millers.75 It also has been suggested
that processed chrysotile contains little or no tremolite.77

Amosite asbestos was the most common fiber type found in
the lungs of asbestos-exposed mesothelioma patients.78 In a
more recent study by Roggli et al.,75 312 cases of mesothe-
lioma were analyzed for fiber types in lung parenchyma by
scanning electron microscopy. Tremolite was identified in
53% of the cases and was increased in 26% of the cases.
Fibrous talc was identified in 62% and correlated strongly
with the tremolite content (P = 0.0001). Chrysotile was 
only identified in 10% of the cases, and amounts correlated
with the proportion of tremolite. In 4.5% of the cases, non-
commercial amphibole fibers (tremolite, actinolite, and/or
anthophyllite) were the only fiber types found existing above
background (control individual) levels. They concluded that
tremolite in lung tissue samples from mesothelioma victims
were derived from contamination of talc and chrysotile, and
that tremolite accounted for a considerable fraction of the
excess fiber burden in end-users of asbestos products.

Asbestos-Induced Malignant Disease

Bronchogenic Carcinoma/Lung Cancers

Heavy occupational exposure to asbestos has been associated
with developing lung cancer, and a dose–response relation-
ship between asbestos exposure and cancer incidence has
been well documented.79,80

Cigarette smoking and asbestos exposure have additive or
synergistic interactions in inducing cancer of the lung.68,81

Compared to cigarette smokers with no asbestos exposure,
there is a substantial increase in mortality rate in cigarette-
smoking asbestos workers.81,82

Mesothelioma

Malignant mesothelioma is a rare tumor that is derived from
mesothelial cells of the serosal surface of a body cavity. The
most important causal factor for the development of human
mesothelioma is exposure to asbestos, primarily to amphibole
asbestos. After Wagner et al.83 reported 33 cases of pleural
mesothelioma in a crocidolite-mining area in South Africa,
increasing attention has been given to this disease. Although
mesothelioma is a rare disease with an annual incidence in
the United States of 2,000 to 3,000 cases, a steady rise in cases
has been reported.84,85 In Europe, the incidence of malignant
pleural mesothelioma has risen for decades and is expected to
peak between the years 2010 and 2020.86 In a recent study on
1,445 cases of mesothelioma in the United States, it was
determined that commercial amphiboles were responsible for
most of the mesothelioma cases observed.75 Chrysotile
asbestos may produce mesothelioma in man, but the number
of cases is small, and the required exposures are large.87 A
recent report suggests that heavy exposures to chrysotile
asbestos alone or with negligible amphibole contamination
can cause malignant mesothelioma and other lung cancers in
man.88 However, studies evaluating worker populations that
are transient and may be exposed to different types of fibers
over a lifetime are difficult to interpret.

Mechanisms of Action of Asbestos Fibers

The potential of asbestos fibers to cause cancer has been
linked to their geometry, size, and chemical composition.
Long (more than 5mm), thin (diameter less than 3mm) fibers
are a health concern89 and have been found to cause mesothe-
lioma and fibrosis after intrapleural or intraperitoneal admin-
istration to rodents.90 In addition to size, the chemical
composition of fibers plays an important role in determining
the durability, biopersistence, and biodegradability of asbestos
types. The greater durability of amphiboles compared to
chrysotile appears to be one of the principal reasons for their
greater carcinogenic potential. Amphibole fibers persist at
sites of tumor development and may serve as stimuli for neo-
plastic growth of cells.91,92 The persistence of the amphibole
fibers at the site of tumor formation is important to both
tumor induction and promotion because the mean latency
period between initial exposure to asbestos and the develop-
ment of mesothelioma is around 30 to 40 years.67,93

An important unresolved issue is whether asbestos fiber
carcinogenicity is through direct effects of asbestos on
mesothelial cells or through indirect mechanisms involving
oxidative stress.94,95 A ramification of interaction of long
(more than 5mm) fibers with cells is frustrated phagocytosis
and a prolonged oxidative burst.96 The increased durability
and high iron content of the amphiboles, crocidolite, and
amosite also may contribute to their higher carcinogenic
potential through oxidants catalyzed by iron and/or surface
reactions occurring on the fiber. The cytotoxicity of crocido-
lite fibers in human lung carcinoma cells is directly linked 
to iron mobilization and is followed by increased ferritin 
synthesis, a perpetual feedback system for uptake of iron by
cells.97,98 Studies on animal models and cell cultures have con-
firmed that asbestos fibers generate ROS and reactive nitro-
gen species (RNS).67,95,99 These effects may be potentiated by
the inflammation associated with fiber exposures.100
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A complex profile of somatic genetic changes has been
revealed in human malignant mesotheliomas. These changes
implicate a multistep process of tumorigenesis. The occur-
rence of multiple, recurrent cytogenetic deletions suggests
that loss and/or inactivation of tumor suppressor genes are
critical to the development and progression of mesothelioma.
Deletions of specific regions in the short (p) arms of chromo-
somes 1, 3, and 9 and long (q) arms of 6, 13, 15, and 22 are
repeatedly observed, and loss of a copy of chromosome 22 is
the single most consistent numerical change.101

Asbestos fibers in vitro cause the production of DNA
damage either via production of ROS or by direct damage to
chromosomes after phagocytosis of fibers.90,102 The conse-
quences of such DNA damage could be the loss of tumor sup-
pressor genes, activation of proto-oncogenes, or unregulated
generation of growth factors through paracrine/autocrine
mechanisms.103 Asbestos also causes alterations in cell sig-
naling pathways linked to abnormal growth control in pul-
monary epithelial cells, mesothelial cells, endothelial cells,
and fibroblasts.3,104 Asbestos also activates redox-sensitive
transcription factors such as NF-kb105 and AP-1,106 which
leads to increased cell survival, inflammation, and, paradox-
ically, the upregulation of antioxidant enzymes such as 
manganese superoxide dismutase.100 This enzyme is also
overexpressed in asbestos-related mesotheliomas,107,108 ren-
dering them highly resistant to oxidative stress in compari-
son to normal mesothelial cells.

Carcinogenesis was classically thought to be a prolifera-
tion-driven process. However, it is now recognized that 
neoplastic growth is an imbalance between apoptosis and pro-
liferation. In support of this concept, a dynamic balance
between apoptosis and cell proliferation is observed in

mesothelial cells exposed to crocidolite asbestos.109 Studies in
vitro indicate that asbestos can induce apoptosis in mesothe-
lial cells through formation of ROS110,111 and by mitochon-
drial pathways.94,112

Studies in our group have found that the EGFR is an
important initial target of asbestos fibers at the cell mem-
brane (Figure 18.1). This growth factor is required for prolif-
eration of human mesothelial cells113 and is produced in 
an autocrine fashion in mesotheliomas.114 Autophosphoryla-
tion of the EGFR occurs in mesothelial cells after in 
vitro exposures to asbestos. Moreover, aggregation and phos-
phorylation of the EGFR by long fibers initiates cell signaling
cascades linked to asbestos-induced injury and mitogene-
sis.115,116 Increased expression of EGFR in rat pleural mesothe-
lial cells correlates with the carcinogenicity of mineral
fibers.117

We have also shown that the EGFR is causally linked to
activation of the MAPK cascade and increased expression of
the proto-oncogenes c-fos and c-jun (see Figure 18.1).116,118

Expression of both fos and jun family members (components
of the transcription factor AP-1 complex) is required for tran-
sition through the G1 phase and entry into the S phase of the
cell cycle.119 Most recently, ERK 1/2-induced activation by
asbestos has been linked to the induction of fra-1, an impor-
tant component of the AP-1 complex that is causally related
to anchorage-independent growth in mesothelioma.107

Microarray analyses have shown increased expression of fra-
1 in rat and human mesotheliomas.120 Other growth factors
and their receptors also are important in malignant mesothe-
lioma including transforming growth factor-alpha (TGF-a),
which binds to the EGFR,121 insulin growth factor II,122 and
PDGF.123 Increased levels of hepatocyte growth factor (HGF)
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Figure 18.1. Schematic show-
ing some of the major cell 
signaling events thought to be
involved in asbestos-induced
carcinogenesis.



and keratinocyte growth factor (KGF), known growth factors
for mesothelial cells, have been detected in pleural lavage
fluids in rodents exposed to asbestos.124 The HGF receptor, c-
Met, a proto-oncogene product whose activation leads to cell
growth and altered morphogenesis, is activated in SV-40-
positive human mesothelioma cells.125 High expression levels
of c-met have been detected in rat mesothelioma cells and are
fra-1 dependent.126

Conclusions

Identification and understanding the mechanisms of cancer
induction and/or development induced by environmental 
carcinogens are critical for both cancer prevention and ther-
apeutic approaches. As emphasized at a recent workshop,127

removal or reduction of carcinogens in the environment is the
most effective way to reduce future cancer risks. In this
regard, clinicians and basic scientists should be advocates in
the public health arena.

This chapter illustrates the complexities of action of
diverse groups of environmental/occupational carcinogens,
but also indicates common modes of action that might be
modeled in bioassays using human cells to predict carcino-
genicity (Table 18.3); these include assays for DNA damage
or repair and carcinogenic adduct formation and assays for
activation of key proto-oncogenes or inhibition of tumor 
suppressor genes. It is important to realize that agents in 
combination, for example, asbestos and cigarette smoke, may
be more carcinogenic than individual agents; thus, modeling
and revealing additive or multiplicative risks from mixtures
of carcinogens are critical future tasks. Defining gene–envi-
ronment interactions will also be important in defining
genetic predisposition to suspect agents.

A recent volume128 presents the challenges of diagnosis
and treatment of occupational cancers to the physician,
which include the necessity for thorough patient question-
naires emphasizing smoking habits and working histories.
The identity of prototypic cancers, such as mesothelioma,
may pinpoint asbestos exposures, but these tumors are 
difficult to diagnose. A multidisciplinary clinical team is
advocated to address genetic factors, diagnosis of tumors,
treatment options, and follow-up of patients.
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Cancer Metastasis
Kevin McDonnell and 

Anton Wellstein

ancer metastasis, the spread of cancer from its primary
location to secondary sites, heralds the progression to
a fundamentally distinct oncologic disease. Metasta-

tic infiltration often disrupts the integrity and physiologic
functioning of the target organ, giving rise to the pain, 
morbidity, and mortality that make metastatic disease such
a devastating illness.1–11

Molecular Origins of the Metastatic 
Phenotype

The biologic process by which a primary tumor escapes the
vicinity of its original environment and colonizes remote des-
tinations is complex, involving a cascade of pathophysiologic
events. Such events, it has been suggested, occur through a
sequence of stochastic genetic alterations12 fostered by an
inherent genetic instability.13–15 These mutations are perpetu-
ated by a mechanism of evolutionary selection, which confers
a survival advantage on the metastasizing cell.16–18 In contrast
to the idea of random molecular occurrences spawning the
metastatic phenotype, some investigators have proposed that
metastasis derives from activation of preexisting genetic
scripts, for example, RAS- and/or MYC-mediated mecha-
nisms,19,20 that promote metastasis. Alternately, cells may
acquire the ability to metastasize via the silencing of metasta-
tic suppressor genes.21,22 The first metastatic suppressor was
identified as the “non-metastatic clone 23” (NM23) gene,23

whose suppressive effects are believed to be mediated via
influences upon ERK-MAPK signaling.24 Subsequently, 
additional metastatic suppressor genes have been character-
ized, including, among others, KAI-1,25 KISS-1,26 tissue
inhibitors of metalloproteinases (TIMPs),27 MKK4,28,29

BRMS1,30 SSeCKs,31 RhoGD12,32 and Drg-1.33 This collection
of metastasis suppressor genes are unified mechanistically
insofar as they inhibit the spread of primary tumors via 
modulation of cellular growth and adhesion properties 
and cytoskeletal architecture.29 Whether the metastatic phe-
notype ultimately develops from a series of random muta-
tions, activation of preprogrammed genetic scripts, or
inhibition of suppressive mechanisms, further investigations
of the molecular origins of this phenotype may yield impor-
tant insights into the specific targeting and/or control of
cancer metastases.

The Tumor Microenvironment
The metastasizing cancer cell is endowed with a constellation
of properties that permits it to successfully translocate to sec-
ondary tumor sites. Among these properties is the ability to
sustain uncontrolled primary growth.12 Such primary growth
takes place by virtue of the cell’s own genetic programming,
but it also may be abetted by a permissive microenviron-
ment.34–38 Microenvironmental biologic status may have a dra-
matic effect on the capability of the tumor to expand and
ultimately metastasize. For example, the microenvironment
provides a rich source of tumor growth stimulatory molecules.
Microenvironmental expression of these factors permits
primary tumor expansion and induces tumor metastasis.39–42

Other microenvironmental influences are important with
regard to tumor growth and metastasis as well. For example,
the immunologic status of the microenvironment mirrors the
immunologic integrity of the organism as a whole, and this
integrity exerts a dramatic influence on tumor growth.43

Immunodeficient states are associated with increases in the
incidence of cancer,44,45 and ultraviolet irradiation-induced
compromise of immune function results in increased malig-
nant growth.46–49 Conversely, there has been demonstrated 
an inverse relationship between the occurrence of cancer 
and metastasis and activation of microenvironmental 
immunity.50–53

The Tumor Microenvironment: 
Blood Vessel Formation
Microenvironmental vascular status also exerts a profound
impact on the ability of the primary tumor to grow and 
metastasize. Expression of blood vessel growth-promoting
molecules is generally a poor prognostic factor associated
with cancer54,55 and specifically with breast cancer,56–58 cancer
of the central nervous system,59–61 gynecologic cancers,62–64

gastrointestinal cancer,65–67 and prostate cancer.68,69 Proclivity
for metastasis correlates with the degree of tumor-associated
blood vessel formation.70–78 Such tumor-associated blood
vessel formation promotes metastasis in two ways: blood
vessels function to transport growth-stimulating nutrients to
the burgeoning primary tumor and as a conduit by which
metastasizing cells travel toward their secondary tumor 
destinations.

The formation of blood vessels is regulated by the cumu-
lative effects of a variety of molecules; the roles of these mol-
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ecules typically are defined during the period of embryonic
blood vessel formation and later reprised in the context of
pathologic tumor-associated vessel genesis. During embry-
onic development, blood vessels arise via a number of dis-
tinct mechanisms including vasculogenesis, angiogenesis,
and vessel intussusception.

Vasculogenesis is the de novo construction of the vascu-
lature. During this process, embryonal mesoderm is stimu-
lated to differentiate into precursor hemangioblasts and then
endothelial cells. Fibroblast growth factors (FGFs)79 and vas-
cular endothelial growth factor (VEGF)80 provide key differ-
entiation signals initiating the mesodermal to endothelial
transition. VEGF, together with other molecular factors, cue
endothelial cells to proliferate further and assemble into
linear aggregates that subsequently reorganize to form a
tubular vascular reticulum.81–83 Additional molecules play
more specialized roles; for example, the integrins induce
lumen formation,84 and angiopoietin 1 acts to promote the
entrenchment and stabilization of the nascent vasculature by
modulating endothelial cell adherence to nearby tissue and
extracellular components.85–87

Following incipient vasculogenic establishment of the
original blood vessel system, the vasculature may continue
to expand via ancillary mechanisms including angiogenesis
or vessel intussusception. Angiogenesis entails proliferation
of the previously established endothelial cell population,
permitting collateral expansion from the nascent 
vascular reticulum. VEGF is a primary molecular promoter 
of angiogenesis. However, for efficient collateral expansion 
to occur, angiopoietin 1-mediated fortification of the 
vasculature must be abrogated. Such reversal is mediated
through the antagonistic actions of angiopoietin 2, which
inhibits the actions of angiopoietin 1 at the Tie 2 receptor,
permitting the disruption of endothelial cell–extracellular
matrix stabilizing interactions.88 An additional mechanism
that may allow expansion of the extant blood vessel 
system is the process of intussusception in which blood
vessels are split by VEGF-stimulated growth and interposi-
tion of an endothelial tissue barrier across the lumen of the
vessel.89–92

The pathologic formation of blood vessels during tumor
growth and metastasis reactivates many of the mechanisms
operating during embryonic blood vessel formation. Remi-
niscent of embryonic vasculogenesis, endothelial precursor
hemangioblastic cells are activated from the bone marrow.
These cells incorporate into the newly forming tumor vascu-
lature,93–96 frequently comprising more than one-third of the
blood vessels.97 Both FGF and VEGF have been demonstrated
to function as molecular mediators of tumor-associated vas-
culogenesis.98–102 Angiogenic sprouting, as well, contributes to
pathologic blood vessel formation, and this mechanism is also
modulated by FGFs and VEGF103 in addition to angiopoietin
2.104

Tumors may also achieve vascularization via specialized
mechanisms. Tumors may “co-opt” existing blood vessels by
associating with previously established vasculature and, in so
doing, satisfying their own metabolic needs by allowing
themselves access to the nutrients and oxygen transported
through these vessels. Intriguingly, in a mechanism referred
to as “vascular mimicry,” tumor cells may functionally
imitate the endothelial cell itself by forming tumor cell-lined
channels that accommodate blood flow.90,91,105

The Angiogenic Switch

Generally, blood vessel formation takes place when the 
stimulatory effects of proangiogenic molecules surpass the
inhibitory effects of antiangiogenic molecules. More specifi-
cally, the magnitude and actual pattern of the blood vessel
formation depends upon the precise timing, distribution, and
absolute and relative expression levels of these angiogenic
factors. In turn, expression of these factors is initiated by
various genetically programmed triggers that have been des-
ignated “angiogenic switches.”106,107 Within the pathophysio-
logic context of tumor-associated blood vessel formation,
these switches are clinically and phenotypically important
insofar as their activation is one hallmark of an aggressive,
metastatic phenotype.

Within the tumor microenvironment, an angiogenic
switch may be activated in response to an altered physiologic
milieu. For example, when a burgeoning tumor outgrows its
blood supply and creates a circumstance of tissue hypoxia,
there occurs a reactive increased expression of multiple 
genes including, among others, hypoxia-inducible factor 1
(HIF-1).108,109 HIF-1, in turn, modulates an angiogenic cascade
involving expression of a multitude of proangiogenic factors
including VEGF110–112 and FGF.113 Other physiologic perturba-
tions such as hypoglycemia114 and ischemia115 may also lead
to activation of an angiogenic switch.

The angiogenic switch, in addition to the increased levels
of VEGF and FGF, may also comprise increased expression of
proangiogenic matrix metalloproteinases,116,117 the downregu-
lation of antiangiogenic factors,118 activation of oncogenes, or
inactivation of tumor suppressor genes.114,115,119,120 Activation
of angiogenesis may also derive from the cumulative acqui-
sition of proangiogenic genetic elements over time, for
example, through the horizontal transfer of DNA among
neighboring tumor cells.121 Ultimately, elucidation of the
molecular basis of the angiogenesis activation will yield addi-
tional insight into mechanisms of tumor progression and
allow for effective targeting of tumor metastasis.122

The Importance and Role of the Lymphatic
System During Metastasis

The lymphatic system functions as a key microenvironmen-
tal adjunct to the vascular system for the spread of metasta-
sizing cells to their secondary sites.123,124 The importance of
the lymphatic system as an avenue of metastatic dispersion
is underscored by the prognostic value associated with the
spread of cancers to regional lymph nodes125,126 and the impact
of the removal of such lymph nodes on the prevention of
metastasis and overall survival.127,128

That peritumoral lymphatics play an integral role in
metastatic spread is established129,130; what is more contro-
versial is the role that intratumoral lymphatics play.131–134

This controversy has been fueled by the recent discovery 
of lymphatic-specific molecules such as VEGF C,135–137

VEGF D,138,139 and VEGFR-3.140,141 An association between
tumor expression of these lymphatic-specific factors and
metastasis has been established, suggesting that tumor lym-
phangiogenesis is an important prognostic indicator in the
same fashion as is tumor angiogenesis.142,143 It is anticipated
that the metastatic significance of intratumoral lymphatics



and lymphangiogenesis will be more firmly defined as addi-
tional lymphatic-specific molecules are identified and the
mechanism of tumor-associated lymphangiogenesis is further 
examined.

Intravasation

Following proliferation, metastasizing cells exit from the
primary tumor site into the bloodstream or the lymphatic cir-
culation via the process of intravasation.8 Woodhouse et al.
observed that intravasating cells recapitulate the peripatetic
cell phenotype characterizing embryonal physiologic pro-
cesses that are dependent upon migrating, invading cells such
as the primordial establishment of the original vascular and
nervous systems.144,145

The migratory aspects of intravasation entail specific 
cellular capabilities. The cell must exhibit the mechanical
ability for translocation; the development and advancement
of pseudopodia permit such locomotion.146 A variety of motil-
ity factors promote pseudopodia-mediated translocation;
these include autocrine molecules, for example, insulin-like
growth factor II147 and autotaxin,148 paracrine molecules such
as insulin-like growth factor I,149 and the extracellular matrix
molecules laminin, fibronectin,150 and collagen.151

For the metastatic cell to transit successfully beyond its
microenvironment, it must traverse the extracellular matrix.
Abetting this penetration, metalloproteinases degrade the
extracellular matrix,152,153 with expression levels of metallo-
proteinase expression correlating with the proclivity of cells
to metastasize.154,155

Tumor-associated blood vessel formation furthers the
intravasation process. Extracellular matrix degradation takes
place via the degradative effects of endothelial cell-released
collagenases and urokinases.156 As well, VEGF expression
accompanies the expansion of the tumor vascular network.
VEGF, which is also known as vascular permeability factor,157

causes the formation of leaky permeable vessels. Such leaki-
ness, important for the expansion of the tumor vasculature,158

also contributes to the successful intravasation of metasta-
sizing tumor cells.

End-Organ Arrest: Organ-Directed Metastasis

Postintravasation, tumor cells migrate to the sites of metas-
tasis. Clinical and experimental observations suggest that
metastatic destinations are selective for specific tissues159; for
example, among others, breast and prostate cancers preferen-
tially metastasize to bone,160 colorectal cancer to the liver,161

and skin cancer to the lung.162

Mechanisms proposed to account for directed metastasis
are controversial. The British surgeon Stephen Paget retro-
spectively investigated the metastatic destinations of a
variety of cancers by examining autopsy records and docu-
mented organ-specific metastasis patterns.163 He attributed
this proclivity for organ-specific metastasis to a salutary
interaction between the metastasizing cell and the end organ.
He likened the metastasizing cell to a seed that thrives in the
growth-promoting “soil” of the target organ.

An alternative mechanism explaining directed metastasis
was proposed in the early 20th century by another surgeon,
James Ewing. Ewing also documented a nonrandom pattern

of metastatic cancer spread; in contrast to Paget, however,
Ewing suggested that metastatic patterns could be attributed
to an anatomic, circulatory bias164; that is, metastasizing cells
tend to lodge and secondarily proliferate at the first vascular
bed distal from the primary tumor site.

Analyses of patterns of metastatic spread provide support
for Ewing’s hypothesis. Weiss et al., in extensive studies of
colon cancer metastasis, observed generalized proximal organ
metastasis correlating with the magnitude of target organ
flow.165 Weiss’ analyses, however, do not wholly vitiate the
“seed and soil” hypothesis of Paget. To the contrary, in these
same studies, Weiss observes that patterns of secondary
metastasis do not perfectly correlate with the magnitude of
blood flow. In some organs, the tendency for metastasis is
greater than or less than what would be predicted solely on
the basis of the magnitude of blood flow. These findings
suggest that some specific interaction between the circulat-
ing metastatic cell and the target organ influences the likeli-
hood of that cell metastasizing to that organ. Additional
observations corroborate this notion; patients with ovarian
cancer frequently develop malignant abdominal ascites,
necessitating placement of peritoneovenous shunts. In these
circumstances, malignant cells are drained from the abdomen
back into the circulation via the jugular vein whence they
pass through the capillary bed of the lungs. Ewing would
predict that these patients would develop pulmonary metas-
tases, and yet autopsy results reveal an overwhelming
absence of such growths.166,167

Hart and Fidler examined the organ biases of B16
melanoma metastases. In the whole animal, B16 cells spon-
taneously form metastases within the lung and ovaries. The
investigators intravenously injected B16 cells into mice
bearing syngeneic pulmonary, ovarian, and renal subcuta-
neous implants.168 Hart and Fidler found that B16 tumors do
not develop randomly; rather, they formed selectively within
the implanted lung and ovarian tissue, and not within the
kidney tissue. Thus, it would seem that some special inter-
action between circulating B16 cells and the pulmonary and
ovarian tissue dictates the metastatic bias.

A number of recent investigators, including Binacone 
et al., have sought to elucidate the mechanistic basis of 
organ-selective metastasis.169 E-selectins are adhesion mole-
cules expressed on the surface of endothelial cells. Binacone
demonstrated that the destination of metastasizing B16 cells
could be efficiently directed by controlling cell-surface
expression of E-selectin. This demonstration suggested that
organ-directed metastasis may be defined, in part, by an inter-
action between proteins expressed on the surface of the target
organ endothelium and those expressed on the surface of
metastasizing cells. In support of this hypothesis, the
metastatic destination of Chinese hamster ovary cells can be
altered by transfecting these cells to express a4b1 integrin on
their surface.170

In agreement with the idea of metastasizing cell–organ
endothelium interactions providing a basis for organ-selective
metastasis, a number of different lines of evidence have sug-
gested the uniqueness of organ endothelia.171–173 Ruoslahti and
his coworkers have suggested that the uniqueness of the
organ endothelia derives from signature endothelial cell-
surface proteins that comprise an address system and ensure
delivery of the metastasizing cell to a designated target
tissue.174–176 For example, specific proteins have been identi-
fied that mediate the binding of metastatic breast and prostate
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cancer cells to lung tissue177–179 and colon cancer cells to the
liver.180

Taken as a whole, the evidence supports both a circula-
tory, anatomic bias, as proposed by Ewing, and unique end-
organ properties, as theorized by Paget, underlying the
ultimate site of metastasis. Recent investigative initiatives
have sought to further define the molecular basis and relative
contributions of the circulatory, anatomic, and “seed and
soil” mechanisms toward organ-directed metastasis.

Extravasation

Having arrested at their target organ, metastasizing cells must
extravasate from the circulation by traversing the endothe-
lium and underlying basement membrane to achieve suc-
cessful secondary metastatic growth. This success derives 
to a significant degree from the same locomotive and tissue
penetrative capacities that were required to complete 
intravasation.

Novel insights into the molecular and mechanical aspects
of extravasation have been garnered by the development and
implementation of innovative experimental and investigative
techniques such as in vivo video microscopy181–183 and laser
scanning confocal microscopy.184 The ability of metastasizing
cells to translocate beyond the endothelium significantly
relies upon the inherent locomotive potential of the metas-
tasizing cell and has been correlated with the expression of,
among other molecules, transforming growth factor-beta185

and activation of promotogenic pathways involving, for
example, protein kinase 2/p38186 and c-erbB-2.187 To complete
its transendothelial migration, the extravasating cell may also
require a permeable endothelial cell layer188,189 as well as acti-
vation of transendothelial migratory mechanisms.190–192

Beyond the endothelial layer, the metastasizing cell must
penetrate the underlying basement membrane. Mechanisti-
cally, this process has been compared with the process of
inflammation-associated leukocyte infiltration193–198 requir-
ing, reminiscent of intravasation, metalloproteinase expres-
sion to degrade the basement membrane.199–201 Once the
extravasation process is complete, the metastasizing cell
faces its final obstacle of secondary proliferation at the
metastatic site.

Growth and Expansion of the Tumor 
at the Secondary Site

Expansion of the tumor at its secondary site represents
perhaps the most clinically significant of the metastatic steps,
for it is this growth and colonization at the target organ that
causes the physical disruption and physiologic derangement
of that organ, ultimately giving rise to the morbidity and mor-
tality characterizing metastatic disease.

Factors influencing expansion of the metastatic mass are
similar to those modulating growth at the primary tumor site.
These factors include properties inherent to the metastatic
cell itself such as accelerated and uninhibited growth, as well
as the ability to co-opt the resources of the secondary target
site for the cell’s own metabolic requirements.

In addition to its inherent characteristics, the metastasiz-
ing cell also relies on a receptive microenvironmental soil to
achieve optimal growth at the secondary site. As the site of

the primary tumor location, the immunologic, angiogenesis-
promoting and growth-stimulatory milieu of the secondary
site modulates the extent of metastatic tumor expan-
sion.202–206 Further understanding of those variables that
promote successful completion of this last metastatic step
may afford new insights into strategies directed at preventing
and vanquishing metastatic disease.

Discovery of Tumor Metastasis-Related Genes

Ultimately, conquering metastatic disease will likely derive
from a more thorough characterization of the genes expressed
during each step of metastasis. Transcriptional and functional
analysis of metastatic gene products may provide new
insights into the molecular mechanisms underlying the
process of metastasis and identify potential targets for thera-
peutic intervention.

Molecular technologic advances have made it possible to
discover genes that are differentially expressed between
normal physiologic and aberrant pathologic states. Two of the
more versatile techniques that permit identification of vari-
ably expressed genes are differential display and microarray
analysis.207 Differential display employs reverse transcription
and the polymerase chain reaction using mRNA derived from
different cellular states, allowing, for example, the identifi-
cation of genes that are expressed during the process of metas-
tasis and not expressed during nonpathologic states. Another
technique used to examine differential gene expression,
microarray analysis, characterizes gene expression based on
the relative hybridization of reversed transcribed gene 
products to a prefabricated, nucleic acid-containing matrix.
Demonstrating their power and utility, these techniques have
been used to discover metastasis suppressor genes208 and
metastatic molecular signatures.209–211

The endeavor to discover metastasis-related genes has
inspired innovative investigative approaches including the
use of phage display technology. Ngaiza and colleagues212

employed this technique to identify colon cancer genes medi-
ating metastasis to the liver. The gene products from a highly
metastatic colon cancer cell line were expressed on the
surface of the phage. Genes involved directly in the process
of liver metastasis were identified by in vivo biopanning, that
is, by injecting the phage into the circulation and selecting
those phages that specifically bound to the liver. One theo-
retical advantage of this technique is that it identifies genes
whose expression is not merely correlated with the process
of metastasis but rather those whose function is directly inte-
gral to the mechanism itself.

As more novel and precise methods for metastasis gene
discovery are developed and consequently, more specific
metastatic gene products are identified, so also, ideally, will
the therapeutic targeting of the metastatic process become
more focused and efficacious.

Antimetastasis-Directed Therapies

Investigations of metastatic genes and the mechanisms
driven by these genes have afforded new therapeutic modali-
ties for the treatment of cancer. Novel therapies have been
directed against specific molecules implicated in the metasta-
tic process, for example, erb-B2,213,214 the epidermal growth
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factor receptor,215 and caveolin 1.216 New treatments have
sought to modulate the expression of classes of metastatic-
related molecules such as the metalloproteinases217,218 and
metalloproteinase inhibitors.219 To reduce metastatic tumor
growth, innovative approaches such as activating the tran-
scription of metastasis suppressor genes220 and deactivating
putative metastatic switches, for example, hypoxia-inducible
factor,221 have also been employed. Therapies have also been
directed against specific steps of the metastatic cascade. 
One primary target has been angiogenesis,222 with focused
approaches aimed at neutralizing the effects of proangiogenic
molecules such as VEGF223–225 to curtail tumor growth and
metastasis and increase patient survival. Phage display tech-
nologies have made possible the identification of tumor 
vascular homing peptides, and these peptides have been
employed to exploit tumor-associated angiogenesis and to
selectively deliver anticancer agents to tumor sites.226,227

Accompanying the further clarification of the molecular
biology of the metastatic process is the development of poten-
tially more effective and potent antimetastatic clinical 
interventions.

Summary and Conclusions

The ravaging sequelae of metastatic disease underscore the
eminent need for effective therapies. The metastatic process
comprises an intricate sequence of complex events. Current
research initiatives aimed at defining the molecular basis of
these events are providing new insights into the targeting and
prevention of cancer metastasis. Future research efforts, it is
anticipated, will contribute to the optimization of current 
and introduction of innovative antimetastasis therapeutic
modalities.
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Tumor Immunology and
Immunotherapy

Jeffrey Weber, Sophie Dessureault, 
and Scott Antonia

he principles of basic cellular immunology as eluci-
dated during the past decade include a much greater
understanding of the way cytolytic T cells and helper

T cells are generated in the host, how immune tolerance
mechanisms lead to the deletion of reactive T cells centrally
within the thymus or peripherally within the tissues, and the
molecular mechanisms by which T cells recognize cognate
antigen and transduce signals to become activated effector
cells. A significant level of attention has been paid in recent
years to how those principles of basic immunology may be
applied to the generation of immunotherapy strategies for
cancer. In this chapter, we review recent data on the existence
of tumor-specific and tumor-associated antigens that might
be recognized by immune effector cells; discuss the develop-
ment of immune molecules and cytokines that might be
effective in mediating tumor regression by an immunologic
mechanism; mention new developments on mechanisms of
immunosuppression in cancer patients; and review the most
recent data on the use of nonspecific and antigen-specific
immunotherapies that have promise in the treatment of
human malignancy.

Tumor Antigens Recognized by Immune Cells

Melanoma Tumor Antigens

Tumor-reactive lymphocytes derived from patient peripheral
blood or found to infiltrate metastatic melanoma lesions have
been grown in vitro,1 permitting the cloning of melanoma
antigens recognized by T cells2,3 (Table 20.1, Figure 20.1). The
antigen called MAGE (melanoma antigen E) defined a family
of antigens not previously identified. MAGE-1 and members
of its multigene family were present on melanomas and other
tumors as well as testis and placenta but no other normal
tissue.4

A second group of antigens is the melanosome-related 
differentiation proteins. MART-1/Melan A was defined via
recognition by cytotoxic T lymphocyte (CTL) clones from
melanoma patient peripheral blood and by tumor-infiltrating
lymphocytes (TIL).5 MART-1 is expressed by virtually all
metastatic melanoma lesions, and also by melanocytes, but
not normal tissue. The nonamer sequence AAGIGILTV and
decamer EAAGIGILTV, representing amino acid residues
27–35 and 26–35 of MART-1, respectively, bound most

strongly to human leukocyte antigen (HLA)-A2.6 These
peptides stimulated the growth of specific CTL from periph-
eral blood mononuclear cells (PBMC) of HLA-A2-positive
melanoma patients and normals.7 In a clinical study of
patients with melanoma who had resected lymph nodal
disease, class I peptide tetramers were employed to detect
MART-1 and tyrosinase-specific CTL in tumor-infiltrating
lymph nodal tissue. From 0.1% to 3% of CD8+ lymphocytes
infiltrating tumor-involved lymph nodes were MART-1 spe-
cific. In contrast, the proportion of MART-1-specific cells in
nontumor-containing lymph nodes was not different from
background.8,9

Antigen pMel17/gp100 was defined via recognition by CTL
clones from melanoma patient peripheral blood and by TIL.
This 100-kilodalton (100-kDa) transmembrane glycoprotein 
is recognized by the HMB-45 and NKI-beteb monoclonal 
antibodies on melanocytes and melanoma cells.10,11 CTL
clones derived from melanoma patients, and TIL grown 
from a melanoma patient, recognized melanoma cells that
expressed gp100 in association with HLA-A2.1.12 Multiple pep-
tides derived from gp100 that fit the consensus motif for
binding to HLA-A2 were recognized by TIL from melanoma
patients, including gp100 209–217 (ILDQVPSFV) and 
gp100 154–162 (TKTWGQYWQV), as well as gp100 457–466 
(LLDGTAATLRL).13,14 TIL specific for gp100 have been
reported to induce regression of metastatic melanoma in
patients also receiving interleukin (IL)-2) therapy.14 These data
suggest that gp100 may be a relevant tumor regression antigen.

Tyrosinase is a membrane-bound protein involved in
melanin synthesis15 that is expressed by virtually all primary
cutaneous melanomas and by up to 90% of metastatic
lesions. It encodes several epitope peptides that are presented
by HLA-A2 to CTL reactive with human melanomas.16 A
peptide derived from tyrosinase, amino acids 368–376,
YMNGTMSQV, was shown to be posttranslationally modi-
fied by deamidation of asparagine to aspartic acid, resulting
in a sequence recognized by human CTL, YMDGTMSQV,
known as tyrosinase 368–376 (370D).17 The tyrosinase
368–376 (370D) peptide encodes a biologically important
epitope and can induce CTL in vitro and in vivo18 (also Weber
et al., unpublished data).

Recently, “cancer-testis” antigens distinct from the
MAGE family, called NY-ESO-1 and SSX-2, were discovered
that both elicit a strong humoral response yet encode epitope
peptides recognized by CTL clones, TIL, and T helper cells
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FIGURE 20.1. Schematic indicating the cellular events involved
with processing and presenting antigens to T cells. (a) Specificity:
Antigen uptake and presentation by antigen-presenting cells (APC)
with peptide in the groove of a major histocompatibility complex
(MHC) class II molecule (e.g., DR, DP, or DQ) to a naïve CD4+ T cell.
(b) Activation: APC–T cell interaction: cross-talk and mutual activa-
tion. In addition to TCR ligation with antigenic peptide in the
context of MHC (signal 1), costimulatory molecules such as B7 (signal
2) on the APC must interact with CD28 to achieve full T-cell acti-
vation. CTLA-4 (not shown) competitively binds B7 and results in

TABLE 20.1. Tumor antigens.

Tumor antigen Specificity Immunogenicity Reference

Melanoma antigen E Melanoma; other tumors; testis; placenta MAGE-specific T cells derived from peripheral 1–4
(MAGE) blood mononuclear cells (PBMC) of melanoma 

patients and from melanoma tumor specimens
MART-1/Melan A Melanoma; melanocytes MART-1/Melan A-specific cytotoxic T 5–9

lymphocytes (CTLs) derived from PBMC and 
tumor-infiltrating lymphocytes (TILs) of 
melanoma patients

pMel17/gp100 Melanoma; melanocytes (recognized CTL clones generated from PBMC and TIL of 10–14
by the HMB-45 antibody) melanoma patients; TILs specific for gp100 

induce regression of metastatic melanoma 
in patients also receiving interleukin (IL)-2 
therapy

Tyrosinase Melanoma Tyrosinase 370D can induce CTL activity in vitro 15–18
and in vivo

“Cancer testis antigen” Melanoma; a number of adenocarcinomas Elicits a strong humoral response; recognized by 19–23
(NY-ESO-1 and SSX-2) (breast, prostate, lung, esophagus); testis; CTL clones, TIL, and T helper cells from 

placenta patients with melanoma and breast cancer
Carcinoembryonic antigen Gastric, pancreatic, colorectal, breast, and CEA-specific CTL responses can be detected after 31–33
(CEA) differentiation non-small cell lung cancers; epithelial immunization, but they are difficult to generate
antigen surface of the colon and some fetal tissue
HER-2/neu Breast cancer; normal breast epithelial cells CTL responses detected by ELISPOT after 34–39

immunization
Alpha fetoprotein (AFP) Hepatocellular carcinoma Peptides defined from AFP glycoprotein have 40

been pulsed onto dendritic cells and shown 
to be immunogenic in patients who are HLA 
A*0201 positive

MUC-1 Normal epithelial cells in the gut, pancreas, Both major histocompatibility complex (MHC) 41
gallbladder, and mammary tissue restricted and unrestricted effector cells have 

been shown to recognize the MUC-1 repeat 
backbone

downregulation of the T-cell response. Interaction of adhesion mole-
cules such as LFA-3 and CD2 assists during MHC–TCR ligation.
Interaction of activating signals to the APC such as CD40–CD40L
interaction results in activation of the APC. (c) Differentiation: T-cell
activation by an activated APC. Interleukins (IL-12, IFN-gamma, IL-
2, TNF-alpha versus IL-4, IL-5, IL-10, TNF-gamma) are produced and
help determine T-cell differentiation. Expression of APC surface mol-
ecules is increased. In the absence of signals 1 and 2 (antigenic peptide
and costimulatory molecule), T-cell antigen receptor (TCR) ligation
results in anergy rather than activation.



from patients with melanoma and breast cancer.19,20 These
antigens were expressed by a variety of adenocarcinomas
(breast, prostate, and lung), as well as esophageal cancers and
melanomas, suggesting wide potential utility. NY-ESO-1 is
immunogenic, inducing spontaneous serologic and T-cell
responses in 50% of patients whose tumors express it.21–23

NY-ESO-1 is expressed only by tumors and tissues lacking
class I major histocompatibility complex (MHC) (testis, pla-
centa), suggesting that it may not induce tolerance. CD4 T-
cell responses have been seen to bind NY-ESO-1, as well as
other melanoma differentiation antigens.24–30

Although many tumor antigens have been defined in
patients with melanoma, a number of self-”differentiation”
antigens from epithelial cancers have been shown to be
immunogenic. Carcinoembryonic antigen (CEA) is a glyco-
protein normally expressed in low levels on the epithelial
surface of the colon and in some fetal tissue that functions as
an intercellular adhesion molecule.31,32 Increased expression
of CEA on tumor cells mediates attachment of tumor cells to
normal cells and promotes metastasis.31,32 It is expressed in a
majority of gastric and pancreatic carcinomas and colorectal,
breast, and non-small cell lung cancers.31 Early clinical
studies of peptide-based vaccination with CEA antigen
involved the use of autologous dendritic cell (DC) to deliver
the CEA-derived peptides.33 The results of these studies indi-
cate that peptide-specific CTL responses against the CEA pep-
tides were difficult to generate. Heteroclitic peptides that
contain a substitution of one or more amino acids in the site
of T-cell receptor contact may cause enhanced proliferation
and cytotoxic activity directed toward cells bearing the native
antigen. A known and commonly targeted CTL epitope of
CEA has been designated as CAP1, and studies have shown
that the peptide CAP1-6D, which has asparagine substituted
for aspartic acid at position 6, greatly enhances CEA-specific
CTL activity compared to the CAP1 epitope.31 A trial using
this epitope pulsed onto DC is described next.

HER-2/neu is a transmembrane protein that is expressed
on most breast epithelial cells and tumor cells and overex-
pressed on 20% to 30% of invasive breast cancers. HER-2/neu
functions as an epidermal growth factor receptor consisting
of an extracellular domain (ECD) and an intracellular cyto-
plasmic domain (ICD).34 HER-2 is weakly expressed on the
epithelial surfaces of normal tissues in adulthood but highly
overexpressed on the surface of tumor cells in many
cancers.34,35 The HER-2/neu p369–377 moiety is an immu-
nodominant, HLA class I-binding peptide that is part of the
ECD of the HER-2/neu protein.35 After immunization, CTL
responses detected by ELISPOT assay were apparent in some
patients, but the responses were undetectable after 5 months.
Combined with a previous study, the results indicate that
CD4+ T-cell help is required for lasting immunity to the
p369–377 epitope.36

A HER-2/neu ECD vaccine containing subdominant 
peptides p42–56, p98–114, and p328–345, and ICD peptides
p776–790, p927–941, and 1166–1180, was administered 
intradermally monthly for 6 months with granulocyte
macrophage-colony-stimulating factor (GM-CSF) adjuvant
and shown to be immunogenic in 94% of patients.37,38 A
recent Phase I/II clinical study examined the efficacy of
peptide-pulsed DC vaccinations in 10 patients suffering from
metastatic breast or ovarian cancer utilizing HER-2/neu and
Muc-1 peptides.39 They identified and used two HLA-A2

restricted HER-2/neu peptides designated as E75 and GP238,39

and two novel Muc1 peptides, M1.1 and M1.2.39 After vacci-
nations, the major CTL response in vivo was induced with
the immunodominant E75 and M1.2 peptides.

The alpha fetoprotein is elevated in patients with hepa-
tocellular carcinoma, and peptides defined from that glyco-
protein have been pulsed onto dendritic cells in vitro and in
vivo and shown to be immunogenic in patients who are HLA
A*0201 positive.40 A unique antigen found on many different
tumors of epithelial origin is MUC-1,41 which is a polypep-
tide repeat core peptide derived from a transmembrane gly-
coprotein from which many branched sugars are bound on
normal epithelial cells in the gut, pancreas, gallbladder, and
mammary tissue. The sugar side chains are truncated in
many tumors, exposing the core polypeptide for recognition
by T cells. Both MHC-restricted and -unrestricted effector
cells have been shown to recognize the MUC-1 repeat back-
bone, suggesting that it might serve as a tumor-specific target.

Cytokines and Activation Molecules as 
Cancer Therapy

Interferon-Alpha: A Cytokine That Is an Effective
Adjuvant Treatment for Melanoma

Interferon-alpha, a biologic compound that has both antipro-
liferative and immune modulatory activity in vitro and in
vivo, has been tested in a number of Phase II studies in
metastatic melanoma, yielding response rates of 10% to 25%
with a small proportion of complete responses (CRs) and
median survival of 6 to 9 months.42,43 Response rates appeared
to be dose related. These modest results, however, have led
to a number of trials of high-, moderate-, and low-dose inter-
feron as adjuvant treatment in patients with resected inter-
mediate (stage IIB and IIC) and high-risk (stage III lymph
nodal) melanoma. In Europe, low-dose extended-duration reg-
imens have been tested with fixed doses of 3 million units/m2

for up to 3 years. A total of seven well-conceived randomized
trials have compared low-dose interferon to a control arm,
usually observation (Table 20.2). For patients with high-risk
disease, no differences in overall and relapse-free survival
were observed in those six European and one American
studies.44–48 For those with intermediate-risk disease, there is
no clear survival benefit, but with brief follow-up, several
studies have shown a relapse-free survival advantage to the
low-dose interferon arm. However, in the most recently pub-
lished and largest trial to date, the “AIM-HIGH” trial in the
UK, which compared low-dose interferon for 3 years with
observation, did not show any difference in either overall sur-
vival or time to relapse.49,50 In that study, 674 patients with
stage IIB or III disease received either interferon at a dose of
3 million units subcutaneously three times a week for 2 years
or observation. There was no difference in overall survival
(odds ratio, 0.94; P = 0.6) or in relapse-free survival (odds ratio,
0.91; P = 0.3). The overall survival at 5 years was 44%, inter-
estingly, considerably better than the 37% figure for the inter-
feron arm of the EST 1684 trial that resulted in U.S. Food 
and Drug Administration (FDA) approval for high-dose 
interferon.51 In an editorial that accompanied the recent pub-
lication of the results of the AIM-HIGH trial, it was con-
cluded that except for the nearly mature EORTC 18952
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intermediate-dose interferon trial, the end had been reached
for low-dose interferon in Europe. In the United States, low-
dose interferon has never been routinely employed for
melanoma. It is noteworthy that low-dose interferon has been
licensed in the European Community for intermediate-risk
primary melanoma, based on early data suggesting a relapse-
free survival advantage for that regimen.

In the United States, a number of large cooperative group
studies have compared a regimen of intravenous high-dose
induction therapy followed by maintenance high-dose inter-
feron with observation or vaccine therapy for high-risk
disease (Table 20.3). The only equivalent trial in Europe is the
EORTC 18952 trial, which we discuss later. Three well-
powered trials have tested high-dose interferon as adjuvant
therapy for resected high-risk melanoma, although the best
quality data suggesting an advantage in relapse-free and
overall survival are derived from the smallest and oldest trial,
the EST 1684 trial of 280 patients.51 In that trial, patients were
randomized to either observation or the by now standard
high-dose regimen of 20 million units/m2 intravenously daily
times five for 4 weeks in the induction phase. The mainte-
nance phase ensued in which interferon was administered at
a dose of 10 million units/m2 subcutaneously three times a
week for 11 months. In that trial, one-third of the patients
either discontinued the regimen or required a dose modifica-
tion because of toxicity. The differences in relapse-free and

overall survival significantly favored the interferon arm, with
5-year survival of 37%, median survival of 2.78 years, and 
P = 0.04. Interestingly, over time the advantage for overall 
survival has diminished with P = 0.09 at 12 years follow-up,
although other causes of death in that aging cohort may
obscure the results. Following the EST 1684 study, the U.S.
Intergroup performed two subsequent trials of high-dose
interferon. In the EST 1690 trial, 683 patients were randomly
allocated to receive either observation, high-dose interferon,
or the European regimen of a fixed low interferon dose of 3
million units three times a week for 2 years.52 No differences
in overall or even relapse-free survival were seen in that larger
trial. As accrual to that trial ended, a follow-up trial compar-
ing high-dose interferon with a ganglioside vaccine for 2 
years in high-risk patients was initiated. In that EST 1694
trial, 780 patients were accrued, and the study was stopped
prematurely, because there was a significant difference 
in relapse-free survival favoring the interferon arm with a
very low P value of 0.01 that met the monitoring committee
requirement for early closure.53 A statistically significant 
difference in overall survival was also observed in that trial,
with a relatively brief period of follow-up. A fourth smaller
trial of high-dose interferon, interferon with ganglioside, 
and ganglioside alone was conducted, with relapse-free 
survival data similar to the 1694 trial, albeit with small
numbers and brief follow-up.54 The conclusion from an analy-
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TABLE 20.2. Low-dose interferon-alpha trials for adjuvant therapy of melanoma.

Outcome
Reference Cooperative group (PI) N Eligibility Study summary: dosage, schedule, duration DFS OS

44 Austrian (Pehamberger et al.) 311 T3–4, N0 Interferon (IFN)-2a 3MU/d SC ¥ 3 weeks + -
then TIW ¥ 11 months

45 French (Grob et al.) 499 T3, N0 IFN-2a 3MU SC TIW ¥ 18 months + -
46 WHO-16 (Cascinelli et al.) 444 N1–2 IFN-2a 3MU SC TIW ¥ 3 years - -
47 Scottish (Cameron et al.) 95 T3–4, N1 IFN-2a 3MU SC BIW ¥ 6 months - -
48 EORTC 18871 (Kleeberg et al.) 830 T3–4, N1 IFN-2a 1MU/d SC ¥ 1 year versus - -

IFN-0.2mg/day SC ¥ 1 year
49 UK “AIM-HIGH” 674 Stage IIB–III FN-2a 3MU SC TIW ¥ 2 years - -

(Hancock et al.)
56 EORTC 18952 (Eggermont) 1418 T4, N1 Intermediate-dose IFN: IFN-2b 10MU/d - -

SC ¥ 1 month; then TIW ¥ 11 months 
or 5MU SC TIW ¥ 23 months

TABLE 20.3. High-dose interferon-alpha trials for adjuvant therapy of melanoma.

Outcome
Reference Cooperative group (PI) N Eligibility Study summary: dosage, schedule, duration DFS OS

51 ECOG EST 1684 287 T4, N1 IFN-2b 20MU/m2/day IV ¥ 1 month (induction phase) + +
(Kirkwood et al.) then 10MU/m2 SC TIW ¥ 11 months (maintenance phase)

52 ECOG 1690 683 T4, N1 IFN-2b 20MU/m2/day IV ¥ 1 month (induction phase) - -
(Kirkwood et al.) then 10MU/m2 SC TIW ¥ 11 months (maintenance phase) 

versus 3MU/day SC TIW ¥ 2 years
53 ECOG EST 1694 / 780 T4, N1 IFN-2b 20MU/m2/day IV ¥ 1 month (induction phase) + +

SWOG 9512 then 10MU/m2 SC TIW ¥ 11 months (maintenance phase) 
(Kirkwood et al.) versus GM2-KLH/QS-21 vaccine

TIW, three times per week; BIW, twice a week.



sis of these four trials was that all four demonstrated a
relapse-free survival benefit for high-dose interferon, but any
overall survival benefit was unclear and could only unequiv-
ocally be claimed for the trial with the most premature
follow-up.

A meta-analysis of the randomized high-dose interferon
trials has been conducted to increase the number of patients
accrued and the statistical power to perceive small differences
in survival.55 The results of that meta-analysis indicate that
the relapse-free survival advantage of high-dose interferon is
significant and reproducible but that the data suggesting a
survival advantage are much weaker. This brings us to the
EORTC 18902 trial, in which patients with high-risk disease
were randomly assigned to receive an intermediate-dose
induction regimen of interferon. The induction consisted of
10 million units/m2 of interferon administered subcuta-
neously every day for 4 weeks, followed by 1 year of 10
million units/m2 three times a week, compared with 5
million units/m2 three times a week for 2 years. The results
of that study have been presented publicly, first at ASCO in
2001, with the final summary presented in 2003.56 The data
do not suggest that there is any difference in overall survival
between the groups, although a modest difference in relapse-
free survival was observed. If the high-dose regimen of EST
1684 truly resulted in a significant overall survival difference,
why would that difference not be seen with a similarly 
dose intense, although subcutaneous regimen, in the EORTC
18902 trial? The answer is likely that there is no reproducible,
significant, and biologically important overall survival differ-
ence for high-risk melanoma patients who receive the high-
dose interferon regimen. Significant differences in relapse-free
survival were observed in all four trials and were maintained
in the meta-analysis after adjustment for prognostic variables,
suggesting that the difference is genuine.

What conclusions can be drawn about recommending
high-dose interferon to patients with resected high-risk
melanoma? One is that it is likely to confer a moderate
benefit in relapse-free survival, postponing the time to disease
recurrence but not changing overall survival significantly. Is
the acknowledged toxicity and cost of the year-long regimen
justified by the relapse-free survival benefit? Admittedly, the
Q-TWIST quality of life analysis, which assumed the level of
survival benefit found in the EST 1684 trial, indicated that 
in spite of the side effects the use of high-dose interferon 
was justified.57 However, the relapse-free survival advantage
without the likelihood of ever observing a clear overall sur-
vival benefit renders interferon an acceptable but hardly desir-
able option. It should be offered to patients with resected
high-risk melanoma but should not be a clearly superior
option to a well-designed randomized Phase III or even a
Phase II study. Given the difficulty and lack of acceptance of
a randomized trial in high-risk melanoma that includes an
observation arm, high-dose interferon is a reasonable and
proper control arm against which new therapies in develop-
ment may be measured.

Activity of Recombinant Interleukin 2 (IL-2) for
Metastatic Melanoma

Given at high doses as a single agent, IL-2 produces signifi-
cant clinical responses in some cancers, and it is now being
tested in combination with tumor vaccines.58–60 IL-2 was

shown to mediate regression of melanoma and renal cell
cancer and has activity in patients with non-Hodgkin’s lym-
phoma. It was approved by the FDA for metastatic melanoma
due to a multicenter Phase II experience of 270 patients with
a 16% response rate and a median survival of 12.2 months.61,62

Survival of metastatic melanoma after treatment with high-
dose IL-2 is associated with development of autoimmune thy-
roiditis and vitiligo, as well as the height of the lymphocyte
rebound that occurs after cessation of treatment with IL-2
(Table 20.4). When given at the FDA-approved dosage and
schedule of 600,000 international units/kg every 8 hours as
an intravenous bolus, IL-2 was quite toxic, and it is not rec-
ommended for use in an inpatient hospital setting unless
given by medical and nursing personnel experienced in its
use. IL-2 could be beneficial in a variety of different ways. It
could drive the expansion of tumor-specific T cells that are
activated by the vaccine. It may also be beneficial during the
effector phase of an antitumor T-cell response. For example,
it has recently been shown that B7-H1, a member of the B7
family of costimulatory molecules, can be expressed by car-
cinomas and result in the induction of apoptosis of activated
T cells.63 This B7-H1-mediated negative effect on T cells is
prevented in the presence of exogenous IL-2.64 A very low dose
IL-2 regimen has been shown to result in the prolonged per-
sistence of transferred T cells in melanoma patients.65 This
dose of IL-2 is sufficient to saturate IL-2 receptors in vivo.
Therefore, the vaccine augmentation effect can potentially be
achieved with minimal toxicity.
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TABLE 20.4. Known toxicities of interleukin 2 (IL-2).

Common toxicities • Low platelet levels; increases risk of 
(occur in 30% or bleeding
more of patients) • Low blood pressure

• Flushing or rash of the face and body
• Chills
• Nausea and vomiting
• Diarrhea
• Tachycardia
• Fluid retention
• Changes in liver function tests
• Arthralgias and myalgias
• Reduced volumes of urine
• Weight gain
• Breathing problems
• Fever
• Dry skin

Less common • Weakness
toxicities (occur in • Low levels of white blood cells; increases 
10% to 29% of risk of infection
patients) • Low levels of red blood cells; increases 

risk of anemia
• Mental changes, such as confusion or 

memory loss
• Congestion
• Itching
• Loss of appetite
• Dizziness
• Mouth sores
• Fatigue or weakness
• Enlargement of the abdomen
• Changes in electrolyte levels
• Cardiac arrhythmias



Recombinant Interleukin 12 (IL-12)

Secreted by activated dendritic cells, IL-12 produces several
effects that could enhance an antitumor T-cell response,
including the induction of a T helper cell type 1 (Th1)
response and the production of g-interferon.66 Recombinant
IL-12 protein given to cancer patients at the maximum toler-
ated dose (MTD) in a Phase II trial produced unacceptable tox-
icity.67 However, based on animal models, the administration
of doses well below the MTD should be sufficient for use of
this agent as a tumor vaccine augmentation strategy.68,69

Gajewski and colleagues conducted Phase I69 and Phase II
clinical trials70 in melanoma patients combining subcuta-
neously injected IL-12 with a peptide-pulsed PBMC-based
tumor vaccine. The IL-12 was given at a dose well below the
MTD three times every other day after each vaccine. Toxic-
ity was acceptable, and two patients (10%) had CRs. In other
trials reported by Cebon et al.,71 melanoma patients were
treated with IL-12 in combination with a tumor vaccine
(Melan-A peptide vaccine). Cohorts of patients were treated
with escalating doses of IL-12 given subcutaneously or intra-
venously on the day the first vaccine was given and once
again 3 weeks later, with five vaccines given over an 8-week
period. Toxicity was acceptable, and 1 of 21 patients had a
partial response (PR). Before significant efficacy can be real-
ized with this approach, considerable work needs to be done
to determine the optimal dose and schedule of IL-12 admin-
istration as well as the optimal vaccine with which to
combine it.

Recombinant Flt3 Ligand

Flt3 ligand stimulates progenitor cells in the bone marrow,
resulting in an increase in DC in the peripheral blood when
administered to normal subjects and to patients with
metastatic cancer.72–74 This property of Flt3 ligand makes it a
candidate for use as a vaccine augmentation strategy, making
available an increased number of DC that could possibly
respond and contribute to a tumor vaccine in vivo. Disis et
al. recently reported the results of a clinical trial involving 10
patients with HER-2/neu-overexpressing breast or ovarian
cancer.75 Patients were given Flt3 ligand subcutaneously daily
for 14 days of 28-day cycles and received a HER-2/neu
peptide-based vaccine on day 7 of each cycle. Patients were
treated for up to 6 cycles. Clinical responses were not assess-
able, as 9 of the 10 patients had no evidence of disease.
However anti-HER-2/neu T-cell responses were induced in
most of the patients. The clinical effectiveness of this
approach needs to be tested.

Recombinant CD40 Ligand

Signaling through CD40 on dendritic cells is a potent activa-
tion stimulus.76 Also, Mellman’s group recently showed that
CD40 ligation results in the activation of cross-presentation
of exogenous antigens taken up by DCs on MHC class I mol-
ecules.77 There is evidence to suggest that one target of the
immunosuppressive mechanisms of tumor cells is CD40-
expressing antigen-presenting cells (APC). Sotomayor et al.
have reported, using a murine model, that the in vivo 
delivery of an activating anti-CD40 antibody prevented tumor
cell-induced T-cell unresponsiveness.78 In addition, others

have previously reported that CD40 ligand can prevent 
inhibition of DC function mediated by IL-10 (which is pro-
duced by some tumors)79 and DC apoptosis that can be
induced by tumors.80,81 Finally, Dotti et al. have shown that
the bystander production of CD40 ligand at a tumor vaccine
site improved the efficacy of the vaccine.82 These observa-
tions all support the use of CD40-activation strategies to
enhance the development of antitumor T-cell responses in
cancer patients.

A clinical trial has been reported using recombinant
human CD40 ligand protein systemically in cancer patients83;
this was a Phase I, single-agent trial. Cohorts of patients with
refractory cancer were treated with escalating doses of the
CD40 ligand protein injected subcutaneously each day for 5
consecutive days. Patients without significant toxicity and no
evidence of progression received additional courses at 4-week
intervals. Thirty-two patients were treated, with the dose-
limiting toxicity found to be liver transaminase elevation.
This toxicity was transient in all but 2 patients, and no deaths
attributed to this toxicity were reported. Interestingly, 2
patients had significant tumor regressions, with 1 patient
developing a sustained CR.

Activating DCs in the setting of tumor vaccination by 
signaling through CD40 remains an attractive strategy that
needs to be developed, with attempts to reduce the incidence
of hepatic toxicity and to combine this approach with the use
of tumor vaccines to improve therapeutic efficacy.

CpG Oligonucleotides

Signaling through toll-like receptors (TLR) can produce
effects in DC that are similar to CD40 ligation.84 Several TLR
exist; however, TLR-9 may be one of the more important TLR
involved in the induction of a relevant antitumor T-cell
response.85 The ligands for TLR-9 are immunostimulatory
DNA sequences that contain unmethylated CpG sequences.86

Among other actions, CpG oligonucleotide binding to TLR-9
increases DC surface expression of T-cell costimulatory mol-
ecules and secretion of TH1-promoting cytokines including
IL-12.87–89 These compounds are quite effective in augment-
ing T-cell-mediated tumor rejection in a variety of murine
models.90–95 When administered to humans, they have been
found to be safe,94 and there are indications that they can
enhance the effectiveness of vaccines for certain infectious
diseases.96 Clinical trials involving cancer patients are
ongoing. To date, only one trial has been briefly reported.97

Patients with metastatic melanoma were immunized with a
MAGE-3 protein-based vaccine, using a CpG compound as an
adjuvant. One PR was reported in this Phase I trial. Consid-
erable work remains to be done to determine if CpG oligonu-
cleotides will augment the effectiveness of tumor vaccines,
but the approach is promising.

Blocking Anti-CTLA.4 Antibody

CTLA.4 binding to its ligand, CD28, delivers an inhibitory
signal to T cells.98,99 Removal of this potential inhibition is
the rationale for administering a blocking anti-CTLA.4 
monoclonal antibody in combination with tumor vaccines.
Phan et al. conducted a clinical trial involving patients with
metastatic melanoma.100 Patients were treated systemically
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with an anti-CTLA.4 antibody just before receiving a gp100
peptide-based vaccine every 3 weeks. Individual patients were
treated with one to six cycles. Two of the 14 patients had CRs
and 1 had a PR. Six of the patients developed significant
autoimmune toxicities, all of which resolved spontaneously
or with steroid treatment.

Hodi et al. also tested the anti-CTLA.4 antibody in
melanoma and ovarian cancer patients, observing no objec-
tive tumor regressions.101 However, this was a single-dose
trial and was not combined with a tumor vaccine. Tumor
biopsies from three of the patients obtained after antibody
administration revealed extensive tumor necrosis, providing
compelling evidence that the antibody has the potential to
produce a clinical effect. Interestingly, the tumor necrosis was
only observed in patients who had previously been immu-
nized with a GM-CSF-modified vaccine.

Antigen-Specific and Nonspecific Therapies

Evidence That Cell Vaccines Might Be Beneficial 
in Melanoma

Cell-based vaccines for melanoma have been evaluated in
trials since the 1970s (Table 20.5). Melacine, consisting of two
lyophilized melanoma cell line lysates administered with the
Ribi adjuvant, and Canvaxin, consisting of three irradiated
and frozen intact cell lines administered with bacille 
Calmette–Guérin (BCG), have been shown to mediate regres-
sion in a small proportion of patients with stage IV disease,
in the range of 5% to 10%.102–105 Melacine was shown to have
a 7% response rate in a small Phase II randomized trial with
a survival no different from multiagent chemotherapy102 and
has been tested in a large randomized Phase III trial as adju-
vant therapy for patients with resected stage II melanoma
compared with an observation arm.104,105 For all patients as
randomized, there was no difference in overall and disease-
free survival, but for patients who were HLA-A2 positive, a
relapse-free survival advantage was seen, indicating that the

HLA-A2 population might be appropriate for further testing
of that cell vaccine.

More current developments in this field include the use
of cytokine gene-transduced tumor cells as vaccines. Dranoff
and colleagues have pioneered the use of autologous GM-CSF
gene-engineered tumor cell vaccines for cancer, a treatment
strongly supported by preclinical murine experiments.106 In a
recent published trial in patients with stage IV melanoma
treated with adenovirally transduced GM-CSF-secreting
tumor cells, most subcutaneous lesions exhibited significant
necrosis, and tumor regression [1 CR, 1 PR, and 1 mixed
response (MR)] was seen in 3 of 26 evaluable patients.107

Thirty-five patients were selected for the trial; 34 had suffi-
cient tumor cells to generate vaccine, but 8 progressed and
could not receive vaccine. A similar strategy in non-small cell
lung cancer yielded 5 patients with stable disease and 1 mixed
response of 25 evaluable patients.108 As in the melanoma trial,
8 patients progressed before receiving vaccine, indicating that
patients selected for this promising therapy must be carefully
selected, limiting its applicability. Fourteen patients with
pancreatic cancer who had a curative resection and were free
of disease received an allogeneic GM-CSF-transduced cell
vaccine as well as chemoradiotherapy.109 Their 1- and 3-year
survival was surprisingly favorable, with 3 patients alive 25
months after diagnosis, suggesting that the vaccine regimen,
albeit in a heterogeneous group of patients, might have poten-
tial as adjuvant treatment.

Heat Shock Proteins

Several clinical trials have tested the notion that heat shock
proteins (Hsp), which have been shown to bind tumor antigen
peptides, can be extracted from fresh tumor and used to vac-
cinate patients. Parmiani described a trial of 42 patients
treated with four weekly injections of tumor cell-derived Hsp
gp96 in which 28 patients were assessable for response.110

There were 2 CRs as well as 3 patients with prolonged stable
disease. All five had evidence of an immune response to autol-
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TABLE 20.5. Types of vaccines.

Type of vaccine Advantages Disadvantages Examples

Whole tumor cell- Diverse Ags without knowing the exact Limited immunogenicity Melacine; CancerVax
based vaccines Ag(s) that may be responsible for tumor 

rejection
Cytokine gene- Same as for whole tumor cell vaccines, but Cell culture and individualized gene GM-CSF; IL-2
transduced tumor more immunogenic transfer is expensive, labor intensive,
cell-based vaccines and limited by variable levels of 

gene expression
Peptide-based No need for patient-derived tissue; can Limited number of Ags; patient MAGE; MART; gp100;
vaccines monitor immune response selection based on HLA type; tyrosinase; gp75

posttranslational modification; 
MHC class I versus class II

Antigen-pulsed or Efficient and safe method of inducing Expensive, labor intensive Tyrosinase-pulsed DCs; 
gene-modified antitumor immune response gp100-pulsed DCs
dendritic cell-based
vaccines
DNA and RNA- Genetic material delivered without the Variable gene transfer efficiencies B7-1; melanoma-associated
based vaccines difficulties associated with the antigens

development of immune reactivity
against viral vectors

AG, antigen; DC, dendritic cell; GM-CSF, granulocyte macrophage colony-stimulating factor.



ogous tumor cells, and toxicity was minimal. The same group
published a trial of autologous Hsp 96 therapy after resection
of liver metastases from stage IV colorectal cancer patients.111

There was a correlation between immune response to autol-
ogous tumor cells and overall as well as relapse-free survival,
which was quite favorable compared to historical controls.

Development of Peptide Vaccines for Melanoma

Peptides of 8 to 10 amino acids are derived by intracellular
cleavage of a variety of proteins, and are selectively conducted
by the TAP transporter mechanism to the endoplasmic retic-
ulum where they bind nascent class I molecules and are pre-
sented on the surface of the cell in association with class I
molecules for interrogation by T cells. Because peptides are
the smallest unit recognized by T cells, they might be useful
as vaccine immunogens in the proper MHC class I context
for recognition by T cells. A MAGE-3 HLA-A1-restricted
peptide in aqueous solution was used to treat 39 patients with
metastatic melanoma, of whom 26 finished four treatments
every 4 weeks.112 Four PR as well as 3 CR were seen, often
with a prolonged time to attain response; 2 complete respon-
ders had a duration beyond 2 years. The full-length MAGE-3
gene encoding the same peptide was chimerically linked to
an H. Flu protein as adjuvant and used to vaccinate 35
patients in a Phase I trial with adjuvant AS-02B.113 Two objec-
tive responses were observed in that trial, one in a patient
with bladder cancer and one with melanoma. In both trials,
no immune responses to the MAGE-3 peptide were observed.
Jager and colleagues showed that 6 of 26 patients treated with
MAGE-1, MAGE-3, MART-1/Melan A, and tyrosinase pep-
tides exhibited tumor regression.114 Disease was stabilized in
22 of 26 evaluable patients with metastatic melanoma. A cor-
relation was seen between strong MHC class I staining and
response; there was also a correlation between the presence
of skin/subcutaneous disease, low tumor burden, immune
response, and clinical response.

Rosenberg’s group has tested a gp100 peptide incorporat-
ing a single amino acid change to increase class I binding with
IFA to which intravenous IL-2 was added, in patients with
stage IV melanoma. A 41% response rate was observed, which
was much higher than prior trials with the gp100 vaccine or
with high-dose IL-2 alone. However, this result has not been
confirmed in a subsequent multicenter study. The same sub-
stituted gp100 peptide vaccine was combined with an anti-
body that abrogated CTLA-4 signaling to augment T-cell
reactivity (Figure 20.2). In that trial there were 3 responses (2
CR, 1 PR) in 14 patients with stage IV melanoma that were
maintained beyond 12 months, with regression of a brain
metastasis. Significant levels of reversible autoimmune side
effects were observed that correlated with response. Slingluff
and colleagues immunized 26 patients with stage IV
melanoma who received multiple peptides including adjuvant
and GM-CSF or with dendritic cells pulsed with the same
peptides.115 Two PRs and 2 patients with stable disease (SD)
were observed in the peptide/GM-CSF group, compared with
1 PR and 1 SD in the DC group. Immunity to the peptides
was correlated with clinical response. The HLA-Cw*0702
restricted MAGE-A12:170–178 peptide emulsified in IFA was
given to 9 patients with metastatic melanoma.116 One of 9
patients demonstrated a PR, but no systemic immune
responses to the MAGE-A12 peptide by tetramer or gamma
interferon polymerase chain reaction (PCR) assay were seen.
A MART-1/Melan-A peptide without adjuvant but with IL-12
was administered intradermally to 28 patients with stage IV
melanoma. Of 24 evaluable patients, there was 1 CR, 1 PR,
and 2 patients with SD. Many of the aforementioned peptides
have been tested as adjuvant treatment for their ability to
promote a T-cell response in patients with resected high- or
intermediate-risk melanoma and thereby prevent or prolong
time to relapse. Interleukin-12 and GM-CSF are effective
vaccine adjuvants in mice and have been tested for their
ability to augment immunity in resected melanoma patients.
Both cytokines were shown to increase immunity to a mul-
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FIGURE 20.2. CTLA-4 binding leads to immunosup-
pression. T cells require two signals for activation. Signal
1 is the recognition of antigenic peptide in the context
of MHC molecules; signal 2 can be provided by cell-
surface molecules CD80 or CD86 (B7-1 and B7-2, respec-
tively). CTLA-4 competitively binds B7 molecules and
results in a damping of the T-cell response.



tipeptide vaccine with toil-based adjuvant Montanide ISA 51,
with favorable median survival in high-risk disease of greater
than 48 months, similar to the latest trials including high-
dose interferon. Multipeptide vaccines for melanoma are cur-
rently being tested in larger Phase II trials and represent the
next logical experimental arm of a randomized clinical trial
for high-risk melanoma.

Dendritic Cell-Based Vaccines

Dendritic cells (DC) are the most potent cells known in
humans that prime and stimulate T-cell responses, and they
are highly specialized cells which process and present anti-
gens to immune cells. DCs have been grown from a variety
of precursors, including peripheral blood monocytes, as well
as selected CD34+ progenitors, and a number of cytokines and
maturing stimuli have been used to generate human DC ex
vivo for clinical trials of adoptive transfer after pulsing with
antigen. Nestle and colleagues intravenously administered
mature monocyte-derived DC cultured in vitro with IL-4 and
GM-CSF and pulsed with tumor antigen peptides and/or
tumor lysate to patients with stage IV melanoma.117 Five CR
or PR were observed in 16 patients,118 and the trial has been
extended to a larger multicenter Phase II trial.

Seven patients with metastatic melanoma received gp100
and MART-1 peptide-pulsed monocyte-derived DC.119 DC
were administered intravenously four times at 3-week inter-
vals in escalating doses. Only one of seven patients evaluated
demonstrated an objective PR. Enhancement of CTL reactiv-
ity was seen in one of five patients who completed all four
vaccines.

Eleven stage IV melanoma patients received mature
monocyte-derived DC loaded with a MAGE-3A1 peptide.120

The patients received five vaccinations at 2-week intervals.
The first three vaccinations were administered subcuta-
neously and the last two were administered intradermally. Six
of 11 patients had regression of their disease. ELISPOT assays
indicated that peptide-specific CTL precursors were expanded
in 8 of 11 patients. Intriguingly, immune responses declined
after the regimen of injections.

Fourteen patients with malignant melanoma were given
four intravenous injections of DC derived from CD34+ stem
cells and matured with tumor necrosis factor (TNF)-a then
pulsed with HLA-A1+ MAGE-1 and MAGE-3 peptides or with
HLA-A2+ Melan-A, gp100, and tyrosinase peptides.121 Anti-
tumor responses were observed in 2 patients and peptide-
specific DTH reactions were found in 4.

Banchereau et al. immunized 11 patients with CD34+
progenitor-derived mature DC and achieved 3 CR. They
showed that clinical response correlated with immune
responses detected in the peripheral blood,122 and they have
continued to treat patients with mature CD34-derived DC
with excellent clinical results.

The CEA CAP1-6D-substituted peptide was pulsed onto
DC in the presence of Flt3 ligand, a DC growth factor, in 12
patients with lung or colorectal cancer who were HLA
A*0201+. Patients received subcutaneous cytokine for 10
days before immunization with escalating doses of intra-
venous peptide-pulsed DC. Lytic activity against target cells
bearing CAP1-6D, as well as native CEA peptide, was
observed in 7 of 12 patients. Five patients showed evidence
of tumor regression, with 1 CR, 1 PR, 1 MR, and 2 with SD.

Evidence of clinical response correlated with the expansion
of antigen-specific CTL by tetramer analysis. Dendritic cells
that have been pulsed with autologous tumor lysates have
been shown to mediate regression of pediatric tumors, includ-
ing neuroblastoma and Ewing’s sarcoma.123,124

Adoptive Transfer of CTL

CD8+ T-cell clones specific for MART1MelanA or gp100 were
administered to 10 stage IV melanoma patients by Yee and
colleagues.125 Adoptively transferred T-cell clones persisted in
vivo in response to low-dose IL-2 treatment, trafficked to
tumor sites, and eliminated antigen-positive tumor cells.
Mixed response or stable disease was observed in 8 of 10
patients for up to 21 months.

Selected peptide-specific, tumor-reactive CD8+ T-cell
clones derived from tumor-infiltrating lymphocytes were
administered intravenously to 12 patients with stage IV
melanoma after a nonmyeloablative conditioning regimen,
followed by differing doses of IL-2.126 Although no objective
responses were seen, the same authors then administered
oligoclonal populations of mixed CD4 and CD8 T cells to 13
patients after treatment with the same nonmyeloablative
chemotherapy regimen.127 Persistence of the transferred T
cells for up to 7 months occurred and was associated with
their proliferation in vivo and trafficking to tumor sites.
Seven PR or CR were observed, with 3 patients having SD.
Autoimmune vitiligo was associated with response. Ten
HLA-A2+ patients with tyrosinase-positive melanomas
received intravenous infusions of tyrosinase 369 < n.377
peptide-primed CTL on day 1 and 5 days later for four
cycles.128 Two patients experienced disease regression, but
CTL were undetectable in the circulation within 5 minutes
after injection. The T cells concentrated in the liver and the
spleen but did not especially target tumor tissues.

Mechanisms of Immunosuppression in 
Cancer Patients

Cancers have multiple mechanisms that prevent the activa-
tion of, and evade, the immune response, as described next
(Table 20.6). It is likely that a therapeutic vaccine may not 
be an adequate immunotherapy without the means to over-
come immunosuppression. With adequate knowledge of how
tumors evade T-cell-mediated rejection, strategies are being
developed that should improve the efficacy of cancer
immunotherapy.
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TABLE 20.6. Mechanisms of immunosuppression in cancer
patients.

• Downmodulation of MHC
• Tumor-derived immune inhibition (e.g., transforming growth

factor (TGF)-beta, IL-10)
• Th2 dominant T-cell response
• APC dysfunction [e.g., as a result of tumor-derived vascular

endothelial growth factor (VEGF)]
• Treg cells (including CD25+ CD4+ and CD25-CD4+ cells), both

via direct contact and via secreted factors (such as IL-10 and
TGF-beta)



Downmodulation of MHC

A number of small-scale assessments of MHC class I expres-
sion and its loss by metastatic melanomas have been con-
ducted using IHC staining, indicating that loss of class I
expression confers a worse prognosis.129–134 The majority of
melanomas show normal staining for the nonpolymorphous
class I A, B, C determinants, without evidence for allele-spe-
cific deletion or downregulation. Less than 10% of tumors
show deletion of the beta-2 microglobulin gene, resulting in
complete loss of class I expression. Approximately 10% to
40% of tumors demonstrate a decrease in class I staining or
with antibody MA 2.1 recognizing class I allele A2 due to
downregulation of mRNA expression or gene deletion causing
absent expression of that allele. Fourteen primary melanomas
were examined in one study, with MHC allele loss seen by
IHC in 20%.131 In a study of 48 metastatic lesions from 39
patients, loss of HLA class I expression of more than 50% was
seen and was associated with a poorer clinical outcome.132

Loss of HLA class I diminished immune recognition by
melanoma-specific T cells in vitro,134 although the effects on
immune response to a vaccine are unclear.

The Tumor Microenvironment Is Toxic to T Cells

Tumors are known to express “tumor-rejection” antigens,
and T cells specific for these tumor antigens are present 
either in the circulation or within tumors. If circulating T
cells become activated and extravasate into the tumor
parenchyma, they often encounter immunosuppressive mol-
ecules either secreted by or expressed on the surface of the
tumor cells. For example, B7-H1, a member of the B7 family
of costimulatory molecules, can be expressed by carcinomas
and result in the induction of apoptosis of activated T cells.135

Also, many tumors are known to secrete transforming growth
factor (TGF)-b, or IL-10,136 two cytokines known to down-
modulate T-cell function. Regulatory T cells that function to
suppress Th1 immune responses normally secrete both these
cytokines.137,138 Ectopic secretion of those cytokines by tumor
cells can suppress Th1 cell-mediated rejection of tumors.

Blocking tumor-specific B7-H1 molecules from binding 
to their ligands on activated T cells improved the efficacy 
of antitumor T cells in preclinical models,139,140 suggesting a
therapeutic approach. IL-2 at high doses produces significant
clinical responses in some cancers and is being tested in com-
bination with tumor vaccines.59,60 The B7-H1-mediated nega-
tive effect on T-cell function is overcome in the presence of
exogenous IL-2.64 A very low dose IL-2 regimen has been
shown to result in the prolonged persistence of transferred T
cells in melanoma patients.65 This dose of IL-2 is sufficient 
to saturate IL-2 receptors in vivo.141 Therefore an “immune
augmenting” effect of IL-2 can potentially be achieved with
minimal toxicity.

Th2 Skewing of the T-Cell Repertoire

The T helper cell subset that mediates tumor cell rejection
are Th1 cells. A skewing of the tumor cell-specific Th popu-
lation to Th2, which mediates antibody responses, would be
expected to limit T-cell-mediated rejection of tumors. Tumor
antigen-specific Th2 cells predominate in cancer patients142

and can be found in the tumor parenchyma; this may be

caused by the presence of plasmacytoid DC (DC2) recruited
into tumors,143 which favor a Th2 response.

IL-12 secreted by activated dendritic cells produces
several effects that could enhance an antitumor T-cell
response, including the support of a Th1 response; this sug-
gests a possible approach to preventing the Th2 switch
induced by tumors. Recombinant IL-12 protein given to
cancer patients at the maximum tolerated dose (MTD) in a
Phase II trial produced unacceptable toxicity.66 However,
based on animal models, the administration of doses well
below the MTD should be sufficient for use of this agent as
a tumor vaccine augmentation strategy, as previously sug-
gested.67,68 Gajewski et al. conducted phase I69 and Phase II
clinical trials144 in melanoma patients combining subcuta-
neously injected IL-12 with a peptide-pulsed PBMC-based
tumor vaccine. The IL-12 was given at a dose well below the
MTD, every other day after each vaccine for three injections.
Toxicity was acceptable, and 2 patients (10%) had complete
responses. In other trials reported by Cebon et al.,71 melanoma
patients were treated with IL-12 in combination with a tumor
vaccine (Melan-A peptide vaccine). Toxicity was acceptable,
and 1 of 21 patients had a partial response. The optimal dose
and schedule of IL-12 as well as the optimal vaccine to choose
have yet to be defined, but well-tolerated doses of subcuta-
neous IL-12 has a clear immune-potentiating effect with
peptide vaccines (Weber et al., unpublished data).

Antigen-Presenting Cell Dysfunction

Antigen-presenting cells in cancer patients are dysfunctional.
Tumor-derived vascular endothelial growth factor (VEGF) can
interfere with the differentiation of DCs,145 as can IL-6 and
MCS-F.146 Also, IL-10 has been shown to interfere with 
dendritic cell function.147–149 Tumor cells are also capable of
inducing DCs to undergo apoptosis.150,151 There is evidence
that this tumor-induced APC dysfunction can be rescued by
signaling through CD40. Signaling through CD40 on den-
dritic cells is a potent activation stimulus.78,152 The in vivo
delivery of an activating anti-CD40 antibody prevented tumor
cell-induced T-cell unresponsiveness.79 In addition, CD40
ligand can prevent the inhibition of DC function mediated 
by IL-10153 and tumor-induced DC apoptosis.81 Finally, the
bystander production of CD40 ligand at a tumor vaccine site
improved the efficacy of that vaccine in an animal model.82

These observations all support the use of CD40-activation
strategies to circumvent tumor-induced DC dysfunction and
augment antitumor T-cell responses in cancer patients.

A Phase I clinical trial has been reported using recombi-
nant human CD40 ligand protein systemically in cancer
patients. Cohorts of patients with refractory cancer were
treated with escalating doses of the CD40 ligand protein
injected subcutaneously each day for 5 consecutive days.
Patients without significant toxicity and no evidence of 
progression received additional courses at 4-week intervals.
Thirty-two patients were treated with the dose-limiting tox-
icity, which was found to be liver transaminase elevation.
This toxicity was transient in all but 2 patients, and no deaths
attributed to this toxicity were reported. Interestingly, 2
patients had significant tumor regressions, with 1 patient
developing a sustained complete response. Activating DCs in
the setting of tumor vaccination by signaling through CD40
remains an attractive strategy that needs to be developed,
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with attempts to reduce the incidence of hepatic toxicity, and
to combine this approach with the use of tumor vaccines to
improve efficacy.
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Technologies in
Molecular Biology:

Diagnostic Applications
Timothy J. Triche

or more than 100 years, cancer has been diagnosed by
empirical, largely subjective means, not unlike clinical
medicine itself. A consequence of this is that universal

acceptance of a diagnosis, particularly any beyond benign
versus malignant, has been an elusive goal. In one published
study of rhabdomyosarcoma diagnosis involving more than
800 blinded cases and more than a dozen pathologists
working in teams of two at eight institutions, with a 20%
resampling, concordance between groups for subclassification
(with clinical and therapeutic consequences) was no better
than 60%. (The figure for individual reproducibility was mar-
ginally better, of the order of 70%.)1 It should be noted that
these pathologists were acknowledged to be the world’s
experts in the diagnosis of this disease at the time. Thus, it
is reasonable to conclude that cancer diagnosis is less than a
perfectly objective science.

On the other hand, it is also important to note that there
is no better alternative, at least until recently. This situation
is changing rapidly, as new, relatively objective, and certainly
dichotomous or quantitative methods are introduced into
practice as diagnostic tools in cancer. This in turn is pro-
gressively rendering the diagnosis of cancer more precise,
reproducible, and yes, objective. To be clear, the initial diag-
nosis of cancer of any type remains a histologic diagnosis.
That said, all further refinement (and even as a factor in the
initial decision of benign versus malignant) increasingly relies
on an ever-enlarging panoply of diagnostic tools, most rooted
in biotechnology and disparate medical fields such as
immunology, biochemistry, molecular genetics, and bioinfor-
matics. This chapter describes these methods and illustrates
how they augment and clarify the diagnosis of cancer. Of note
is the further benefit of these methods: they frequently also
provide information about prognosis and potential therapy, as
is shown.

Cancer Diagnosis

“Subjective” Versus “Objective” Cancer Diagnosis

The towering achievements in histologic diagnosis of cancer,
as evidenced by treatises such as Ackerman’s Surgical Pathol-
ogy, are testimony to the remarkable ability of the human
mind for pattern recognition. The issue is not knowledge or

insight, but consistency and reproducibility, as noted previ-
ously. Further, it is self-evident that no form of morphologic
diagnosis, nor its practitioners, can hope to identify genomic
alterations that bear directly on diagnosis, prognosis, and
potential therapy by histologic examination. The conse-
quences of genomic alterations may in some way be evident,
but that is not direct or objective evidence. For example,
anaplasia is often considered a marker of higher-grade malig-
nancy in cancer diagnosis and has been linked to mutations
in p53, the most commonly mutated gene in human cancer.2–5

However, the correlation between anaplasia and p53 muta-
tions detected by DNA sequencing or similar methods is
poor4; rather, multiple genes may contribute to the pheno-
type.6 Thus, morphology is not a surrogate of genomic analy-
sis. The goal, then, of the diagnostic technologies discussed
here is to provide objective evidence of class, character, geno-
type, phenotype, prognosis, and potential therapy, but not a
diagnosis of cancer per se. That remains the domain of mor-
phologic diagnosis. Nonetheless, the certainty of such diag-
noses, and especially their value to the practice of oncology,
can be markedly enhanced by these methods.

Diagnosis Versus Prognosis and Therapy

As intimated previously, the real value of sophisticated mo-
lecular technologies is their potential impact on precise,
objective, unambiguous cancer diagnosis. To place this in
context, however, it is important to remember that the only
reason to establish a diagnosis of cancer in the first place is to
determine prognosis and therefore therapy. In the first
instance, a diagnosis of any form of cancer (specifically, solid
tumors) implies that the tumor must be completely removed
and potentially treated systemically with chemotherapy
and/or radiotherapy. If benign, or a pseudoneoplastic condi-
tion (fibromatosis, for example), these issues do not apply.
Function, cosmetic effect, interference with normal bodily
function, and similar concerns dominate such diagnoses; life-
threatening consequences are rarely part of the dialogue.
Thus, the first and paramount issue in cancer diagnosis,
whether a tissue is or is not cancerous, relates directly to
therapy. However, as cancer therapy has become progressively
more sophisticated and multimodal, a simple diagnosis of
“cancer” is obviously inadequate. Furthermore, a diagnosis 
of “high grade” or “grade III” is fraught with some degree of
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uncertainty. One need only consider the conflicting grading of
brain tumors espoused by WHO versus other authors (notably,
the existence of three versus four grades of astrocytic brain
tumors) to appreciate the conundrum. Clearly, a glioblastoma
multiforme is a deadly tumor. But what of a grade II astrocy-
toma, and in which diagnostic scheme? This, then, is the sole
purpose of diagnosis, and of the methods described herein: to
establish the best possible course of action based on the best
available diagnostic and prognostic information. The purpose
of the diagnostic technologies discussed here is therefore to
augment the precision and utility of a cancer diagnosis and its
direct relevance to treatment.

Integration of Diagnostic Information with Therapy

As appealing as extensive data on a given tumor may be, the
ultimate test of the relevance of such data is whether these
can be integrated into patient management. It is of no value
to determine that a given tumor has a p53 mutation, for
example, unless there is a body of literature that suggests that
such mutations are associated with more aggressive clinical
behavior.2 Fortunately, for many tumors, this is the case,5 and
p53 mutational analysis is now a commercially available test,
offered by Roche Diagnostics. However, for most genes, there
is little or no such compelling information, and mutational
analysis of, for example, RB, MDM2, E2, or any other cell-
cycle control gene, while of research interest, is at present of
little or no clinical value.7

Despite the need to distinguish between clinical research
and practice, there are a number of assays that are, or are
becoming, the standard of care. Some examples include
HER2/neu in breast cancer, p53 analysis in many forms of
cancer, gene translocation analyses in leukemia, MYCN
amplification in childhood neuroblastoma, and c-KIT and
platelet-derived growth factor receptor (PDGFR) mutational
analysis in gastrointestinal stromal tumor (GIST). The latter
is of particular interest because it is primarily of importance
as a predictor of response to targeted therapy with gleevec
(imatinib), a kinase inhibitor that inhibits not only its origi-
nal target, the cytosolic kinase ABL, in chronic myelogenous
leukemia (CML), but also c-KIT and PDGFR, both receptor
tyrosine kinases often mutated and constitutionally activated
in GIST. This is an important paradigm shift as well: here, for
the first time, a diagnostic assay is performed specifically to
determine eligibility for therapy, or at least to predict the like-
lihood of response to, a targeted cancer therapeutic agent of
a new type, a kinase inhibitor. This pairing of agent with
target, and its mutational status, is rapidly emerging as a
major change in approach to cancer chemotherapy: response
to targeted agents is predicated on the presence in the tumor
of a suitable target, in this case, a mutated phosphokinase.
This specificity also explains the narrow therapeutic response
window (e.g., mutated versus wild type) for agents such as
iressa (gefitinib). This kinase inhibitor is specific for epider-
mal growth factor receptor (EGFR), another RTK that is com-
monly actively overexpressed or overactive in a wide variety
of cancers. However, enthusiasm for iressa has been tempered
by the reality that only about 10% of patients with lung
cancer, for example, respond to therapy. Recently, it was
shown that this is precisely the group with mutations in their
EGFR RTK; those with wild-type EGFR fail to respond and
do not benefit from therapy with iressa.8 Interestingly, it

appears that this is true of other types of lung cancer (e.g.,
nonsmokers) and other kinase inhibitors.9 It will be interest-
ing to see if this becomes a standard of care, whereby eligi-
bility for treatment with a selective agent such as iressa or
gleevec will require diagnostic assay for a specific mutation
in the tyrosine kinase domain of the receptor or cytosolic
kinase.10

Therapeutic Targets

The examples cited previously of directed therapies specific
for a particular protein or a mutation therein are likely to
grow rapidly in number as new agents and new targets are
identified. One consequence of the widespread use of molec-
ular biologic methods in the analysis of cancer tissue is the
increasing awareness of recurring patterns of genes or proteins
preferentially expressed by certain types or classes of tumors.
Examples are illustrated in more detail later in the discussion
of technologies used to identify these genes, but here we focus
instead on the consequence of their identification.

Although identification of mutated kinases has captured
the imagination of oncologists and cancer biologists, the
reality is that mutations are commonplace in cancer, and the
consequences of these mutations are widespread in all forms
of cancer. As a general rule, proliferation in cancer cells is
increased for lack of cell-cycle control, and apoptosis is inhib-
ited for lack of a viable apoptotic pathway in many cancer
cells. The causes of this are too numerous (and often
unknown) to document in detail here. Rather, it is fair to state
that no one defect explains enhanced cell proliferation and
diminished apoptosis in cancer. Thus, a comprehensive
analysis of contributing genes to both processes, both pro-
moting and suppressing, can identify potential therapeutic
targets, if the gene or its protein product is a druggable target.
Receptor tyrosine kinases are obvious examples, based on
prior comments, and so are cell-cycle regulatory genes such
as MDM2 and P53, as well as a huge number of other genes
involved in one or another aspect of these two basic defects
in cancer cell control. Thus, adenoviral-mediated p53 replace-
ment therapy has been explored in lung and head and neck
cancer for many years,11,12 and recently Roche has developed
an MDM2 inhibitor for those tumors with unopposed MDM2
activity.13 In a broader sense, gene targets identified by a
variety of biologic and genomic studies have also promoted
development of agents that selectively inhibit tumor charac-
teristics, such as their ability to promote angiogenesis to
develop a vascular supply necessary for growth beyond micro-
scopic tumorlets. In this case, at least five compounds that
target the vascular endothelial growth factor, VEGF, or its
receptor, FLT1, have been developed to specifically inhibit
angiogenesis in cancer.14,15 Early clinical results are promising
but it is too early to draw conclusions.

In general, it should be apparent that the more one knows
about a given cancer, the more precisely it can be targeted
with therapeutics intended to exploit features unique to that
tumor. In the future, the list of candidate targets is likely to
expand far beyond the current short list of kinase inhibitors,
monoclonal antibodies against receptor tyrosine kinases 
(e.g., Herceptin for HER/neu amplified breast cancer), and
angiogenesis inhibitors. Proteasome inhibitors are currently
being evaluated, for example,16,17 while many other candidate
targets remain to be exploited, individually (integrins such as
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the vitronectin receptor, alpha V beta 3, for example)18 or as
a class (of which there are many).19

In view of these concerns, it is reasonable to examine the
contributions of molecular technologies to the characteriza-
tion of cancer, and ultimately the choice of therapy, based on
knowledge of candidate targets amenable to targeted thera-
pies such as these.

Diagnostic Technologies

In general, all the methods to be described here can be char-
acterized as analytic tools for the characterization of DNA,
RNA, or protein, paralleling the sequence of genomic func-
tion, from archival information in DNA, its encoding in
mRNA, and its translation into a functional molecule,
protein (Figure 21.1). However, this simple schema, although
largely correct, overlooks great complexity in the structure,
organization, function, and modification of genetic informa-
tion. To note only a few examples, only about 3% of the
genome is associated with genes; the function of the rest is
largely unknown, although there is clear evidence that this is
not just “junk” DNA, as has been supposed.20 Similarly,
although only 40,000 genes, more or less, are known, thou-
sands more noncoding RNA transcripts have been detected in
expressed RNA pools in cells.21 Thus, genetic and epigenetic
controls over DNA replication, RNA expression, and even
nuclear chromatin structure are also relevant to cancer
origins, grade, and outcome, but are not explored here.
Instead, we examine the proven and widely used methods for
analysis of the functional genome, starting with proteins,
known in aggregate as the proteome.

Protein Based

Immunohistochemistry

By far the most established method of detecting protein in
cancer cells is immunohistochemistry (IHC) (Figure 21.2).
This technique is widely employed in routine cancer diagno-
sis in surgical pathology, but it is also used for a number of
assays to determine eligibility for directed therapy, or at least
to assess the likelihood of efficacy for such therapies. A
typical example of this is HER2/neu. Even though HER2

amplification is most significantly associated with prognosis
in breast cancer, because there is a close association between
amplification and elevated protein expression, it is generally
sufficient to simply detect the protein by IHC. However,
there is significant disagreement as to the superiority of IHC
(e.g., protein detection) as opposed to FISH (fluorescent in situ
hybridization to detect DNA copy number), and whether
DNA amplification is more important than protein expres-
sion. A similar controversy surrounds childhood neuroblas-
toma, where MYCN amplification detected by FISH is the
standard diagnostic procedure for MYCN determination;
polymerase chain reaction (PCR) for elevated MYCN expres-
sion levels is occasionally misleading and not a reliable
marker for genomic amplification. Similarly, detection of
MYCN protein by IHC is not a reliable surrogate either.

Despite these potential limitations, IHC is far and away
the most common technique employed to augment morpho-
logic diagnosis. It is enjoying something of a resurgence, as
genes detected by other methods (as described next) need to
be validated at the protein level. To serve this burgeoning
need, innumerable biotechnology companies producing vast
numbers of antibodies specific for a given gene product have
arisen and increasingly supply the specific antibody paired
with the gene of interest. Two benefits accrue: protein stain-
ing is considered the diagnostic gold standard (as not all
expressed genes necessarily result in expressed protein), and
the technology is simple, cheap, reproducible (with some
caveats), and technically straightforward.

Western Blots and Immunoprecipitation

Historical problems with nonspecificity of antibody staining
on tissue sections, coupled with a relative lack of quantita-
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tion, led to the development of a method to detect protein
and confirm identity based on objective criteria such as mo-
lecular mass and reactivity with an allegedly specific anti-
body. In this method, the crude protein extract is incubated
with an antibody and the antigen–antibody complex is pre-
cipitated from solution, then separated into antigen and anti-
body by gel electrophoresis. Conversely, the mixture can be
electrophoresed and separated by molecular mass, then trans-
ferred to a filter membrane (the “Western” blot, as opposed
to a DNA Southern blot or RNA Northern blot) and incu-
bated with the antibody. Either way, the protein can be iden-
tified by its reactivity with antibody and its relative mass, or
molecular weight. An example of a comparative Western
analysis of the same protein from a series of Ewing’s tumors
is illustrated in Figure 21.3. It is immediately apparent that
the relative amount of the protein in erstwhile identical
tumors is in reality markedly different, thereby document-
ing a quantitative difference in protein content that would 
be difficult to assess by IHC, for example, where only 

degrees of antibody staining can be assessed, generally 
nonquantitatively.

ELISA

Enzyme-linked immunosorbent assay, or ELISA, is a widely
used laboratory procedure for identifying proteins or other
antigens present at concentrations as low as one part in a
billion within complex mixtures such as serum and urine. As
such, the assay has been employed to detect viral antigens,
tumor antigens, and many other protein moieties for years.
Two basic methods are commonly used: (1) the specimen con-
taining the suspected target antigen is coated on the sub-
strate, then detected by enzyme-linked specific antibody, or
(2), in the sandwich ELISA assay, the plate is coated with 
specific antibody and washed, the serum, urine, or similar
complex protein mixture is added then eluted, and finally an
enzyme-linked version of the same antibody is added and sub-
sequently detected by chromogenic or fluorescent methods.
The latter method presumes the existence of more than one
epitope on the antigen; otherwise, the second antibody will
not bind and no antigen is detected. Thus, either multiples of
the same epitope must be present on the antigen, or two dif-
ferent antibodies directed against two epitopes must be used
in the assay. Quantitation is readily performed when dilu-
tions of the target mixture are performed and assayed, as the
optical density of the mixture following enzymatic chro-
mogen generation (as with horseradish peroxidase, a com-
monly used enzyme) increases linearly with increasing
concentration of the target antigen. When suitable positive
controls are performed in parallel, the concentration of the
antigen in the serum or urine can be readily calculated from
a simple y = mx + b graph of optical density (OD) versus dilu-
tion. A typical result performed in a 96-well format is illus-
trated in Figure 21.4.

ELISA assays are probably the most common laboratory
procedure performed for immunodetection of protein anti-
gens. However, the confluence of several factors has lent a
new life to this venerable assay: as genomic methods increas-
ingly identify gene targets, their protein end product can be
predicted with accuracy and a suitable ELISA assay estab-
lished. This method is of particular value in serum-based
diagnostics, where the presence of enormous concentrations
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of albumin and immunoglobulins vastly overshadows the rel-
atively rare tumor cell products. However, by virtue of the
remarkable ability of solid-phase immunoabsorption to retain
even rare proteins on an immobilized immunoglobulin-
coated solid substrate, it is possible to both detect and quan-
titate such proteins. The presence in serum and urine of many
tumor-associated proteins or peptides makes detection and
quantitation of these antigens by ELISA an attractive means
of early detection and monitoring of tumor persistence or
recurrence. The marked sensitivity of the assay, coupled with
its low cost, proven sensitivity and specificity, and amenabil-
ity to rigorous laboratory quality control procedures, has
made it the method of choice for such assays. However, suc-
cessful use presumes both knowledge of the antigen, as well
as the availability of a suitably specific antibody. Initially,
these requirements are rarely satisfied, and tumor antigens
must be identified by other methods. This process has been
markedly enhanced in the past decade by rapid progress in
mass spectrometry and related methods, well suited to detec-
tion, characterization, and even quantitation of unknown pro-
teins and peptides.

Proteomics and Mass Spectrometry

Although antibody-based protein detection methods are pre-
ferred when the antigen is known and a suitable antibody to
detect it is available, such methods are of no value with
unknown antigens, which is the more common situation
when searching for novel tumor antigens. Although a high
index of suspicion may derive from preliminary gene expres-
sion analyses on expressed mRNA, the ultimate identifica-
tion requires detection and at least partial sequence
identification. By far the most common method of doing so
currently is mass spectrometry. However, mass spectrometry
is not a single method; rather, there are many variations, too
many to discuss here. Suffice it to say that increasingly,
sample preparation methods that mimic ELISA or affinity
capture methods are coming to dominate clinical proteomics,
while rather more demanding, tedious, expensive, but ulti-
mately unequivocal methods, such as tandem mass spec-
trometry are finding wide acceptance as research tools. Here,
we focus on mass spectrometry with suitable interface 
for specimen complexity reduction coupled with high
throughput.

Clinical proteomics, as opposed to research proteomics,
necessitates high throughput, reproducibility, and reasonable
cost. Most research methods that utilize preparative columns
for sample cleanup before mass spectrometry are not suitable
for clinical use. The columns are expensive and must be
replaced frequently. However, raw serum or urine cannot be
successfully analyzed by mass spectrometry because of the
vast difference in concentration between target protein or
peptide compared to contaminating proteins such as albumin.
However, depletion methods that selectively remove albumin
and serum globulins may have an untoward effect: a very high
percentage of serum proteins, likely including tumor anti-
gens, are in fact bound to albumin. Removal of albumin may
thus remove a large amount of the target antigen. Thus,
methods which selectively immobilize target proteins or 
peptides from complex mixtures are to be preferred, not
unlike the solid-phase adsorption of ELISA assays discussed
previously.

SELDI TOF is a currently popular method of preisolating
a vast variety of proteins or peptides before mass spectrome-
try. This method relies on the selective elution with laser de-
sorption and ionization of proteins, followed by time of flight
mass spectrometry. Marketed by Ciphergen, this technology
has been used for the majority of clinical proteomics 
publications to date.22–32 In essence, this method utilizes a
specimen target immobilization using a “protein chip,” the
characteristics of which vary widely, from strong anion or
cation exchangers to immobilized antibody bases. Each spot
is repeated several times in a row, and the adsorbed target is
selectively eluted under varying elution conditions, from
weak to strong. Each step is ionized and separated on the basis
of the mass to charge (m/z) ratio. The resultant peaks are
recorded and conditions optimized to identify the peak or
peaks of interest. A typical example is illustrated in Figure
21.5. For identification, the same protein chip can be incu-
bated with one or more proteases, such as trypsin and the
resultant peptides spectrographed. The peptide pattern is
highly reproducible and by definition identifies partial
sequences within the intact protein. When compared to the
vast online libraries of peptide fragments that result from any
protein treated with any common protease, it is possible to
make an identification from peptide mapping more than 90%
of the time. If any doubt remains, the same specimen can be
subjected to tandem mass spectrometry with quadrapole-
based, collision-induced dissociation of individual amino
acids, which can then be readily identified and the amino acid
sequence deduced. This finding is then easily compared to
genomic or protein library data for a positive identification,
regardless of whether prior knowledge exists.
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RNA Based

All protein is ultimately the product of mRNA coding infor-
mation translated into amino acid sequences that constitute
proteins, which then undergo a vast number of posttransla-
tional modifications, resulting in more than a million identi-
fiable proteins from fewer than 50,000 genes. In part, it is the
potential to reduce this posttranslational complexity to man-
ageable levels, as well as the precision and unambiguous
result of RNA assays as compared to protein assays, which
has driven the rapid development of RNA-based assays of
interest to both biomedical research and clinical medicine.
Nucleic acids are intrinsically more manageable; there are no
issues with antibody specificity or ambiguous peaks on mass
spectrometry. Even a single base is readily detected. Thus,
many of the current methods for characterizing tumor or
tissue gene expression use mRNA assays as surrogates for pre-
dicted protein gene product. Although it is true that mRNA
assays fail to reflect the vast number of protein moieties that
exist within a cell, many derived from the same gene, it is
also true that all these proteins ultimately track back to
mRNA message: if there is no message, there is no protein.
The converse, of course, is not always correct: message may
not result in protein, or the levels of protein may not paral-
lel message levels, as a result of truncated or prolonged
protein half-life, or even a failure of reliable translation
without immediate proteasomal degradation, as occurs, for
example, with mutated genes producing codon changes that
result in premature stop codons and truncated protein. These
are usually rapidly degraded, and in this case, abundant
mRNA is not reflected in abundant detectable protein, which
is rapidly degraded to undetectable peptides and amino acids.
Despite these caveats, RNA assays are perhaps the most
widely used assay for gene expression in cancer today. It is
therefore useful to review the various methods used to iden-
tify and quantify mRNA expression.

RNA Blots (Northern Blot)

The oldest method to identify and roughly quantitate RNA
is the Northern blot, named for its similarity to the DNA blot
described by E.M. Southern.33 Many variations have subse-
quently been described, including simple transfer without
electrophoretic separation of RNA samples to nitrocellulose
or nylon filters followed by detection with a suitably specific
radioactive or fluorescently labeled probe. A virtue of this
method is its ability to both determine relative molecular
mass and quantify the amount of mRNA present in the
sample, based on density (or fluorescence) measurements of
the hybridized, labeled probe. However, a major shortcoming
is the large amount of RNA required, the need for extensive
laboratory handling (purification, electrophoresis, etc.), and
the time required for a result. Most human tissues, and espe-
cially tumor biopsies, rarely provide sufficient material for
Northern blots. Consequently, alternative methods of RNA
detection and quantitation have been developed.

RNA Amplification: Polymerase Chain Reaction

a. Basic PCR: Polymerase chain reaction, or PCR, has
become the method of choice for detecting even minute
amounts of RNA or DNA, even in contaminated, impure,

degraded, or otherwise unsatisfactory specimens. It is thus
ideally suited to the small biopsies, cytology specimens, body
fluids, or even laser-captured cells that are commonly used
for nucleic acid assays. With suitable amplification (e.g.,
numbers of cycles), it is possible to detect the RNA from even
single cells. A typical result for PCR amplification of MYCN
in neuroblastoma after varying numbers of rounds of ampli-
fication is illustrated in Figure 21.6. Note that in this
example, the MYCN-amplified and overexpressing specimen
(from a needle biopsy) shows detectable product long before
the single-copy control, indicating high-level expression.
Despite the difference, this method is generally not used for
absolute quantitation. Instead, quantitative real-time PCR
has become the method of choice.

b. Quantitative PCR: Quantitative real-time PCR has
become a standard laboratory diagnostic technology by virtue
of its extraordinary sensitivity, amenability to quality control
and reproducibility, speed, and cost. Although the product
amplified is DNA, this is generally a cDNA produced by
reverse transcriptase of mRNA. At least three manufacturers
(e.g., Roche, ABI, and Cepheid) make devices and numerous
reagent suppliers make various chemistries for DNA detec-
tion, including TaqMan (Roche, Basel, Switzerland) and Mo-
lecular Beacons probes, Amplifluor (Chemicon, Temecula,
CA) and Scorpion primers (DxS, Ltd., Manchester, UK), and
intercalating dyes such as SYBR Green (Finnzymes, Espoo,
Finland). All have been used successfully. Regardless of the
chemistry, in each case the point at which there is a
detectable change in fluorescence intensity during the course
of multiple cycles of DNA amplification is noted and termed
the cycle threshold, Ct, the point termed the log-linear phase
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of amplification. This is a sensitive index of how much target
is present in the sample, and is thus a highly reproducible
measurement of the amount of RNA (or DNA) present in a
sample. A typical result for detection of a chimeric oncogene
in a Ewing’s sarcoma (e.g., EWS-FLI1) is illustrated in Figure
21.7, where it is clear that the unknown sample shows a cycle
threshold and subsequent amplification virtually indistin-
guishable from the positive control and quite distinct from
the negative control.

Microarrays

By far the most dramatic advance in the detection of mRNA
has been the development of microarray technology during
the past decade. These arrays, whether constructed of cDNA,
oligomeric DNA, or in situ synthesized 25-mer oligomeric
DNA, share the ability to detect thousands of RNA tran-
scripts simultaneously. From a few hundred “spots” a decade
ago, the current generation of arrays routinely assays all
known, and many unknown, genes from the entire transcrip-
tome. For example, the current generation of Affymetrix

(Santa Clara, CA) GeneChips, the U133 plus 2, assesses the
expression of 47,000 unique RNA transcripts, a number con-
siderably larger than the estimated number of genes in the
human genome. The identity of more than half is unknown.
The major impact of these arrays has been their ability to
simultaneously measure the gene expression activity of any
and all genes, and deliver a quantitative value, resulting in a
vast number of gene by gene measurements. These gene
expression profiles are markedly different for different tissues
and tumors and have been shown to provide powerful diag-
nostic information that in many cases is superior to any
antecedent diagnostic technology, on a par with an expert
pathologist, and far more reproducible.

a. cDNA: The first-generation microarrays were created
by spotting cDNAs of specific sequence, complementary to
known genes, usually by fine-tipped metal probes held in
physical arrays. The arrays were then “stamped” with the
same cDNA in the same position, one after another. The
resultant arrays are then incubated with a dual sample: a
mixture of control and tumor, for example, in balanced pro-
portion, each with a different color fluor (typically Cy3 and
Cy5). The result is either red, green, yellow, or black, or vari-
ations thereon. A typical result is illustrated in Figure 21.8a.
Red or green denotes 100% hybridization by only one of the
RNA moieties in the mix (e.g., control or tumor, for example);
yellow indicates balanced competitive hybridization of both
in about equal proportion; and black indicates no hybridiza-
tion by either. By calculating the ratios of red to green, the
“fold change,” or multiples of greater or lesser expression of
sample versus control, can be calculated.

Although this method is still in use, it has become con-
siderably less popular with recognition that cDNA clones are
prone to cross-hybridization, are often not monoclonal, and
may in fact be mislabeled. This intrinsic lack of control over
the actual sequence present on the array has prompted the
search for more precise nucleotide probes for arrays.

b. Spotted oligomeric DNA: In an effort to improve the
reproducibility of spotted arrays, most laboratories are
increasingly using defined oligomers (usually 50-mers or 60-
mers) of known sequence. Advantages of this approach
include the ability to precisely replicate arrays from newly
synthesized oligomers and achieve the same results, the
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ability to compare data from one lab to another, and the
absence of cross-hybridization caused by mixed clones or 
conserved sequences within large cDNAs that result in non-
specific cross-hybridization. In addition, variations in
expressed gene sequence due to alternative exon usage, trun-
cated message, and even mutations can be readily detected
with custom arrays that are otherwise difficult to create from
standard UNIGEN database information. Thus, the user is
free to generate highly specific custom arrays to interrogate
expressed in detail. Several commercial vendors, such as
Agilent, have entered the field, which will result in stan-
dardization of arrays and results that would otherwise be dif-
ficult to achieve in “home brew” microarray facilities. This
in turn will enhance their utility for clinical use, where repro-
ducibility and reliability are of paramount importance.

c. Synthesized oligomeric DNA: Figure 21.8b illustrates
the physical appearance of a typical commercial oligonu-
cleotide array (Affymetrix GeneChip), where 25-mer seg-
ments of a gene are arrayed from 6¢ to 3¢ in “tiles,” or areas
containing that probe. Typically, 11 to 16 such 25-mers are
generated across the coding sequence of the gene, paired with
a one-nucleotide mismatch (below) (e.g., PM versus MM, or
perfect match versus mismatch). The PM minus MM signal
intensity for each pair is calculated, and the mean value for
all tiles within a gene is calculated and reported as an expres-
sion value. A variety of correction algorithms are then applied
to calculate a normalized value for each of the genes on the
array, using values from internal standards on the array. In a
typical analysis, the values for each gene in each sample are
compared one to another in high-dimensional space, and the
nearest neighbors, based on any of a number of criteria, are
calculated and the patient samples “clustered” to identify
those most similar to one another. When done well, very
obvious clusters of “like” and “unlike” are readily appreci-
ated, thereby establishing classes of tumor (Figure 21.9). Sur-
prisingly, these clusters typically match known tumor
groupings closely. Cases that do not frequently have subse-
quently been shown to be misdiagnosed. In other cases, the
method identifies previously unrecognized subsets within
tumor groups, many of which may have important clinical or

therapeutic features of value for patient management in the
future. In general, whole-transcriptome expression profiling
has had an enormous impact on biomedical research and is
poised to enter the clinical practice of medicine, particularly
in oncology, where gene dysregulation is a regular feature of
most cancers. Finding which genes has been the challenge.
Microarray technology appears to accomplish that, rapidly
and facilely, to great effect.

DNA Based

Analysis of DNA takes many forms. Methods to do so span
virtually the entire history of molecular biology, more so than
RNA or protein (at least as defined by modern sequencing and
characterization methods). Progress in DNA analysis has been
remarkable: from crude biochemical methods to coarse RFLP
(restriction fragment polymorphism analysis) to modern
methods that embody rapid sequence determination and iden-
tification of DNA from virtually any source, the ability to
obtain precise, voluminous DNA sequence information is now
virtually unlimited. The achievements of the human genome
sequencing project seem to pale in the face of potential indi-
vidual whole-genome sequencing within days at minimal cost:
all 3.3. billion bases, times two (sense and antisense), times
two (both haplotypes). In this context, it also worth mention-
ing that about one-third of the DNA extracted from a cell is
mitochondrial in origin, and mitochondria undergo muta-
tional damage over time, with resultant disease onset as well.
Analysis of this DNA, too, will be of importance. It is likely
that as highly automated, inexpensive methods of doing so
become commonplace, broad DNA sequencing will likely
become central to analysis of genetic anomalies in cancer and
other diseases. At present, however, assays of more limited
scope are the norm, as is illustrated here.

Southern Blot

The first widely used method for DNA identification without
resort to laborious manual DNA sequencing methods was
developed by E.M. Southern in 1975.33 This method is based
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on the remarkable specificity of binding between nucleotides
in the DNA helix. If the double helix is denatured (“melted”),
the single-stranded DNA is then readily annealed with 
complementary DNA sequences. By denaturing DNA, elec-
trophoresing it to separate different fragments by molecular
weight, transferring the gel to a solid substrate such as nylon
or nitrocellulose membranes, and incubating these filters
with radioactive or fluorescently labeled complementary
DNA probes (e.g., short sequences sufficient to establish
absolute identity), it is possible to identify any sequence from
the mix of genomic DNA. A side benefit is that loss or gain
of chromosomal DNA can also be ascertained; comparison of
a single-copy DNA probe with an amplified gene, for example,
allows ready determination of copy number. An example
from an MYCN-amplified childhood neuroblastoma is illus-
trated in Figure 21.10. Here, a variety of tumors with a single
copy of the gene show comparably dense bands at the appro-
priate molecular weight. In contrast, the amplified tumor
shows a marked increase in signal strength. Scintigraphy 
of radioactive DNA probes, fluorography of fluorescently
labeled DNA, or densitometry of chromogen-labeled DNA
allows precise quantitation of the signal, and therefore a ratio
that defines copy number.

Fluorescent In Situ Hybridization (FISH)

The remarkable specificity of DNA hybridization has given
rise to many variations on DNA assays. One particularly
useful method for clinical purposes is fluorescent in situ
hybridization (FISH). In this method, fluorescently or 
affinity-tagged DNA probes some hundreds to several thou-
sand bases in size are applied to tumor sections, cytospins, or
imprints, for example, and hybridized under denaturing then

reannealing conditions, conditions similar to those developed
for Southern blots. The labeled DNA is now bound to target
DNA and readily detected. This method can be used for a
variety of purposes, such as detecting amplified genes, as in
MYCN amplification in neuroblastoma (Figure 21.11) or,
more commonly, to detect HER2/neu amplification in breast
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FIGURE 21.10. Southern blot.

FIGURE 21.11. Fluorescent in situ hybridization
(FISH); MYCN; tissue section.



cancer. Both are of great prognostic importance, imparting a
graver prognosis than would otherwise be the case, and estab-
lishing the basis for more-aggressive therapy. FISH, then, is a
valuable diagnostic and prognostic tool that begets more
aggressive therapy when an amplified gene is detected.

DNA Sequencing

Direct detection of sequence variation in DNA has been
greatly facilitated by the advent of high-throughput, auto-
mated, multichannel DNA sequencers. These machines were
in fact responsible for the rapid progress made in the human
genome sequencing project. The technology is now routinely
used in research and diagnostic laboratories to determine the
identity of, for example, PCR-amplified DNA, and to detect
mutations or polymorphisms in genomic DNA. An example
of heterozygous mutation of a gene is illustrated in 
Figure 21.12, where both G and C peaks are identified at the
same location, indicating that there is a mutation in one
allele of the gene, whereas the other allele remains wild type.
Most often in cancer cells the wild-type allele is subsequently
lost, resulting in unopposed function of the mutant and total
loss of wild-type functionality, common in oncogenes such as
p53.

Mutation Detection (WAVE, and Similar Methods)

Indirect means of DNA sequence detection have proliferated,
especially before the availability of cheap, fast DNA sequenc-
ing. Several of the methods are based on aberrant migration
in a gel due to conformational changes in the DNA double
helix that results from base mismatches. They retain their
importance as screening methods in particular, due to their
low cost, high sensitivity, and high throughput, superior even
to DNA sequencing. Their value stems from the fact that
most mutation or polymorphisms screening assays presume
a low incidence of positives. Rather than laboriously sequenc-
ing all samples, a prescreen that detects the rare anomalous
case is used. When an anomaly is detected, it is simple to
confirm the anomaly by direct DNA sequencing of the anom-
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FIGURE 21.12. DNA sequence.
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FIGURE 21.13. WAVE?

alous case. This is the principle behind SSCP (single-strand
conformation polymorphism) and its many derivatives such
as dHPLC (denaturing high performance liquid chromatogra-
phy).34 A particularly useful method has been commercialized
by Transgenomics, the so-called WAVE technology. In this
method, homo- and hetero-DNA dimers are formed after
denaturing and renaturing conditions and immobilization on
a hydrophobic column matrix. Increasing concentrations of
acetonitrile selectively elute triethylaminoethyl (TEAA)-
bound DNA duplexes; heteroduplexes elute first, followed 
by homoduplexes. Mismatched dimers elute aberrantly,
reflected in peak height and shape. Samples that show such
anomalies are then subjected to confirmatory DNA sequenc-
ing, as described earlier. In this way, a large number of 
clinical samples can be screened, and only those showing
anomalous elution patterns need be confirmed by DNA
sequencing. A typical example of mutation detection by
WAVE dHPLC is illustrated in Figure 21.13.

Polymorphisms

An interesting aspect of genomic DNA organization is the
presence throughout the genome of millions of single-
base variations between individuals, called SNPs, for 
single-nucleotide polymorphisms. The HapMap project
(http://www.hapmap.org/index.html.en) estimates there are
10 million such variants that occur with sufficient frequency
as to warrant designation as polymorphisms. An example is
illustrated in Figure 21.14, from the HapMap home page.
These SNPs are not mutations; mutations occur rarely and
are usually either inherited in the germ line from one parent



or arise de novo as a somatic mutation. In contrast, poly-
morphisms reflect human genetic variation between individ-
uals. During sexual reproduction, chromosomal cross-over
events result in the creation of mosaics of large blocks of
DNA (“haplotype blocks”) inherited from one or the other
parent (Figure 21.15, also from the HapMap home page). This
overall pattern is called a haplotype. Because these blocks of
DNA are inherited as blocks, each individual inherits two
haplotypes, one from each parent. These haplotypes have gen-
erally arisen as much as 150,000 years ago in the human germ
line in Africa and have undergone further diversification with
the spread of humanity over the globe. They show marked
ethnic variation, resulting from expansion of isolated groups
of humans, and variable age, due to additional polymorphisms
that arose subsequent to dispersion of ethnic populations.
The aggregate effect is a fingerprint of genetic diversity that
can be used to identify the genetic background of any indi-
vidual and, further, to associate that genetic makeup with
disease propensity, severity, response to drugs, and many
other parameters. Polymorphic variants of CYP450, for
example, are powerful tools to predict drug metabolism in
individuals, potentially guiding dosage for the individual 
as opposed to the “average.” In oncology, idiosyncratic
responses to drugs such as cyclophosphamide are linked to
specific polymorphic variants of CYP450.35,36 This burgeoning
field, termed “pharmacogenetics,” is likely to increasingly
dictate individualized therapy based on haplotype variants of
critical genes such as CYP450 and many others that in aggre-
gate dictate an individual’s disease susceptibility and likely
response to therapy.37–42

Whole-Genome Assays for SNPs

Given the apparent importance of polymorphic variation
among individuals to important clinical issues such as disease
susceptibility and response to therapy and prognosis, a prac-
tical method for genotyping individuals is needed for clinical
use. The HapMap project referenced earlier is providing the
data, including tag SNPs that will enable identification of
haplotype blocks and therefore the individual’s haplotype;
only about 500,000 of these are needed to predict an individ-
ual’s genotype, as opposed to direct detection of all 10 million
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FIGURE 21.14. Single nucleotide polymor-
phisms (SNPs): illustration from HapMap.
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FIGURE 21.15. Genomic mosaicism.

SNPs, or any large fraction thereof. A variety of methods for
large-scale detection of SNPs are being developed. At present,
two approaches merit discussion, as both are used for whole-
genome SNP analysis.



a. Bead Arrays: The first, a multiplex bead assay developed
by Michael et al.43 and commercialized by Illumina, Inc. (San
Diego, CA), termed Beadarray, is capable of identifying up 
to approximately 1,500 SNPs per assay, by adsorbing a 
random bead mixture (~1,000 to ~1,500 types, specific for 
one SNP) onto the etched ends of approximately 50,000 optical
fiber complexes. Each fiber binds a bead; with 1,500 bead 
types, each is represented with about 30-fold redundancy. A
unique decoding scheme, based on unique “address”
sequences incorporated into PCR-amplified genomic 
DNA sequences, is then used to identify each bead and assign
a call value for each SNP.44,45 The result is about a 90+%
successful call for SNPs from dbSNP. High-quality, validated
SNPs results in more than 95% calls. SNPs can be drawn 
from the entire genome, or regionally at high density. This 
flexibility lends itself to disease association studies, where 
a locus is first identified, then probed in detail with regional
SNP beads. However, there is a significant design and valida-
tion component for each SNP, and the cost per SNP is higher
than SNP arrays (see following). Nonetheless, this technology
has been widely used by the HapMap project, with great
success.

b. SNP photolithography arrays: The second high-
throughput method, available commercially from Affymetrix,
is based on the same technology employed for the GeneChips
discussed earlier. For SNP detection, the region of interest for
a specific allele, termed “A” (e.g., the SNP and 14 surround-

ing nucleotides, designated -7 through +7) is represented by
25-mer oligonucleotide sequences, with the specific
nucleotide of interest represented in position 13. Target
sequences bind most stably to such sequences and yield the
brightest signal. The brightest signal should thus occur for the
25-mer representing the SNP at position 0. To further control
for nonspecific hybridization, a one-base mismatch sequence
is tiled on the array immediately below the perfect match,
yielding a 2 ¥ 7 matrix of 14 tiles. This is then doubled, to
include the same setup for the alternate allele (“B”), yielding
a 4 ¥ 7 matrix. Finally, this is replicated in the antisense direc-
tion, for a grand total of 56 tiles. To detect the target DNA
on these probes, genomic DNA is fragmented by one or more
restriction endonucleases, PCR primer adapters ligated to 
the ends, and preferentially PCR amplified by fragment size
(e.g., 400–800bp). These PCR products are then fragmented,
denatured, end labeled, and hybridized to the SNP arrays,
resulting in the hybridization pattern illustrated in Figure
21.16. With suitable software, the genotype for any given SNP
can be called with greater than 95% confidence.46,47 At
present, arrays capable of interrogating up to 126,000 SNPs
are available, and the number is expected to rise to 500,000
and more in the near future. With reasonable selection of
SNPs, this density will allow haplotyping with unprece-
dented precision and sensitivity across the entire genome.
The disadvantage is that, unlike the bead array system already
described, the user cannot specify specific SNPs for analysis.
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FIGURE 21.16. SNP: chip.



These methods may thus be complementary technologies for
very high density SNP haplotyping.

Although high-density SNP haplotyping will ultimately
be of value in oncology as a means to identify patient sub-
populations with greater or lesser tolerance for certain cyto-
toxic drugs and perhaps even disease susceptibility, the
immediate value of SNPs, particularly as high-density
microarrays, is their phenomenal ability to detect DNA copy
loss and gain, and to map these genomic alterations to very
precisely defined regions of chromosomes.48–50 In one respect,
this can be considered a logical extension of cytogenetic
analysis, SKY, CGH, and even array CGH, none of which
approach the power of this technology to detect DNA loss and
gain by as few as 1,000 bases within specific regions of the
genome. This approach is of enormous potential value for
identifying recurring genomic abnormalities in cancer that is
currently beyond the limits of detection by current technol-
ogy. Wider use of this technology for this purpose is
inevitable. Initial publications, including use of laser-
captured and amplified DNA, have already appeared.49 Many
more are expected.

Bioinformatics in Medicine

An inevitable consequence of the use of large-scale genomic
technologies in biology and medicine is the accumulation 
of vast amounts of data that must be reduced to useful 
knowledge. Each of the newer technologies discussed (e.g.,
mass spectrometry-based proteomics, microarray-based gene
expression analysis, and SNP-based genotyping) of necessity
create this challenge. This in turn has spawned an urgent need
for those skilled in both biology and quantitative analyses.
Unfortunately, the methods required for data management go
far beyond data archiving and statistical analysis. Bioinfor-
matics is the broadly defined discipline that has resulted from
this need. Many different tools have and continue to be devel-
oped to meet this need. National Institutes of Health (NIH)
sponsors NCBI, the National Center for Biotechnology Infor-
mation, which both hosts genomic data and provides suitable
browser and analytic tools. The HapMap project noted earlier
offers similar tools for inspection and analysis of SNP data.
Numerous commercial sources of software for analysis of gene
expression data and linkage analysis are also available. The
full scale of the endeavor is far beyond the scope of this
chapter. It is fair to say, however, that as the technology
advances rapidly, so does the need for analytical methods, but
also the need for tools to integrate these data sets with one
another and with other types of data that bear on the problem,
such as clinical, biologic, and other molecular data. As a
general comment, the steady intrusion of genomic methods
on the practice of medicine, and especially in cancer, the most
common genetic disease of all, will inevitably require differ-
ent training for its practitioners in the future. At a minimum,
the future oncologist, and allied disciplines, will likely need
to concurrently deal with clinical, biologic, laboratory,
genomic, and statistical data in the evaluation of a patient.
Whether responsible for the primary analysis, or accepting or
rejecting the result, this future oncologist will need to be con-
versant with at least a basic understanding of the quantitative
analytical methods used for genomic studies.

Clinical Impact

Evidence of Efficacy

Whenever a new procedure or technology is introduced into
medicine, there is inevitably a rush of enthusiasm, usually
followed by unwarranted skepticism, in response to the
inevitable failures that accompany any new method. The 
difference with genomic technologies is already apparent,
however: although sequencing the human genome may have
had little or no direct impact on the practice of medicine, the
derivative information and technology are responsible, to a
greater or lesser degree, for nearly all the technologies dis-
cussed in this chapter. The characteristic of all these newer
methods is that all have resulted in publications that docu-
ment their actual or potential efficacy in patient manage-
ment, most notably in oncology. This, then, is the real value
of these technologies: they enhance our ability to both under-
stand and treat cancer, in ways unheard of a short time ago.
The impact going forward can hardly be less.

Integration with Morphologic Diagnosis

As powerful and promising as genomic technology is for the
field of oncology, it is also important to place this enthusi-
asm in context. Osler allegedly admonished his students to
be neither the first to adopt new medications nor the last to
abandon them. A similar comment can be made with refer-
ence to diagnostics and technology: new and unproven tech-
nologies are no substitute for older methods with proven
efficacy. Even new technologies that offer more precise diag-
noses or better indications for therapy may not be warranted
when viewed in context with cost-versus-benefit considera-
tions. Is a $3,000 genetic test that indicates you have a 60%
lifetime risk to develop cancer of value, when 33% of the pop-
ulation will develop cancer in their lifetime? In a similar vein,
is a diagnostic genetic test with 90% reliability that costs
$1,000 preferable to a pathologic review of a glass slide for a
total of $150? Further, what genetic test determines whether
the submitted specimen is in fact cancer?

The real value of genetic tests is the enormous contribu-
tion they can make to refined, objective, reproducible diag-
noses. Most of the methods discussed here are in actual use,
some as clinical research tools, other as ancillary diagnostics,
to be considered in aggregate with other methods, starting
with routine histologic examination. When the innate preci-
sion and scope of genomic testing is paired with basic patho-
logic evaluation for the presence of cancer, diagnoses result
that are far more likely to be replicated and to direct optimal
therapy. Thus, in actual practice, morphologic and genetic
methods are overwhelmingly synergistic, and should be
employed whenever possible, when there is clinical need and
the result will likely aid therapy.

Implications for Directed Therapy

The most direct impact of precise diagnostic methods is, of
course, to tailor therapy for patients most likely to benefit,
the “Holy Grail” of “personalized medicine.”40,42,51 As laud-
able as these goals may be, the reality is that to date very few
examples of this exist. Herceptin for HER2/neu amplified
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breast cancer, gleevec for GIST, and ATRA for APL are clear
exceptions, but broad-based “personalized medicine” remains
an unattained goal. This reality may change rapidly, however,
as suitable genomic profiling methods become readily avail-
able at reasonable cost. A striking example of this is the
recent recognition that iressa (gefitinib), which has only a
10% response rate in most solid tumors, is in fact 100% effec-
tive in inducing a dramatic reduction in tumor size in non-
small cell lung cancer patients.8 The fact that response is
directly linked to mutations in the ATP-binding pocket of the
tyrosine kinase domain of the EGFR (Figure 21.17), and that
these mutations can be detected by any of a number of
methods, will almost certainly revolutionize the selective use
of iressa for this tumor.10,52 In fact, pairing of a routine diag-
nostic test with therapy has already been proposed by the
authors of this landmark study, and several national com-
mercial labs are apparently in negotiations with that group to
license the intellectual property and offer widespread testing.
It is likely this paradigm will be repeated many times as many
new selective agents (kinase inhibitors, growth factor recep-
tor blockers, proteasomal inhibitors, angiostatins, etc.) go
into clinical trials. It is worth remembering in this regard that
iressa might not have been FDA approved if the response rate
had been any lower. One wonders how many drugs that
showed little efficacy in an unselected population are in fact
highly efficacious in selected patient populations. Diagnostic
testing using the methods described herein will likely answer
that question, at least in some cases.

Integration Within Evidence-Based Medicine

To put the preceding information within the broad context of
evidence-based oncology, it is useful to observe that, although
Osler observed that medicine was an art based on science, it

is increasingly driven by that science, which inexorably seeks
to mechanistically define human disease. As the basic biology
of cancer is increasingly understood, the opportunity to
employ that knowledge to diagnostic and therapeutic advan-
tage will increase in direct proportion. Given the rapid
increase in our knowledge of the functions of the human
genome in health and disease, it is incumbent on the practi-
tioner to incorporate this knowledge into the daily practice of
oncology. This is no small task; the rate of accumulation of
new and relevant knowledge of cancer mechanisms, diagnos-
tic tests, and potential new therapies is set to increase expo-
nentially, as the true value of research on the human genome
is realized. Ideally, as in the iressa and lung cancer example
noted previously, this new knowledge should be applied as
soon as practical. In reality, the need for convincing evidence
will limit the rate at which this knowledge and its associated
therapies become standard of care. In between is a vast land-
scape of clinical research that will be required to provide this
evidence. The need for targeted translational and clinical
research to move discovery from the basic science laboratory
to the patient has never been more acute, a point recognized
and well articulated by the current director of the NIH.53

Concluding Remarks

The preceding discussion attempts to place the many useful
technologies derived from molecular biology within a clini-
cal context. While the technology is powerful, it is no sub-
stitute for clinical acumen and experience. One need only
consider the results of the most cutting edge technology
applied to cancer diagnosis and therapy, when the starting
material is breast adipose tissue instead of tumor, to appreci-
ate that it is the basic oversights that most commonly result
in equivocal or flatly erroneous information. Thus, technol-
ogy is no substitute for common sense and clinical judgment.

The reverse is also true: untoward affection for historical
norms has no place in the future of medicine. Evidence-based
medicine demands objective evidence of diagnoses and infor-
mation used for clinical management. The obvious conse-
quence of this is a need for integration of new technologies
within diagnostic evaluations of cancer. However, too often
proponents of one or another technology overlook the valid
and potentially more efficacious and cost-effective contribu-
tions of established or alternative technologies to clinical
diagnosis. As a general rule, any diagnostic technology that
cannot be delivered for less than a few hundred dollars will
not be accepted as a routine diagnostic modality. Conse-
quently, many if not most of the technologies discussed in
this chapter are not yet ready for “prime time” within the
context of clinical medicine, as opposed to clinical research.
Despite this caveat, there is no question that with increasing
appreciation of the power of these technologies, coupled with
relentless reductions in cost, genomic methods in general will
progressively augment the diagnostic armamentarium of clin-
ical oncology.
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FIGURE 21.17. Three-dimensional (3-D) structure of TK domain of
epidermal growth factor receptor (EGFR).



pathology classifications. Cancer (Phila) 1994;74(9):2579–
2588.

2. Overgaard J, et al. TP53 mutation is an independent prognostic
marker for poor outcome in both node-negative and node-
positive breast cancer. Acta Oncol 2000;39(3):327–333.

3. La Perle KM, Jhiang SM, Capen CC. Loss of p53 promotes
anaplasia and local invasion in ret/PTC1-induced thyroid carci-
nomas. Am J Pathol 2000;157(2):671–677.

4. Malkin D, et al. Mutations of the p53 tumor suppressor gene
occur infrequently in Wilms’ tumor. Cancer Res 1994;54(8):
2077–2079.

5. Soussi T, Beroud C. Assessing TP53 status in human tumours
to evaluate clinical outcome. Nat Rev Cancer 2001;1(3):233–
240.

6. Frank AJ, et al. The TP53-ARF tumor suppressor pathway is 
frequently disrupted in large/cell anaplastic medulloblastoma.
Brain Res Mol Brain Res 2004;121(1–2):137–140.

7. Nishimura Y, et al. Cyclin D1 expression in endometrioid-type
endometrial adenocarcinoma is correlated with histological
grade and proliferative activity, but not with prognosis. Anti-
cancer Res 2004;24(4):2185–2191.

8. Lynch TJ, et al. Activating mutations in the epidermal growth
factor receptor underlying responsiveness of non-small-cell 
lung cancer to gefitinib. N Engl J Med 2004;350(21):2129–
2139.

9. Pao W, et al. EGF receptor gene mutations are common in lung
cancers from “never smokers” and are associated with sensitiv-
ity of tumors to gefitinib and erlotinib. Proc Natl Acad Sci USA
2004;101(36):13306–13311.

10. Stratton MR, Futreal PA. Cancer: understanding the target.
Nature (Lond) 2004;430(6995):30.

11. McCormick F. Cancer therapy based on p53. Cancer J Sci Am
1999;5(3):139–144.

12. McCormick F. Cancer-specific viruses and the development of
ONYX-015. Cancer Biol Ther 2003;2(4 suppl 1):S157–S160.

13. Vassilev LT, et al. In vivo activation of the p53 pathway by 
small-molecule antagonists of MDM2. Science 2004;303(5659):
844–848.

14. Verheul HM, Pinedo HM. Vascular endothelial growth factor
and its inhibitors. Drugs Today (Barc) 2003;39(suppl C):81–93.

15. Davidoff AM, Kandel JJ. Antiangiogenic therapy for the treat-
ment of pediatric solid malignancies. Semin Pediatr Surg 2004;
13(1):53–60.

16. Adams J. The development of proteasome inhibitors as anti-
cancer drugs. Cancer Cell 2004;5(5):417–421.

17. Ravi R, Bedi A. NF-kappaB in cancer—a friend turned foe. Drug
Resist Update 2004;7(1):53–67.

18. Hoekstra WJ, Poulter BL. Combinatorial chemistry techniques
applied to nonpeptide integrin antagonists. Curr Med Chem
1998;5(3):195–204.

19. Owa T, et al. Cell cycle regulation in the G1 phase: a promising
target for the development of new chemotherapeutic anticancer
agents. Curr Med Chem 2001;8(12):1487–1503.

20. Gaffney DJ, Keightley PD. Unexpected conserved non-coding
DNA blocks in mammals. Trends Genet 2004;20(8):332–337.

21. Morey C, Avner P. Employment opportunities for non-coding
RNAs. FEBS Lett, 2004;567(1):27–34.

22. Sellers TA, Yates JR. Review of proteomics with applications to
genetic epidemiology. Genet Epidemiol 2003;24(2):83–98.

23. Kozak KR, et al. Identification of biomarkers for ovarian cancer
using strong anion-exchange ProteinChips: potential use in 
diagnosis and prognosis. Proc Natl Acad Sci USA 2003;100(21):
12343–12348.

24. Yip TT, Lomas L. SELDI ProteinChip array in oncoproteomic
research. Technol Cancer Res Treat 2002;1(4):273–280.

25. Merchant M, Weinberger SR. Recent advancements in surface-
enhanced laser desorption/ionization-time of flight-mass spec-
trometry. Electrophoresis 2000;21(6):1164–1177.

26. Petricoin EF, et al. Use of proteomic patterns in serum to iden-
tify ovarian cancer. Lancet 2002;359(9306):572–577.

27. Yanagida M, et al. Matrix assisted laser desorption/ionization-
time of flight-mass spectrometry analysis of proteins detected
by anti-phosphotyrosine antibody on two-dimensional-gels of
fibroblast cell lysates after tumor necrosis factor-alpha stimula-
tion. Electrophoresis 2000;21(9):1890–1898.

28. Nelson RW, Nedelkov D, Tubbs KA. Biosensor chip mass 
spectrometry: a chip-based proteomics approach. Electrophore-
sis 2000;21(6):1155–1163.

29. Berndt P, Hobohm U, Langen H. Reliable automatic protein
identification from matrix-assisted laser desorption/ionization
mass spectrometric peptide fingerprints. Electrophoresis 1999;
20(18):3521–3526.

30. Conrads TP, et al. Cancer diagnosis using proteomic patterns.
Expert Rev Mol Diagn 2003;3(4):411–420.

31. Wulfkuhle JD, et al. Proteomic approaches to the diagnosis,
treatment, and monitoring of cancer. Adv Exp Med Biol 2003;
532:59–68.

32. Rosenblatt KP, et al. Serum proteomics in cancer diagnosis and
management. Annu Rev Med 2004;55:97–112.

33. Southern EM. Detection of specific sequences among DNA frag-
ments separated by gel electrophoresis. J Mol Biol 1975;98(3):
503–517.

34. Frueh FW, Noyer-Weidner M. The use of denaturing high-
performance liquid chromatography (DHPLC) for the analysis 
of genetic variations: impact for diagnostics and phar-
macogenetics. Clin Chem Lab Med 2003;41(4):452–
461.

35. Yule SM, et al. Cyclophosphamide pharmacokinetics in chil-
dren. Br J Clin Pharmacol 1996;41(1):13–19.

36. Jain KK. Applications of biochips: from diagnostics to person-
alized medicine. Curr Opin Drug Discov Dev 2004;7(3):285–
289.

37. Cardon LR, Abecasis GR. Using haplotype blocks to map human
complex trait loci. Trends Genet 2003;19(3):135–140.

38. Loktionov A. Common gene polymorphisms, cancer progression
and prognosis. Cancer Lett 2004;208(1):1–33.

39. Kohn EC, et al. Molecular therapeutics: promise and challenges.
Semin Oncol 2004;31(1 suppl 3):39–53.

40. Ulrich CM, Robien K, McLeod HL. Cancer pharmacogenetics:
polymorphisms, pathways and beyond. Nat Rev Cancer 2003;
3(12):912–920.

41. Oscarson M. Pharmacogenetics of drug metabolising enzymes:
importance for personalised medicine. Clin Chem Lab Med
2003;41(4):573–580.

42. Onyango P. Genomics and cancer. Curr Opin Oncol 2002;
14(1):79–85.

43. Michael KL, et al. Randomly ordered addressable high-density
optical sensor arrays. Anal Chem 1998;70(7):1242–1248.

44. Fan JB, et al. Highly parallel SNP genotyping. Cold Spring Harb
Symp Quant Biol 2003;68:69–78.

45. Gunderson KL, et al. Decoding randomly ordered DNA arrays.
Genome Res 2004;14(5):870–877.

46. Kennedy GC, et al. Large-scale genotyping of complex DNA.
Nat Biotechnol 2003;21(10):1233–1237.

47. Matsuzaki H, et al. Parallel genotyping of over 10,000 SNPs
using a one-primer assay on a high-density oligonucleotide array.
Genome Res 2004;14(3):414–425.

48. Wong KK, et al. Allelic imbalance analysis by high-density
single-nucleotide polymorphic allele (SNP) array with whole
genome amplified DNA. Nucleic Acids Res 2004;32(9):
e69.

49. Lieberfarb ME, et al. Genome-wide loss of heterozygosity analy-
sis from laser capture microdissected prostate cancer using
single nucleotide polymorphic allele (SNP) arrays and a novel
bioinformatics platform dChipSNP. Cancer Res 2003;63(16):
4781–4785.

technologies  in  molecular b iology:  diagnostic  applications 2 8 3



50. Bignell GR, et al. High-resolution analysis of DNA copy number
using oligonucleotide microarrays. Genome Res 2004;14(2):
287–295.

51. McLeod HL, Yu J. Cancer pharmacogenomics: SNPs, chips, and
the individual patient. Cancer Invest 2003;21(4):630–640.

52. Minna JD, et al. Cancer. A bull’s eye for targeted lung cancer
therapy. Science 2004;304(5676):1458–1461.

53. Zerhouni E. Medicine. The NIH roadmap. Science 2003;
302(5642):63–72.

2 8 4 chapter 21



Cancer
Prevention and
Control

SECTION THREE



2 8 7

Cancer Epidemiology
Melissa L. Bondy and 

Shine Chang

ith examples from the literature, this chapter 
clarifies aspects of epidemiology, including study
designs and prevention or correction of potential

biases. This chapter provides insight to clinicians and other
health professionals on cancer epidemiology and helps them
communicate and interpret research findings to patients. In
addition, the chapter reviews the epidemiologic literature,
discussing examples and the magnitude of cancer-related risk
factors.

Central Concepts of Cancer Epidemiology

Cancer epidemiology is the comparative study of the dis-
tribution and determinants of health-related conditions,
especially disease, within defined human populations. Dis-
tribution of disease means identification, description, and
interpretation of patterns of cancer occurrence; determinants
are causative or contributing factors to that occurrence, or to
the prevention, control, and outcome of cancer.1,2 Histori-
cally, epidemiology strove to identify and control sources of
infectious diseases, but now, especially in industrialized
countries, it focuses on chronic diseases such as cancer. Its
studies of smoking and lung cancer in the 1950s developed
strategies and statistical methods of current cancer research.
More recently, the Human Genome Project included studies
classified as “molecular epidemiology” that make use of mol-
ecular genetic markers, now of interest in cancer and other
epidemiologic studies.

Although research capabilities grow and change, cancer
epidemiology relies on the historical principles of the general
discipline. Epidemiology incorporates research from biologic,
clinical, social, and statistical sciences to explore the patterns
and causes of disease within a defined population to show
influences from patterned, and measurable (i.e., nonrandom),
factors. Many (not single) endogenous and exogenous factors
cause disease. Analytical epidemiology concentrates on iden-
tifying and measuring the relative contribution and interac-
tion of these factors.

Surveillance and Descriptive Studies in 
Cancer Epidemiology

Public health surveillance, a major aspect of epidemiology,
requires systematic gathering and analysis of data related to
health outcomes. This gathering and analysis, crucial to
public health efforts, is enabled by surveillance systems such

as the Surveillance, Epidemiology, and End Results (SEER)
Program established by the National Cancer Institute in 1973.
The SEER program includes 14 population-based cancer 
registries invaluable to epidemiologists (http://www-seer.
ims.nci.nih.gov).3

SEER collects cancer information on about 26% of the
U.S. population and, offering more data than other surveil-
lance projects, now serves as the primary source of insight
into U.S. cancer incidence and trends. SEER verifies and
describes virtually every new case of cancer in its reporting
area, and thus its population-based data span the disease spec-
trum and are more representative of cancer trends in the
United States than reports from individual hospitals. These
reports are limited by referral patterns, specialized patient
populations, and small case sizes and do not permit accurate
analysis of trends and incidence patterns. For epidemiologists,
SEER, and SEER-type registries, indispensably delineate case-
originating populations for calculating reliable incidence
rates.4

Public health and epidemiologic research also gain from
the efforts of other agencies. Annually, the American Cancer
Society publishes Cancer Statistics, available on its Website
(http://www.cancer.org/). It estimates the U.S. rates of cancer
occurrence, the numbers of deaths, newly diagnosed cases,
and survival rates, and describes behaviors affecting risk of
cancer and use of screening tests. A resource available for
international cancer incidence, prevalence, mortality, and
survival data is the International Agency for Research on
Cancer (IARC) at http://www-dep.iarc.fr/.5 Several IARC-
designed software packages permit online calculation of
cancer trends by geographic location, age, and gender. IARC
also has on its Website the Automated Childhood Cancer
Information Systems, a database of childhood cancer in
Europe.

Analytical Study Designs

Some epidemiologic studies, such as randomized intervention
trials and randomized controlled clinical trials, follow the
principles of scientific experimentation in which a treatment
or intervention of interest and the control condition are ran-
domly assigned.2 Although such studies attempt to minimize
systematic or methodological errors through randomization,
other well-designed and well-conducted nonexperimental
(observational) studies also can provide accurate estimates of
treatment effects.5–8

Nonexperimental analytical studies assess the causal
influence of potential risk factors, which, because of ethical
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or practical issues, cannot be evaluated experimentally.
Observation of naturally occurring exposures identifies risk
factors and their weight in disease incidence. A subtle point
is that such exposures must show a difference between
healthy and diseased participant groups of such quantity to
make comparison possible and useful. Exploring them, epi-
demiologists often employ cohort and case-control studies.

Cohort studies: Cohort studies evaluate participants ini-
tially free of a specific disease of interest whose exposure
status can be quantified. Subjects are followed for a defined
time period to ascertain endpoints, such as new events in, or
death from, disease. The disease rate in the exposed group is
then compared statistically to the rate in an unexposed group
to generate a relative rate ratio or relative risk that indicates
the increase or reduction in risk associated with the exposure
of interest. A prospective cohort study resembles a clinical
trial in which subjects are not randomly allocated to an expo-
sure arm. Rather, as already mentioned, exposure (or lack of
exposure) occurs “naturally” and the investigator uses varia-
tions in the levels of exposure to evaluate differences in the
risk of disease during some follow-up period.

An example of a notable cohort, the Nurses’ Health Study,
began in 1976 to track 120,000 U.S. registered nurses. The
initial goal of the cohort was to evaluate the effect of oral con-
traceptives and risk of breast cancer,9 but data from the
Nurses’ Health Study have also provided insights into health
outcomes such as heart disease and other types of cancer and
important clues about estrogens and the etiology of breast
cancer. Because they trace subjects over time, cohorts permit
efficient study of relatively common diseases with a reason-
ably long latency period from exposure to disease onset. They
may be impractical for the study of rare cancers because, in
studies of rare cancers, statistically meaningful results can be
achieved only by assembling and long-term following of
higher than average risk individuals, whereas cohorts used in
studies include people of average risk and experience. Cohort
studies may be forward looking or prospective, as in clinical
trials following up subjects in real time, or historical or ret-
rospective, using records to identify the study population and
then reconstructing their exposure and subsequent disease
experience.

Case-control studies: To evaluate potential causal associ-
ations of rare cancers, case-control studies are more efficient
than cohort studies. They identify and recruit individuals
diagnosed with cancer from a defined population, location,
and time period. These subjects are compared to a group with
identical characteristics as the case but without the disease.
The investigators employ comprehensive and carefully ana-
lyzed self-reports, health records, and biologic specimens to
reconstruct the cases’ prediagnosis exposure experience. They
assign a “reference” date substituting for a diagnosis date to
each control, whose exposure experience before that date is
reconstructed. The exposure frequency of the case group is
then compared statistically to the exposure frequency among
the control group. The resultant statistic, known as an odds
ratio (OR), is analogous to a relative risk and serves as a
measure of the strength of the association between the expo-
sure and the disease.10

Cluster investigations: Clinicians often encounter
concern in their communities about multiple cancer occur-
rences (i.e., a cancer cluster) that are feared to have resulted
from a shared environmental exposure. Cluster investigations

use standard epidemiologic study designs, primarily case-
control studies, to ascertain the existence of area-specific
excess of cancer cases (i.e., spatial cluster) or in a limited time
period (i.e., temporal cluster) or both (space-time cluster).11–13

Public health agencies must investigate cancer clusters and
communicate findings to the public,10 and in the United States,
clinicians should refer cluster inquiries to local health depart-
ments or the U.S. Centers for Disease Control and 
Prevention (http://www.cdc.gov or http://www.atsdr.cdc.gov).
Such investigations, however, seldom verify cancer clusters.10

Statistical Measures in Epidemiology

Epidemiologic analyses generally focus on the strength or
magnitude of an exposure–disease association, rather than 
on statistical hypothesis testing using a P value.2 P values
provide a measure of probability for observing the study
results, or results more extreme than those observed, if indeed
no true association exists. P values provide limited informa-
tion on the strength, direction, or precision of an effect
measure or on the extent to which confounding or other bias
explains an association (or lack of an association) between
exposure and disease.

One of several measures of relative risk is often used 
to estimate either/or, or dichotomous, outcomes, such as
disease occurrence versus no disease.2 In a cohort study,
where disease rates can be calculated directly, the ratio of
incidence of those exposed to an agent can be compared with
the rate of those unexposed. If the rates are the same in the
two groups, the ratio is 1 :1, or the relative risk is 1.0, indi-
cating no association between exposure and disease. A ratio
larger than 1, for example, 2 :1, shows the exposed group has
a higher rate of disease than the unexposed group. If the rate
is lower in the exposed than the unexposed group, the ratio
will be less than 1, suggesting exposure provides protection.

The further the effect measure is away from the “null”
value of 1.0 in either direction, the stronger the association.
Notice that a relative risk of 2.0 (2-fold-increased risk com-
pared with the reference group) is equivalent in strength to a
relative risk of 0.5 (half the risk of the reference group). In
case-control studies, in which rates of disease are not calcu-
lated directly, the odds ratio used is an effect measure on 
a ratio scale and, as mentioned previously, is functionally
equivalent to a relative risk. Other types of ratio-based rela-
tive risks are rate ratios, hazard ratios, standardized mortal-
ity ratios (SMR), standardized incidence ratios (SIR), and
proportional mortality ratios.

Confidence intervals measure the precision of an effect
measure, such as relative risk and odds ratios. As with P
values, confidence intervals are functions of the variability of
the data and the sample size. For example, a confidence inter-
val provides a likely range in which the true effect measure
lies within some level of confidence, often calculated as 95%
confidence intervals.

Relative risks are important to help judge whether an
association is causal and to estimate the degree that expo-
sures increase or decrease risk. Relative risks, however, are
comparative measures, not “absolute” measures of risk from
exposure.

Attributable risk measures (expressed as a number or per-
centage) provide estimates of the actual rate of cases “due to”
exposure, assuming there is a causal relationship.10 Attribut-
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able risks indicate the proportion of the disease possibly 
preventable if an exposure were removed from a specified 
population at risk. Estimating attributable risk for specific
exposures helps understand the importance of some exposure
in a larger public health context.

Bias and Its Control in Epidemiologic Studies

To varying degrees, all human studies are susceptible to bias,
that is, inaccurate measures of the effect of a treatment or
exposure on disease. An important goal of any study is to
make every effort feasible to minimize the effect of bias.

Three general types of bias can occur: (1) confounding
bias, when an extraneous factor distorts (increases or
decreases) the true magnitude of the exposure–disease asso-
ciation; (2) information (misclassification) bias, when infor-
mation collected on exposure, treatment, disease, or other
study factors is inaccurate or incomplete; (3) selection bias,
when subjects who are sampled, recruited, enrolled, and com-
plete the study are unrepresentative of the population at risk,
and inaccurately reflect the exposure–disease relationship in
the target population or population at risk.

Confounding: In clinical trials, investigators use random-
ization to reduce the probability that an extraneous factor
will cause bias in the results because “nuisance” factors
should be randomly and evenly distributed among treatment
groups. In the absence of randomization, however, confound-
ing particularly threatens the validity of results derived from
observational studies. For a factor to exert a confounding
influence requires that factor to be associated with, or a
marker for, the disease of interest and for it to occur at a dif-
fering frequency between the exposure (or treatment) groups.
When these two conditions hold, the extraneous factor (i.e.,
the confounder) may bias the exposure–disease association.

Statistical methods to correct (i.e., control or adjust for)
confounding, such as pooled stratified analysis or multivari-
ate regression analysis, are available but are effective only if
data on the potentially confounding variables are collected
and accurate. Thus, observational studies often collect data
on many factors for statistical analysis that are not directly
related to the cause–effect relationship being investigated.
Design strategies can also minimize or eliminate confound-
ing. For example, a study of asbestos exposure and lung cancer
could avoid confounding from smoking status by recruiting
only nonsmokers. In many instances, confounders are
adjusted to correct for residual error based on reports from
other investigations that have demonstrated notable associa-
tions between the confounder and the outcome. Such an
approach may guard against potential error from that con-
founder but, in cases of limited sample size, overadjusting, or
adjusting for too many confounders, can also introduce error
as well. In such circumstances, a more conservative approach
to the statistical analysis of data may be preferred.

Information bias: The major concern for the validity of
epidemiologic research of cancer is inaccurate or incomplete
information on study participants’ exposure relevant to eti-
ology. It is usually impossible, especially in retrospective
studies, to measure exposure dose and duration during a time
thought to be biologically relevant to cancer initiation. In lieu
of direct measures, indirect or surrogate measures of exposure
are used. For instance, a proxy for blood levels of cotinine, a
biomarker of tobacco use, could be self-reported recall of

smoking behavior. Such proxy measures may be useful to
approximate real exposure, but they provide only imprecise
information on dose, duration, and exposure time. When
exposure measures are equally inaccurate between study
groups (i.e., nondifferential error), the cause–effect relation-
ship may be attenuated or completely obscured. Nondiffer-
ential misclassification of exposure has no doubt been one
reason why few environmental agents have been firmly estab-
lished as known risk factors for cancer.

Differential information bias occurs when comparison
groups show differences in the accuracy and completeness of
exposure information. Recall bias in case-control studies, for
example, can occur when cases are more likely to remember
exposures differently from controls. Cases may be more likely
to remember relatives having a disease of interest compared
with controls, leading to a biased estimate of the effect of the
family history. However, some investigators suggest that
recall bias may be more theoretical than factual.2

Selection bias: Because human studies include investiga-
tion of samples of people from larger populations of interest
(i.e., target populations), they potentially include sample
selection bias. This problem occurs when exposure or disease
frequency in the sample, the study participants, is unrepre-
sentative of that experienced by the target population. Case-
control studies are vulnerable to this bias because it is
difficult to identify and recruit healthy controls who accu-
rately reflect the baseline exposure in the population that
gave rise to the cases. Cohort studies and randomized trials,
on the other hand, are susceptible to selection bias from attri-
tion. If participants who are lost during the follow-up period
have a different outcome experience from those who remain
in the study, final results may also be biased. For this reason,
great effort must be expended in prospective studies to ensure
the most complete follow-up possible of study participants.

Determining Causality

Epidemiologic studies strive to provide accurate and precise
risk estimates of an exposure–disease association. Widely
applied concepts originally derived from two papers by Sir
Austin Bradford Hill, describing the philosophy and epidemi-
ologic reasoning in causal inference,2 include the following
criteria to evaluate study results and guide judgments on the
likelihood that an association is indeed causal and not merely
a random or chance finding.

1. Strength of the exposure–disease association.
Although their existence does not preclude other sources of
error, large relative risks are less likely than small relative
risks to result from chance or uncontrolled confounding.

2. Temporal relationship between exposure and disease
onset. Studies gain strength if they can establish that an expo-
sure preceded onset of disease.

3. Biologic coherence. When a plausible biologic mecha-
nism and/or when experimental evidence from animal
studies supports the hypothesized relation, more confidence
may be placed in the observed relationship.

4. Dose–response gradient. If exposure intensity or dura-
tion is associated with increased disease frequency, the
results appear coherent and believable.

5. Consistency of results within and across studies. If
multiple reports evaluating the same type of exposure show
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similar effects, and/or if multiple studies using different
target populations and study designs report consistent results,
there is greater evidence to favor a true relationship.

Molecular Epidemiology

Classic or traditional epidemiology, as discussed previously,
permits epidemiologists to evaluate risks and environmental
causality in cancer. Molecular epidemiology, a hybrid of epi-
demiology and molecular genetics, enables researchers to
assess biologic characteristics influencing cancer susceptibil-
ity. The combination of epidemiologic approaches and bench
science has effectively “broken open the black box of 
epidemiology,” a discipline historically left to speculate as 
to the biologic mechanisms underlying its detected expo-
sure–disease associations.14,15 The concept that risk of cancer
from a given exposure differs between subgroups of a popula-
tion is an example of what is known in the epidemiologic ver-
nacular as effect modification. Biostatisticians often refer to
this heterogeneity of effect as interaction. With the advent of
polymerase chain reactions and other advanced laboratory
methods, epidemiologists incorporating molecular markers
into their studies can begin to identify specific suspect
endogenous or exogenous host factors at the biochemical or
molecular level that put individuals at considerably higher (or
lower) cancer risk.16

Molecular epidemiologic studies aim to determine the
roles, including interactions, of environmental and genetic
factors in the initiation and progression of cancer. Incorpo-
rating genetic markers in epidemiologic studies of cancer eti-
ology shows promise for revealing details of carcinogenic
pathways that can provide strategies for prevention and, ulti-
mately, reduce cancer risk. Although the promise for critical
advances in understanding cancer is great, molecular epi-
demiology faces important challenges, such as ensuring the
appropriate interpretation of molecular testing and resolving
associated ethical, legal, and social concerns.

The use of molecular epidemiology to identify biomark-
ers also may provide useful information on the extent of
exposure to carcinogens and cancer risk. Perera and Wein-
stein15 delineated four characteristics important for biomark-
ers to predict risk: internal dose, biologically effective dose,
response, and susceptibility. Describing and determining the
occurrence of such suitably selected biomarkers has already
advanced research on the mechanisms of cancer initiation
and promotion and enabled improved assessment of the
cancer risk of healthy individuals. Moreover, the knowledge
that gene mutations and changes in their expression underlie
carcinogenesis has spurred the hunt for aberrant genes and
their associated proteins.

Molecular parameters added to population-based studies
should help to identify genes, proteins, and pathways
involved in cancer development caused by environmental
exposures and susceptible or resistant subpopulations. The
exponential growth of scientific technology and information
promises rapid expansion of knowledge about the identity of
potentially mutant genes and cancer pathways.

As a hypothetical framework for dissecting the develop-
ment of cancer in individuals, current studies of molecular
epidemiology consider both the complex, multistage process
of carcinogenesis and heterogeneous responses to carcino-

genic exposures. Improving continuously, measurements of
human exposure to carcinogens have been successfully
applied in a number of molecular epidemiologic studies.
Inherited and acquired genetic predispositions to cancer have
been, and continue to be, identified. Correlating inherited
genetic polymorphisms with other cancer risk factors shows
considerable promise that molecular epidemiologists will
gain in their ability to assess multiple biomarkers and to
predict an individual’s risk for specific diseases. The field has
the near-term potential to impact regulatory quantitative risk
assessments, useful in the determination of allowable expo-
sures, and molecular epidemiologic data may also help iden-
tify individuals most apt to benefit from cancer prevention
strategies.

Molecular epidemiology investigators employ traditional
epidemiologic study designs, including case-control and
cohort studies that focus on one or more biologic markers that
may show an association between exposure and disease
outcome. Molecular studies often raise the “nature versus
nurture” question, with evidence supporting consensus that
gene–environment interplay explains many chronic diseases,
including cancer: “Genetics is the loaded gun, and the envi-
ronment pulls the trigger.” Among studies supporting such a
statement is a recent large, although statistically limited,
study of twins concluding that environment plays a substan-
tial role but requires genetic potential in causing sporadic
cancers.16

Molecular epidemiology studies also face the method-
ological challenges to traditional epidemiologic studies, such
as precise measurement of exposure and effects, appropriate
selection of study samples, and reduction of the influence of
confounders and potential competing risk factors. One impor-
tant issue is assuring an adequate sample size for study
because the prevalence of a specific genetic polymorphism or
other biomarker under investigation is often either very rare
or quite high, either of which situations require a large
number of cases to detect an association.17 One approach to
this problem is to combine data from several studies, partic-
ularly of rare cancers, to obtain adequate statistical power for
meaningful conclusions. When sample sizes are modest, espe-
cially, caution in interpretation of data or linking findings
with further implications is in order.

The Global Cancer Burden

Estimates of the global cancer burden have been made for
1975, 1980, 1985, and 2000.18 These estimates include all
forms of cancer except nonmelanoma skin cancer, poorly reg-
istered on incidence statistics and infrequently fatal. In 2000,
cancer deaths among men totaled 4.7 million, and an esti-
mated 5.3 million new cases were diagnosed, an increase of
1.5 million from 1985, lung cancer being the most common
form of cancer in men, with an estimated 902,000 new 
cases in 2000. The estimated number of lung cancer cases 
has increased by 35% over the 5-year period covered by these
estimates. Other cancers showing notable increases are 
colorectal, prostate, bladder, melanoma, and lymphoma, 
particularly non-Hodgkin’s lymphoma. Some increases 
may be due to better surveillance or impaired precision in 
the estimation of rates but likely have a real etiologic 
component.
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In 2000, it was estimated that 4.7 million new cases of
cancer occurred in women, an increase of almost 1 million
new cases over the previous 5 years. Breast cancer, the most
common form of female cancer, has shown an increase of
94% in the past 25 years, nearly doubling, with an estimated
1 million new cases in 2000. A similar increase has taken
place in oral cavity and colorectal cancers and in lymphoma.
The largest relative increase of cancer in women has been in
lung cancer, up from 126,700 new cases in 1975 to 337,000
in 2000, an increase of 26%, almost entirely explainable by
women’s increase in smoking.19

The number of new cases of cancer worldwide apparently
doubled between 1970 and 2000 and should show even
further rates of increase. The estimated number of new cases
of cancer was 5.9 million in 1975, 6.4 million in 1980, and
7.6 million in 1985. If age-specific rates remain constant at
the 1985 levels, 8.4 million new cases would occur in 1990
and 10.3 million new cases in the year 2000. Beyond 2000,
the absolute number of cancer cases should continue to rise
as the post-World War II generation crosses the age–risk
threshold. In many countries, this generation is the first
whose numbers were not reduced by a great war and the first
to have benefited from the advances in medical care and treat-
ment witnessed in the second half of this century. In contrast
to earlier populations, most members of this generation are
still alive at ages where cancer risk rises.

Geographic and Temporal Variation in 
Cancer Risk

The notable international variation of cancer rates and 
types has led to the growing interest in geographic pathology
or cancer mapping as a tool in cancer epidemiology. These
descriptive studies offering data on disease in varied 
groups in multiple locations are important for generating
hypotheses in epidemiology, as in-migrant or ecologic studies
evaluate exposure and disease on a population rather than
individual level. For example, one can look at general expo-
sures, such as smoking, sunlight, or dietary fat intake, and
plot them against the incidence of the disease. If one plots
dietary fat consumption by country with the incidence of
breast cancer, for example, one finds greater rates of breast
cancer in countries with high dietary fat intake. Because the
dietary intake for a country reflects intake of its people en
masse and is not directly measured and linked to each indi-
vidual cancer patient’s intake, this association might be false.
However, such associations can help investigators identify
new avenues for further investigations.

Cancer mapping produces other data useful for hypothesis-
generating studies. Geographic variation can be seen from
cancer mortality or incidence maps using computer-generated
mapping programs for areas as small as a county and used to
uncover spatial clusters or geographic variation of common
tumor types. The National Cancer Institute (NCI) has pub-
lished an atlas of cancer mortality maps at the county and state
level, available for viewing on the NCI Website (http://www-
seer.ims.nci.nih.gov). These maps revealed high rates of oral
cancer among rural Southern women and prompted investiga-
tors to conduct case-control studies into a long-standing 
practice of snuff dipping among the cases, leading to imple-
mentation of smokeless tobacco prevention programs.

Cancer Risk Factors

Epidemiology shows that, because different world popula-
tions show different types of levels of disease, much human
cancer may be avoidable. For example, immigrants take on
the cancer pattern of their new home, as immigrants to Aus-
tralia have within decades, or Japanese immigrants experi-
ence higher breast cancer rates after a few decades in the
United States than in comparative populations in Japan.
Further, groups with unique and differentiating cultural or
lifestyle characteristics such as Seventh Day Adventists,
Mormons, or African-Americans in parts of the United States
have cancer patterns distinct from those of the general com-
munity. Comparisons support the generally agreed-upon 
estimate that upward of 80% to 90% of cancer may be attrib-
utable to environmental factors such as dietary, social, and
cultural practices.19

However, such factors have not been clearly delineated,
nor has it been made clear how individuals are affected by
combination or accretion of factors. Cancer prevention efforts
have focused on efforts to reduce exposures or behaviors
suspect in incidence, such as smoking, and to promote those
with protective effects, such as physical exercise, and, as well,
to reduce concerns over exposures or acts that may have
trivial or no impact on cancer, such as cell phone use. Cancer
control studies thus embrace a variety of elements and
approaches and aim to reduce the incidence of cancer, and
failing which, to reduce mortality, either by finding disease
at an early and curable stage or by improving survival rates
stage-for-stage by therapeutic improvements. Cancer preven-
tion, control, and education programs bring epidemiologists
into contact and cooperation with several other disciplines
including clinical science, behavioral science, and health 
education and communication.

Tobacco

Tobacco smoking, the single most lethal human carcinogen,
remains the largest single avoidable cause of premature death
worldwide.20 Estimates connect at least 16% of all cancers in
developed countries to tobacco use, with a higher proportion
of tobacco-related cancers among men (25%) than women
(4%). Tobacco-related cancers include those of the oral cavity,
pharynx, larynx, lung, bladder, pancreas, kidney, renal pelvis,
and endometrium. However, in the last case, reduced rather
than increased risk is thought to result from antiestrogenic
effects of tobacco use rather than exposure to the more than
55 carcinogenic compounds identified by the International
Agency for Research on Cancer.21 For more than 40 years, it
has been clear that prevention of smoking would lead to 
substantial reductions in death associated with lung and
other cancers and heart disease, bronchitis, emphysema, and
other conditions. Nonetheless, tobacco-related disease has
increased in many parts of the world, especially in develop-
ing countries where tobacco use has started within the past
30 years and involves 80% of the world’s daily smokers, now
estimated at 1.1 billion.

Tobacco addiction mechanisms are complex. As suggested
by reports of associations between smoking quit-rates and
specific polymorphisms in the dopamine receptor gene
(DRD2),22 a key receptor in the mesolimbic dopaminergic
reward system, the genetic susceptibility of individuals to
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tobacco addiction varies considerably. Just as multiple factors
affect behavior, multiple factors likely influence susceptibil-
ity to tobacco-related cancers, which helps explain why not
all tobacco users get cancer.

Important smoking outcomes appear to be related to
gender, ethnicity, and life experiences. Women, relative to
men, and African-Americans, compared to white Americans,
appear to have higher risk of bladder cancer associated with
tobacco use. Age is also an important factor because smokers
usually begin during their teens or early adult years. Early-
start smokers persist and smoke higher amounts than late
starters, increasing their risks over time. Synergistic effects
with tobacco use have been observed with asbestos and crys-
talline silica in occupational settings, and with alcohol acting
as a solvent, probably facilitating absorption of smoking by-
products, whereas a diet high in intake of fruits and vegeta-
bles may impede the formation of smoking-related DNA
adducts, reduce the DNA damage from tobacco carcinogens,
and promote other mechanisms that prevent cellular damage
and reduce risk.

Recent tobacco research includes the evaluation of expo-
sure to environmental tobacco smoke and outcomes of expo-
sure-related adverse health events, including lung cancer.
Based on 30 epidemiologic studies, the United States Envi-
ronmental Protection Agency (EPA) concluded that environ-
mental tobacco smoke was a human lung carcinogen and that
nonsmokers who are exposed to environmental tobacco
smoke faced increased risk of lung cancer.23 Although diluted
with ambient air, environmental tobacco smoke tends to
have more carcinogens than smoke inhaled through filters.
However, the current emphasis of research and health policy
in Western countries on passive smoke inhalation should not
divert attention from the major public health issue of active
cigarette smoking: smokers are at much higher risk of cancer

than others involuntarily inhaling cigarette smoke. There-
fore, any program of cancer control should put control of
smoking first; such control is likely to have greater impact
on reducing cancer incidence and cancer mortality than any
other current strategy.

Viruses and Infection

The contribution of viruses to the public health burden of
cancer incidence is greatest in young to middle-aged individ-
uals, the age–incidence curve peaking before middle age.24

The estimated attributable risk associated with viruses and
cancer is about 15% worldwide.25 However, to date, only five
viruses have been firmly established associated with
increased cancer risk: human papilloma virus (HPV), with an
increased risk of cervix cancer in women; Epstein–Barr virus
(EBV) with an increased risk of nasopharyngeal cancer and
Burkitt’s and Hodgkin’s lymphoma; human T-lymphotropic
virus type 1 (HTLV-1), with adult T-cell leukemia and some
types of non-Hodgkin’s lymphoma; hepatitis B and C with an
increased risk of primary liver cancer; and human herpesvirus
8 (HHV-8) infection with Kaposi’s sarcoma and some forms
of non-Hodgkin’s lymphoma (Table 22.1).24 Advances in tech-
nology and laboratory techniques, such as polymerase chain
reaction (PCR) have facilitated research, but because the
mechanisms by which viruses cause cancer may leave little
evidence of infection and because some viruses can remain
latent for many years, definitive implication of specific
viruses in carcinogenesis has been difficult.

Long latency periods between infection and cancer diag-
nosis, and the fact that only a portion of people who are
infected develop cancer, suggest that although viral agents
may increase the risk of individuals for developing cancer
they are not the sole determinant for developing the disease.
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TABLE 22.1. Known viral risk factors for selected human cancers.

Viral risk factor Cancer type Other factors that influence risk

Epstein–Barr virus (EBV) Burkitt’s lymphoma Malaria
Nasopharyngeal carcinoma Nitrosamines
B-cell lymphoma Immunodeficiency, human immunodeficiency virus
Hodgkin’s disease (HIV)-1
Breast cancera

Hepatitis B virus (HBV) Liver cancer Aflatoxin, alcohol
Hepatitis C virus (HCV) Liver cancer Aflatoxin, alcohol

Splenic lymphoma
Human herpesvirus-8 (HHV-8) Kaposi’s sarcoma HIV-1

Primary effusion lymphoma EBV, HIV-1
Multicentric Castleman disease HIV-1

Human papillomavirus (HPV) Cancer of the cervix, vulva, vagina, penis, Smoking, oral contraceptive use, multiparity, other
anus, skin, and oropharyngeal region sexually transmitted diseases

Human T-cell lymphotrophic virus Adult T-cell leukemia/lymphoma (ATL)
type 1 (HTLV-1)

Simian virus 40 (SV40) Mesothelioma Asbestos
Non-Hodgkin’s lymphoma, brain and

bone tumors, B-cell lymphomasa

Helicobactor pylorib Gastric cancer Smoking, chronic inflammation, poor diet
a Unconfirmed, but suspected.
b Bacterial risk factor.



However, great geographic variation in rates of infection 
and virally related cancer worldwide suggests that much
infection-related cancer could be prevented by control of viral
infection. This is no trivial matter, because viral infection
rates are high in many parts of the world and the types of
cancers associated with them often have poor prognoses and
few successful treatment options. Obviously, effective vacci-
nation programs against these viral infections would consid-
erably reduce the burden of these forms of cancer and the
global problem.

Bacterial infection has also been linked to cancer risk in
the example of Helicobacter pylori (H. pylori) infection and
increased risk of gastric cancer, the second leading cause of
cancer mortality in the world.24,25 Incidence rates of gastric
cancer vary geographically, particularly for the intestinal
type, which is typically accompanied by chronic atrophic gas-
tritis and intestinal metaplasia. Both chronic atrophic gastri-
tis and intestinal metaplasia, possible precursors to gastric
cancer, are thought to result from H. pylori infection, sug-
gesting an important role for H. pylori infection in gastric car-
cinogenesis.26 Other evidence comes from epidemiologic
investigations linking areas with high rates of H. pylori infec-
tion to regions with high rates of gastric cancer, although the
consistency of such findings is hampered by multiple bacte-
rial strains that vary in virulence and promotion of conditions
that enhance carcinogenesis, such as chronic inflammation
and decreased stomach acid secretion.27–29 Risk factors for H.
pylori infection are associated more with socioeconomic
factors, such as overcrowding, family size, and bed-sharing
rather than lifestyle behaviors, such as tobacco use, or diet.
Despite the apparent complexity of the relationship between
H. pylori infection and gastric cancer, increasing evidence
supports efforts to control and reduce H. pylori infection as a
means to reduce cancer risk, particularly among children, for
whom infection rates are high and reach nearly 100% by
adulthood in areas of high infection rates.

Sunlight Exposure

Exposure to sunlight has been well established as the major
agent in the development of skin cancer, particularly solar
ultraviolet (UV) A and B wavelengths. Exposure to UVA can
result in DNA base damage, strand breaks, and DNA–
protein cross-links, whereas exposure of DNA to UVB 
mainly results in dimerizations between adjacent pyrim-
idines, which may predispose for p53 mutation hotspots.30

Knowledge of the underlying molecular mechanisms for 
sunlight’s role in skin carcinogenesis contributes to efforts in
prevention and control in human populations, but for suc-
cessful public health interventions, other information is 
necessary.

The rapid rise in the worldwide incidence of skin cancer
in the past decade is hypothesized to result in part from the
migration of Caucasian populations to areas for which their
skin is not well adapted. This hypothesis is supported by
reports linking skin cancer incidence with solar radiation at
different geographic latitudes.31 Locales with greater annual
sun exposure tend to have higher incidence of skin cancer,
but many other factors also contribute to skin cancer risk,
such as age at exposure, ethnicity, skin color, lifestyle, occu-
pation, and individual genetic susceptibility.

Important differences between the subtypes of skin cancer
suggest differences in carcinogenic pathways. Squamous cell
cancer (SCC) develops from stem cells in the follicular and
interfollicular region of the dermis; basal cell carcinoma
(BCC) arises from basal cells in the skin and follicular
infundibulum; and melanoma develops mainly from
melanocytic nevi. Most lesions develop on the face in BCC,
the most common form of human skin cancer worldwide, but
nearly a third of BCC lesions occur on skin typically protected
from the sun. It rarely appears on sun-exposed sites such as
the forearms and the backs of hands, as SCC does. Some
research suggests childhood or adolescent exposure during
childhood and adolescence, both intermittent sun exposure
and severe sunburns, predisposes for adult BCC and
melanoma and associates adult sunlight exposure with SCC
risk.32

During the past 30 years melanoma incidence, particu-
larly for lesions appearing on women’s legs and men’s torsos,
where sunlight exposure tends to be intermittent, has
increased worldwide. Melanoma is the rarest type of skin
cancer, but its mortality rates can be high without early
detection and treatment. Such efforts can be directed toward
groups at high risk, such as those with pale skin, or red or
blond hair, who freckle easily, particularly those with higher
numbers of nevi from sun exposure during childhood.

Two major hypotheses have emerged to explain variation
in skin cancer incidence related to sun exposure: first, that
the pattern of exposure (i.e., intermittent or steady) and total
accumulated exposure contribute to risk independently; and
second, that exposure before age 10 strongly determines life-
time risk, although sun exposure in adulthood may influence
the manifestation of outright cancer. Major support for the
importance of childhood sun exposure comes from Australian
studies, where early age at immigration predicts increased
risk of skin cancer.33 Intermittent sun exposure with sunburn
in childhood has been associated with later increased BCC
risk, and other research suggests that adult exposures may
promote skin carcinogenesis through response to short-term
exposure to sunlight.

The main factor responsible for the dramatic increases in
skin cancer rates is generally held to be the increased levels
of recreational sun exposure (as during sunbathing sessions or
outdoor recreational activities), a result of the economic
improvement of many white communities. Since 1980, the
sun tanning fashion has fostered marketing of sunbeds and
their use,32 as in Sweden where nearly half of women 15 to
35 years old reported regular sunbed exposure.34 This habit is
suspected to increase the risk of skin cancers, but further
studies are needed to correctly assess the magnitude of risk
associated with the so-called “UVA sun tanning.”34 The
important message is to avoid overexposure to sunlight and,
in particular, to avoid sunburns at all times and to be 
particularly careful to protect children.35 Australia and New
Zealand, where sun exposure can be intense and of high
annual duration, have effectively mounted solar protection
campaigns that suggest the possibility of achieving popula-
tion-wide success in skin cancer prevention and control.

Diet

Diet and nutritional factors became the focus of serious atten-
tion in the etiology of cancer after the 1940s.36 Initially dealing
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with the effect of feeding specific diets to animals receiving
chemical carcinogens, research turned to the potential of asso-
ciations with human cancer risk. Estimated national per
capita food intake data and cancer mortality rates were com-
pared, and data established risk with diet, particularly associ-
ating higher dietary fat intake and increased rates of breast
cancer. Improved dietary assessment methods and the identi-
fication and correction of certain methodological difficulties
gave rise to the science of nutritional epidemiology.37

As the complexity of the association with cancer for fats
and fatty acids has unfolded, research interest has broadened
to include other foods and food compounds. In general, high
consumption of fruits and vegetables is associated with a
reduced risk of a number of forms of cancer including lung,
oral, pancreatic, laryngeal, esophageal, bladder, and gastric
cancer, with three major exceptions being the lack of strong
association with hormonally related cancers, such as those of
the prostate, breast, ovary, and endometrium.38

Investigation into reduced risk associated with consump-
tion of dark green, leafy vegetables and red and yellow fruits
and vegetables with high levels of micronutrients thought to
have antioxidant and other anticarcinogenic properties, have
identified components of interest. Compounds, such as phy-
toestrogens in soybean products and lycopene and other
carotenoids in high concentrations in tomatoes and other
fruits and vegetables, have been the subject of recent studies
developing interest in testing these food compounds as
chemopreventive agents in prevention trials.38 Investigators
are showing interest not only in the micronutrient com-
pounds but also in how foods may be metabolized (e.g.,
glycemic index) and prepared (e.g., grilled meats have become
suspect). Interest in the potential for diet and nutrition to help
determine cancer risk is flourishing.

Alcohol Consumption

The strongest evidence of a causal role for alcohol consump-
tion in carcinogenesis comes from investigations of cancers
of the oral cavity, pharynx, larynx, and esophagus.39 To assess
alcohol’s effect independently from the strong confounding
effect of tobacco use, another important risk factor for these
cancers, studies have evaluated risk associated with alcohol
consumption among groups of nonsmokers, although care-
fully conducted studies among smokers suggest a synergistic
effect for alcohol consumption linked to tobacco use.40

Another confounding factor associated with alcohol con-
sumption is poor diet, particularly low fruit and vegetable
consumption. Modification of alcohol’s effect on cancer risk
suggests the importance of antioxidant or other anticancer
components of fruits and vegetables, such as vitamin A,
depleted from liver stores by alcohol.

For risk of liver cancer, evidence suggests a modest effect
of alcohol, but risk appears to be synergistically enhanced by
viral hepatitis infection. The literature is unclear about
whether alcohol-induced liver cirrhosis increases risk of liver
cancer because not all alcoholics with liver cancer have cir-
rhosis. Epidemiologic studies that rely on self-reports may
include underreporting of intake by alcoholics and neglect
physiologic differences between alcoholics and others con-
suming alcohol, but it is plausible that heavy, but not mod-
erate, drinkers may consume quantities of alcohol necessary
to demonstrate an association with liver cancer.

A number of investigations suggest a role for alcohol in
the development of pancreatic and colon cancers, as well as
hormonally responsive cancers of the breast and prostate for
which the mechanistic pathways may differ from those of
cancers of the oral cavity, pharynx, larynx, and esophagus.41–43

Both acute and chronic intake have been shown to increase
circulating estrogens and to decrease circulating androgens in
both men and women, consistent with the increased breast
cancer risk observed for higher consumption of alcohol.43

However, only heavy alcohol intake, not moderate consump-
tion, has been associated with increased prostate cancer risk,
suggesting an alternative pathway rather than the putative
increased androgen exposure mechanism.

The influence of the type of alcohol and its metabolites
remains of interest but unclear. Mouthwash with more than
25% alcohol has been associated with higher risk of mouth
cancer, and studies for some cancers suggest that distilled
liquors have more potent effects than other types of alcohol.
Other studies suggest some compounds in alcoholic bever-
ages heighten or lessen carcinogenic effects. Ethyl carbamate
and acetaldehyde, by-products of alcohol metabolism, are
both animal carcinogens; conversely, resveratrol, a compound
in wines, beer, and grape skins, has received much recent
attention for several of its anticarcinogenic properties.43

Although high consumption of alcohol is clearly not recom-
mended in regard to cancer risk, it remains unresolved
whether consumption that is more moderate increases risk
sufficiently to cause concern.

Obesity

Large-scale prospective studies assessing the long-term effects
of obesity have shown that obesity increases cancer risk. The
American Cancer Society Study described the pattern of mor-
tality related to relative body size for 900,000 subjects fol-
lowed for 16 years.44 Obese women had an increased risk of
cancer of the endometrium, cervix, ovary, and breast; obese
men had an increased risk of stomach and prostate cancer;
and both obese women and men had increased risk of
esophageal, colorectal, liver, gallbladder, pancreatic, and
kidney cancer, as well as non-Hodgkin’s lymphoma and mul-
tiple myeloma. The Danish Record-linkage Study comparison
of a cohort of nearly 44,000 obese persons with the whole
Danish population found the obese had an increased inci-
dence of cancers of the esophagus, liver, pancreas, colon,
prostate, and kidney.45 More recent studies indicate in women
a clear relationship between obesity and increased risk of
endometrium, renal cell, gallbladder, and colorectal cancer,
and among men, greater risk of colon cancer, renal cell cancer,
gallbladder cancer, and esophageal and gastric cardia adeno-
carcinoma. Lung cancer is the one neoplasm that the obese
may be less prone to develop than leaner individuals, possibly
because of smoking-related effects on resting energy expen-
diture, although some have argued that residual confounding
by smoking or weight loss due to presymptomatic disease
may bias findings.

The relationship between breast cancer and obesity is less
clear. Among postmenopausal women, the obese have a
greater risk of breast cancer than their leaner counterparts,
whereas among premenopausal women, the obese appear to
experience modest protection from breast cancer compared to
leaner women.46 For postmenopausal women, the effect of
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obesity and breast cancer risk appears to be greater in those
who have never used hormone replacement therapy, sup-
porting the hypothesis that in the absence of ovarian sources
of estrogens, increased risk is derived from excess estrogen
converted from adrenal hormones in the fat tissue of heavier
women.

For prostate cancer, no strong relationship for either risk
or mortality has been consistently demonstrated with adult
obesity, usually measured as body mass index (BMI) equal to
or greater than 30kg/m2. BMI, the most widely used measure
of body composition in epidemiologic studies, serves as the
basis for the NHLBI/NIH and WHO clinical definitions for
underweight, normal, overweight, and obesity.47,48 The com-
ponents of BMI, height and weight, are easy to recall accu-
rately, easy and inexpensive to measure, and generally
recorded in a variety of documents, all considerations for con-
ducting research in large populations. However, using BMI to
quantify obesity and body composition has drawbacks
because the same BMI result will be found in people with
vastly different height and weight, BMI is correlated with
both lean mass and fat mass, and it provides no information
about the ratio of lean to fat mass or about body fat distribu-
tion, which has metabolic implications for steroid hormone
balance. Characterizing body composition using only BMI
thus may mask associations between carcinogenesis and spe-
cific components of obesity.

Other measures of body composition, particularly the
ratio of waist and hip circumferences and skin-fold thickness,
have also been used in epidemiologic research. Ratio mea-
sures must be interpreted carefully within the context of
underlying body size distributions of the study sample,
whereas assessing body composition using skin-fold thick-
nesses requires special training for accurate measurement.
Recent work identifying hormones, growth factors, and
cytokines that are associated with specific components of
body composition present new opportunities for better mech-
anistic investigations. Overall, although the mechanisms
underlying the obesity–carcinogenesis relationship are not
fully understood, they are likely to be complex, because both
obesity and cancer are multifactorial diseases involving many
genetic pathways.

Physical Activity

The most consistent evidence supporting a role for physical
activity in the prevention of cancer comes from studies of
colon cancer. As reviewed by Colditz et al., nine of nine case-
control studies and six of seven cohort studies across differ-
ent populations consistently reported significantly reduced
risk of colon cancer as a result of physical activity indepen-
dent of BMI effects.49 In general, a dose–response pattern
exists for levels of physical activity and colon cancer;
increases in intensity, frequency, or duration show an inverse
relationship to risk. Hypothesized mechanisms include
reduced exposure time in those whose physical activity
increases gut motility and reduces the bowel transit time of
potential carcinogens. For breast cancer, a protective effect of
physical activity in premenopausal and postmenopausal
women measured at different intensities and times is indi-
cated by a growing number of studies in the United States and
abroad, as reviewed by McTiernan et al.50 Likewise, but in far
fewer studies than for colon or breast cancer, is emerging a

pattern of reduced risk of pre- and postmenopausal endome-
trial cancer associated with physical activity. Other investi-
gations report protective effects associated with physical
activity for prostate and testicular cancer, albeit less consis-
tently so than for colon and breast cancer.

The beneficial impact of physical activity on cancer risk
may result from its direct influence on biochemical factors
important in the carcinogenic pathway, such as growth
factors, hormones, and immune function. Physical activity
lowers levels of insulin, glucose, and triglycerides, and raises
HDL cholesterol, which may protect against proliferation of
colon and breast cancer lesions. Exercise appears to increase
the number and/or the activity of macrophages, natural killer
cells, and their regulating cytokines, although epidemiologic
data on immune function are limited. Physical activity may
also prevent cancer indirectly by prevention and control of
obesity and producing physiologic changes in hormone pro-
files suspect in tumorigenesis. High levels of exercise delay
menarche and reduce the number of ovulatory cycles, thereby
reducing lifetime exposure to endogenous estrogen and the
risk for estrogen-dependent cancers.51 Exercise may also
reduce the risk of hormone-dependent cancers by increasing
the production of sex hormone-binding globulin (SHBG) in
men and women, lowering levels of circulating bioavailable
testosterone and estradiol.

Epidemiologic research on physical activity has been
limited in the past by poor quantification. Recent studies
have improved efforts to capture, at a minimum, the inten-
sity level, frequency, and duration of physical activities and
to factor in nonrecreational or formal exercise. Increasing data
have permitted derivation of standardized expenditure values
that may serve as a basis for calculating metabolic—and
health—values of specific activities. Other approaches
include direct measurement devices or even biologic markers,
such as doubly labeled water, to quantify physical activity.
Ultimately, because it is a modifiable lifestyle factor, physi-
cal activity holds great promise for a large positive impact on
public health, in addition to reducing cancer incidence.

Occupational Exposures

Occupational exposures have been estimated to account for
approximately 4% of all cancers.52 Many occupational risk
factors for cancer have been identified through epidemiologic
research, particularly carcinogenic chemicals commonly used
in industry. The International Agency for Research on Cancer
furnishes a comprehensive source of occupational exposures
associated with cancer in its series of monographs, and the
U.S. National Toxicology Program’s annual report on car-
cinogens offers another useful resource. These reports reflect
a considerable body of work conducted by scientific
researchers in many disciplines including toxicology, car-
cinogenesis, and epidemiology.

Epidemiologic studies, including retrospective cohort and
nested case-control studies, identify increased cancer risk
associated with single occupational exposures, particularly
when the exposure–disease relationships are clear,53 as for
benzene exposure in rubber hydrochloride workers. Studies of
rare histopathologic types of cancer in occupational settings
have also revealed occupational carcinogens, as, for example,
studies relating exposure to vinyl chloride to angiosarcoma of
the liver,54 a rare (less than 1% of all hepatic cancers) subtype
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of hepatic cancers. The impact of mixtures suspected to be
occupational carcinogens is harder to characterize because
their precise makeup may resist description or be unknown
and may vary between exposures. Exposure duration may be
short and/or transient.55 These issues impede research on the
relationships between cutting and lubricating oils and bladder
cancer and between diesel exhaust and lung cancer, the first
and second most common occupation-related cancers, respec-
tively. Useful research has resulted from the evaluation of
large occupational cohorts, such as farmers, laundry and dry-
cleaning workers, and painters. However, cohort studies
require long follow-up for development of disease and suffi-
ciently large numbers so that enough numbers of cancers of
the same organs can be analyzed.52,56 Moreover, results from
cohort studies may be influenced by secular trends during
follow-up, and workers with the same job titles may experi-
ence different levels of exposure.

Today, with an improved safety profile in the workforce
apparent in many industrialized countries, it is important to
ensure that exposure to known carcinogenic hazards in the
workplace is not transferred to the preindustrialized coun-
tries, whose workers deserve at least the standards of protec-
tion achieved in industrialized countries. Specifically, for
identified carcinogens, enforced legislation that clearly
defined exposure restrictions and dose limits could reduce
occupational cancers.

Radiation

Ionizing radiation can damage DNA directly or indirectly by
causing the formation of highly reactive free radicals that can
damage DNA or induce chromosomal instability in nearby
cells not directly damaged by radiation (i.e., the “bystander”
effect). Unlike other types of exposures, radiation exposure
tends to induce DNA strand breaks that then lead to chro-
mosomal rearrangements, such as translocations, inversions,
additions, and deletions. Exposure to ionizing radiation in
humans has been consistently associated with leukemia and
cancers of the breast, thyroid, and lung.57 Evidence comes
from studies of radiotherapy-treated patients, residents
exposed to environmental radon, workers with occupational
exposure to radiation, and, for the largest part, survivors of
the Japanese atomic bomb (UNSCEAR) and the nuclear acci-
dent at Chernobyl in 1986.58

Some studies have focused on children, as excess risk of
cancer appears inversely related to age at exposure. From
long-term studies of the Japanese atomic bomb survivors, a
linear dose–response pattern has emerged for exposure to ion-
izing radiation and risk of solid cancers, and a linear quadratic
dose–response relationship has appeared for leukemia except
for the highest levels of exposure.59 However, findings from
the atomic bomb survivors are based on a single, acute 
radiation exposure unreflective of the low-level, chronic, or
fractionated exposures occurring more commonly in con-
temporary occupational and environmental settings, for
which epidemiologic data often lack good dosimetry infor-
mation, or show inadequate ascertainment of cancer out-
comes, possible screening biases, short length of follow-up for
cancer development, and small sample sizes.59

With increasing numbers of cancer patients experiencing
longer survival, interest has grown in the possible long-term

effects and interplay between radiotherapy and chemotherapy
drugs and the effect of radiation exposure in patients with
altered immune function. Elevated risk of cancers, such as
Hodgkin’s lymphoma, leukemia, and cancers of the skin and
lung, has been associated in some studies with previous radio-
therapy and chemotherapy treatment for cancer. In such
reports, the strength of association has been modified by 
other risk factors, including smoking and Epstein–Barr virus
infection.

Hormones

Initially, evidence from many studies seemed to support an
increased risk of breast cancer in young women (less than 35
or perhaps less than 45 years of age) associated with current
prolonged use (more than 5 years) of oral contraceptives.
However, a recent study by Marchbanks et al.60 of findings of
the Women’s Contraceptive and Reproductive Experiences
(Women’s CARE) study found no association between past or
present use of oral contraceptives and breast cancer. The find-
ings of this well-conducted, population-based study of 4,575
women with breast cancer and 4,682 controls has enormous
importance because more than 75% of the women in the
study had used oral contraceptives. Thus, even a small risk
associated with such a common exposure could account for
a substantial number of new breast cancer cases. The 
study also reported no difference by dose of estrogen (low or
high).

A 1996 meta-analysis of 54 epidemiologic studies of oral
contraceptives and risk of breast cancer showed a slightly
increased risk of breast cancer to those who took oral con-
traceptives, compared to nonusers [relative risk (RR), 1.24;
95% confidence interval (CI), 1.15–1.33].61 The risk dimin-
ished steadily after cessation of use, with no excess after 10
years. This meta-analysis had the virtues of large size and
inclusion of data from published and unpublished studies
conducted around the world, and its finding strongly supports
two main conclusions. First, breast cancers diagnosed in
women who had used combined oral contraceptives were
clinically less advanced than those diagnosed in women who
had never used these contraceptives: long-term users, com-
pared to women who never used contraceptives, had lower
relative risk for tumors that had spread beyond the breast
compared to localized tumors (RR, 0.88; 95% CI, 0.81–0.95).
No obvious association appeared in the results for recency of
use by women with different background risks of breast
cancer, from different countries and ethnic groups, with dif-
ferent reproductive histories, and those with or without a
family history of breast cancer.

Other features of hormonal contraceptive use, such as
duration of use, age at first use, and the dose and type of the
hormone within the contraceptives, had little additional
effect on breast cancer risk once recency of use had been
taken into account. Further reassuring news is that the rela-
tive risks are small and the period at risk appears confined to
times of life when the incidence of breast cancer, although
not negligible, has not reached the highest levels attained in
the latter part of the sixth and seventh decades of life.

In 1995, approximately 38% of postmenopausal women
in the United States were using hormone replacement
therapy (HRT) consisting of either estrogen or estrogen and
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progesterone. Although data from both case-control and
cohort studies suggested that HRT may increase the risk of
breast cancer, similar studies suggested that HRT decreased
the risk of cardiac disease among postmenopausal women.
The results from these observational studies led to random-
ized controlled clinical trials evaluating the safety and effi-
cacy of HRT for primary or secondary prevention of cardiac
disease, which, so far, it has not been shown to be.

The Women’s Health Initiative (WHI) study, a primary
prevention trial, has focused on strategies for preventing
cardiac disease, breast and colorectal cancer, and osteoporo-
sis in postmenopausal women.62 The 15-year study had
several research arms, including an intervention arm of com-
bined HRT with estrogen and progesterone that found com-
bined HRT increased risk of breast cancer and cardiovascular
disease. For other medical problems, such as menopausal
symptoms or osteoporosis, it was recommended that its use
be minimized and that physicians counsel their patients
about the potential benefits and risks of combined HRT. The
estrogen-only arm of the WHI study ended, so it is more dif-
ficult to make recommendations for these women, but
women should be aware that the results from the observa-
tional studies have consistently suggested that estrogen alone
may also be a risk factor for breast cancer, especially after use
for more than 5 years.

Other important recent studies have shown support for
the association of breast cancer risk and HRT use. The
Nurses’ Health Study follow-up was extended to 1992, record-
ing 1,935 cases of invasive breast cancer in the 725,550
woman-years of postmenopausal women tracked.63 The risk
of breast cancer was significantly increased among women
using estrogen alone (RR, 1.32; 95% CI, 1.14–1.54), compared
to postmenopausal women who had never used hormones.
The risk of breast cancer was also significantly increased
among women using estrogen plus progestin (RR, 1.41; 95%
CI, 1.15–1.74). Among current HRT users, such therapy for 5
to 9 years was associated with higher risk (RR, 1.46; 95% CI,
1.22–1.74), with a similar risk for 10 years of use. This effect
of duration of use for 5 or more years was greater among 
older women (RR for women aged 60 to 64, 1.71; 95% CI,
1.34–2.18). The relative risk of death from breast cancer was
also increased among women who had taken estrogen for 5
or more years (RR, 1.45; 95% CI, 1.01–2.09).

Previous studies of postmenopausal ovarian cancer risk
disagree, with some reporting increased risk with estrogen
use and others finding either a protective or null effect. 
Most of these studies were relatively small and limited by
incomplete information about ovarian cancer risk factors, but
two recent large studies linked hormone use and ovarian
cancer. A large prospective study63 associated post-
menopausal estrogen use for 10 or more years with increased
risk of ovarian cancer mortality, and a recent Swedish study64

reported that estrogen use alone and estrogen-progestin used
sequentially (progestin used on the average of 10 days/month)
may add to risk for ovarian cancer. In contrast, estrogen-
progestin used continuously (progestin used on average 28
days/month) seemed to confer no increased ovarian cancer
risk.

A study of ovarian cancer risk of women in the Breast
Cancer Detection and Demonstration Project, who used
estrogen-only replacement therapy, particularly for 10 or

more years, found them at significantly increased risk of
ovarian cancer.65 Women using short-term estrogen-pro-
gestin-only replacement therapy were not at increased risk,
but risk associated with short-term and longer-term estrogen-
progestin replacement therapy warrants further investigation.

Risk Factors for Childhood Cancer Occurrence

Environmental risk factors for adult cancer generally involve
long latency periods from exposure start to clinical onset of
disease. Cigarette smoking illustrates this point; smoking
usually begins during adolescence, but associated malignan-
cies become apparent only after many decades. However, the
genetic processes that go awry and lead to childhood cancer
are likely different from that of adult malignancies, as sug-
gested by a shorter time for the carcinogenic process to occur
in children. Infancy, when embryonal neoplasms such as neu-
roblastoma predominate, is when childhood cancer incidence
rates are highest.66 One may reasonably surmise, therefore,
that many childhood cancers result from aberrations in early
developmental processes.

To our dismay, from a prevention standpoint, little
current evidence supports a major etiologic role for environ-
mental or other exogenous factors in childhood cancer. 
A comprehensive review of epidemiologic studies of child-
hood cancer is available elsewhere.66 The major types of 
childhood cancer and risk factors that are reasonably well
documented are shown in Table 22.2. Many other factors, sus-
pected to raise or lower increase or decrease risk, are not well
established, and even the known risk factors shown in the
table explain only a small proportion of childhood cancer
cases.

Concluding Remarks

Cancer is, and will be for the immediate future, a major public
health problem; but several already-identified causes suggest
many human cancers may be avoidable. Cancer rates would
be lowered dramatically by reduction of tobacco smoking and
factors influencing breast cancer. Although tobacco control
could be achieved by government and societal actions,
prospects for the prevention of breast cancer are more remote.
In this regard, ongoing intervention trials of selective estrogen
receptor modulators (SERMs), such as tamoxifen and ralox-
ifene, in healthy women have a unique role in being the only
available intervention with a reasonable probability of pre-
vention. Other important reductions could be brought about
by vaccination against hepatitis B and human papilloma virus
and control of H. pylori. A growing concern, not just for cancer
but for other chronic diseases, such as diabetes and heart
disease, is the impact of epidemic rates of overweight and
obesity. As evidence accumulates for a role of excess weight
and lack of physical activity in both the etiology of and sur-
vival from cancer, strategies to prevent and effectively treat
obesity and to promote increased physical activity and other
healthy lifestyle behaviors are likely to be critical for improv-
ing public health. However, greater efforts in behavioral
research and development of successful interventions are inte-
gral to such an effort. Failing primary prevention, screening for
cancers of the breast, cervix, and colon could reduce mortality
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from these common diseases, and screening for other forms of
cancer will emerge as public health strategies are given proper
evaluation. Cancer cases are expected to rise in the new mil-
lennium, so cancer control strategies will increase in impor-
tance. Implementing current knowledge could prevent
thousands, if not millions, of premature deaths.
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TABLE 22.2. Known risk factors for selected childhood cancers.

Cancer type Risk factor Comments

Acute lymphoid leukemia Ionizing radiation Although primarily of historical significance, prenatal diagnostic X-ray
exposure increases risk. Therapeutic irradiation for cancer treatment also
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Race White children have a 2-fold higher rate than black children in the U.S.
Genetic conditions Down syndrome is associated with an estimated 20-fold increased risk.

Neurofibromatosis type 1, Bloom syndrome, ataxia telangiectasia, and
Langerhans cell histiocytosis, among others, are associated with an elevated
risk.

Acute myeloid leukemias Chemotherapeutic agents Alkylating agents and epipodophyllotoxins increase risk.
Genetic conditions Down syndrome and neurofibromatosis 1 are strongly associated. Familial

monosomy 7 and several other genetic syndromes are also associated with
increased risk.

Brain cancers Therapeutic ionizing With the exception of cancer radiotherapy, higher risk from radiation
radiation to the head treatment is essentially of historical importance.

Genetic conditions Neurofibromatosis 1 is strongly associated with optic gliomas, and, to a lesser
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ore than 1 million Americans were expected to be
diagnosed with cancer in 2004. This fact is es-
pecially tragic given that many cancers are pre-

ventable. The ongoing challenge to the medical, scientific,
and public health communities is to formulate evidence-
based decisions and implement effective and safe interven-
tions for cancer prevention.

Randomized controlled clinical trials remain the gold
standard to test cause and effect in human research and
inform evidence-based medical decisions. The era of cancer
prevention trials began with the seminal paper by Peto in
1981,1,2 who examined the role of b-carotene and vitamin A
in cancer prevention. Since 1981, there have been numerous
cancer prevention trials of nutritional interventions and phar-
macologic agents. Some of these prevention trials reported
clearly positive results while other trials reveal mixed results,
null findings, and even unsuspected adverse effects.

A comprehensive review of all cancer prevention trials is
beyond the scope of this chapter. We present here a brief
review of multistage carcinogenesis and possible molecular
targets for cancer prevention. We then discuss examples of
randomized, controlled clinical trials that examine the effects
of five different cancer prevention modalities. These case
studies of human trials in cancer prevention were selected to
explore the reasons why several trials did not achieve the
expected cancer preventive outcomes, whereas others reached
their goals. We describe the state of the art before each series
of trials followed by the design, some background on the pre-
ventive agent or dietary intervention used, primary end-
points, results, and future directions. Reflections on the
results are threaded with investigations of the complexities
inherent to prevention trials and mechanisms underlying the
adverse or null endpoints. Finally, we explore the lessons
learned from the trials to identify achievable goals and the

underpinnings to, and the relevant criteria for, future human
research in the prevention of cancer.

Multistage Carcinogenesis Process and Targets
for Prevention

Humans are exposed to a wide variety of endogenous and
exogenous carcinogenic insults, including chemicals, radia-
tion, physical agents, bacteria, and viruses. Recent progress
in the study of the multistep process of carcinogenesis, par-
ticularly on the mechanisms of chemically and virally
induced cancer, has revealed several points along the car-
cinogenesis pathway that may be amenable to cancer 
prevention strategies. The classic view of experimental car-
cinogenesis, in which tumor initiation is followed by tumor
promotion and progression in a sequential fashion, has under-
gone significant revision as our understanding of cancer-
related genes and the biosystem has evolved. However, the
concepts and underlying processes of initiation, promotion,
and progression remain theoretically important. Tumor 
initiation begins in cells with DNA alterations 
resulting from inherent genetic mutations or, more com-
monly, from spontaneous or carcinogen-induced genetic or
epigenetic changes. Alterations in specific genes modify the
responsiveness of the initiated cell to its microenvironment,
eventually providing a growth advantage relative to normal
cells. The tumor promotion stage is characterized by clonal
expansion of initiated cells caused by alterations in the
expression of genes whose products are associated with hyper-
proliferation, apoptosis, tissue remodeling, and inflamma-
tion.3 During the tumor progression stage, preneoplastic cells
develop into invasive tumors through further clonal expan-
sion, usually associated with alterations in gene expression
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and additional genetic damage due to progressive genomic
instability.3

As depicted in Figure 23.1, possible ways of interfering
with tumor initiation events include (i) modifying carcinogen
activation by inhibiting the enzymes responsible for that acti-
vation or by directly scavenging DNA-reactive electrophiles
and free radicals; (ii) enhancing carcinogen detoxification by
altering the activity of detoxifying enzymes; and (iii) modu-
lating certain DNA repair processes. Possible ways of block-
ing the processes involved in the promotion and progression
stages of carcinogenesis include (i) scavenging reactive oxygen
species; (ii) altering the expression of genes involved in 
cell signaling, particularly those regulating cell prolifera-
tion, apoptosis, and differentiation; (iii) decreasing inflamma-
tion; (iv) enhancing immune function; or (v) suppressing
angiogenesis.

We now appreciate that the nature of initiation, promo-
tion, and progression events is complex. For instance, we
know from the work of Fearon and Vogelstein and others that
multiple mutational and epigenetic events are involved in 
the formation of cancers.4 Furthermore, humans are generally
exposed to mixtures of agents that can simultaneously act at
different stages of the carcinogenesis process. Thus, rather
than three discrete stages occurring in a predictable order,
human carcinogenesis is best characterized as an accumula-
tion of alterations in genes regulating cellular growth, death,
and malignant properties. These alterations occur through a
series of clonal selections influenced by endogenous and
exogenous factors. Epigenetic changes often develop in a
cancer or the microenvironment and may also drive this mul-
tistep process.5 Nonetheless, the processes involved in cancer
initiation, promotion, and progression already described
remain important and relevant targets for cancer prevention.
Interventions that increase or decrease rates of mutation,
rates of epigenetic change, or the balance between growth 
and death in cancer cells can significantly influence the 
ultimate development of cancer. One of the most important
questions in contemporary cancer research is this: What safe
and effective interventions should be recommended to
prevent cancer?

Case Study I: Trials of b-Carotene
Supplementation and Lung Cancer
Chemoprevention

In 1976, Sporn defined the term chemoprevention as the use
of natural or synthetic agents to reverse or suppress multi-
stage carcinogenesis.6,7 There are numerous examples in the
literature demonstrating that bioactive food components or
chemopreventive agents can influence one or more of these
targets and interfere with the carcinogenesis process.3 In the
oft-cited paper entitled “Can dietary b-carotene materially
reduce human cancer rates?,” Peto described the role of
retinol and the retinoids in later-stage carcinogenesis and rec-
ommended b-carotene, rather than vitamin A, chemopreven-
tion trials in the general population aged 50 years or older,
because high doses of b-carotene for treatment of erythropoi-
etic protoporphyia were not associated with toxicity as was
the case for vitamin A.1,8

Following Peto’s paper, four large-scale randomized
placebo-controlled clinical trials of b-carotene (summarized
in Table 23.1) revealed no protection but rather adverse effects
or no difference in rates of lung cancer among participants in
the b-carotene arm compared to the placebo arm. Two trials
enrolled high-risk individuals while the other two enrolled
apparently healthy individuals. The Alpha-Tocopherol b-
Carotene Trial (ATBC) in Finland included male smokers at
high risk of lung cancer (mean, 36 years of smoking) who were
administered b-carotene, a-tocopherol, both, or a placebo for
6 years on average. The b-Carotene Retinol Efficacy Trial
(CARET) in the United States enrolled men and women who
were either smokers (mean, 49 years) or asbestos-exposed
workers, and administered b-carotene, retinyl palmitate,
both, or a placebo for 4 years on average. In these two trials,
the b-carotene-supplemented group experienced an increased
risk of lung cancer (by 18% in ATBC and 36% in CARET)
compared to the placebo group, and the effect appeared
stronger in participants who drank greater than average
amounts of alcohol daily (i.e., a 35% versus 3% increase in
lung cancer risk, respectively, in ATBC).9–11 Also, more of a
systemic effect appeared in subsequent analysis, as illustrated
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Anti-Initiation Strategies
· Alter Carcinogen Metabolism
· Enhance Carcinogen Detoxification
· Scavange Electrophiles/Reactive Oxygen Species
· Enhance DNA Repair

Anti-Promotion/Progression Strategies
· Scavenge Reactive Oxygen Species
· Decrease Inflammation
· Suppress Proliferation/Enhance Apoptosis
· Enhance Immunity
· Discourage Angiogenesis

Normal Initiation Preneoplastic Neoplastic

Genetic/Epigenetic Alterations Increased Cell Proliferation Additional Genetic/Epigenetic Alterations
FIGURE 23.1. Multistage carcinogenesis model: a schematic pre-
sentation of stage-specific prevention strategies. The initiation stage
is characterized by the conversion of a normal cell to an initiated cell
in response to genetic or epigenetic changes in the cell’s DNA. The
conversion of an initiated cell to a preneoplastic population of cells

and ultimately to a tumor is determined by additional genetic/epi-
genetic changes that affect the balance between growth and death in
these cells. Strategies to intervene in these processes to decrease rates
of mutation epigenetic change and maintain the growth–death
balance in cancer cells are listed in the boxes.



by a 23% and 25% increase in prostate and in stomach
cancers, respectively, in the supplemented (versus placebo)
group in ATBC, and an 18% and 26% increase in total mor-
tality and in cardiovascular deaths among the b-carotene
group in CARET.

In contrast, participants in the Physicians Health Trial
and the Women’s Health Study were apparently healthy, had
a low rate of smokers, and were administered an alternate-
day schedule of b-carotene for 12 and 2 years of follow-up,
respectively. Compared with the placebo group, b-carotene
supplementation in these participants was not associated
with an increased risk of lung cancer; rates of lung cancer did
not differ by treatment arm. In all four trials, participants in
the b-carotene-supplemented arm compared to the placebo
arm had significantly higher concentrations of b-carotene in
blood, indicating uptake of the supplement but not necessar-
ily efficacy. The search for reasons why b-carotene supple-
mentation was associated with adverse effects occurred in
several areas of study, including a reevaluation of the epi-
demiologic results, animal experiments, and clinical nutri-
tion research.

Evidence from Observational Epidemiology

A review of epidemiologic studies covering the period before,
during, and soon after the four trials revealed more significant
inverse associations between serum concentrations of and
dietary intake of b-carotene and lung cancer in case-control
than cohort studies.12 Methodological differences in estima-
tion of intake and blood values may have complicated com-
parisons and contributed to the inconsistent results.

Evidence from Animal Research

A few experimental studies had been conducted examining
the effect of b-carotene on skin cancer before the randomized

clinical trials in humans. Two research groups subsequently
addressed major questions arising from the trials. The USDA-
Tufts group focused on research to explain the “apparent 
exacerbation of lung carcinogenesis by b-carotene supple-
mentation in smokers.”13 In a study of ferrets with and
without exposure to cigarette smoke and with and without b-
carotene supplementation for 6 months, a strong proliferative
response in lung tissue and squamous metaplasia was
observed in the b-carotene-supplemented animals without
smoke exposure and was especially enhanced in the smoking
+b-carotene group. In vitro incubation of lung tissue from
smoke-exposed ferrets with all-trans-b-carotene revealed that
the b-carotene molecule is unstable. It forms oxidative by-
products that induce cytochrome P-450 enzymes, interfere
with retinoic acid metabolism, and downregulate retinoic acid
receptor (RAR)-b.13 Indeed, the downregulation of RAR-b
expression observed in the lungs of ferrets who were receiv-
ing both b-carotene supplementation and smoke exposure
suggests this modulation of RAR-b may play a role in the
enhancement of lung tumorigenesis in response to b-carotene.

In contrast, a recent follow-up study showed that ly-
copene, a carotenoid found chiefly in tomato products, has
protective activity in the same ferret model. Ferrets were
either exposed to a smoking chamber at levels of cigarette
smoke comparable to one to two packs/day, or not exposed
to smoke, and administered supplements of lycopene at either
15 or 60mg/day for 9 weeks.14 Both low- and high-dose ly-
copene supplementation inhibited lung squamous metaplasia
in this model. Compared with ferrets exposed to smoke alone,
ferrets supplemented with lycopene and exposed to smoke
had significantly higher plasma insulin-like growth factor-
binding protein 3 (IGFBP-3) and lower insulin-like growth
factor 1 (IGF-1)/IGFBP-3 ratio, thereby reducing serum levels
of bioavailable IGF-1. In addition, cigarette smoke exposure
increased phosphorylation of the apoptosis protein BAD and
significantly decreased cleaved caspase 3 (an apoptosis-related
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TABLE 23.1. Beta carotene supplementation trials of lung cancer.

Trial Agent(s) Population N Follow-up Risk effect

ATBC b-Carotene Male smokers 29,133 5–8 years 876 cases
(20mg/day)

(Finland) Vitamin E 50–69 years m = 6 years RR = 1.18 (1.03, 1.36)*
(50mg/day) (m = 57 years) 36 years
(2 ¥ 2 design) of smoking

CARET b-Carotene Men and women 18,314 4–7 years 286 cases
(30mg/day)

(U.S.) Retinyl palmitate Smokers (m = 58 years) 14,254 m = 4 years RR = 1.36 (1.07 – 1.73) b-carotene
(25,000IU) supplement
(2 ¥ 2 design) 49 years of smoking RR = 1.28 (1.04, 1.57)* b-carotene + retinyl

palmitate
Asbestos (m = 57 years) 4,060 RR = 1.40 (0.95 – 2.07) asbestos exposed 
43 years of smoking RR = 1.23 (0.96 – 1.56) heavy smokers

PHS I b-Carotene (50mg/ Male MDs 22,071 12 years 82 cases in b-carotene
alternate/day)

(U.S.) 40–84 years 88 cases in placebo
11% smokers RR = 0.98 (0.91, 1.06)*

WHS b-Carotene (50mg/ Women 39,876 2.1 years 30 cases in b-carotene
alternate/day) of 
8 groups

(U.S.) 45 years + 13% smokers 21 in placebo*



protease) in the lungs of ferrets; however, lycopene supple-
mentation reversed the smoke-induced suppression of apo-
ptosis and prevented the smoke-induced elevation of BAD
phosphorylation.14 These findings, along with other recent
studies,15 begin to elucidate the potential chemopreventive
capacity and limitations of carotenoids, as well as the mech-
anisms underlying the effects of b-carotene on lung cancer
observed in human trials.

Evidence from Pharmacokinetic and
Pharmacodynamic Research

Limited pharmacokinetic research was conducted before the
trials, and determinations of an optimal dose and the dura-
tion of supplementation were not established. Single-dose
studies of b-carotene that demonstrated peak plasma response
within 24 to 48 hours were conducted in healthy young men
before the trials.16 Chronic-dose studies, ranging from 15 to
180mg/day b-carotene, were conducted in healthy partici-
pants at the same time as the trials.17–19 The chronic-dose
studies began to reveal large interindividual variation in
response to the varying dosages. Along with limited infor-
mation on the bioavailability of b-carotene was the issue of
identifying responders from nonresponders, a phenomenon
later reported in trial participants.20 Human nutrition
research was not conducted to test the effects of b-carotene
supplementation in high-risk groups such as smokers and
drinkers of alcohol in the ATBC and CARET. The publication
of adverse effects in human trials led to animal research as
the only ethical approach to examine the interaction of mul-
tiple risk behaviors and a pharmaceutical dose supplementa-
tion as well as the complex molecular pathways leading to
lung carcinogenesis.

Case Study II: High-Fiber, Fruit, and Vegetable
Interventions and Colon Polyp Recurrence

During the 1980s, three lines of evidence suggested that
certain aspects of lifestyle, especially dietary factors, were
associated with colon carcinogenesis. First, mortality rates for
colorectal cancer (CRC) varied across regions of the world.
The variation in worldwide rates of CRC was a recognized
“ecologic” association. The second line of evidence appeared
in the rapid changes in CRC incidence within a country.
During a 40-year period in Japan, for example, CRC incidence
rose at a dramatic rate, in men more than women. The third
line of evidence came from migration studies demonstrating
that risk of CRC changed with adoption of a new diet. For
example, the CRC incidence rate for American-born Japanese
approached or was higher than the rate in Japan.21 Indeed, in
most cases, migrants adopted the CRC rates of their new
country within a generation. Moreover, animal evidence over-
whelmingly revealed a protective effect of fiber on colon car-
cinogenesis.22–24 Thus, by 1988, the Surgeon General’s Report
on Nutrition: Diet and Colorectal Cancer (CRC) Risk and the
1989 National Academy of Sciences Diet and Health Report
summarized the field by concluding there was sufficient evi-
dence that a high-fat diet increased risk and a high-fiber, high-
fruit-and-vegetable diet decreased CRC risk.

During this era, the progression of colorectal carcinogen-
esis was depicted as a series of sequential steps from normal

epithelium to development of aberrant crypts, followed by
early adenomatous polyps, the formation of advanced adeno-
mas, and finally cancer.4 Population-based incidence rates of
adenomatous polyps were not available, and identification of
a high-risk group other than those with familial adenomatous
polyposis syndrome (FAP) was difficult. Therefore, investiga-
tors in cancer prevention focused on trials of dietary inter-
ventions to reduce recurrence of adenomatous polyps in
individuals with prior adenomatous polyps.

High-Fiber, Fruit, and Vegetable Trials 
of Polyp Recurrence

In the early 1990s, several cancer prevention trials tested the
effect of a low-fat and high-fiber intervention on adenoma-
tous polyp recurrence.25–30 In each trial, summarized in Table
23.2, individuals had a complete colonoscopy and removal of
at least one adenomatous polyp. Eligibility criteria differed by
trial according to polyp size, number, and time interval from
polypectomy to enrollment. The intervention plan varied as
well from a wheat bran or fiber supplement, to combinations
of low-fat diet plus wheat bran supplements, to an overall
dietary plan of a high-fiber, high-fruit-and-vegetable, low-fat
regimen. Actual percent of calories from fat on the interven-
tion ranged from 20% to 25%, compared to the usual dietary
regimen of 33% to 37% of calories from fat. The approach to
fat reduction ranged from removal of butter and/or visible fat
from meat to use of low-fat dairy products through to major
changes in categories of food intake. In addition, several trials
included a supplement of 20mg/day b-carotene or a placebo.27

Given the randomization schema, as many as eight distinct
combinations (including the placebo + usual diet group) of the
trial might be tested in a factorial design.

The length of the trials ranged from 1 to 4 years, with
assessment of polyp recurrence by colonoscopists who were
blinded to the patient’s group status. The randomized 
trial design was followed according to strict guidelines estab-
lished at the beginning of the studies, including random
assessment of dietary compliance by dietitians,27 annual com-
pletion of (previously validated) dietary food frequency ques-
tionnaires, and multiple-day food records in randomly
selected subcohorts of the Polyp Prevention Trial (PPT) 
participants.30 In addition, blood specimens were collected 
in the fasting state to measure micronutrient levels as 
biomarkers of dietary change.27 Rates of recurrence in the
intervention and control/usual dietary regimen groups did 
not differ at the end of each trial, thereby revealing no sig-
nificant prevention of adenomatous polyp recurrence by
dietary intervention.

In an effort to explain why recurrence was not prevented
or lowered in those randomized to an intervention scheme
compared to those on the placebo/usual diet, several possi-
bilities were presented, including (1) the wrong endpoint; (2)
inadequate trial length for the study population; and (3) wrong
intervention.

The Wrong Endpoint

By the time the trials were completed, it was recognized that
less than 10% of adenomas developed into CRC and not 
all CRC developed through the adenoma pathway. In several
trials, secondary outcomes such as the rates of large adeno-
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mas (10mm or larger), which have a greater malignant 
potential than small adenomas, were reduced by an 
intervention such as low-fat diet plus wheat bran supple-
ment27 and the overall dietary intervention (high-fiber, 
high-fruit-and-vegetable, low-fat) in the study.25 However, 
the numbers of participants were too small to indicate
whether the observed effects on this secondary endpoint were
significant.

Inadequate Trial Length

Trial participants were adults with a history of at least one
polyp before enrollment and therefore already at risk of
another polyp. While they were at high risk of a recurrence,
their mean age was typically in the sixties, and their colonic
mucosa might be less amenable to (molecular, cellular, or
tissue) modulations from diet than a younger, healthier group.
The duration of the intervention(s) was not tested before the
trials to define the time interval for optimal effect. Therefore,
questions arose regarding the adequacy of the trial length,
with passive follow-up of trial participants frequently occur-
ring postintervention.25,26 Dietary instruments to assess

intake have limitations, including measurement error con-
tributed by degree of completion based on instrument length
and the number of days reporting, as well as the respondent’s
accuracy in estimation of portion size and frequency, which
varied by the participant’s education and age.31 In the trials
providing high-fiber supplements, adverse side effects were
rarely mentioned, but attrition due to the inability to con-
tinue on the high-fiber regimen is a potential factor. Across
trials, some patients refused to have the follow-up colo-
noscopy, thereby leading to selective subcohorts with end-
point ascertainment.29

Wrong Intervention

Dietary change from a high-fat, low-fiber diet to a low-fat,
high-fiber and/or -fruit-and-vegetable plan offers choice of
food substitutes and therefore more opportunity for long-term
compliance. The downside of this broad application of dietary
change is the difficulty in identifying which phytochemicals
were eaten; their frequency and amount of intake; and
whether food preparation and processing enhances or reduces
absorption. For example, the length of time cooking dark

evidence-based cancer prevention research 3 0 5

TABLE 23.2. Colorectal neoplasia prevention trials evaluating dietary fat and fiber.

Reference Sample sizea Design/cohortb Intervention Primary results

DeCosse108 58 DBRCT in familial adenomatous Wheat bran fiber (2.2g/day) + Rectal adenoma number:
polyposis (FAP) patients placebo vs. wheat bran fiber nonsignificant reduction

(2.2g/day) + vitamin C (4g/day) + with high-dose fiber +
vitamin E (400mg/day) vs. wheat vitamins 
bran fiber (22.5g/day) + vitamins
C + E ¥ 48 months

McKeown- 201 Partially blinded RCT in patients Low fat (50g/day or 20% of total Adenoma incidence/
Eyssen29 with prior adenoma calories) + fiber (≥50g/day) vs. recurrence: no effect

customary diet ¥ 24 months 
(average)

MacLennan27 424 Factorial, partially DBRCT in Low fat intake (<25% of total Adenoma incidence/
patients with prior adenoma calories) vs. wheat bran (25g/day) recurrence: no overall

vs. beta-carotene (20mg/day): effect; reduction in
7-arm factorial trial ¥ 24–48 large (£1cm) adenomas
months with combination of 

wheat bran + low-fat
diet*

Alberts26,109,110 1,429 DBRCT in patients 40–80 years Wheat bran fiber 2g/day vs. Adenoma number: 1%
old with prior adenoma (≥3mm) 13.5g/day ¥ 36 months reduction (NS); persons

with adenomas: 12%
reduction (NS)

Schatzkin25 2,079 Partially blinded RCT in patients Low fat (£20% of total calories), Adenoma incidence/
35 years or older with prior fiber (18g/1,000kcal), fruits and recurrence: no effect 
adenoma vegetables (5–8 servings/day) vs. (RR =1.00)

typical U.S. diet ¥ 48 months
Faivre28,111 655 DBRCT in patients 35–75 years Fiber 3.8g/day (ispaghula husk) vs. Adenoma incidence/

old with prior adenoma calcium 2g/day vs. placebo recurrence: 34%
reduction with
calcium (NS); 67% 
increase* with fiber

Women’s 45,000–48,000 Complex factorial, 3 ¥ 2 ¥ 2 Low-fat diet vs. calcium + vitamin Colorectal cancer
Health factorial DBRCT in D vs. hormone replacement incidence: ongoing
Initiative92 postmenopausal women therapy ¥ 9 years

50–79 years old

NS, nonsignificant.
a Number randomized.
b Trial designs: RCT, randomized, controlled trial; SBRCT, single-blind, randomized controlled trial; DBRCT, double-blind, randomized, controlled trial.

*Statistically significant result (P < 0.05).



green leafy vegetables modifies folate concentrations and the
amount of insoluble fiber, whereas reducing water content
from tomatoes increases lycopene concentrations from raw
tomato to sauce to paste.

Fruit and vegetables contain more than 25,000 recognized
phytochemicals. The search for the protective constituents in
plants involves identifying the major sources of variation. For
example, seasonality and soil content can alter the con-
centration of plant phytochemicals, and inter- and intraindi-
vidual variability in intake of phytochemicals modifies
concentrations in human sera. Phytochemical databases to
estimate intakes are limited to a few components such as
carotenoids.32 Thus, the effects of food constituents on cancer
endpoints are difficult to determine.

Prior Evidence

Reviews of earlier research revealed a fairly consistent inverse
association between fiber intake and CRC in case-control
studies, whereas large population-based, prospective cohort
studies such as the Nurses’ Health and Health Professional
Studies33,34 did not demonstrate an association. Questions
arose whether biases inherent to the case-control design led
to spurious associations. For example, dietary reporting by
patients after colon cancer diagnosis and telescoping of expo-
sure assessment might bias the estimate of the effect of
dietary fiber intake on cancer risk. Specifically, patients
report dietary intake during the period of appearance of symp-
toms and illness rather than before this period, which could
lead to an effect when indeed it did not exist.

An Update

Two articles in The Lancet in 2003 presented data from obser-
vational, prospective research suggesting a significant inverse
association between dietary fiber intake and risk of polyps35

or CRC.36 Both studies had a larger and more varied range in
dietary fiber intake (i.e., from 12 to 36g/day) than in earlier
cohort studies of more homogeneous populations.33,34 The
major protective dietary source was fiber from grains, cereals,
and fruit,35 and no food source of fiber was significantly more
protective than another in the European Prospective Investi-
gation into Cancer and Nutrition (EPIC) study.36 Interestingly,
use of fiber supplements was not associated with reduced
risk. The adenomatous polyp study was based on sigmoi-
doscopy rather than colonoscopy for detection of polyps,
reducing the area of the colon that was screened and there-
fore the potential to identify all polyps. A major strength of
both studies was that participants were reporting intake
potentially reflective of chronic, long-term habits. Identifying
the duration and phases of the life cycle during which the
intake occurred would be a major contribution to elucidate
the timing of mechanisms of action in polyps and CRC. Thus,
the dietary intervention trials had not determined the
optimal range in intake for reduction in polyp recurrence, as
evidenced by the breadth of dietary exposures in the two
recent observational studies. Further analysis of the trials to
explore the subset of individuals who met or went beyond the
dietary goals of the trials might elucidate whether the dura-
tion of the trial was adequate to confer reduction in risk of
polyp recurrence.

Case Study III: Chemoprevention Studies 
of Retinoids and Second Primary Cancers 
of the Upper Aerodigestive Tract

One of the first definitive proofs of principle for chemopre-
vention came from the translational studies of Kim and Hong
and colleagues, who have studied retinoids and other chemo-
preventive agents in upper aerodigestive tract cancers since
the early 1980s. Clinical, epidemiologic, and animal studies
in the 1970s and 1980s had suggested that vitamin A could
positively influence epithelial cell differentiation and thus,
retinoids may be effective agents for preventing epithelial
cancers in the upper aerodigestive tract.37

Chemoprevention Trials of Upper Aerodigestive
Tract Cancers by Retinoids

As summarized in Table 23.3, Hong et al. established that
high-dose 13-cis retinoic acid (13-CRA) is more effective than
placebo in reversing oral premalignant lesions (OPLs)38 and
later showed that low-dose 13-CRA is more effective than b-
carotene and less toxic than high-dose 13-CRA.39,40 These
studies demonstrate that retinoids can indeed be used to
reverse OPLs, as suggested by several reports in animal
models.41–43 Further explorations of less toxic and more 
effective agents and regimens were accomplished by incorpo-
rating multidisciplinary studies of biomarkers into their trials
and the development of statistical methodologies for analyz-
ing multiple biomarkers for the prediction of cancer develop-
ment in patients with OPLs,44 Studies by Hong and colleagues
demonstrate the importance of conducting parallel basic 
and translational studies. They observed that the synthetic
retinoid fenretinide induces apoptosis through retinoic acid
receptor-independent mechanisms and induces cell death in
cell lines resistant to all-trans retinoic acid, 13-CRA, 9-CRA,
and other nuclear receptor-dependent retinoids.45 These find-
ings have led to an ongoing trial of fenretinide in patients
with retinoid-resistant OPLs and to the characterization of
several novel retinoids with even more potent apoptosis-
inducing effects than fenretinide.46 Further studies are needed
to determine whether these agents reduce mortality after
treatment is completed.

The Hong group, along with many groups studying
chemoprevention of OPLs, are currently moving away from
retinoids toward less toxic agents, including bioactive food
components, such as vitamin E and green tea polyphenols, or
pharmacologic agents that target specific pathways, such as
inhibitors of farnesyl transferase, cyclooxygenase 2, or the
epidermal growth factor receptor. However, these initial
studies of retinoids were critical to establish the feasibility of
developing a translational chemoprevention strategy.

These translational research findings also led to new com-
bination approaches to preventing OPLs. Retinoid resistance
was shown to be associated with higher levels of genetic
instability and mutant p53 expression.47 Combination regi-
mens of 13-CRA, a-tocopherol, and interferon-g have been
very effective in reversing laryngeal premalignant lesions but
not OPLs,48 probably because some, but not all, of the p53-
mutated OPL clones can be eliminated, suggesting that some
genotypically altered clones can regrow and manifest as phe-
notypic lesions after treatment is discontinued.49,50
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The Hong group also established that second primary
tumors (SPTs), the leading cause of cancer-related death
among individuals cured of an initial primary head and neck
tumor, can be prevented by retinoid treatment. Patients defin-
itively treated for an initial head and neck cancer showed a
marked decrease in SPTs in response to a high-dose 13-CRA
regimen for 1 year.51 However, significant side effects were
associated with the high-dose 13-CRA treatment. Also, the
effectiveness of the retinoid treatment diminished over time;
in fact, the SPT rate by 3 years after cessation of 13-CRA
treatment was the same as the placebo group.52 A follow-up
study of the effect of low-dose 13-CRA for 3 years for pre-
venting SPTs is nearing completion.53 Again, linking labora-
tory studies with these clinical trials has proven beneficial.
For example, Hong, in collaboration with Margaret Spitz and
colleagues, showed that susceptibility of peripheral blood
lymphocytes to chromosomal breaks induced by the muta-
gens bleomycin or benzo[a]pyrene diol epoxide is an inde-
pendent risk factor for head and neck cancer.54,55 The
mutagen-sensitive phenotype has also been shown to be a sig-
nificant predictor of SPT risk.56 Thus, the Hong group illus-
trates the model of the multidisciplinary approach to cancer
prevention that takes advantage of conducting basic research
on biomarkers and clinical research on pharmacokinetics of
the agent in the prevention of OPL and SPT. This model is
elaborated in Figure 23.2.
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TABLE 23.3. Prevention trials evaluating chemoprevention of upper aerodigestive tract cancers by retinoids.

Sample
Reference Size Design Intervention Primary results

Papadimitrakopoulou48 36 Prospective Oral isotretinoin (100mg/m2 per A striking difference in response was 
nonrandomized day), oral alpha-tocopherol observed in favor of laryngeal lesions 
trial (1,200IU/day), and subcutaneous 9/19 [47%] complete response rate 

interferon-a (3 megaunits/m2 at 6 months and 7/14 [50%] at 12 
twice weekly) for 12 months months vs. 1/11 [9%] and 0/7 [0%], 

respectively, for oral lesions)
Papadimitrakopoulou40 59 RCT 30mg/day beta-carotene, or Isotretinoin 8% reduction Beta-carotene 

0.5mg/kg/day isotretinoin for 55% reduction in oral premalignant 
12 months lesions (OPL)

Lippman47 40 RCT 1.5mg/kg/day isotretinoin for Inverse relation of levels of p53 protein
3 months and response to isotretinoin in OPL

Lippman39 70 Phase I, RCT in 1.5mg/kg/day isotretinoin for 3 55% response in Phase I of 59 in the
Phase II months: patients with stable RCT, 92% vs. 45% response in

lesions given 1.5mg/kg/day isotretinoin vs. b-carotene arms
isotretinoin (n = 26) or 30mg/day 
beta-carotene (n = 33) for 9 
months

Hong51 103 RCT Oral isotretinoin (100mg/m2/day) No significant difference between 
or placebo for 12 months groups in the number of local,

regional, or distance recurrences of 
the primary cancers, but second 
primary tumors were 4% for 
isotretinoin vs. 24% for the placebo

Hong38 44 RCT 13-cis-Retinoic acid (n = 24) or Decrease in lesion size in 67% of 
placebo (n = 20), 1–2mg/kg/day those given the drug and in 10% 
for 3 months, and followed them of those given placebo (P = 0.0002);
for 6 months dysplasia reversed in 54% (13 patients) 

of the drug group vs. 10% (2 patients) 
of the placebo group (P = 0.01)

RCT, randomized controlled clinical trial.

Molecular/Cellular
Research

Animal Model
Research

Epidemiological
Research

Clinical
Research

Evidence-Based
Cancer Prevention

Research

FIGURE 23.2. The transdisciplinary nature of evidence-based
cancer prevention research. Research progress in the principles and
practice of cancer prevention will increasingly require the integration
of observational epidemiologic and clinical findings, the development
and use of relevant animal models, the characterization of basic
mechanisms at the molecular and cellular level, and the ultimate test
of an hypothesis in clinical research.



Case Study IV: Tamoxifen and Breast Cancer

Breast cancer is the most common noncutaneous cancer
among women in the United States.57 Although breast cancer
mortality has declined in the United States over the past
decade, it remains the second leading cause of cancer-related
deaths in women, after lung cancer.58 Approximately 211,300
women in the United States were diagnosed with invasive
breast cancer in 2004, and about 39,800 women will have died
of the disease.57

Hormonal therapy has an important place in the treat-
ment and prevention of breast cancer. Because the antiestro-
gen drug tamoxifen decreased contralateral breast cancer
incidence, in 1992, the National Surgical Adjuvant Breast
Cancer and Bowel Project (NSABP) started the Breast Cancer
Prevention Trial (NSABP P-1) to test the hypothesis that
tamoxifen could be used for the prevention of breast cancer
in a group of healthy women at high risk for the disease.59–63

Before the Breast Cancer Prevention Trial, anecdotal evidence
suggested that primary breast cancer could be prevented by
tamoxifen chemotherapy; however, there was no evidence
from a randomized clinical trial to support this notion.59–63 In
the NSABP P-1 trial, women considered at high risk for breast
cancer were (1) more than 60 years of age; or (2) aged 35 to 59
years with a 5-year predicted risk for breast cancer of 1.66%
or more based on the Gail model risk for breast cancer (this
risk is equivalent to that of a 60-year old woman64); or (3)
having a history of lobular carcinoma in situ. In this trial,
13,388 women were randomized to receive tamoxifen 
20mg/day (n = 6,681) or placebo for 5 years (n = 6,707). The
main objective of the trial was to determine whether tamox-
ifen prevented invasive breast cancers; secondary aims were
to determine whether tamoxifen would lower the incidence
of fatal and nonfatal myocardial infarctions and the incidence
of bone fractures. Results from this trial, summarized in Table
23.4, showed that tamoxifen reduced the risk of invasive
breast cancer by 49% and the risk of noninvasive breast
cancers by 50%. These effects were observed in estrogen
receptor positive (ER+), not estrogen receptor negative (ER-),
breast cancers. Women on the tamoxifen arm had 19% fewer
bone fractures, but this reduction was not statistically differ-

ent from the placebo group. With respect to vascular events
and endometrial cancer, tamoxifen increased the risk of
endometrial cancer (risk ratio = 2.93; 95% CI = 1.35–4.97) and
increased the rates of stroke, pulmonary embolism, and deep-
vein thrombosis.

Overall, this trial showed that tamoxifen use was associ-
ated with fewer ER+ breast cancers in pre- and post-
menopausal women with a high-risk profile.61 However, there
is a cautionary note for sexually active premenopausal
women taking tamoxifen, because tamoxifen was initially
developed as a fertility drug.65 Also, results from the Breast
Cancer Prevention Trial showed that tamoxifen does not
increase the risk of other cancers (besides endometrial), but
may increase the risk of cataracts. Similar findings to 
the Breast Cancer Prevention Trial have appeared in other
trials (Table 23.4), such as the Italian Randomized Trial of
Tamoxifen and The International Breast Cancer Intervention
Study 1.66,67 Preliminary analysis of the Italian study revealed 
no difference between the tamoxifen and placebo groups68;
however, by the end of the trial, women in the tamoxifen arm
did have a lower risk of breast cancer.66 On the other hand,
the Royal Marsden Hospital Tamoxifen Chemoprevention
trial reported no differences in the tamoxifen and placebo
groups.69 Women recruited for the latter trial had a strong
family history of breast cancer; because of this, it is likely
that carriers of familial breast cancer genes have an intrinsi-
cally different response to estrogen antagonism. For example,
a subsequent study in the same population by the NSABP
group found that tamoxifen reduced breast cancer incidence
by 62% in BRCA2, not BRCA1, carriers.70 The reason why
tamoxifen did not decrease breast cancer incidence among
women with BRCA1 mutations may be that BRCA1 tumors
are frequently ER negative.71 As the Royal Marsden Hospital
Tamoxifen Chemoprevention Trial included women with a
strong family history of breast cancer, it is possible that many
of them could have been ER negative.

Because tamoxifen increases the incidence of stroke and
endometrial cancers, and long-term tamoxifen treatment may
eventually lead to tamoxifen-resistant breast cancers, a search
for alternative agents for breast cancer prevention and
therapy, such as aromatase inhibitors, is under way. Aro-
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TABLE 23.4. Breast cancer prevention trials with tamoxifen and raloxifene.

Sample
Reference Trial size Design Intervention Primary results

Fisher61 Breast Cancer Prevention 13,388 Randomized Trial Tamoxifen (20mg) Tamoxifen reduced the risk of invasive
Trial for 5 years breast cancer by 49% and the risk of

noninvasive breast cancers by 50%; 
these effects were observed in estrogen
receptor positive (ER+), not estrogen 
receptor negative (ER-)

Cuzick67 International Breast Cancer 7,152 Randomized Trial Tamoxifen (20mg) Tamoxifen reduces the risk of breast 
Intervention Study for 5 years cancer by about a third

Veronesi68 Italian Randomized Trial of 5,408 Randomized Trial Tamoxifen (20mg) Tamoxifen reduces the risk of breast 
Tamoxifen for 5 years cancer

Powles69 Royal Marsden Hospital 2,494 Randomized Trial Tamoxifen (20mg) No differences in the tamoxifen and 
Tamoxifen Chemoprevention up to 8 years placebo groups
Trial

Dickler78 Multiple Outcomes of 7,705 Randomized Trial Raloxifene (60mg) 65% reduction in risk of both in situ 
Raloxifene Evaluation for 4 years and invasive breast cancer
(MORE) Trial



matase is a cytochrome P-450 enzyme that catalyzes the rate-
limiting step in the synthesis of estradiol from androgens.72

The aromatase inhibitors represent a new class of agents in
the treatment and prevention of breast cancer. Recent evi-
dence suggests that aromatase inhibitors have several advan-
tages over tamoxifen for the prevention and treatment of
breast cancer.73–75 For example, aromatase inhibitors are effec-
tive in treating tamoxifen-resistant cancers as second-line
agents, and they do not increase the risk of endometrial
cancers.76 It is likely that the aromatase inhibitors may
replace tamoxifen in the management of metastatic breast
cancer.77 However, there is concern that these estrogen-
lowering drugs may promote osteoporosis or decrease bone
density and, in turn, increase the risk of bone fractures.
Because aromatase inhibitors cannot prevent the production
of estrogen by the ovaries, the use of aromatase inhibitors
may be limited to postmenopausal women.

Another potential alternative to tamoxifen that prevents
bone loss and does not appear to increase the risk of endome-
trial cancer is raloxifene.78 Results from the Multiple Out-
comes of Raloxifene Evaluation Trial showed that raloxifene
has positive estrogenic effects on bone and lipid metabolism
and antiestrogenic effects on breast tissue.78 Even though this
trial was designed to assess raloxifene’s effect on bonedensity,
results showed a 65% reduction in risk of both in situ and
invasive breast cancer in women taking raloxifene78; more-
over, raloxifene did not appear to increase risk of endometrial
cancer. These results have led to further evaluation of ralox-
ifene as a possible alternative to tamoxifen. Currently, ralox-
ifene is being evaluated in the Study of Tamoxifen and
Raloxifene (STAR) trial.65

Case Study V: Finasteride and Prostate Cancer

The Prostate Cancer Prevention Trial (PCPT) is a double-
blind chemoprevention trial of prostate cancer in 18,882 non-
symptomatic, healthy men who were randomized to 5mg/day
of finasteride or placebo for 7 years.79 Finasteride is an inhi-
bitor of (~90% of) 5-a-reductase, an enzyme involved in
hormone metabolism of testosterone to dihydrotestosterone
(DHT), the most active androgen in the prostate. Intraprosta-
tic DHT is thought to be a major stimulus for prostate cancer
cell growth, as evidenced by in vitro and in vivo studies.80,81

Thus, reducing DHT by inhibiting 5-a-reductase activity 
is a plausible strategy for preventing prostate cancer 
development.

There was significant preclinical and clinical experience
with finasteride before the initiation of the PCPT. Numerous
animal model studies suggested finasteride had prostate
cancer preventive activity in several rats,82 and finasteride 
had been approved and was in wide clinical use as treatment
for benign prostatic hyperplasia.83 The toxicity profile for
finasteride was well characterized as being low and well tol-
erated by healthy subjects.

At the end of the 7-year trial, an endpoint biopsy was per-
formed in all men, demonstrating a 24.8% lower cumulative
incidence of prostate cancer in the finasteride compared to
the placebo group.79 However, the finasteride group also had
a higher rate of high-grade cancers (higher Gleason scores)
than the placebo group. In addition, men in the finasteride
group reported more problems with sexual function but fewer

urinary problems than men in the placebo group. Thus, this
prevention trial identified multiple issues, including (1) a sig-
nificantly higher detection rate in both arms of the study
compared to earlier studies84 and (2) a 27% increase in high-
grade Gleason scores in the treatment arm based on central
review by pathologists blinded to treatment assignment,
whereas the proportion in the placebo group was similar to
other series.85 Fortunately, this was a well-designed trial with
well-planned tissue collection and storage, so despite the
mixed results the trial will certainly yield tremendous infor-
mation about prostate carcinogenesis. Another large trial
(8,000 men) using the 5-a-reductase inhibitor dutasteride for
a 4-year intervention is also currently under way.86

Case Study VI: Calcium Supplementation and
Colon Polyp Recurrence

The epidemiologic data on colon cancer incidence rates
around the world, as well as the increase in rates among
recent Japanese migrants to Hawaii, provide supporting evi-
dence to the trials of high-fiber and fruit and vegetable as well
as calcium supplementation and adenomatous polyp recur-
rence.87 In addition, separate epidemiologic observations con-
sistently demonstrate an inverse relation between dietary
intake of calcium and incidence of colon cancer, as summa-
rized by Sorenson et al.88 Animal experimental research led
by M. Lipkin and colleagues was the forerunner to the
approach of identifying colon cell proliferation kinetics in
mouse models and human subjects.89 This team moved back
and forth between the two biosystems to develop the first
multistage model of colonic tumor development in 1974.
Lipkin and Newmark have also demonstrated that calcium
supplementation reduced cell proliferation in the mouse and
in human subjects at high risk of colon cancer.89

Calcium Supplementation Reduces 
Polyp Recurrence

As summarized in Table 23.5, three trials of calcium supple-
mentation alone (or with other micronutrients) were reported
in the 1990s with the endpoint of polyp recurrence.28,90,91

Calcium carbonate was the form of supplement administered
in doses ranging from 1.6 to 3g/day, with participants having
a follow-up colonoscopy at 1 and 3 years on trial, similar to
the design of the fiber, fruit, and vegetable trials. Participants
in two of the three trials experienced a reduction in recur-
rence of 15% to 34%,28,91 but no significant difference was
found in the third trial.90 Secondary data analysis of the third
trial revealed a reduction in recurrence in patients aged less
than 65 years and in those with one adenoma at baseline.
There are other ongoing trials with calcium supplementation
arms such as the Women’s Health Initiative.92

Lipkin and colleagues recently completed a series of
animal model experiments demonstrating the carcinogenic
role of diet alone in de novo development of colon tumors,
using rodents unexposed to a carcinogen but administered a
“Western-style diet” of high fat, low fiber, and low calcium
and other micronutrients associated with cancer prevention.
This same team reported the protective effects of dietary
calcium add-back to the Western-style diet to reduce risk of
colon tumors in mice relative to rodents who remained on
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the Western diet alone.89 The challenges rest in how well the
Western-style rodent diet is mirrored in the complex arrays
of current Western-style human diets and the identification
of the windows of human development that are sensitive to
their reported dietary modulations.

Case Study VII: Nonsteroidal
Antiinflammatory Drugs, Selective
Cyclooxygenase 2 Inhibitors, and 
Cancer Prevention

As a class, nonsteroidal antiinflammatory drugs (NSAIDs) are
structurally diverse, yet seem to share several common activ-
ities that might be relevant to the prevention of cancer. Anti-
neoplastic effects may include modulation of cell cycle,
apoptosis, proliferation, and invasion. Although many of these
effects are linked to cyclooxygenase (COX) inhibitory activ-
ity, a number of COX-independent effects are well established.
COX inhibition by NSAIDs is exerted on at least two distinct
isoforms: COX-1 and COX-2. COX-1 is constitutively ex-
pressed in most tissues, whereas COX-2 is found generally at
low levels of expression unless induced by inflammatory
factors, growth factors, or tumor promoters. Most NSAIDs,
including aspirin or sulindac, suppress the activities of both
isozymes. This indiscriminate inhibition causes anticancer
effects as well as collateral damage, including gastric ulcera-
tion and renal toxicity. COX-2-selective inhibitors (COXIBs),
including celecoxib (Celebrex) and rofecoxib (Vioxx), burst on
the scene in 1999 with the potential to revolutionize the relief
of inflammation and pain arthritis, without the collateral side
effects of aspirin and the other nonselective NSAIDs. It was
soon discovered that these agents also had tremendous poten-
tial as safe and effective chemopreventive agents for some
cancers. However, Vioxx was withdrawn from the market on
September 30, 2004, because of concern that it increases the

risk of heart attacks and strokes in patients taking it longer
than 18 months.93 Although recent findings suggest a higher
risk of admission for congestive heart failure in users of rofe-
coxib but not celecoxib, relative to non-NSAID controls,94

further studies and analyses are imperative to determine if the
increased cardiovascular risks are limited to Vioxx or are char-
acteristic of the entire class of COXIBs.

Evidence from Animal Studies

COX-2 is commonly overexpressed in many cancers, includ-
ing many stages of colorectal carcinogenesis; some studies
report overexpression in more than 50% of adenomas and
more than 80% of adenocarcinomas, but it is rarely expressed
in normal colorectal epithelium. The role of NSAIDs in
cancer prevention was first investigated in rodent models in
the early 1980s.95 NSAIDs, such as aspirin, indomethacin,
piroxicam, and sulindac, exhibited inhibitory effects on tu-
mors of the colon; however, tumor growth often resumed
when NSAIDs were discontinued. Overwhelming preclinical
data suggest that COX-2 is functionally important for neo-
plastic progression, as evidenced by the regression of intesti-
nal polyps in rodent models of colorectal cancer prevention
as well as in COX-2-deficient mice. As recently reviewed,96

almost 400 reports in PubMed are published on rodent models
of both genetic and carcinogen-induced carcinogenesis that
used NSAIDs or their derivatives. The majority of these
studies demonstrate NSAIDs are relatively effective against
most stages of colon cancer, including aberrant crypt foci;
adenoma and adenocarcinoma multiplicity, incidence, and
size; metastasis; and survival.

Nine studies of COXIBs—two with NS-398, one with MF
tricyclic, two with nimesulide, one with rofecoxib, and three
with celecoxib—have proved this class of chemopreventive
agents is promising in reducing aberrant crypts and colorec-
tal tumors in carcinogen-induced and genetically driven
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TABLE 23.5. Colorectal neoplasia prevention trials evaluating calcium.

Reference Sample sizea Design/cohortb Interventionc Primary resultsd

Hofstad90 116 DBRCT in patients with current 1.6g/day + beta-carotene Growth of small adenomas: no
adenomas (those <1cm were 15mg + vitamin C effect, Adenoma incidence/
retained) 150mg + vitamin E recurrence: increased* Fecal 

75mg + selenium 101mg/ bile acids: no effect
day ¥ 36 months

Baron91 930 DBRCT in patients with prior 3.0g/day ¥ 48 months Patients with adenoma
adenoma recurrence, 19% reduction*;

adenoma number, 24%
reduction*

Faivre28,111 655 RDBCT in patients with prior 2.0g/day (vs. 3.8g/day Adenoma incidence/recurrence,
adenoma; 35–75 years old ispaghula husk) vs. placebo 34% reduction (NS)

¥ 36 months
Women’s Health 45,000– Complex factorial, DBRCT in Calcium + vitamin D; Colorectal cancer incidence
Initiative92 48,000 postmenopausal women 50–79 hormone replacement (among many others): ongoing

years old therapy; low-fat diet ¥ 
approximately 9 years

a Number randomized.
b Trial designs: SBRCT, single-blind, randomized, controlled trial; DBRCT, double-blind, randomized, controlled trial; DBRCXT, double-blind, randomized, 
controlled cross-over trial; RCXT, unblinded, randomized, controlled cross-over trial.
c Calcium carbonate unless noted otherwise.
d Proliferation assessed via random biopsies of normal appearing mucosa. NS, nonsignificant.

*Statistically significant result (P < 0.05).



rodent models of intestinal neoplasia.96 COX-2 is overex-
pressed at very early stages of colorectal carcinogenesis in
animals, as reported by Oshima et al.97 This study also
showed that the COX-2-selective agent MF tricyclic was as
effective as the nonselective COX inhibitor sulindac. This
study further provided direct evidence of the mechanistic
importance and significance of COX-2 inhibition, as COX-2
knockout (+/-, and -/-) mice had a reduction in adenomas in
a dose-dependent (COX-2 gene) manner.98

Evidence from Epidemiologic Studies and
Randomized Clinical Trials

Among 21 retrospective and 9 prospective observational
studies, all but 2 reported statistically significant inverse
associations between use of NSAIDs or COXIBs and colorec-
tal neoplasia risk.96 Reductions in neoplastic lesions by
NSAIDs use ranged from 16% to 92% with an average reduc-
tion in adenomas of about 40% to 50%. In contrast, a prospec-
tive study of 12,180 individuals for 8.5 years reported an
association between daily aspirin use and increased CRC risk
for men (RR = 1.38) and women (RR = 1.10).98 A major differ-
ence in this from other observational studies is that the
median age of participants was 73 years. In a report from the
Physicians’ Health Trial and Follow-Up Study (n = 22,071
healthy men aged 40–84 years in 1982), aspirin was not asso-
ciated with risk of colorectal cancer in those randomized to
325mg every other day for the first 6 years [RR = 1.03 (95%
CI = 0.83–1.28)] nor associated with risk in the postrandom-
ization interval in men who used aspirin frequently [RR =
1.07 (95% CI = 0.75–1.53)].99 A much larger number of studies
show a positive cancer preventive effect of NSAIDs and
COXIBs. In nested case-control analysis of a population-based
cohort study of 940,000 individuals in the UK, a significant
40% reduction in colorectal cancer risk was reported in long-
term aspirin users of 300mg daily, but no significant benefit
appeared in users of 75 or 150mg daily.100

Numerous clinical trials showing protective effects of
NSAIDs against colon polyp formation or colon cancer are
summarized in Table 23.6. In 2003, three studies reported dra-
matic findings that reveal aspirin as a major player in the
defense against cancer. Two randomized controlled studies
considered patients at risk of colorectal cancer. Both studies
found a clear reduction in polyp recurrence from aspirin use.
In one study, 1,084 patients with a history of polyps were fol-
lowed with a colonoscopy 3 years after their entry into the
study.101 The greatest benefit was observed in the low-dose
(81mg daily) group, who experienced an unadjusted risk ratio
of 0.81 (95% CI = 0.69–0.96) whereas those in the high-dose
(325mg daily) group experienced a RR of 0.96 (95% CI =
0.81–1.13). When large or malignant polyps were considered
separately, the benefits were clearer; risk ratios of 0.59 (95%
CI = 0.38–0.92) in the low-dose group, and to some extent in
the high-dose group (RR = 0.83; 95% CI = 0.55–1.23). The
second study followed 517 patients with previous malignant
CRC for a year and reported the RR for new polyps of 0.65
(95% CI = 0.46–0.91) in the 325mg daily aspirin treatment
group.102 Meanwhile, a third study, which combined three
earlier case-control studies into a cancer patient base of 965
and 1,779 controls,103 showed a dramatic reduction in the
incidence of tumors of the mouth, throat, and esophagus with
long-term use of aspirin. After controlling for factors, such as

smoking and diet, the incidence of the three types of cancer
in people who had taken aspirin regularly for at least 5 years
was a third that in nonusers [OR = 0.33 (95% CI = 0.13–0.82)].
Similarly, more than 15 case series and reports have described
the benefits of NSAIDs for prevention of prevalent adenomas
in persons with familial adenomatous polyposis (FAP).

Selective COX-2 inhibitors (COXIBs) recently approved
for treatment and management of pain and arthritis provide
a unique opportunity in terms of sparing COX-1 beneficial
functions while inhibiting COX-2 in the process. On the basis
of preclinical and observational studies just described,
COXIBs have now advanced to human clinical trials in cancer
prevention. A recent randomized, placebo-controlled trial of
celecoxib administered over 6 months to 77 individuals with
FAP showed significant regression and reduction in colorec-
tal adenoma number and size. As an added benefit, celecoxib
treatment also decreased duodenal polyps, suggesting a dual-
organ benefit in this cohort. The importance of this study is
underscored by FDA’s approval of celecoxib to complement
the endoscopic surveillance and prophylactic surgery in FAP
individuals. Furthermore, based on these preliminary but
landmark results, celecoxib is now under study in several
clinical trials involving persons at elevated risk for CRC
because of either a genetic predisposition or a history of prior
sporadic neoplasia.

Summary and Lessons Learned

Randomized clinical trials remain the most robust test of an
intervention, and a review of cancer prevention trials provides
valuable lessons. In this chapter, we discussed examples of
trials that highlight the effects of several prevention modali-
ties on different stages of cancer, from late-stage intermedi-
ate endpoints (such as colon polyps) through second primary
cancers (such as head and neck tumors). Of the five modali-
ties discussed (diet, pharmacologic agents, selective hormone
therapies/modulators, nonsteroidal antiinflammatory drugs,
and vitamin and mineral supplements), two of the modalities,
notably the NSAIDs and calcium supplements, were true suc-
cesses without significant side effects. Both these interven-
tions were effective at reducing risk of colonic malignancies,
perhaps because the colon is an organ with higher cellular
turnover in the adult years than other targeted organ sites.104

The other case studies provided examples of either null
results, mixed results (i.e., some preventive activity accom-
panied by significant adverse effects), or, in the case of the 
b-carotene-lung cancer trials, a small but significant cancer-
enhancing effect that could only have been detected by con-
ducting a clinical trial.

What have we learned from the failures and successes in
the prevention trials? In the lung cancer prevention trials, we
learned that b-carotene supplementation was the wrong inter-
vention for individuals at high risk for lung cancer. Nonhu-
man primates administered b-carotene supplements had
squamous metaplasia of the lungs that was markedly
enhanced in the smoke exposed. In vitro work revealed that
b-carotene molecules increased radical oxygen intermediates
and reduced apoptosis, thereby defying the oft-cited role of 
b-carotene as an antioxidant and increasing its provitamin A
capacity for cellular proliferation. In contrast, administration
of another carotenoid, lycopene, in several doses inhibited
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bioavailable IGF-1 and reduced risk of lung cancer.14 Baboons
administered b-carotene supplements and given alcohol suf-
fered from hepatotoxicity. Therefore, b-carotene supplemen-
tation in the presence of carcinogens—smoking and alcohol
intake—increased risk, whereas lycopene reduced risk.

The finasteride and tamoxifen trials illustrate the risks
and benefits of long-term pharmacologic manipulations of the
sex hormones. Finasteride reduced the incidence of low- and
intermediate-grade prostate cancer but increased the inci-
dence of high-grade prostate cancer, possibly by enhancing
clonal expansion of prostate cancer cells in an androgen-
deficient environment. Tamoxifen reduced risk for ER+
breast cancers, but had no effect on ER- breast cancers and
increased endometrial cancer risk. Side effects from an inter-
vention may limit acceptance, as illustrated by problems in
sexual function reported in the finasteride group and hot
flashes in women on tamoxifen.

The timing of the intervention is an important factor,
especially for the prevention of early or intermediate steps in
the carcinogenesis process. From our trial examples, lung
epithelium with 20–30 person-years of cigarette smoke expo-
sure (as was the case in the b-carotene trials) might be too far
along the carcinogenesis process to expect a relatively brief
period of b-carotene supplementation, or other interventions
that target early or intermediate cancer processes, to prevent
cancer. Similarly, in the Polyp Prevention Trial, the effects of
relatively brief period of dietary change late in life on polyp
recurrence may have also been a case of too little too late.27

What have we learned from the successes? The success-
ful trials have demonstrated proof of principle that nutritional
interventions or chemopreventive agents can reduce the risk
of carcinogenesis across the entire cancer spectrum, from pre-
cursor lesions to second primary tumors. The successful trials
were able to avoid the pitfalls discussed above and use what
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TABLE 23.6. Nonsteroidal antiinflammatory drugs (NSAIDs) in the prevention/treatment of sporadic colorectal adenomas or colorectal
cancer prevention.

Dose and
Reference Sample size Design NSAID duration (months) Primary result(s)

Matsuhashi, 15 CS Sulindac 300mg po qd ¥ 4 13 of 20 polyps in 15 patients shrank or 
1997112 disappeared*

Ladenheim, 44 DBRCT Sulindac 150mg po bid vs. 8% probability of >50% sporadic adenoma 
1995113 placebo ¥ 4 regression

Hixson, 9 CS Sulindac or 200mg po bid Discontinued due to toxicity in 2; piroxicam 
1993114 piroxicam (sulindac) or 20mg more toxic than sulindac; no dramatic

po qd (piroxicam) adenoma regression
¥ 6

Carbone, Step 1 = 12 Steps 1 & 2: CS Piroxicam Step 1: 10mg po qd or Step 1: 10mgqod tolerable; no changes in 
1998115 qod ODC or urinary polyamine concentrations

Step 2 = 31 Step 2: 10mg po Step 2: combination is tolerable; possible
qod + DFMO synergistic effects
0.5gm/m2 ¥ 6

Calaluce, 96 DBRCT Piroxicam 7.5mg po qd vs. Reduced mucosal prostanoid concentrations*; 
2000116 placebo ¥ 24 significant GI side effects*

Chow, 2000117 27 DBRCT Ibuprofen 300 or 600mg po qd Reduced mucosal prostanoid concentrations*; 
vs. placebo ¥ 1 300mg po qd recommended for future

studies
Barnes, 10 DBRCXT Aspirin 81mg po qd vs. Reduced mucosal prostanoid concentrations*;

1999118 placebo ¥ 3 reduced TGF-a staining*; both effects 
returned to baseline levels following 
3 months off aspirin

Ruffin, 65 DBRCT Aspirin 40.5, 81, 162, 324, or Reduced mucosal PGE2* with 81mg po qd;
1997119 648mg po qd vs. reduced mucosal PGF2-alpha with 

placebo ¥ 2 weeks 40.5mg po qd
Gann, 1994120 22,071 DBRCT Aspirin 325mg po qod CRC RR = 1.15 (95% CI = 0.80–1.65); In situ 

vs. placebo ¥60 cancer or adenoma RR = 0.86
(95% CI = 0.68–1.10)

Baron, 1,121 DBRCT Aspirin 80mg po QD vs. Adenoma recurrence: all and advanced
2002121 325mg po QD vs. 80mg: RR (all) = 0.81* (0.68–0.96);

placebo ¥ 48 RR (advanced) = 0.60 (0.35–1.03)
325mg: RR (all) = 0.96 (0.82–1.13);

RR (advanced) = 0.81 (0.49–1.32)
Benamouzig, 291 DBRCT Aspirin 160–300mg po QD vs. Interim adenoma recurrence at 1 year 

2002122 placebo ¥ 48 (preliminary result): OR = 0.56*
(95% CI = 0.31–1.01)

Sample size is the number of subjects evaluated at study completion. Intervention is the duration of agent administration until described effect.

po, administered by mouth; qd, once per day; qod, every other day; bid, twice per day; CR, case report; CS, case series; DBRCT, double-blind, randomized, 
controlled trial; DBRCXT, double-blind, randomized, controlled, cross-over trial; CCTRL, case-control.

*Statistically significant result (P < 0.05).



turned out to be the right intervention, the right at-risk pop-
ulation, and the right dose and timing to hit an appropriate
target for cancer prevention. Another key lesson learned from
these trials is the utility of combinations of drug regimens to
reduce toxicity, for example, the addition of a-tocopherol to
13-cis retinoic acid in the upper aerodigestive tract cancer pre-
vention trials.

As mentioned previously, an important predictor of a suc-
cessful prevention trial was the identification of the right
intervention for the appropriate high-risk group or tumor
type. An illustrative example is the inhibition of COX-2
activity by NSAIDs or COXIBS; these agents appear to hold
great promise for the prevention of colon cancer and possibly
many other cancers. It is important to note, however, that the
right intervention does not have to be a pharmacologic agent
developed to hit a specific molecular target. The example
from the trials of calcium supplements to reduce polyp recur-
rence reminds us that a safe, inexpensive lifestyle interven-
tion could have a large-scale public health impact. Several
lifestyle interventions, including physical activity, prudent
dietary change in total calories or reduction in fat intake, and
increased fruit and vegetable intake, may significantly reduce
the risk of many cancers.

Opportunities for tool refinement arise from the conduct
of these trials. For example, dietary change from a high-fat,
low-fiber to a low-fat, high-fiber, fruit and vegetable plan
offered individual choice of food substitutes. However, food
composition databases were not available to examine which
bioactive food components reduced polyp recurrence. One of
the challenges for breast cancer prevention is that 30% to
40% of breast cancer cases can be attributed to a major risk
factor(s) (e.g., early age at menarche, family history), but the
remainder of breast cancer patients will not be identified in
the high-risk groups.105 Risk assessment tools are important
since they are used to counsel women about their disease
management and to identify individuals at high risk who may
be eligible for chemoprevention therapies. Risk assessment
models such as the Gail model, which uses known risk
factors to estimate breast cancer risk in women, may not 
be suitable for specific ethnic groups, such as African-
Americans.103 Indeed, few African-American women partici-
pated in the Breast Cancer Detection and Demonstration
Project (BCDDP), which was the data source for the Gail
model.106 No such tools exist to assess breast cancer risk in
Hispanic-white women nor are there algorithms to identify
the at-risk for prostate cancer.

Concomitant with increasing longevity, a plethora of co-
morbidities appear in the aging population. Prescriptives, such
as statins, are now being advocated for use in all Type 2 dia-
betics by the American College of Physicians, while over-the-
counter medications, such as NSAIDs, are frequently taken in
these same individuals for arthritis and other pain relief.
However, the effective dose of each agent may be dependent
on the disease and vary by age, gender, and the presence of
other drugs. Simultaneous use of multiple therapies creates
the challenge to identify appropriate dosages in combination
for efficacy. An understanding of their beneficial or adverse
effects in early or late stage chronic disease is essential.

A final lesson learned from the successful trials is the
importance of integrating animal and human research into
translational science. This approach involves linking clinical,
behavioral, epidemiologic, animal, and molecular studies for

a tremendously powerful approach to cancer prevention.107

Three aspects of this integrated approach include (1) testing
the efficacy and safety of the particular agent and identifying
potential targets for other agents or combinations of agents;
(2) having the tools available to test the efficacy of an agent
at the same time as examining whether the agent confers pro-
tection from cancer and/or also increases risk of another
disease; and (3) having the ability to accelerate the pace at
which interventions are moved from the bench to bedside.
Through the interface of animal and human explorations,
calcium supplementation arose as a successful intervention
for polyp recurrence and colon neoplasia with benefits for the
overall biosystem. Similarly, an interdisciplinary approach
led to the approval of the COX-2 inhibitor celecoxib for the
prevention of familial adenomatous polyposis. Thus, perhaps
the clearest lesson from this brief review of several cancer pre-
vention trials is that future progress in cancer prevention will
depend on the confluence of energies and expertise from a
multidisciplinary team, as illustrated in Figure 23.2.
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Screening
Stephen H. Taplin, Sarah Dash, 

Paula Zeller, and Jane Zapka

Proving the Efficacy of Screening Tests Is Only
the Beginning

Primary care providers, including physicians, nurse practi-
tioners, physician assistants, and the people who work with
them, operate at the interface of the medical and lay com-
munities. It is frequently stated that one in eight women gets
breast cancer sometime in her lifetime. Oncologists consider
the care of that one woman and others like her, whereas
primary care physicians work with all eight, seven of whom
will not get cancer. Oncologists deal directly with the conse-
quences of delayed diagnoses and the morbidity of late-stage
diagnoses while primary care physicians see the effects of
false-positive tests. The difference in populations affects how
each healthcare provider judges the evidence regarding cancer
screening and may tip decisions in different directions in the
face of ambiguity. However, ultimately the decision to
encourage screening does depend on evidence. This chapter
is about the evidence-based daily practice of screening in 
the primary care setting, where providers discuss screening,
cancer, and the consequences of each.

Screening looks for cancers or precancerous lesions before
the disease has had a chance to appear symptomatically. Some
call this early detection. Because the idea that early detection
saves lives has become so intuitively appealing, cancer
screening captures the imagination and emotions of individ-
uals, their families, and their physicians.1 The appeal is so
high that 87% of U.S. adults surveyed in 2002 believed that
routine screening is almost always good, and 74% believe that
finding cancer early saves lives most or all of the time.1

The medical community operates from a different para-
digm and does not have such faith in screening.1,2 Clinicians
must “first, do no harm” and are compelled to identify an
overall benefit before offering a test. Much of the controversy
regarding screening is about whether it offers a net benefit—
and by that we mean whether it reduces mortality. To reduce
mortality, screening must meet at least two conditions: (1)
that the test can find a cancer or precursor to cancer before it
becomes symptomatic; and (2) that treating an early lesion
changes the natural history of the disease and gains additional
life for the patient. For example, at the center of the debate
about prostate cancer screening is the fact that many men die
of other causes even when prostate cancer is present, so it is
not clear that all prostate cancer treatment contributes to
additional life.

Even if it can be shown that cancer screening saves lives,
there are serious concerns about its potentially negative

impact on people who will never get the disease. Unneces-
sary biopsies, additional tests, and the treatment of condi-
tions that do not represent disease are common concerns.
These concerns have generated major debates and a careful
approach by the medical community to deciding whether and
how often to recommend cancer screening3–5 (see Chapter 12).
The medical community’s approach to screening recommen-
dations includes identifying that the cancer has a substantial
impact on society, there is a presymptomatic stage, the cancer
can be found by screening during this stage, finding the cancer
early leads to additional life compared with waiting for symp-
tomatic detection, and the benefit of screening is worth the
risk.6 Using such an approach, the U.S. Preventive Services
Task Force (USPSTF) sorted through the evidence and reached
the conclusion that screening for cervical, colon, and breast
cancers is beneficial.7–9 The American Cancer Society
agrees.10 Prostate cancer is more controversial.11 This chapter
summarizes the evidence regarding the benefit of currently
available screening tests for breast, cervical, colon, and
prostate cancers among average-risk individuals. Genetic
screening (which is covered in Chapter 26) is not discussed
here because it is not recommended for average-risk people.
Similarly, screening for new cancers or recurrence after a
cancer diagnosis is a special case that is not considered here;
however, it is covered in Chapter 102.

Screening Is a Process

Understanding the literature on the benefit of screening in
average-risk populations is a necessary step toward evidence-
based practice, but it is only the beginning. Although there is
a great deal of discussion about the various screening tests, it
is really the entire screening process that matters. The test is
only one part of a screening process that begins with the
recruitment of eligible people and continues by conducting the
screening test, evaluating those with positive results, and
treating those with disease (Figure 24.1).12 A successful screen-
ing process means mortality is reduced because those steps and
transitions occur. For example, the proportion of people who
make the transition from a positive test to evaluation and
treatment varies between 27% and 93%, depending upon the
screening test, the person’s insurance status, patient and
provider factors, and the organization of the healthcare setting
in which the test is administered.13 Making sure that transi-
tion occurs is the final subject of this chapter, and it is clear
that without it screening cannot have an impact on mortality.

2
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The Evidence for Screening

Clinicians and scientists have difficulty proving the intuitive
notion that early detection results in longer life, because the
observation of selected cases is deceiving and ascertainment
of all relevant data for an entire population is difficult. Col-
lections of cancer cases from a practice or screening center do
not represent the full spectrum of the disease, so conclusions
are not valid for the condition as a whole. Furthermore,
watching cases from the day of diagnosis forward almost
always makes survival look better for those at early cancer
stages because there is more observation time, not necessar-
ily because the process adds years to patients’ lives.

People evaluating screening tests hope to minimize bias
by designing and conducting studies carefully. Randomized
trials reduce concerns about the inference drawn because it
is more likely that the intervention and control populations
are comparable, but how the study is implemented also influ-
ences its quality. Randomization, cause-of-death assessment,
selection bias, and population characteristics all can affect
inferences drawn from a study, and these factors can also
affect whether the conclusions apply to the general popula-
tion. The risk of these biases differs with study designs and
has led the medical community to rank the design types based
on the ability to draw valid conclusions. The highest quality
results are likely to come from well-conducted randomized
trials because they create similar groups and allow the assign-

ment of an intervention to one of the groups so that selection
bias is avoided.14 One persistent concern, however, is that
people willing to be in a randomized trial differ from people
in the general population. Data from case-control studies are
rated below randomized trials but allow for assessment of
factors associated with rare conditions. The limitation of this
design is that conclusions are affected by how well the cases
and controls reflect similar populations and whether all
potential confounders and effect modifiers have been identi-
fied.15 Despite being considered of lower quality, observa-
tional studies can provide powerful insights when conducted
where comprehensive data are collected for entire popula-
tions.16–19 Such studies are especially important for evaluating
whether the impact of screening in practice is consistent with
expectations from randomized trials. In fact, some recent
analyses show that well-designed and carefully conducted
observational studies of interventions may obtain results that
are indistinguishable from randomized trials.19,20 Given the
rapid progression of technology, observational studies are a
necessary part of evaluating new technologies that may be
implemented in practice before randomized trials can be 
conducted.

The following section summarizes the evidence on
screening for breast, cervical, colon, and prostate cancers, 
covering the following topics: (1) epidemiology and natural
history; (2) screening test characteristics; (3) review of the lit-
erature on benefit; and (4) summary recommendations from
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FIGURE 24.1. The screening process involves types of care and the transitions between them. (Adapted from Zapka et al.,12 by permission
of Cancer Epidemiology Biomarkers & Prevention.)



the American Cancer Society (ACS) and the U.S. Preventive
Services Task Force (USPSTF), the organizations to which
U.S. primary care practitioners look most often for recom-
mendations.6,10 Specialty societies such as the American
Academy of Family Physicians, American Academy of Ob-
stetrics and Gynecology, American Academy of Physicians,
and American College of Gastroenterology have also re-
viewed the evidence. We have included the recommendations
that most strongly influence primary care, recognizing that
providers are also strongly influenced by their patients and
colleagues.21

The test characteristics discussed in this chapter include
sensitivity, specificity, and positive predictive value. “Sensi-
tivity” is the ability of a test to find the screened-for condi-
tion when it is present. “Specificity” is the ability of the test
to determine that the screened-for condition is absent when
the screened person is disease free. The “positive predictive
value” (PPV) of a test is the proportion of positive tests due
to the condition of interest.

Breast Cancer Screening

Epidemiology and Natural History

New invasive breast cancer was expected to affect 215,990
U.S. women in 2004; an additional 59,390 will have had in
situ disease.22,23 One in 8.3 women will have breast cancer
sometime in her lifetime, assuming she lives to age 85.24 The
incidence of invasive breast cancer rises from about 43.5 in
100,000 among women aged under 40 to more than 468 in
100,000 among women aged over 75 years.25 Breast cancer
incidence is lower among African-Americans than Caucasian-
Americans (121.7 versus 140.8 in 100,000), but higher than in
Asian-Americans (121.7 versus 97.2 in 100,000).26 An esti-
mated 40,580 women in the United States will have died of
breast cancer in 2004. Although the risk of death due to breast

cancer for all races has decreased since the 1970s, African-
Americans are more likely to die of breast cancer today than
in 1969.26

An important factor in screening is the sojourn time,
defined as the length of time from when a cancer can be found
in humans by a particular technology to when it has grown
enough to cause symptoms.27By contrast, lead time is the
length of time between when a cancer is actually found by a
screening test and when it would become symptomatic.
Screening must occur at intervals that are the same or shorter
than the sojourn time.

The heterogeneity of breast cancer biology poses chal-
lenges for screening. Although the estimated sojourn time for
a breast cancer is about 2 years among women ages 40 to 49,
it may be as long as 4 years among women ages 60 to 69.28,29

Although some ductal carcinoma in situ (DCIS) progresses to
invasive disease, some does not,30 and much invasive cancer
arises in the ducts and lobules of the breast without an in situ
component being apparent.27 Investigators are evaluating
whether biologic markers such as high- and low-grade nuclear
changes, rather than morphology, would clarify whether some
of what we call DCIS is actually a benign condition that does
not need treatment.27 This important issue is at the heart of
some people’s concern about screening, because fully 16% of
cancers found at screening in the United States are DCIS.31

Screening Tests

There are four tests commonly discussed for breast cancer
screening: clinical breast examination, breast self-examina-
tion, film-screen mammography, and digital mammography.
Table 24.1 summarizes the characteristics of these tests.
Breast self-examination has been encouraged for years and
consists of women systematically searching their own breasts
in both supine and upright positions. Clinical breast exami-
nation is a similar systematic search by the healthcare
provider.32
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TABLE 24.1. Summary of screening test characteristics: breast cancer.

% Positive in Recommended
Test Sensitivity Specificity Who administers practice follow-up Comment

Film-screen 77%–96% 94%–97% Radiologists 10%–12% Additional By definition, only cancers that 
mammography7,43 mammography are referred for biopsy will be 

Ultrasound identified and make up the 
Clinical denominator for these estimates. 
evaluation This verification bias results in 
Biopsy an overestimate of the sensitivity.

Digital 64% 86% Radiologists 12% Additional A randomized trial of digital 
mammography43 mammography mammography compared with 

Ultrasound film-screen mammography began 
Clinical in 2001.
evaluation
Biopsy

Clinical breast 17%–58% 94% Clinicians 7% Mammography Testing sensitivity of clinical 
examination32,194,195 Surgical breast examination (CBE) is often 

evaluation done against mammography so the 
distribution of cancer sizes includes 
very small tumors.

Breast 42%–72% N/A Women N/A Clinical These estimates are based on 
self-examination53 evaluation testing women on silicone models.



Film-screen mammography uses low-dose radiation, 
radiographic film, and equipment dedicated to breast imaging.
Two plates on the machine compress the breast so that the
radiation dosage is minimized. The process is highly regu-
lated by the Mammography Quality Standards Act (MQSA),
which specifies parameters for technical (radiation exposure,
development, etc.) and clinical (positioning, contrast, etc.)
image quality. Since the passage of the Act in 1992, techni-
cal image quality in the United States has improved,33 but
there are persistent concerns about the quality of the clinical
image and reader’s interpretations.34–36

The American College of Radiology has created guidelines
for the terminology used to describe and summarize findings
on film-screen mammography.37 These guidelines encourage
consistent assessments and explain how to measure inter-
pretive performance using the following terminology: 0, need
additional imaging and/or prior mammogram for comparison;
1, normal; 2, benign finding; 3, probably benign finding—
initial short-interval follow-up suggested; 4, suspicious abnor-
mality—biopsy should be considered; and 5, highly suggestive
of malignancy—appropriate action should be taken.38 The
American College of Radiology updated their assessment cat-
egories in 2003 and added a sixth category for images done
after a breast cancer has been identified by biopsy.

Film-screen mammography sensitivity varies between
77% and 96%, although most healthcare providers expect 
a sensitivity of approximately 80% in clinical practice.39,40

Many factors influence the sensitivity of film-screen mam-
mography, including younger age of patients, dense breast
parenchyma, and having been screened within 1 or 2 years 
of the current mammogram.7,40,41 Specificity varies between
94% and 97% and is also influenced by these factors. For film-
screen mammography, PPV is between 2% and 12% when a
positive test is defined as one that leads to any additional
evaluation with more mammograms, ultrasound, or visits to
a clinician. The proportion of women found to have cancer
among those referred to biopsy is higher (20% to 75%)
because those women frequently have already been evaluated
by ultrasound or additional mammographic imaging.7

Digital mammography uses equipment dedicated to
breast imaging similar to film-screen mammography, but
with a different receptor that creates the potential for a
dynamic image.42 Photons that pass through the breast are
collected by the receptor and counted. The information is 
digitized to allow display as a function of the photon count
associated with a square micrometer of breast tissue. Unlike
film-screen mammograms, which are preserved as fixed
images similar to photographs, digital mammography stores
data that can be manipulated by the radiologist.

The challenge in digital mammography is how to record
and display the wealth of data that can be collected. For
example, one receptor in digital mammography can detect
and record up to 246 shades of gray. Designers make trade-
offs between information devoted to recording this contrast
and information needed to establish spatial relationships.42

The radiologist can print a hard-copy image or review the
image on a cathode-ray tube display (soft copy).

Digital mammography is not widely used because its
advantages over film-screen techniques have not been
proven.43 Recent work from a randomized trial suggests that
digital and film-screen mammography have comparable 
accuracy, but the number of women recalled for additional

imaging is lower with digital mammography.4 A randomized
trial comparing digital mammography with film-screen mam-
mography began in 2001.44

Computer-assisted reading uses software to analyze the
output of digital mammography or the digitized image from
equipment that scans a film-screen mammogram. The com-
puter analysis identifies and marks areas of concern and dis-
plays them on an image shown on a cathode-ray tube adjacent
to the view box where the original image is reviewed. Some,
but not all, evaluations have shown that its use increases
detection,45,46 and it has been approved by the U.S. Food and
Drug Administration (FDA) for the second reading of films.45

Other technologies, such as ultrasound, are used for breast
imaging but are not approved for screening use by the FDA.
Ultrasound’s application involves scanning the breast with a
hand-held transducer that projects sound waves and captures
them bouncing off the tissue. This information is processed
to provide two-dimensional images that can be recorded on
film and displayed on a lighted box as with any radiologic
image.47 Ultrasound is time intensive and subject to some
subjectivity because the operator must decide which images
to record and how carefully to scan the breast, limiting this
technology’s effectiveness for screening. On the other hand,
it is used effectively for the diagnostic workup of palpable
lesions or abnormalities found via mammography.48

Although it is possible to identify individuals at high risk
for breast cancer due to genetic defects, this is not recom-
mended for the general population.49,50 As noted in Chapter
19, the search for genetic defects usually begins with the
affected individual and then proceeds to the family if a defect
is found. Currently, less than 10% of breast cancers are esti-
mated to be associated with a genetic defect.50

Summary of the Evidence for the Benefit of Breast
Cancer Screening Tests

Among the three screening tests commonly considered for
breast cancer, only one has been shown to be efficacious: film-
screen mammography. Clinical breast examination has never
been studied as the sole intervention in a randomized trial.32

One randomized trial of film-screen mammography com-
pared its benefit to regular screening with clinical breast
examination and found no advantage for film-screen mam-
mography.51 Some argue that the lack of film-screen mam-
mography benefit in this trial supports the belief that clinical
breast examination is effective. At present, however, no 
evidence-based guideline recommends clinical breast exami-
nation as the sole screening approach, even in countries with
low resources.52 The systematic teaching of breast self-
examination was examined in a large study conducted among
women working in China. Groups of factory workers were
trained in breast self-examination and brought back regularly
for retraining. Despite demonstrating that women receiving
the intervention had a higher sensitivity for finding lumps in
silicone models, cumulative breast cancer mortality after 10
years was no different between the intervention and control
populations.53

The evidence for the benefit of film-screen mammogra-
phy, which has been collected in randomized clinical trials
since the 1960s, is summarized in Table 24.2. The American
Cancer Society and the USPSTF both recommend screening
beginning at age 40 based on evidence for a 16% reduction in
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breast cancer mortality over 14 years of follow-up among
women aged 40 to 49 years and 22% breast cancer mortality
reduction over 14 years among women ages 50 to 74.7

Although the difference in cumulative mortality appears to
increase with follow-up among intervention women ages 40
to 49 compared with controls, the benefit decreases with time
among women ages 50 to 74.7 Some have suggested that
screening may actually result in higher breast cancer mortal-
ity based on the cumulative mortality for the first 3 to 4 years
among intervention women compared with control women.4

Whether that difference is real or not, it disappears with time.
Because film-screen mammography technology has improved
since the randomized trials began, some groups believe that
the benefit is greater for those seeking screening today.54

Despite the consensus in the United States to begin
screening at age 40, there is some controversy about the 
findings on which this recommendation is based.4,5,55,56 In all
randomized trials, the number of cancers found within a par-
ticular age group is relatively small, so there are advantages
to combining results from several trials. However, each trial
has unique characteristics and was implemented by different
teams. Most of the controversy has to do with the internal
validity of the trials and whether their results can be com-
bined to provide an overall estimate of film-screen mam-
mography’s impact7,27

Two investigators, Olsen and Gotzsche, reviewed eight
trials and raised questions about randomization, comparabil-
ity of the cases and controls, assessment of cause of death,
and exclusions after randomization.55 These investigators
concluded that only two trials met standards of research
quality that justify inclusion in meta-analysis; neither trial
showed a benefit. The USPSTF reviewed the same list of 
trials and kept all but one in its analysis.7 A separate meta-
analysis by an international group produced the same con-
clusion as the USPSTF regarding which trials to exclude from
meta-analyses, and estimated a 19% mortality reduction at
14 years among women ages 40 to 49 and a 25% mortality
reduction among women ages 50 to 69, but only the latter
was statistically significant.27

Because of the controversies surrounding mammography,
there is widespread agreement that the determination of
whether to screen should be based on an informed decision
that acknowledges that any benefit among populations of
younger women is evident only after many years and that the
overall benefit for all women is modest.4,5 Part of the informed
decision-making process should include the information that
one reason for the modest benefit is that many women diag-
nosed with breast cancer do well when detected in the course
of usual care.57 To show a benefit, screening must perform
better than usual care. Furthermore, because the effect on
mortality is moderate, a high quality of screening implemen-
tation is important to reproduce the impact demonstrated in
the trials.

There are persistent questions regarding the optimal fre-
quency with which to screen, and there is no randomized trial
comparing 1- versus 2-year screening intervals. There has
been a trial to compare film-screen mammography intervals
every 1 versus 3 years among women aged 50 to 62 years.58

In this trial, the investigators estimated expected deaths
based on the observed stage differences between two screen-
ing groups and concluded there was no advantage to annual
film-screen mammography compared to triennial screening.58

However, because the sojourn time for young women is close
to 2 years, some argue that the screening interval for this age
group should be 1 year.28,59

Recommendations

The ACS recommends annual film-screen mammography
and clinical breast examination beginning at age 40.59 They
recommend individualizing decisions about when to stop
screening.

The USPSTF recommends screening film-screen mam-
mography, with or without clinical breast examination, every
1 to 2 years for women aged 40 and older and also recognizes
the need to individualize when to stop screening.7

Cervical Cancer Screening

Epidemiology and Natural History

Cervical cancer was the most common cause of cancer death
among women during the early part of the 19th century. It is
now uncommon in the United States, but it is second after
lung cancer as the cause of cancer death for women world-
wide.60 In 2004, an estimated 10,520 cases were expected 
to be diagnosed in the United States.22,25 Incidence and 
death rates differ by race: incidence is higher among African-
Americans (13.6 in 100,000)25 than among Caucasian-Ameri-
cans (8.1 in 100,000; ACS). In 2004, an estimated 3,900
cervical cancer deaths were expected (2.7 in 100,000), and
there is concern that mortality will be highest among recent
immigrants to the United States, among whom screening
rates are lowest.23,25,61

Cervical cancer is directly related to the presence of an
infectious disease. Some 93% to 100% of cervical squamous
cell carcinomas contain DNA from human papillomavirus
(HPV). Thirteen types of HPV (16, 18, 31, 33, 35, 39, 45, 41,
52, 56, 58, 59, and 68) are associated with increased risk for
cervical cancer and are transmitted during sexual inter-
course.62 The transformation of cervical cells from atypical
squamous cells of unknown significance (ASCUS) through
low-grade squamous intraepithelial (LSIL) to high-grade
intraepithelial lesions (HSIL), cervical intraepithelial neopla-
sia (CIN), and invasive cancer takes 10 or more years. The
terminology for these changes is described next. The trans-
formation process may be reversible in the early stages.63

Ninety percent of LSILs in adolescents and 50% to 80% of
LSILs in adults regress to normal tissue. However, some
lesions progress to CIN and invasive cancer.63 Once a cervi-
cal intraepithelial grade 2 (CIN2) lesion exists, it progresses
to cervical cancer over a period of about 41 months.9

Several factors increase women’s risk of cervical cancer,
including sexual intercourse, smoking, a history of multiple
sexual partners, immunosuppression, and in utero exposure
to diethylstilbestrol (DES).64 Based on a representative sample
of U.S. women in the mid-1990s, 23% reported having unpro-
tected intercourse in the previous 3 months, including 25%
of unmarried women ages 15 to 18.65 Smoking is associated
with the secretion of nicotine and cotinine in cervical mucus,
but the mechanism through which this facilitates cancer
development in the presence of HPV is not clear.66 Women
with high-grade squamous intraepithelial lesions are more



likely to be current smokers who are HPV positive compared
with women with LSIL (OR 3.0; 95% CI, 1.2, 7.7)67 Women
with multiple sexual partners in their lifetime may have as
high as a threefold increased risk for cervical cancer, which
is likely due to acquisition of HPV.64,68 Finally, immunosup-
pressed women are at increased risk of developing CIN.69

As we acquire more information about genetics, we gain
insights into why not all women who harbor high-risk HPV
types develop invasive cancer. There are specific DNA muta-
tions associated with increased risk, but the mechanism is
not yet clear. For example, one study found two mutations
associated with a three- to fourfold increase in risk of inva-
sive cervical disease. The author of that study suggested that
the mutations affected how cigarette smoke was metabolized
into compounds that facilitated cell transformation in the
presence of HPV.70

Screening Tests

Cervical cancer screening has been available for many years.
This section reviews the Papanicolaou (Pap) test, first used in
the 1940s, and other tests used for cervical cancer screening.
The purpose of these tests is to identify precursor lesions that
can be treated to prevent the subsequent development of
invasive cervical cancer. Two tests, the Pap smear and liquid-
based cytology, sample cells shed from the cervix. The other
tests look directly at the cervix to evaluate abnormalities.

For the Pap test, a clinician takes a sample of endocervi-
cal cells by scraping a flat spatula around the surface of the
cervix and sampling within the cervical entrance using a swab
or brush. The endocervical brush is now suggested as an alter-
native to the cotton swab, although there has been some evi-
dence that it does not improve sensitivity over the standard
technique.9,71 The cell sample is spread on a glass slide and
fixed with a preservative so that a cytopathology technician
and/or pathologist can review it for abnormalities. Detection
errors occur when cells from the transformation zone
between the endo- and ectocervix are not captured, the cells
dry on the slide before they are preserved, or abnormal cells
are not recognized at the time of the cytology review. Liquid-

based cytology (LBC) uses the same collection technique as a
conventional Pap smear, but the cells are immediately placed
in a receptacle with fixative solution rather than spread on a
glass slide. The solution is filtered, and the collected cells are
then spread on a slide for review.

Ratings of cervical cell abnormalities evolved to the
current Bethesda System through a consensus process and
review of the literature between 1988 and 2001.72 This system
rates specimen adequacy (satisfactory or unsatisfactory) and
then provides three summary categories: negative for intraep-
ithelial lesion or malignancy, epithelial cell abnormality (see
interpretation), and other (see interpretation). The interpreta-
tion of epithelial lesions falls into four major categories 
(one with subcategories): (1) atypical squamous cells, with the
subcategories “of undetermined significance” (ASCUS) and
“cannot exclude HSIL” (ASCH); (2) LSILs, encompassing mild
dysplasia and low-grade CIN1; (3) HSILs, which include 
moderate and severe dysplasia, carcinoma in situ, CIN2, and
CIN3; and (4) squamous cell carcinoma. The source of the
specimen (i.e., LBC or conventional Pap) is also reported,
because LBC specimens may be used for subsequent HPV
testing as indicated.72 If glandular cells are present, they also
are described.

Although the purpose of cervical cancer screening seems
clear, the many precursor lesions and neoplasias that may
occur influence the evaluation and comparison of screening
tests. Screening test sensitivity and specificity will vary
depending upon what condition investigators choose to iden-
tify. For example, HPV testing may have high sensitivity for
the high-risk HPV virus (types 16 and 18), but there may not
be any squamous cell change of the cervix, which is the
primary concern. For squamous cell changes, HPV screening
specificity is low because many women harbor the virus for
prolonged periods before any cellular changes are visible. In a
meta-analysis by Nanda and colleagues, the standard was to
use an interpretation of LSIL or worse as the definition of a
positive test and presence of CIN2 or CIN3 as histologic con-
firmation of disease.71 As shown in Table 24.3, Pap sensitiv-
ity is 30% to 87% (mean, 47%) and specificity is 46% to
100% (mean, 95%) in low-prevalence populations.71,73

screening 3 2 3

TABLE 24.3. Summary of screening test characteristics: cervical cancer.

Who % Positive in
Test Sensitivity Specificity administers practice Recommended follow-up Comment

Papanicolaou 30%–87% 86%–100% Clinician 8%–13% Repeat testing of ASCUS, HPV Follow-up is based on  
screen73,76,203,204 (mean 47%) (mean 95%) testing of ASCUS in which consensus guidelines.205

HSIL cannot be excluded, and 
colposcopy of anyone with 
LSIL or higher lesions

Thin-Prep76 80%* 98% Clinician NA Same as above *Based on abnormalities 
of LSIL or greater.

HPV DNA 83%–100% 46%–89% Clinician 5%–40% Pap smear and/or colposcopy Sensitivity based on ≥LSIL.
testing73,206,207 depending and biopsy as indicated by Specificity based on <LSIL.

upon age either Risk of  positive HPV is 
higher in younger women.

Acetic acid 80%£ 81% Clinician NA Biopsy of abnormalities at the £Based on abnormalities 
and direct time they are identified of HSIL or greater.
visualization77

Follow-up is based on consensus guidelines.205

Specificity based on <LSIL. Risk of positive HPV is higher in younger women.
*Based on abnormalities of LSIL or greater. Sensitivity based on ≥LSIL.
£Based on abnormalities of HSIL or greater.



The true-positive rate was reported by some investigators
as 13% higher for LBC compared with conventional Pap, but
the false-positive rate was also increased by 12%. These find-
ings suggest that LBC has a higher sensitivity and lower speci-
ficity than the conventional Pap smear.71,74

Because detection errors limit the efficacy of Pap and LBC
techniques, there has been an effort to automate the inter-
pretive process and improve detection.74 Studies are under way
to use computer software to analyze images of LBC prepara-
tions, but these systems are not yet in widespread use.74–76

Although cytology remains the accepted screening
method in the United States, other methods exist, including
direct visualization of the cervix and analysis of intrinsic or
reflected light emission from the cervix. Direct visual inspec-
tion (DVI) is a technique first used in the 1930s and then aban-
doned with the introduction of the Pap smear. However, DVI
is reappearing in the developing world because it has the
advantage that when an abnormality is identified, it can be
dealt with during the same visit.77 Sensitivity for CIN appears
comparable between DVI and Pap smear, but specificity is
lower with DVI. An alternative to DVI is to use a photograph
that can be analyzed by a physician (cryptography). However,
this technique appears to have lower sensitivity than either
Pap or DVI and is, therefore, not recommended. Finally, new
technologies are being developed that involve the spectro-
scopic evaluation of light reflected from the cervix. Although
this technology is in its infancy, it holds promise for the
detection of CIN2 and CIN3 because the early neoplastic cells
present with these conditions reflect light differently from
normal tissue.77

HPV testing may someday be an alternative to cytologic
screening for cervical cancer, but current knowledge is inad-
equate to adopt it as the primary screening tool.64 HPV testing
involves identifying and typing HPV in cervical mucus. It
appears most useful in managing women with ASCUS as only
those with HPV may need monitoring.78

Summary of the Evidence for the Benefit of
Cervical Screening Tests

Evidence for the benefit of cervical cancer screening comes
from cohort studies conducted in countries with active
screening programs. This evidence is summarized in Table
24.4; it shows a 24% to 70% reduction in invasive cervical
cancer incidence and a 22% reduction in mortality with the
implementation of screening programs. The evidence is so
convincing across published studies that virtually no one
advocates for randomized trials or questions the impact of
cervical cancer screening by cytology.

One area of controversy, however, is the frequency with
which cervical cancer screening should occur. As our under-
standing of the slow progression of this disease has grown,
screening intervals recommended by U.S. organizations have
widened. As noted above, even change from HSIL to invasive
cancer takes an estimated mean of 41 months, so most now
believe that screening may occur successfully at intervals as
infrequent as every 3 years with a low risk of invasive cancer
development.9 One group of investigators estimates that after
three negative Pap smears, the risk associated with screening
every 3 years, compared with annually, is as low as 3 in
100,000.79 Others suggest that setting a fixed screening rate
for all women does not make sense. Because the risk varies

with age and sexual history, they recommend varying the fre-
quency from 1 to 5 years depending upon risk.80

Recommendations

The ACS recently reviewed the new data on cervical cancer
and updated its recommendations. ACS now recommends
that screening begin 3 years after onset of sexual activity or
by age 21 and may stop at age 70 if the low-risk status of the
woman is established (i.e., three or more negative screens
within 10 years and no high-risk conditions such as HIV, 
in utero DES exposure, immunocompromise by organ trans-
plantation, chemotherapy, or chronic corticosteroid treat-
ment). The ACS recommends an annual Pap up to age 30, and
then every 2 to 3 years after three successive adequate nega-
tive Pap smears. Because of the greater sensitivity of LBC, the
Society recommends screening every 2 years to age 30 if LBC
is used, then every 2 to 3 years if it has been established by
history and Pap results that the woman is at low risk.

Based on indirect evidence, the USPSTF recommends that
screening begin within 3 years of onset of sexual activity or
by age 21 and that it end at age 65 if women have had nega-
tive Pap smears and are otherwise at low risk. They recom-
mend screening at least every 3 years.81,82

Colorectal Cancer Screening

Epidemiology and Natural History

In 2004, an estimated 146,940 people in the United States
were expected to be diagnosed with colorectal cancer (CRC),
and an estimated 56,730 were expected to die of the disease.22

African-Americans are more likely to be diagnosed with 
and die of CRC than Caucasian-Americans (62 in 100,000
versus 55 in 100,000 and 29 in 100,000 versus 21 in 100,000,
respectively).25 Data on other groups, such as American
Indian/Alaska Natives, Asian/Pacific Islanders, and Hispan-
ics, are limited, but individuals in these populations are less
likely to die of CRC than Caucasian-Americans (14.8 in
100,000, 13.1 in 100,000, and 14.2 in 100,000, respectively).25

As with other cancers, the estimated length of time for
the development of CRC from normal tissue has implications
for screening. Unlike other cancers, the sequence of muta-
tions occurring with CRC is well described and provides a
model for cancer progression, from abnormal cell through
polyp to invasive cancer. This knowledge of CRC mutations
holds promise for diagnosing and determining prognosis in
screening and treatment programs.83–89 The time it takes for
CRC to develop varies from as little as 2 years for individu-
als with the hereditary nonpolyposis colorectal cancer
(HNPCC) gene to 10 or more years for individuals at average
risk for CRC.85,90 Recommended screening intervals are,
therefore, shorter for people at higher CRC risk.10

Most CRC arises from adenomatous polyps (adenomas).
The potential of adenomas to progress to CRC varies; in
general, larger polyps have a higher potential for malignancy.
The goal of CRC screening is to detect adenomas that are
likely to become CRC. A minority of cancers may not
progress through the adenoma-to-carcinoma sequence; in
these cases, existing screening tests are relied upon to detect
early-stage cancers rather than adenomas.8,91
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Screening Tests

Available screening tests for CRC are fecal occult blood
testing (FOBT), sigmoidoscopy, and colonoscopy.92 Barium
enema also remains an option for CRC screening and is dis-
cussed briefly. Digital rectal examination (DRE) has been used
but is not effective and is not recommended as a CRC screen-
ing tool.10,93

Fecal occult blood testing requires that a person collect
three stool samples and place them on a special card that is
mailed or taken to the laboratory for processing to identify
whether the sample contains blood. A reagent placed on the
card identifies hemoglobin in the stool through two main
mechanisms: guaiac-based tests that detect blood through 
the pseudoperoxidase activity of heme (FOBT; not specific 
for human blood) and immunochemical techniques (IFOBT;
immunochemical FOBT) that use antibody reactions to iden-
tify human hemoglobin.89,90,94–96 Guaiac-based tests generally
require the patient to eliminate nonsteroidal antiinflamma-
tory medications, red meat, and certain vitamins for 3 to 5
days before testing.89,96–98

The disadvantages of FOBT are its low sensitivity for CRC
(approximately 25% to 50% for Dukes stage A or B) and the
precursors to CRC (10% to 20% for most polyps 1.0cm or
larger), and its low specificity (approximately 88% to 98% for
single use).88,99,100 Rehydration of test slides may increase sen-
sitivity by 2% to 4%, but it also substantially increases the
false-positive rate from 8% to 16%.100–103 Median completion
and return rates of FOBT (when individuals are given the test
to take home) vary between 40% and 50%.104 Adherence
depends upon the population studied, the test type, and the
level of dietary restriction required.88,90,97–99,105–107 One recent
randomized trial demonstrated a 40% completion rate when
a two-sample brush approach was used in people without
dietary restriction compared to 23% and 30% for two three-
sample techniques among people on peroxidase-restricted
diets before testing.97 The distinct advantage of FOBT,
however, is that the test is inexpensive and it is the one 
technique demonstrated to reduce mortality in randomized
trials.8,96

IFOBT may improve on the sensitivity and specificity of
guaiac-based tests and does not require dietary restric-
tions.108,109,110 However, the cost of IFOBT is two to five times
higher than that of FOBT, and at least one study comparing
IFOBT and FOBT showed no improvement in the rate of com-
pletion of tests.59,89,94,96,108,110 At present, evidence suggests that
sensitivity of IFOBT is 66% to 69% and specificity is 95% to
97%.94,95

Sigmoidoscopy is the direct visual examination of the
rectum and lower colon using a flexible lighted tube (sigmoi-
doscope). It requires 1% to 2% saline enemas for preparation
and takes about 10 minutes to perform.111 Administration of
the test requires special training, but it is routinely performed
by primary care physicians, physician assistants, and nurses,
as well as by specialists such as gastroenterologists.111 Sig-
moidoscopy is estimated to detect 68% to 78% of advanced
neoplasia in the distal colon.8 However, its effectiveness is
reduced compared to colonoscopy because it cannot reach the
proximal part of the colon and, therefore, misses 40% to 50%
of advanced neoplasms.18,112 In addition, its sensitivity may be
reduced in women because they are more likely than men to
have a shorter, more limited examination.113

Colonoscopy uses a flexible scope to visualize the entire
colon. Preparation for colonoscopy is more extensive than for
sigmoidoscopy, typically involving 1 day of clear liquids and
laxative preparation.111 The test itself requires sedation,
skilled support personnel, and a trained endoscopist. It takes
about 30 minutes to perform colonoscopy and 2 to 3 hours of
patient recovery time.111 It is the most accurate test currently
available for detecting CRC or adenomas, with sensitivity of
a single test ranging from 75% to 92%, depending on the size
of the lesion detected and training of the operator.114,115

However, colonoscopy is not a perfect test, missing on
average 13% to 27% of adenomas less than 1 centimeter in
diameter.116

The disadvantages of both endoscopic procedures are that
they carry a risk of perforation (1.96 per 1,000 colonoscopies,
0.88 per 1,000 sigmoidoscopies) or bleeding and require that
the bowel be completely cleared.117 Patients may also experi-
ence pain or discomfort during the procedure, particularly
with sigmoidoscopy, which is not performed under seda-
tion.111,113,118 In general, rates of endoscopic evaluation after a
positive FOBT are suboptimal. In a study of 24,246 Medicare
beneficiaries who underwent FOBT, only 34% of those with
positive results underwent a complete colonic evaluation
consisting of either colonoscopy or flexible sigmoidoscopy
with air-contrast barium enema; an additional 34% under-
went either flexible sigmoidoscopy or a barium enema.119

Rates of recommended follow-up testing (colonoscopy or flex-
ible sigmoidoscopy with air-contrast barium enema) in other
studies have ranged from 21% to 90%, with the highest rates
of follow-up achieved in randomized trials.119 Low follow-up
rates may be due to a lack of follow-through on the part of
physicians—in one study, primary care physicians ordered a
complete diagnostic evaluation of the colon for only 70% of
patients with positive FOBT120—and of patients, who need to
schedule the colonoscopy upon physician recommendation.

Double-contrast barium enema (DCBE) provides a radio-
graphic image of the entire colon and rectum. It does not
require sedation, although it does require full colon cleansing
and has occasionally been associated with anaphylactic reac-
tions to the latex bulb used to administer the contrast
agent.121–123 Table 24.5 contains sensitivity and specificity
estimates for DCBE.

Emerging screening methods: Screening methods cur-
rently in development include virtual colonoscopy [also
known as spiral computed tomography (CT) or CT colonog-
raphy] and tests for altered DNA in the stool.88,89,114,124,125 A
new technology called capsule video endoscopy, approved in
2001 by the FDA for diagnosing small-intestine disorders,
may prove useful for CRC screening in the future.89 Cost-
effectiveness, system capacity, and other issues relating to
these technologies are also important and remain to be
demonstrated.114,126,127

Summary of the Evidence for the Benefit of CRC
Screening Tests

Table 24.5 summarizes the test characteristics of the tech-
nologies used for CRC screening.8,10,90,92,128,129 As noted in
Table 24.5, FOBT is the only CRC screening method that has
been evaluated in randomized clinical trials. These trials have
demonstrated that annual FOBT reduces CRC mortality by
15% to 33%.102,106,130 Biennial (every 2 years) FOBT screening
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reduces mortality by 15% to 21%.102,106,130,131 Although
research has suggested that CRC screening by IFOBT would
also reduce mortality from CRC,132 more needs to be done to
evaluate its cost, accuracy, and adherence to its use by people
to whom it is recommended.94,132

Evidence for the benefit of sigmoidoscopy has been
demonstrated in two case-control studies showing that people
who died of CRC were 59% to 79% less likely than controls
to have been screened even once by sigmoidoscopy.18,133

Research also suggests that using FOBT in conjunction with
sigmoidoscopy could confer additional benefit compared with
sigmoidoscopy alone because it may detect cancers in the
proximal sigmoid colon that are missed by sigmoidoscopy.134

Two ongoing randomized clinical trials (RCTs) to evaluate
flexible sigmoidoscopy will report their initial results within
the next several years,135,136 and an ongoing trial in Norway is
evaluating the benefit of flexible sigmoidoscopy and flexible
sigmoidoscopy combined with FOBT.137 Consistent with the
reduction in mortality conferred by screening endoscopy,
several studies have shown reductions of 42% to 76% in CRC
incidence among those offered endoscopy compared with
those who were not offered the test.133,138,139

There is little direct evidence of the efficacy of
colonoscopy in reducing CRC incidence and mortality,
although there is indirect evidence of its benefit from studies
of other CRC screening methods (Table 24.6).90,112,140 The
direct evidence to date consists of a case-control study of U.S.
veterans that found that people who died of colon cancer were
less likely than controls to have had colonoscopy (OR, 0.43;
95% CI, 0.30–0.63).138 In this study, people with either colon
or rectal cancer were also less likely to have had colonoscopy
(OR, 0.47; 95% CI, 0.37–0.58; OR, 0.61; 95% CI, 0.48–0.77).138

Colonoscopic polypectomy has been found to reduce the inci-
dence of CRC, suggesting that the removal of polyps is the
proximal reason for screening-based reductions in CRC inci-
dence and mortality.140,141

Emerging technologies such as virtual colonoscopy or
stool DNA screening have not been demonstrated to reduce
CRC incidence or mortality. Studies suggest that these
methods hold promise for the future, and ongoing research is
comparing emerging to current screening methods.

Recommendations

The ACS, USPSTF, U.S. Multisociety Task Force on Colo-
rectal Cancer, and American College of Gastroenterology
(ACG) agree that CRC screening is effective in reducing CRC
incidence and mortality, and each has developed recommen-
dations.8,10,112 The USPSTF strongly recommends screening
for men and women 50 years of age and older but has con-
cluded that there are insufficient data to determine which
strategy is best in terms of the balance between benefits and
potential harms.8,112

Similar to the USPSTF, the ACS10 and U.S. Multisociety
Task Force on Colorectal Cancer90 recommend a range of
options for screening average-risk individuals beginning at
age 50. Both recommend annual FOBT, flexible sigmoi-
doscopy every 5 years, annual FOBT plus flexible sigmoi-
doscopy every 5 years, DCBE every 5 years, or colonoscopy
every 10 years.

Despite strong expert consensus on the benefits of screen-
ing for colorectal cancer, actual screening rates in the popu-

lation remain low for all available CRC screening tests. In
general, individuals at higher risk, such as those with famil-
ial adenomatous polyposis (FAP) or HNPCC, should be
screened more aggressively than those at average risk.8,10,90,112

Genetic tests exist for individuals suspected to have a hered-
itary syndrome such as HNPCC or FAP. Chapter 26 covers
genetic screening and counseling for high-risk populations.

Prostate Cancer Screening

Prostate cancer is a challenge in clinical care because 1 in
every 6 men will be diagnosed with it in his lifetime but only
1 in 29 will die of it.11 Therefore, prostate cancer will not
affect the life expectancy of many men diagnosed with the
disease, even if they were never screened. Because it is impos-
sible for an individual to know the effect of the diagnosis on
his life expectancy, many men diagnosed with prostate cancer
overestimate the benefit they gain from screening.1,142 A
smaller proportion (48%) of men who went untreated for
prostate cancer were satisfied with their therapy compared
with men treated with androgen (63%), radiation (70%), or
radical prostatectomy (59%).143 Although individuals may be
satisfied with therapy, its effect has implications for morbid-
ity and quality of life for those who are told they have the
disease.1,144

Epidemiology and Natural History

In 2004, an estimated 230,110 new cases of prostate cancer
were diagnosed in the United States and 29,900 men will have
died of the disease.22,25 The overall incidence peaked in 1992
at about 230 in 100,000 men, but the rate has dropped since
that time to the current rate of about 173 in 100,000.25 The
incidence in Caucasian-Americans is lower (168 in 100,000)
than it is among African-Americans (277 in 100,000), as is the
mortality (30 in 100,000 versus 73 in 100,000). Overall,
prostate cancer mortality has been falling since 1991, but the
reason is not clear. Some have attributed the reduction to
increased screening145 but others conclude that cannot be the
explanation because the decline is disproportionate to the
change in incidence and too early in relation to increased use
of prostate screening tests.146,147 Prostate cancer is a slow-
growing tumor, with a lead time ranging from 5 to 11 years
depending upon what test and criteria are used to determine
a positive screen.148 Mortality differences would therefore not
be expected to closely follow increases in screening.

Screening Tests

Prostate-specific antigen (PSA) is an organ-specific protein
secreted by the luminal epithelial cells of the prostatic ducts,
acini, and periurethral glands. It may be found floating free or
bound to a complex of proteins.149 Levels of PSA are measured
in blood and are elevated by benign prostatic hypertrophy,
inflammation, and the presence of neoplastic prostatic tissue
(Table 24.7). Recent work suggests that measuring PSA bound
in a protein matrix (cPSA) may be more specific than mea-
suring serum totals.149 In practice, digital rectal examination
(DRE) and transrectal ultrasound are often conducted before
to PSA testing, but this does not cause increased serum PSA
levels.150 A positive test for prostate cancer is generally
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defined as 4 nanograms per milliliter (ng/L). Using that defi-
nition, sensitivity of the PSA test for cancer occurring within
2 years is about 73%.11 Between 4% of men in their fifties and
27% of men in their seventies will test positive based on this
definition.11 DRE finds localized cancer only 50% to 60% of
the time.11 Although investigators are looking for proteins
that may provide more sensitive and specific prostate cancer
screening tests, none have been found and reported to date.

Summary of the Evidence for the Benefit of
Prostate Screening Tests

According to the USPSTF, the evidence that prostate cancer
screening with either DRE or PSA testing is beneficial for
reducing prostate cancer mortality is not convincing.11,150 The
only published study of PSA designed as a randomized trial
reported a screening benefit but did not maintain the ran-
domized groups (screen, control) in their analysis (Table
24.8).151 When other authors reanalyze the data maintaining
the original randomized groups intended for screening and
control populations, the benefit is not apparent.11 In observa-
tional studies, several factors make it difficult to determine
whether finding prostate cancer early truly increases the
length of life for men who are diagnosed: (1) the long lead time
for prostate cancer, (2) the significant proportion of men who
will develop some form of the disease, and (3) biases inherent
in following cancer cases.

Demonstrating a benefit for prostate cancer screening is
important because serious consequences are associated with
overtreatment. Radical prostatectomy has a significant mor-
bidity, including total incontinence (10%), partial inconti-
nence (14%), requiring pads to stay dry (28%), diarrhea (21%),
erection insufficient for intercourse (80%), and being both-
ered by sexual dysfunction (53% to 59%, depending upon
age).144 Radiation therapy also has a substantial morbidity
that includes total incontinence (3%), partial incontinence
(2%), requiring pads to stay dry (3%), diarrhea (37%), erection
insufficient for intercourse (62%), and being bothered by
sexual dysfunction (40% to 47%, depending upon age).152

Large randomized trials are currently under way in the United
States, Austria, and Canada to evaluate the benefits of screen-
ing with PSA.153

Recommendations

The USPSTF report concludes that there is insufficient evi-
dence to recommend either for or against screening with PSA.

The ACS recommends offering PSA and DRE annually begin-
ning at age 50 among men who have a life expectancy of at
least 10 additional years, but only after appropriate discussion
of risks and benefits.10

Screening for Other Cancers

The USPSTF recommends against routine screening for
bladder, thyroid, ovarian, and pancreatic cancers in the
general population, even for individuals at higher risk for
ovarian and thyroid cancers, because the available tests are
either inadequate or have not been proven beneficial.

For testicular, skin, and oral cancers, the USPSTF has
determined that there is insufficient evidence to recommend
for or against screening in the primary care setting, although
discussions of screening options with selected patients at
high risk for testicular cancer may be appropriate.14

Screening Is a Process

While screening trials fund teams of specially trained indi-
viduals to ensure that recruitment, screening, and follow-up
occur, these resources do not exist in daily clinical practice.12

In primary care practice, a number of organizations, institu-
tions, and individuals must share responsibility for making
sure that the entire screening process occurs. The number and
complexity of steps in the screening process may lead to 
confusion or breakdowns in communication.12 These
breakdowns may result in failure to follow up on a positive
test or to treat diagnosed cancer.13,154,155 Factors outside the
doctor–patient relationship, such as healthcare insurance and
the clinical setting itself, influence individual propensity to
seek screening and the likelihood that the screening process
will be complete.12 This section summarizes some of what
has been learned about the five major phases of the screening
process: (1) identifying and understanding the population at
risk; (2) identifying the method of recruitment; (3) clarifying
the screening approach; (4) developing the follow-up ap-
proach; and (5) referring patients for treatment.

Identifying and Understanding the Population 
at Risk

The populations that should be screened for specific cancers
are now easily identifiable from a strictly demographic 

TABLE 24.7. Summary of screening test characteristics: prostate cancer.

Who % Positive in Recommended
Test Sensitivity Specificity administers practice follow-up Comment

Prostate-specific 63%–83% 81%-98% Laboratory 4%–27% Urology Using PSA level >4ng/mL 
antigen (PSA)219 depending test ordered depending evaluation and as positive and “clinically 

upon age by clinician upon age consideration significant disease” as 
of 6-quadrant outcome of detection.
biopsy

Digital rectal 59%–64% NA Clinician NA PSA, Specificity figures are 
examination consideration ambiguous because biopsy of 
(DRE)219 of urology any prostate in men >50 years

evaluation may find cancer, but not 
necessarily disease.
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standpoint. For women, screening begins 3 years after onset
of sexual activity or by age 21 to look for precursors to cer-
vical cancer, by age 40 for breast cancer, and by age 50 for 
colorectal cancer. Screening for men begins at age 50 for colon
cancer; a discussion of prostate cancer should also occur at
that time so that men understand the strengths and weak-
nesses of current knowledge.10

However, identifying the population at risk involves more
than specifying gender or age range. It is also important to
understand the cultural characteristics of populations, their
interest in screening, and their understanding of screening
tests so that those at risk understand the recommendations
and seek the appropriate tests.104,156,157 Those at highest risk
of late-stage cancers after screening are those who have not
been screened before.155

Figure 24.2 shows that screening rates in the United
States vary from as low as 10% of women having had a recent
endoscopic evaluation of colorectal cancer to as high as 81%
having had a recent Pap smear.158 The figure shows that, as of
the year 2000, less than 30% of men or women had under-
gone FOBT within the previous 2 years, and fewer had under-
gone endoscopy. Men are more likely to report having had a
PSA test than either FOBT or endoscopic screening.159

Because the potential mortality reduction among individuals
screened for colon cancer is promising, encouraging CRC
screening is becoming a high priority.10,160

Although Figure 24.2 demonstrates rising rates of mam-
mographic screening and sustained cervical cancer screening,
women with lower incomes are less likely to have access to
care and are less likely to be screened for these two cancers,

even though programs are in place to reach low-income
women in all 50 states.161,162 Across the United States, an
estimated 15% of individuals are without insurance coverage
at any given time, and a much higher percentage is without
coverage some time during the year.163 Lack of insurance 
and lack of a regular source of health care are highly corre-
lated with lack of screening.158,164,165 For example, African-
Americans are less likely to have health insurance than
Caucasians and are therefore less likely to undergo screening
tests for CRC.162,166 It is estimated that cancer mortality is
19% higher in the lowest socioeconomic groups than in the
highest.167 Recently, levels of cancer screening among racial
minorities have improved to the point that they approach the
levels of screening among Caucasians; people without health
insurance or a regular source of health care continue to be
underscreened.168 As a nation, we cannot achieve the
maximum mortality reduction afforded by cancer screening
if some populations go unscreened or untreated.

Identifying the Method of Recruitment

Reaching individuals, however, is not only a function of
income and access. Even when they have access to care, not
all people seek recommended screening.155,169,170 Providers may
work with their teams, practices, health plans, third-party
payers, and community to develop recruitment methods for
screening. There is evidence that changes in practice that
affect multiple levels of health care, including reimburse-
ment, records systems, and tailoring of recruitment messages,
have the strongest impact.171,172
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Ultimately, practitioners must make choices about how
to reach individuals with appropriate recommendations and
encourage them to consider screening. This is a crucial step
in the screening process; for example, a recommendation
from a primary care physician is a primary predictor of
whether women seek colorectal cancer screening.173

However, physicians’ recommendations are not always con-
sistent with screening guidelines; for example, a nationwide
survey of primary care physicians suggested the presence of
knowledge gaps and suboptimal screening delivery for CRC
screening.160 Primary care physicians also face substantial
time limitations with regard to making all necessary and
appropriate screening recommendations in light of their other
prevention and treatment obligations174; therefore, systematic
changes may have the largest impact on making the screen-
ing recommendation.172

One key systematic change is the implementation of clin-
ical reminder systems, as there is strong evidence that issuing
reminders leads to increased screening rates for film-screen
mammography and cervical cancer.172,175–178 The two major
types of reminders are inreach and outreach. Inreach
reminders involve notifying a provider that a patient is due
for a screening test while he or she is in the office. Systems
to provide inreach reminders may be as simple as a chart
review and paper alert or as sophisticated as an electronic
note on an automated medical record. Overall, inreach
reminders and physician feedback have been shown to result
in the mammography screening of an additional 5% to 20%
of the study population compared with “usual care” con-
trols.179 Outreach reminders consist of contacting individuals
outside of an office visit. Studies involving telephone calls
from a cancer registry, mailed recommendations, and moti-
vational telephone calls addressing specific barriers to screen-
ing have shown that such reminders result in the Pap and
mammography screening of an additional 15% to 31% of the
study population compared with usual care.175,177

Even after recommendations are made, ensuring that
individuals seek screening may require adopting and adapting
new strategies to encourage women to follow through on the
recommendation. For example, McPhee and colleagues have
shown that having female lay leaders discuss screening at
gatherings in women’s homes promotes the use of film-screen
mammography among Cambodians.180 Understanding factors
that affect use of screening tests will help providers work
with members of their organizations and communities to
plan effective education and recruitment strategies for the
populations they serve. The process of understanding and
enabling individuals to manage their care has been called
“self-management support” by some, and it may be critical
to successful screening implementation.181

Clarifying the Screening Approach

In addition to ordering the screening test, the primary care
provider may be responsible for conduct the screening. 
Organizing the care within a practice is therefore critical to
getting screening accomplished. How that screening occurs,
however, differs by the organizational setting of healthcare
delivery, the cancer site, the set of screening tests recom-
mended, and which test or set of tests the patient prefers. For
example, screening mammography and colonoscopy depend

upon referrals whereas cervical cancer screening, FOBT, and
sigmoidoscopy can be conducted by the primary care team.
To incorporate cancer screening into a busy practice, primary
care providers need to organize their approach and clarify who
is talking with the patient, what is being said, and how tests
are ordered. This is all part of organizing the approach to
screening, and it has been shown to increase screening rates
when implemented systematically in practice using the
entire healthcare team.172,182–184

Developing the Follow-Up Approach

When testing requires a referral, a tracking system to docu-
ment the patient’s progress through the care continuum can
be helpful. The proportion of positive screening tests varies
with the type of test but, in general, is about 10% (see Tables
24.1, 24.3, 24.5, 24.7). Follow-up for these individuals is not
automatic, and failure to ensure successful follow-up com-
promises the mortality reduction achievable.178 For example,
follow-up for positive FOBT has been estimated to range
between 49% and 79%,185 and follow-up after a mammogram
was as low as 35% women in one HMO even though access
to care was assured.186 In a review of published evaluations 
of follow-up after positive screening tests, Yabroff and col-
leagues found that two-thirds of reported studies had follow-
up rates below 75%.13 Among the 45 observational studies in
her review, only 1 showed follow-up greater than 90%.13

Factors that improved follow-up of abnormal tests included
addressing the lack of health insurance for a patient, using
peer counselors, making system-wide changes in a health
plan or clinic, and more actively encouraging patients to
manage their care.13,172

Because of apparent problems with follow-up of abnormal
tests, a framework has been outlined for thinking through the
issues and developing methods to ensure follow-up of posi-
tive tests.13 Healthcare team members can use the work of
Yabroff and others to guide their design of a system to ensure
follow-up. Studies indicate that several elements are neces-
sary for a successful follow-up system. First, a mechanism to
ensure communication between the person performing the
screening and the providers responsible for follow-up is nec-
essary. Even if the provider conducts the test, as is usually
the case with cervical cancer screening, clinicians need some
method of ensuring that they receive the test results. Second,
the provider team needs to have a plan for dealing with a pos-
itive result once it is received, because not all positive results
need to be acted upon and the primary care provider is not
always the responsible party. For example, radiology facilities
are obligated by the MQSA to report mammography results
to all women screened. Yet even in this case, a woman noti-
fied by the radiologist may not respond.

Communication with the patient about the follow-up
plan is the next critical step in the implementation process.
Such communication should clarify which tests are needed
and what those tests involve for the patient. Research shows
that communication from the provider to the patient about
the importance of follow-up and the details about further
workup will influence whether follow-up occurs.13,187 Women
with fears of painful procedures or fatalistic views regarding
cancer diagnosis are less likely to comply with follow-up rec-
ommendations.13 As shown in Tables 24.1, 24.3, 24.5, and
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24.7, evaluations needed after a positive test vary from repeat-
ing the test or ordering additional mammograms or
colonoscopy to surgical consultation. Incorporating the
patient into the care plan has become an important part of
follow-up care and may increase adherence to the plan.13 For
example, telephone contact addressing women’s perceptions
of the cervical cancer screening test and educating them
before or after the Pap test through interactive discussion
improved follow-up by 24% to 26%.178 Ultimately, improving
follow-up requires the coordinated effort of providers, staff
working with them, and patients.

Referring for Treatment

After developing the follow-up approach, the next critical step
is ensuring that patients are referred to and receive appropri-
ate specialty care. Referral to oncology specialists by primary
care providers (PCPs) depends on some degree of coordinated
care. Developing this coordination was highlighted in the
National Cancer Policy Board’s 1999 analysis as a key step
toward improving the quality of America’s health care. They
concluded that optimal cancer care delivery should ensure,
among other things, a “mechanism to coordinate services.”188

Also, a committee of the Institute of Medicine selected care
coordination as one of 20 “priority areas” requiring concerted
effort if the nation’s healthcare system is to be transformed.188

Literature is sparse regarding referral barriers relevant to
screened cancers, but access and reimbursement for the unin-
sured are a clear challenge.162 However, difficulties are not
confined to those traditionally considered underserved by the
healthcare system. Access to quality cancer treatment in
general is subject to numerous barriers, including patient
characteristics such as old age, low SES,162 minority race or
ethnicity,189 and lack of health insurance. Researchers study-
ing older cancer patients concluded that patient preference is
a “major determinant in the referral decisions of primary care
providers.” Another potential issue is that PCPs might be
unaware of cancer treatment options available to seniors.190

Recent work raises questions regarding referral patterns and
points out that the majority of patients are not seen by an
oncologist who might help them with decisions.191

Although treatment options and systems are not a focus
of this chapter, clinicians need to be mindful of the institu-
tional and insurance barriers that may limit access. Success-
ful referrals in any cancer patient depend on factors such as
physician characteristics (e.g., specialty, training, experience,
age), quality of patient–provider communication, and 
complexity and constraints of the current healthcare 
environment.188

Steps are being taken to improve the coordination of
cancer treatment after a positive screening. A pilot project that
tested the effects of patient navigators (“proactive patient
advocates”) on removing barriers to diagnosis and state-of-the-
art treatment found the concept promising.192 At the public
policy level, Congress passed legislation in 2000 to fill the
“treatment gap” in the National Breast and Cervical Cancer
Early Detection Program by giving states the option to extend
Medicaid benefits to uninsured women diagnosed through the
program.193 To date, the U.S. Department of Health and
Human Services has approved proposals from 48 states and
the District of Columbia to implement the act (CDC).

Summary and Conclusion

This chapter has reviewed the evidence related to the epi-
demiology, natural history, and screening of four common
cancers (breast, cervical, colorectal, and prostate). It presents
this evidence within the context of the challenges of primary
care practice and emphasizes the need to view cancer screen-
ing as a process of care. Ensuring access to screening and
treatment for all is necessary to achieve the potential for mor-
tality reduction afforded by current screening technologies.
Regardless of healthcare coverage, organized systems are
needed to ensure progress throughout the continuum of care.
Implementation of the numerous steps and transitions in this
continuum requires the interest, commitment, and collabo-
rative action of patients, primary care providers, specialty
care providers, administrators, and public health officials.
Only through this collaboration can mortality reduction be
maximized.171
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s we enter the 21st century, we are witnessing a his-
toric transition in science that will reveal the genetic
basis of common medical conditions and have an

enormous impact on biology, medicine, health care, and
society. The role of genetics in understanding and treating
cancer has traditionally been limited to the observation of
cytogenetic abnormalities in certain tumor types. With the
recent stimulus of the Human Genome Project, new oppor-
tunities to define all cancer in genetic terms are emerging.
Efforts to characterize the several classes of genes involved in
the transformation and growth of cancer cells have not only
advanced knowledge of the genetic basis of cancer but also
stimulated the development of sophisticated high throughput
technologies that open a new generation of opportunities for
the next decade of clinical research and application. Molecu-
lar genetic analysis will permit the identification of cancer
susceptibility patterns decades before the onset of symptoms
or the appearance of disease. The impact of this genetic rev-
olution will shape the practice of medicine, and in particular,
the practice of oncology, in many ways. The growing ap-
preciation of the molecular basis of carcinogenesis will have
clinical applications in understanding cancer etiology and
assigning more precise estimates of risk; in tailoring screen-
ing and prevention approaches to populations at defined
levels of risk; in improving accuracy of diagnosis and prog-
nosis based on molecular profiles; and in the rational design
of therapeutic modalities based on molecular targets.

Although the grouping of site-specific cancer clusters in
some families has been recognized for decades, it was not
until the past few decades, with the identification of genes
such as BRCA1 and BRCA2, that hereditary patterns of
cancer could be definitively linked to discrete germ-line
mutations. Although hereditary cancers account for only 10%
of all cancers, the identification of these genes and the atten-
tion devoted to these discoveries have heightened awareness
of the genetic contribution to cancer in general among both
the medical profession and the lay community and have pro-
vided a means to begin to recognize individuals and families
with an increased genetic risk of cancer.

Because deleterious mutations in genes associated with
hereditary cancer syndromes diagnose a risk for cancer, not
the disease itself, knowledge of germ-line cancer susceptibil-
ity genes has stimulated intense interest in preventive strate-
gies that may be employed to alter an individual’s risk and

that of his or her family members. Studies are under way to
understand the functions of cancer susceptibility genes and
how their alteration contributes to carcinogenesis. Gene–gene
and gene–environment interactions are being explored to
understand the significant variation in penetrance of these
genes. This work is likely to elucidate the causal mechanisms
of the traditional epidemiologic factors associated with cancer
that will have implications for the more common sporadic
forms.

This chapter explores the application of the rapidly
expanding field of genetics to genetic screening and counsel-
ing for hereditary cancer syndromes in the clinical setting.

Kinds of Assays

One component of the success of the Human Genome
Project, in concert with the realization that all diseases have
a genetic basis, is the advent of rapid and relatively inexpen-
sive molecular genetic technologies that can be run at high
throughput. There are different technologies for different
types of mutations, and most are limited to specialized
genetic laboratories or cancer research settings. The tech-
nologies for detecting mutations in the major cancer suscep-
tibility genes are constantly evolving but can basically be
divided into tests of gene function, such as protein truncation
tests, gel shift assays, enzymatic mutations screens, and
methods to directly sequence the genes.

Because many of the genetic mutations associated with
cancer syndromes result in premature truncation of the
protein product, protein truncation tests have been widely
used. This approach uses in vitro transcription and transla-
tion to produce a radiolabeled protein. Truncated forms can
be detected when electrophoresed against normal controls on
an agarose gel.1 Protein truncation tests are misleading when
the gene length is normal, but its function is altered, or when
the protein products produced by the mutated gene are too
small for detection by this method.2

Gel shift assays compare the mobility through a gel
matrix of a test DNA sample to that of a control sample. The
motility of DNA in a gel matrix is determined by its length,
base composition, single- and double-strand characteristics,
and double-strand mobility in the presence of mismatched
controls. Examples of gel shift assays are single-strand con-
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formation polymorphism (SSCP) analysis, denaturing gradi-
ent gel electrophoresis (DGGE), heteroduplex analysis (HA),
and conformation-sensitive gel electrophoresis (CSGE). Al-
though gel shift assays are relatively easy to perform and 
inexpensive, their sensitivity is lower than other types of
assays, making them less appropriate for clinical genetic
testing.

Based on the principle that heteroduplexes form between
wild-type and mutant genetic sequences, enzymatic mutation
detection (EMD) methods use enzymes with high specificity
for insertions, deletions, and base–substitution mismatches.
Normal and mutant alleles of the target gene are amplified
and labeled with fluorescent dyes. The enzyme scans the
double-stranded DNA until it detects a structural distortion,
where it cleaves the genetic material, forming two shorter,
radiolabeled fragments. These products are analyzed on an
automated DNA sequencer for relative mobility. EMD is easy
to use and highly specific for all types of alterations and has
the advantage of detecting multiple sequence variants in the
same polymerase chain reaction (PCR) product.2

Direct sequencing of the gene is the gold standard for
mutation scanning. All the coding regions, as well as the
intron–exon boundaries of a gene, are amplified by PCR and
sequenced, either manually or by automated techniques, in
250 to 400 base pairs. This approach is costly and labor inten-
sive. Direct sequencing can miss certain types of mutations
or large deletions or can detect mutations of unknown clini-
cal significance. Many of these technical limitations will
most likely be eliminated as the technology is improved and
as clinical correlations are established for each mutation.

Clinicians considering using a genetic testing facility for
clinical purposes should consider the quality control circum-
stances of the testing facility being considered. All laborato-
ries doing clinical genetic testing should be certified by the
Clinical Laboratory Improvement Act (CLIA) and the College
of American Pathology (CAP). Access to a medical geneticist
is helpful to assist in test interpretation for difficult cases.

Hallmarks of Hereditary Cancers

A list of known inherited cancer syndromes and their associ-
ated genes is shown in Table 25.1.3 This chapter discusses in
more detail the hereditary patterns of breast/ovarian cancer,
colorectal cancer, and multiple endocrine neoplasias, syn-
dromes for which there are clinically available tests and
which comprise a large portion of all hereditary cancer 
syndromes.

The features of a pedigree that characterize hereditary pat-
terns of cancer include early age of onset, high penetrance,
bilaterality in paired organs, vertical transmission through
either parent, and an association with other cancers.4 The
actual prevalence of mutations leading to hereditary cancers
varies considerably in the population and is sometimes
related to ethnic ancestry. It is known that certain mutations,
the “founder mutations,” are more common in families who
are all traced to a certain ancestor believed to be the founder
of the original mutation. In these cases, knowing the ethnic-
ity of an individual may guide which mutations to explore.

Penetrance refers to the proportion of individuals carry-
ing the mutation who actually develop the associated
disease(s). The observation that there are mutation carriers

who never develop disease suggests that there are genetic,
metabolic, and/or environmental events that can modify the
effect of a mutation. A better understanding of these modi-
fiers is likely to provide opportunities for prevention of the
involved disease. There are also emerging data to suggest that
the location of the mutation within the gene may influence
the type and severity of the disease that is manifest.

Rationale for Genetic Screening

Screening for cancer susceptibility genes has the potential to
reduce the burden of cancer by providing opportunities for tai-
lored early detection or primary prevention interventions to
at-risk individuals. It can also spare those who receive true-
negative results the burden of unnecessary screening and pre-
vention procedures. The success of this approach is dependent
upon the availability of surveillance measures and preventive
strategies with documented efficacy and limited risk. The
widespread clinical application of genetic testing, however,
also poses specific challenges, including the implications for
other family members who may not be involved or interested
in the receipt of genetic risk information, the consequences
of labeling healthy individuals with a disease predisposition,
and the profound social and cultural significance awarded to
genetic traits. Our understanding of the genetic basis of
disease, and the rapid evolution in the science of human
genetics, is moving at such a pace as to challenge the ability
of both families and medical professionals to process and
communicate the information becoming available.

Several advisory bodies have issued guidelines for the
application of genetic testing for cancer susceptibility to 
the clinical setting. In a statement adopted on March 1, 2003,
the American Society of Clinical Oncology (ASCO) reaf-
firmed its commitment to the integration of cancer risk
assessment and management into the practice of oncology. In
this update of earlier guidelines, the society set forth a set of
indications for clinical genetic testing, recommendations for
counseling to accompany genetic testing, and a commitment
to maintaining confidentiality of genetic information. At the
same time, ASCO underscored the responsibility of the
patient to communicate genetic test results to other family
members. The ASCO statement supports the establishment
of federal legislation to prevent discrimination on the basis of
genetic status and urged public and private health insurance
providers to cover genetic testing and counseling services.
ASCO maintains its commitment to providing educational
opportunities in genetics for healthcare providers.5

The American Society of Human Genetics (ASHG) also
stated the importance of public and professional education 
to develop a responsible approach to genetic testing and 
supported the need for further research to determine optimal
preventive strategies for individuals with a genetic predispo-
sition to cancer.6 A position paper from the National Society
of Genetic Counselors (NSGC) spells out in detail the com-
ponents of the genetic testing process and stresses the need
for a multidisciplinary approach, including genetic coun-
selors, physicians, nurses, social workers, and behavioral 
scientists.7 As this field is moving so quickly, these recom-
mendations continue to evolve, but constant is the need to
protect the health and well-being of genetically susceptible
individuals.
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TABLE 25.1. Inherited cancer syndromes for which clinical testing is available.

Syndrome Involved gene(s) Associated cancers

Beckwith–Wiedemann BWS critical region Embryonal tumors, Wilms’ tumor, adrenocortical carcinoma,
syndrome 11p15 hepatoblastoma, rhabdomyosarcoma, neuroblastoma, gastric teratoma

Genes involved:
KCNQ1OT1
IGF2
H19
CDKN2C

Bloom syndrome BLM (RECQL3) at 15q26.1 Leukemia, lymphoma, aerodigestive tract, skin, breast, cervix
Breast ovarian cancer BRCA1 at 17q21, Breast, ovary, prostate, pancreas
(BOC) syndrome BRCA2 at 13q12
Cowden syndrome PTEN at 10q23 Breast, uterus, thyroid, kidney, melanoma, glioblastoma
Familial adenomatous APC at 5q21 Colorectal, upper digestive tract, thyroid, hepatoblastoma
polyposis (FAP)
Fanconi anemia FANCA at 16q24.3 Leukemia, squamous cell cancers, hepatocellular, brain tumors

FANCC at 9q22.3
FANCD2 at 3p25.3
FANCF at 11p15
FANCG at 9p13
FANCE at 6p22
BRCA2 at 13q12.3

Hereditary nonpolyposis MSH2 at 2p22, MLH1 at Colorectal cancer, endometrial, ovarian, gastric, small intestine,
colon cancer 3p21, PMS1 at 2q31, PMS2 at ureter and kidney cancers

7p22, MSH6 at 2p16
Li–Fraumeni syndrome TP53 at 17p13.1 Sarcoma, breast cancer, leukemia, adrenocortical cancer, brain tumor
Familial melanoma CMM1 at 1p36, TP16 at 9p21, Multiple melanomas

CDK4 at 12q14
Multiple colorectal MYH, 1p34 Multiple colorectal adenomas (15–100), autosomal recessive
adenomas
Multiple endocrine MEN1 at 11q13 Parathyroid, pancreatic islet, and pituitary cancers
neoplasia type 1 (MEN-1)
Multiple endocrine RET at 10q11.2 Medullary thyroid cancer, pheochromocytoma, benign parathyroid 
neoplasia type 2 (MEN-2) tumors
Neurofibromatosis type 1 NF1 at 17q11.2 Optic glioma, neurofibrosarcoma
Neurofibromatosis type 2 NF2 at 22q12 Meningioma, astrocytoma, acoustic neuroma, spinal schwannoma, 

ependymoma, neurofibroma
Nevoid basal cell syndrome PTC at 9q22.3 Basal cell cancer, ovarian fibroma, medulloblastoma
(Gorlin syndrome)
Peutz–Jeghers syndrome STK11 at 19p13.3 Colon, breast, pancreas, uterus, lung, testis, and ovarian cancer
Retinoblastoma syndrome RB1 at 13q14.1 Retinoblastoma, osteosarcoma, Ewing sarcoma, leukemia, 

lymphoma, melanoma, lung and bladder cancer
Tuberous sclerosis TSC1 at 9q34, TSC2 at Childhood brain tumors, Wilms’ tumor, renal cell cancer

16p13.3
Von Hippel–Lindau VHL at 3p25 Renal cell cancer, pheochromocytoma, hemangiomas
syndrome
Down’s syndrome Trisomy 21 Leukemia
Klinefelter syndrome 47XXY Male germ cell and breast cancer

Turner syndrome 45X Wilms’ tumor, neurogenic tumors, uterine tumor, leukemia, and gonadal
tumors

Source: Data from Schneider.3

Ethical, Legal, and Social Issues

The exciting potential of the work emanating from the
Human Genome Project has led to unbounded enthusiasm
about our ability to affect the health of the population
through population screening for genetic cancer predisposi-
tion, through a more sophisticated understanding of the mo-
lecular profile of the cancer phenotype, and through new
gene-targeted drug development. However, the recent expan-

sion of technology into the field of medical genetics has out-
stripped our ability to conceptualize the ethical and moral
dimensions of the application of molecular genetics to the
clinical setting of oncology. There are outstanding ethical
issues that concern patients and their families, the healthcare
profession, and society at large.

Most of the ethical debate for the public has centered on
the ability to genetically characterize individuals for inher-
ited cancer susceptibility syndromes. Limitations of test
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accuracy and the relative uncertainties about effective pre-
ventive strategies for those who test positive have led many
to advise caution about the widespread adoption of genetic
testing in the clinical setting. In fact, concern about the
potential adverse consequences of genetic testing for cancer
susceptibility has led to the view that genetic information is
qualitatively different from other medical information
because of its potential to be used in a discriminatory manner
and its unique implications for family members. The public
has expressed concern that the explosion of genetic informa-
tion may result in an environment in which people will be
labeled and disadvantaged in the workplace and in their
ability to obtain insurance based on genetic information. In
fact, the most common reason cited for not considering
genetic testing for mutations in the BRCA1/2 genes is fear of
insurance discrimination.8 Legislation for protection against
discrimination based on genetic test results is incomplete and
has not been thoroughly challenged in the court system.
Responsibility to other family members is another concern
voiced by individuals who undergo genetic testing. Privacy
and confidentiality issues place the burden of communicat-
ing genetic test results with the proband, who may not have
a sophisticated medical background and who may face diffi-
cult family dynamics in the communication process. The
application of the new genetics to the diagnosis, characteri-
zation, and treatment of cancer has not generated as much
concern and attention among cancer patients, who are often
overwhelmed by their situation and the details of the treat-
ments proposed to them. A good example of this is the
increasing use of microsatellite instability (MSI) testing of
colon tumors in the clinical setting without full disclosure to
the patient that the testing may uncover a hereditary cancer
syndrome in their family.

The promise of the new genetic technologies is emerging
at a time when healthcare resources are shrinking and when
access to care is not shared by all members of society.
Although advances in technology will most likely lead to
more cost-effective assays, the costs will still put a signifi-
cant strain on the healthcare budget. Disparities in cancer
care will grow as more advanced technologies are introduced
into the treatment setting. The role of insurance companies
in providing coverage for these new costs is unclear. The mag-
nitude of insurance and/or employment risks from discrimi-
nation on the basis of genetic risk information is also a major
concern for state and federal government agencies and the
insurance industry.

There has been considerable debate about the issue of
“genetic exceptionalism,” that is, whether genetic testing is
sufficiently different from other types of medical tests to
warrant special considerations. Because of some of the unique
aspects of genetic information, the standard of care has
evolved to obtain formal informed consent for the conduct of
a specific genetic test, even when done strictly for clinical
management and not in the context of research. Unique com-
ponents of the consent process are the acknowledgment of
potential social and family implications of the test results,
including the potential for discrimination based on genetic
risk status, the symbolic meaning of heritage in our culture,
the probabilistic nature of the test results, and the potential
for lifetime classification of an individual as “at risk.”9,10 Sug-
gested components of the informed consent process are
shown in Table 25.2. This process should take into account
the participant’s prior experiences, beliefs, attitudes, con-
cerns, expectations, and motivations concerning genetic risk
and should be handled with attention to confidentiality and
the needs of other family members.

One special circumstance is the issue of genetic testing of
children and adolescents. The ASHG and the American
College of Medical Genetics, as well as ASCO, have suggested
a series of points to consider in confronting this situation. The
primary indication for genetic testing of a minor should be the
provision of timely medical benefit. If the cancer occurs pre-
dominantly in childhood and risk reduction strategies and
therapies are available, such as medullary thyroid cancer,
there is justification for testing. Psychosocial benefits to com-
petent adolescents, including reduction of uncertainty and
anxiety, and contribution to life decisions may also be an indi-
cation. For those diseases, such as adult-onset cancers for
which the medical and/or psychosocial benefits will not occur
until adulthood, genetic testing should generally be deferred.
The involvement and preparation of the family should be an
integral part of this process. It is the responsibility of the
provider to weigh the interests of the children and their fam-
ilies in their delivery of responsible genetic services.5,11

The ability to characterize individuals genetically facili-
tates the application of this technology on a global scale and,
in addition to creating typologies of cancer susceptibility in
the population, will permit the molecular definition of ances-
try, ethnicity, intelligence, and other human features with the
potential for misuse. All these issues call for public education
about the issues the genetic revolution is raising and a general
discourse on the use of genetics in the oncology setting.

TABLE 25.2. Components of informed consent for genetic testing.

Purpose of the test The purpose of the genetic test must be clearly described.
Practical aspects of the test Amount of blood to be drawn, length of time to receive results, other information to be collected, cost of 

testing, and a contact person should be included.
Interpretation of results The potential types of test results should be clarified, including true-positive, true-negative, 

indeterminant, and inconclusive results.
Potential risks Risks to be described are psychosocial, threats to family dynamics and health, and insurance 

discrimination.
Potential benefits The use of genetic test information may provide both psychologic benefit as well as guidance in medical 

management interventions.
Privacy and confidentiality Measures used to assure privacy and confidentiality of the test results should be described.
Alternatives A description of alternatives to genetic testing, including risk assessment based on clinical history, should 

be provided.
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Education of the Healthcare Providers

As the genetic contribution to cancer continues to evolve,
primary care providers will assume a more pivotal role in the
provision of clinical genetic services, including providing edu-
cation to patients and their families about genetic informa-
tion in general, genetic testing in particular, and the use of
genetic technologies in cancer risk reduction surveillance,
diagnosis, and treatment. The involvement of the entire
healthcare team will be critical to assess the outcomes of
family decisions regarding genetic information and to guide
individuals and their families through the complex world of
cancer genetics. There are data to suggest, however, that
among members of the healthcare profession, knowledge
regarding the criteria for hereditary cancer syndromes, the
indications for associated genetic testing, and the role that
molecular genetics plays in the prevention, diagnosis, and
treatment of cancer is limited. A nationally representative
random sample of physicians in primary and tertiary care spe-
cialties found that fewer than one-third of physicians had rec-
ommended cancer genetic testing to a patient. Barriers to the
use of genetic tests in their patient populations included lack
of confidence in their ability to recommend testing and lack
of access to counseling and testing services.12 Healthcare
providers are often at a loss about how to understand and
communicate genetic test results to individuals, about what
is their responsibility to inform other at-risk relatives of their
potential genetic risk, and about how to assure confidential-
ity and privacy of genetic information in the medical record
system. Limited physician knowledge of genetics may pose a
barrier to the referral of appropriate candidates for genetic
testing and the standard utilization of genetic predictive
testing in clinical practice for increased cancer surveillance,
screening, and prevention. Based on the potential for identi-
fication, classification, prevention, and treatment for a wide
variety of cancer types, physicians and other healthcare
providers and their patients would greatly benefit from train-
ing in interpretation and use of genetic predisposition testing
as part of their clinical practice.

Genetic Counseling

The development of technology to locate and isolate cancer
susceptibility genes has brought together the fields of oncol-
ogy, cancer control, genetics, and genetic counseling to create
a new specialty of cancer risk counseling whose goal is to
communicate more accurate information about personal
cancer risk profiles based on personal and family histories.13

The field of genetic counseling has evolved and plays a
growing role in the evaluation and risk estimation of families
with known or suspected genetic conditions. The traditional
elements of genetic counseling have included (1) an accurate
diagnosis of the genetic condition or predisposition; (2) an
estimate of the probable cause of the disorder; (3) an estima-
tion of risk of future occurrences of the condition within the
family based on the pattern of inheritance of the disease; (4)
communication of an understanding of the genetic and
medical facts of the disorder; (5) an exploration of appropriate
courses of action to manage the genetic risk and to alter the
risk of occurrence; and (6) ways of coping with the disorder
or risk of the disorder.14,15 Building on this tradition, cancer
risk counseling is an interactive education and communica-

tion process whose purpose is to evaluate an individual’s
potential risk of developing specific forms of cancer based on
inherited susceptibilities, physiologic modulators, and
lifestyle and environmental factors that contribute to cancer
risk and to communicate this information in a comprehensi-
ble and sensitive way (Table 25.3). Familial cancer risk coun-
seling uses a broad approach to place genetic risk in the
context of other related risk factors, thereby customizing it
to the experiences of the individual. In addition to addressing
genetic risk and the clinical management of that risk, cancer
risk counseling also considers the psychosocial needs of the
individual and the family. Typically, the process involves the
collection of pertinent medical, familial, and lifestyle infor-
mation, the documentation of cancer diagnoses, the delivery
of background information about cancer risks and cancer
genetics, the identification of specific hereditary cancer syn-
dromes, and the transmission of personalized risk estimates.16

The ultimate goal of the education and communication
process is to help the individual and other family members
make informed and appropriate decisions about genetic
testing options and strategies for cancer prevention and/or
early detection.

Genetic counseling for genetic cancer risk represents a
new direction in genetics and has raised some particularly
interesting and difficult issues. Risk estimates for cancer may
be either empirical or based on actual gene identification but
are typically complex and sophisticated, challenging the com-
munication skills of the counseling team. The nature of the
counseling situation often requires the involvement of other
family members to supply missing information or even for
genetic screening, a situation that may compromise privacy
and confidentiality within the family. The options offered by
the counseling team, including genetic testing, may involve
emotional and ethical dilemmas for which there are no clear
answers. Despite these problematic issues, cancer risk coun-
seling is a growing field that has tremendous potential to
assist families in understanding their risk for cancer and in
making informed choices for prevention.

Components of a Counseling Program

Target Population

Individuals who seek cancer risk counseling are often highly
motivated by a personal experience with cancer in their family

TABLE 25.3. Basic elements of cancer genetic counseling.

• Documentation of extended family medical history
• Development of a family pedigree
• Collection of medical records from proband and appropriate

family members
• Collection of information about other risk factors (biologic,

environmental, lifestyle)
• Careful assessment of risk
• Education about cancer, genetics, and preventive options
• Communication of risk estimate in clear and simple language
• Development of individualized prevention and surveillance

strategy
• Attention to emotional and social needs and concerns of proband

and family
• Long-term follow-up and support
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and by concern for the risks faced by themselves and their off-
spring. Participants in cancer risk counseling are often self-
referred, but as physicians become more aware of the
importance of family history in determining an individual’s
risk for cancer, they are increasingly referring their patients for
genetic evaluation. Although the general indication for par-
ticipation in a cancer risk counseling program is a perception
of increased risk for cancer based on family history and/or
other recognized risk exposures, individual participants come
to the process with a wide variety of experiences, health
beliefs, expectations, and needs. An assessment of individual
differences that can influence comprehension and compliance
with appropriate health recommendations, therefore, is one of
the primary goals of the counseling team.

The Counseling Team

Traditionally, the medical genetics counseling team has
included a medical geneticist, a genetic counselor, and often
the referring primary care physician, usually an obstetrician
or pediatrician. Genetic counselors typically earn a Master of
Science degree at an accredited institution and are certified
by the American Board of Genetic Counselors. Dedicated
training in the field of cancer genetics has recently been added
to the curricula of genetic counseling education programs.
There is also a growing interest in genetics on the part of
nurses, many of whom are beginning to seek specialized train-
ing in the field. As the field of genetic counseling has
expanded to include adult diseases such as cancer, other dis-
ciplines, including oncology, molecular genetics, social work,
and psychology have joined the team to provide the multi-
disciplinary approach needed. Originally, cancer risk coun-
seling programs were mainly situated in cancer centers and
academic institutions, but increasingly these services are
expanding to community hospitals, worksites, and health
centers where they are often one component of a more
broadly based health promotion program.

Information Collection

The very first step in evaluating an individual’s risk for cancer
is to assess the individual’s concerns and reasons for seeking
counseling to guarantee that personal needs and priorities
will be met in the counseling process. The next step is to
collect the pertinent medical, family, and personal informa-
tion to assemble a risk profile and begin to explore options
for dealing with the risk. A detailed family history is the cor-
nerstone of effective genetic counseling. The counselor begins
with the health of the proband and proceeds outward to
include first-, second-, and third-degree relatives on both the
maternal and paternal side. In addition to cancer diagnoses by
primary site, age at onset, bilaterality when appropriate, and
current age or age at death are recorded. Cancer diagnoses are
validated by obtaining medical records, pathology reports, or
death certificates when possible. Other medical and genetic
conditions that may predispose individuals to cancer risk
(e.g., Crohn’s disease and colon cancer, atypical ductal hyper-
plasia, and breast cancer) should also be noted. It is important
to include information about family members unaffected
with cancer to appreciate the penetrance of the disease and
overall patterns of inheritance. Information about possible
consanguinity is also valuable, particularly in the considera-

tion of recessive disorders. Ancestry and ethnicity should be
recorded, as some inherited conditions are more common in
certain ethnic groups (founder effects).

Family history data are graphically represented on a ped-
igree, which follows standard nomenclature to illustrate
family relationships and disease information17 (Figure 25.1).
Factors that limit the informativeness of the pedigree are
small family size, early deaths in family members precluding
the possibility of developing adult diseases, prophylactic sur-
geries that remove an organ from subsequent risk of cancer
(e.g., total hysterectomy for uterine fibroids where the ovaries
are also removed), and incomplete information about the
health of family members. The degree of accuracy of report-
ing cancer diagnoses in relatives varies by how close the rel-
atives are to the proband, with lack of information about
specific cancer diagnoses in older second and/or third gener-
ations being a particularly common problem encountered in
pedigree generation.

The collection of a targeted medical history of the proband
serves two purposes: (1) the identification of premalignant
conditions associated with subsequent cancer progression and
(2) the estimation of other risk factors that may interact with
or modify familial cancer risk. A careful reproductive history
is pertinent to a number of common cancers in women.
Exogenous hormone use and other medication history is also
of value. The knowledge of other medical conditions may
affect the management recommendations for reducing cancer
risk. Caution about the use of exogenous estrogens in women
with a familial predisposition of breast cancer, for example,
may be tempered by a strong personal or family history of
osteoporosis.

Environmental exposures and lifestyle factors, such as
smoking, diet and alcohol use, and type of occupation may
contribute to the overall estimation of risk, and their identi-
fication may offer opportunities for lifestyle changes to alter
risk. Although occupational exposures to carcinogens such as
benzene or asbestos account for a relatively small proportion
of cancer, their recognition is very important in elucidating
patterns of cancer and in eliminating other causes among
exposed individuals. Environmental exposures and lifestyles
are often shared by family members and must be recognized
when assessing hereditary patterns of cancer. Finally, a record
of past cancer screening practices establishes a history 
of health promotion behavior and will help guide the 
counselor in making reasonable and appropriate health 
recommendations.

FIGURE 25.1. Sample pedigree with standard nomenclature to
illustrate family relationships and disease information.



The Role of Genes in Cancer Development

The counselor introduces the concepts and language of chro-
mosomes, genes, DNA, and how genetic alterations can lead
to cancer. It is particularly important for the proband to
understand the difference between the acquisition of genetic
alterations during his/her lifetime that may affect his/her risk
for cancer, and the inheritance of cancer-related genetic alter-
ations from a parent, which can also be passed on to his/her
offspring. Within this context, the counselor can introduce
information about the recently identified cancer susceptibil-
ity genes, such as BRCA1, BRCA2, APC, the hereditary non-
polyposis colorectal cancer (HNPCC) genes, etc., and the
cancer syndromes associated with each, with an emphasis on
those syndromes that appear to be most consistent with the
proband’s family history. The educational component of
cancer risk counseling is meant to be interactive with ample
opportunity for the proband to ask questions and to tailor the
information to the needs of the individual.

The Assignment of Risk

Cancer risk assessment is an attempt to quantify the proba-
bility of an individual’s risk for a particular cancer using
empirical models that account for a variety of personal, famil-
ial, and environmental risk factors. It is a complex process,
both because it is based on imperfect and often conflicting
data and because it involves probabilistic statements about
the chance of an event occurring, concepts that are difficult
to convey and to understand. The concept of risk can be pre-
sented in a variety of ways, each of which has a different inter-
pretation. Absolute risk refers to the rate of cancer occurrence
in the population and often serves as the background risk to
which individuals compare themselves. Relative risk is the
comparison of risk in an individual with a particular set of
risk factors at a particular point in time to that of an indi-
vidual without those risk factors, thus implying some mag-
nitude of vulnerability.18 Cumulative risk is the risk over a
defined time period calculated by accumulating relative risks
over time.

Cancer risk counselors attempt to place the proband’s risk
of cancer within the context of population risk, both in quan-
titative and qualitative terms, to provide a rationale for rec-
ommended health behaviors. The majority of families do not
exhibit the features of hereditary cancer syndromes but rather
represent the effect of a combination of multiple genetic and
environmental factors that interact to increase cancer risk 
to a moderate degree. For these families, counselors often 
use empirical approaches based on epidemiologic data that
provide age-specific risks of cancer in tabular formats which
can incorporate several pertinent risk factors. For some
cancers, these empirical data have actually been integrated
into mathematical models that can predict cumulative risk
estimates of developing a cancer over a defined time period
in an individual’s lifetime. The Gail model, for example, pre-
dicts breast cancer risk from age 20 to 80 years, using a model
that includes current age, age at menarche, age at first live
birth, number of first-degree relatives with breast cancer, and
number of breast biopsies.19 It has recently been validated 
by the Breast Cancer Prevention Trial20 and is most accurate
in predicting breast cancer among women who are being
screened with regular mammograms.21 This model is now
available from the National Cancer Institute on a floppy 
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The Education Component

Genetic risk information cannot be effectively communi-
cated in the absence of general information about cancer 
risk, cancer genetics, and risk estimation. Individuals faced
with a familial risk of cancer must assimilate complex and
often highly technical information to make informed deci-
sions about genetic testing, cancer screening, and preventive
actions for themselves and to communicate that information
to other family members. An integral part of the genetic 
counseling process is an educational preparation, provided
either in a group or individual setting, to help the proband
develop the understanding necessary to make informed 
decisions about his or her cancer risk. The basic educational
components of cancer risk information include the 
following.

The Concepts of Cancer and Cancer Risk Factors

The multifactorial nature of cancer is explored with an empha-
sis on the pathways of cancer formation and expression.
Persons seeking counseling who are affected with cancer may
be particularly interested in information about the presenta-
tion, diagnosis, and treatment of cancer. The basics of cancer
epidemiology can be presented, and examples, such as the im-
portance of hormonal regulation in breast cancer and the
importance of diet in colon cancer, can be used to illustrate the
role of both external factors and internal metabolism in chang-
ing normal cells to premalignant and malignant tissue.

The Role of Family History in Cancer
Risk Assessment

The interaction of shared environmental and genetic back-
grounds among family members in determining risk is
explored. Sample pedigrees can be used to illustrate the types
of family cancer patterns (Table 25.4), and to demonstrate the
concepts of vertical transmission through maternal or pater-
nal lines, the significance of age at onset, and bilaterality of
disease and penetrance issues. With this background, the
counselor can then review the proband’s own pedigree for the
patterns expressed and for the identification of pertinent risk
factors.

TABLE 25.4. Family cancer patterns.

Sporadic: A single occurrence of a cancer occurring on one side of
the family.
Familial: A pattern of cancers on one side of the family, seen in
one or more generations, that does not fit an autosomal dominant
pattern of inheritance of cancer. The cancers on that side of the
family do not fit a known cancer family syndrome. The pattern
seen may represent a clustering of incidental cancers or may be the
result of shared environmental or lifestyle factors.
Hereditary: A pattern of cancers on one side of the family, seen in
two or more generations, in several members of the family, that fits
an autosomal dominant pattern of cancers. The cancers on that
side of the family may fit a known cancer family syndrome:
OR
Genetic testing performed on the proband or the proband’s family
member has detected a mutation in a cancer predisposition gene
(e.g., BRCA1) and inheritance of this mutation has been
established.



ations in the gene structure that do not compromise its func-
tion. Over time, as more families are studied, most of these
variants most likely can be separated into disease-related
changes and benign changes, known as polymorphisms. Until
then, families found to carry one of these variants must be
counseled about the uncertain meaning of the result, and rec-
ommendations will be based on their family and personal
history of disease. When a disease-related mutation has been
identified in a family, subsequent family members who test
negative for that mutation are thought to be “true negatives”
whose risks for the relevant cancers are not increased over
those of the general population. These family members may
be spared the increased surveillance and/or consideration of
prophylactic surgery offered to carriers. They can also be reas-
sured that they will not pass on the deleterious mutation to
their offspring. Finally, when no mutation is found in any
family member (which is the most common situation), the
meaning of a negative test result is ambiguous. It may mean
that there truly is no mutation in the family and that the
family history represents a clustering of sporadic cancers, it
may mean a known disease-related mutation does exist in the
family but no informative family members were available for
testing, or it may mean that a mutation exists but cannot be
detected by current technology. Again, counseling must
emphasize the ambiguous nature of the test results. These
families may still face a significantly increased risk of cancer
and management should be based on other factors. A clear
distinction is made between the probability of being a muta-
tion carrier and the probability of developing cancer. Esti-
mates of penetrance of the gene, that is, the chance that a
mutation will actually result in cancer in a person, are also
typically derived from small studies among narrowly defined
families and are difficult to apply to any particular individual
unless he or she matches the characteristics of the families
studied. Information on other factors that may modify gene
expression is rudimentary at this point for most of the genes
identified.

Psychosocial Support

Just as important as a careful risk factor analysis and inter-
pretation of risk to family members is attention to the 
psychosocial issues raised by the enhanced risk and the emo-
tional needs of those involved.27 This consideration is espe-
cially critical in the setting of counseling for cancer risk,
which deals with the complexity of probabilities, which
involves the entire family, and which may provide risk infor-
mation that can become a source of discrimination. Cancer
is one of the most feared diseases of modern times. Cultural
beliefs about cancer, painful memories of relatives’ experi-
ences with cancer, high levels of mental stress associated
with cancer-related anxiety, unresolved grief, feelings of
denial, guilt, and other family dynamics can all interfere with
the receipt and understanding of risk information and with
the formulation of strategies for risk reduction and can have
a negative impact on quality of life. Both the information
received during the process of genetic counseling and the
information-seeking coping style of the individual may elicit
further emotional reactions, especially if the counseling
involves the receipt of genetic test results. The counselor
takes an active role in helping the counselee identify his/her
risk status, confront fears and anxieties about the meaning of
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disk, the “Risk Disc,” that can easily be used in the clinical 
setting.

For families in whom a hereditary pattern of cancer is
suspected, the recent cloning of rare but highly penetrant
cancer susceptibility genes, such as BRCA1 and BRCA2, has
made available the direct assessment of mutation status, thus
obviating the need for empirical risk models. Other parame-
ters, such as the Amsterdam Criteria and the Bethesda Guide-
lines for HNPCC,22,23 have been established to identify
families who are candidates for genetic testing. In addition to
these sets of criteria, mathematical models are appearing that,
based on features of the family history, predict the likelihood
of being a mutation carrier and help the counselor and clini-
cian further refine genetic testing decisions.24,25 BRCAPRO is
a statistical model based on published estimates of pene-
trance that uses information on personal and familial cancer
status to calculate an individual’s probability of carrying a
deleterious mutation on BRCA1 or BRCA and is used in the
clinical setting to guide decisions about whether to undergo
genetic testing.26

Genetic Testing: Interpretation of Test Results

Genetic testing for cancer and its role, benefits, and limitations
are discussed in the counseling session both in terms of the
scientific merits of understanding the genetic basis of cancer
and, when appropriate, as it may apply to further characteriz-
ing the cancer risk within the proband’s family. When possible,
it is best to first consider testing an affected family member
who meets the criteria for a hereditary cancer, as that individ-
ual is the one most likely to test positive. When a mutation is
found, additional family members can be tested with an assay
that specifically tests for that particular mutation.

There are four possible interpretations of a genetic test
result (Table 25.5). If a known risk-associated mutation is
found within a family, those family members who test posi-
tive for the mutation are considered “true positives.” They
are counseled that they are at increased risk for a spectrum
of cancers, and options for risk management are discussed (see
following). It must be emphasized that a positive mutation
result is not a positive cancer test but rather a susceptibility
estimate. A positive test result does, however, confirm a 50%
chance of passing on the mutation to each biologic child of
the carrier. A second outcome of a positive test result is the
discovery of a variant of the gene of unknown clinical signif-
icance. These genes are truly altered but have not yet been
clearly linked to disease risk and may represent neutral alter-

TABLE 25.5. Genetic test results.

True positive The person is a carrier of an alteration in a 
known cancer-predisposing gene.

True negative A person is not a carrier of a known cancer-
predisposing gene that has been positively 
identified in another family member.

Indeterminant A person is not a carrier of a known cancer-
predisposing gene and the carrier status of 
other family members is either also negative 
or is unknown.

Inconclusive A person is a carrier of an alteration in a gene 
that currently has no known significance.



that risk, develop coping strategies to deal with both the emo-
tional and medical components of his/her unique situation
and coping style, and facilitate decision making. The coun-
selor can also assist the counselee in communicating cancer
risk information to other family members, in dealing with
their potential reactions, and in enrolling them in a counsel-
ing program. Follow-up genetic counseling sessions have been
found to reinforce the information communicated in the orig-
inal sessions, to solidify decisions made, to assess adjustment
to risk status, and to make referrals for specialty consulta-
tions if needed.28

General Management Strategies

One of the primary motivations for seeking cancer risk coun-
seling is to identify ways to reduce or delay the risk of devel-
oping cancer or to enhance the possibility of detecting cancer
at an early, curable stage. Individuals who seek these services
clearly want recommendations for the medical management
of their risk from their providers. By achieving a reliable esti-
mate of cancer risk, either by considering personal and family
history or by performing genetic testing, the cancer risk coun-
selor, working with the medical team, can help to tailor
primary and secondary prevention strategies to the individ-
ual. Although there are presently limited data on the long-
term efficacy of prevention strategies directed at individuals
with a familial or hereditary risk, clinical management deci-
sions are being made based on the best available evidence.
Recommendations fall into four general categories: increased
screening, pharmacologic interventions (chemoprevention),
surgical prophylaxis, and lifestyle changes. Screening recom-
mendations are problematic for cancers, such as ovarian and
pancreatic cancer, for which no early detection method has
been found to be sufficiently sensitive and specific, and for
situations such as the Li–Fraumeni syndrome, in which indi-
viduals are at risk for a wide spectrum of cancers during their
lifetime. On the other hand, members of high-risk families
are ideal candidates to participate in trials of newer imaging
technologies and intermediate biomarkers to improve the
early detection of cancer in younger individuals.

There is intense interest on the part of high-risk individ-
uals to learn about opportunities to reduce their cancer risk
by changes in diet, exercise, or other lifestyle modifications
that may minimize their exposure to carcinogens. Prelimi-
nary data suggest, for instance, that the use of exogenous
estrogens, including oral contraceptives and estrogen replace-
ment, may confer an increased risk for breast cancer 
among women with a hereditary predisposition29 and that
limiting exposure to these agents may be beneficial. The
exact role of diet and exercise remains elusive for most
cancers, although recommendations can be made on the basis
of general health and ideal weight maintenance. Dietary sup-
plementation with micronutrients and other natural products
to reduce cancer risk is so far unsupported by scientific data.
Long-term studies are needed to assess the role of any of these
strategies in the setting of familial risk for cancer. (See fol-
lowing for specific management options.) It is important that
clinicians play an active role, in partnership with the genetic
counselors, in the counseling of individuals predisposed to
familial cancers to review current medical management
strategies and to tailor recommendations to the unique needs
of each individual.

Effectiveness of Cancer Risk Counseling

Several studies have attempted to assess the effectiveness and
efficacy of genetic counseling and have identified a number
of common predictors of response. Utilization of genetic
counseling services is associated with higher socioeconomic
status and educational level and, in the setting of prenatal
genetic conditions, with intention to have children.30 Under-
standing and retention of the information received have been
found to be higher among individuals who are self-referred,
those with higher educational levels, and among those fami-
lies at the higher risk levels. Multiple counseling sessions
have been shown to boost understanding and information
retention.31 Another consistent observation has been that,
although it is important, the information obtained at a
genetic counseling session is not the only factor contribut-
ing to risk-related decisions. Rather, perception of risk is a
concept formed over a person’s lifetime and is a result of
internalizing personal experiences and beliefs. Decisions
made in the genetic counseling setting, therefore, reflect a
complicated interplay of expectations, emotions, and value
judgments. As a result, the genetic counselor is likely to be
most successful when the information shared during genetic
counseling is provided in the context of the counselee’s per-
sonal orientation and belief system.

Risk Management for Hereditary 
Cancer Syndromes

Hereditary Breast/Ovarian Cancer

Approximately 5% to 10% of all breast cancer demonstrates
an autosomal dominant pattern of inheritance. Hereditary
breast cancer is characterized by early age at onset (5 to 15
years earlier than sporadic cases), bilaterality, vertical trans-
mission through both maternal and paternal lines, and asso-
ciation with tumors of other organs, particularly the ovary
and prostate gland.4,32,33 Syndromes most often associated
with hereditary breast cancer are the hereditary breast ovarian
cancer (HBOC) syndrome associated with mutations in the
BRCA1 and BRCA2 genes, the Li–Fraumeni syndrome asso-
ciated with p53 mutations, and Cowden’s syndrome associ-
ated with mutations in PTEN. The clinical evidence of an
autosomal dominant inherited predisposition to breast cancer
was originally supported by segregation analysis, a quantita-
tive method to determine if a particular trait is distributed in
the population in a Mendelian manner of inheritance. Applied
to the CASH data set, segregation analysis and goodness-of-
fit tests of genetic models provided evidence for the existence
of a rare autosomal dominant allele associated with increased
susceptibility to breast cancer.34

In 1990, a susceptibility gene for breast cancer was
mapped by genetic linkage to the long arm of chromosome
17, in the interval 17q12–21.35 The linkage between breast
cancer and genetic markers on chromosome 17q was soon
confirmed by others, and evidence for the coincident trans-
mission of both breast and ovarian cancer susceptibility in
linked families was observed.4 The BRCA1 gene was subse-
quently identified by positional cloning methods and has
been found to encode a protein of 1,863 amino acids. This sus-
ceptibility gene appears to be responsible for disease in 45%
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of families with multiple cases of breast cancer only and up
to 90% of families with both breast and ovarian cancer.36 A
second breast cancer susceptibility gene, BRCA2, was local-
ized through linkage studies of 15 families with multiple
cases of breast cancer to the long arm of chromosome 13.
Germ-line mutations in BRCA2 are thought to account for
approximately 35% of multiple case breast cancer families
and are also associated with male breast cancer, ovarian
cancer, prostate cancer, and pancreatic cancer.37,38 The risk for
breast cancer in female BRCA2 mutation carriers appears
similar to that for BRCA1 carriers, but the age of onset is
shifted to an older age distribution.39

Of the several hundred mutations described in these
genes, most lead to a frame shift resulting in missing or non-
functional proteins.40 In addition, tumors from individuals
with BRCA1/2 mutations show deletion of the wild-type
allele, supporting speculation that these genes play a role 
in tumor suppression. Both BRCA1 and BRCA2 also are
involved in the control of meiotic and mitotic recombination
and in the maintenance of genomic stability, suggesting an
additional role in the DNA repair process.41–43 The growing
body of data elucidating the functions of these genes suggests
a gatekeeper role, characterized by interactions with other
genes in the regulation of the cell cycle and DNA repair,
which may provide novel opportunities to develop genotype-
based therapeutic approaches to treatment and prevention.
Although sporadic mutations of BRCA1/2 are rarely
described, inactivation or decreased expression of these genes
by epigenetic phenomena, such as hypermethylation, may
account for some cases of breast and ovarian cancer in the
population.44

The frequency of mutations in BRCA1 in the general pop-
ulation has been estimated to be 0.0006, which corresponds
to a carrier frequency of 1 in 800. Carrier rates are not dis-
tributed evenly, however, and tend to concentrate in families
with multiple cases of breast and/or breast/ovarian cancer.
BRCA1 and BRCA2 also demonstrate differential prevalence
rates in certain ethnic groups. Most notably, in the United
States, three specific founder mutations, the 185delAG muta-
tion and the 5382insC mutation on BRCA1 and the 6174delT
mutation on BRCA2, have been found to be common in
Ashkenazi Jews. The frequency of these three mutations
approximates 1 in 40 in this population and accounts for up
to 25% of early-onset breast cancer and up to 90% of fami-
lies with both breast and ovarian cancer.45 Additional founder
effects have been described in the Netherlands (BRCA1 2804
delAA and several large deletion mutations), in Iceland
(BRCA2 995 del5), and Sweden (BRCA1 3171 ins5).46–49

The actual expression of disease in gene mutation carri-
ers is estimated to range from 36% to 85% for breast cancer
and from 16% to 60% for ovarian cancer. Male carriers of
BRCA mutations are also at increased risk for breast cancer,
with lifetime estimates of approximately 6%.50,51 Among
female BRCA1 carriers who have already developed a primary
breast cancer, estimates for a second contralateral breast
cancer are as high as 64% by age 70 and for ovarian cancer as
high as 44% by age 70.52 It is not generally known whether
the specific location of mutations confer differential rates of
penetrance, or what other genetic and/or environmental or
lifestyle factors may interact with the presence of a mutation
to determine expressivity. One region of BRCA2, however,
the “ovarian cancer cluster region” in exon 11, appears to be

associated with an increased risk of ovarian cancer and
decreased risk of breast cancer.53 Ongoing studies are address-
ing the role of reproductive factors, endogenous and exoge-
nous hormone exposure, diet, and lifestyle factors in the
modulation of risk among carriers.

The clinical presentation of BRCA1/2-associated breast
cancer indicates distinctive pathologic features. Historically,
medullary, tubular, and lobular histologic findings and im-
proved survival have been associated with familial breast
cancer.54 The Breast Cancer Linkage Consortium examined
histopathologic features of breast cancer in women with
BRCA1/2 mutations and, when compared to controls, they
showed an excess of high-grade tumors in BRCA1 carriers and
a relative lack of in situ component adjacent to invasive
lesions.55 High mitotic and total grade, as well as higher rates
of aneuploidy, estrogen receptor (ER) negativity, and high pro-
liferative fractions were also reported for BRCA1 carriers in
kindreds followed by Henry Lynch, who also noted higher
rates of medullary histology.56 The phenotype for BRCA2-
related tumors appears to be more heterogeneous and may
include an excess of lobular histology.57 Recently, differential
gene expression profiles have been described for BRCA1,
BRCA2, and sporadic breast cancers, suggesting functional
differences in tumors depending on their genetic characteri-
zation.58 In accordance with the poor prognostic features
noted histologically for BRCA1-related breast cancer, two
European studies recently reported survival rates that were
similar to or worse than sporadic cases, with a significantly
increased risk of contralateral breast cancer.59,60

Breast cancer is also a component of the rare Li–Fraumeni
syndrome in which germ-line mutations of the p53 gene on
chromosome 17p have been documented.61 First reported by
Bottomley et al.,62 this syndrome is characterized by pre-
menopausal breast cancer in combination with childhood
sarcoma, brain tumors, leukemia and lymphoma, and adreno-
cortical carcinoma. A germ-line mutation in the p53 gene has
been identified in more than 50% of families exhibiting this
syndrome, and inheritance is autosomal dominant with a
penetrance of at least 50% by age 50. Although highly pene-
trant, the Li–Fraumeni gene is thought to account for less
than 1% of breast cancer cases.63

One of the more than 50 cancer-related genodermatoses,
Cowden’s syndrome is characterized by an excess of breast
cancer, gastrointestinal and gynecologic malignancies, and
thyroid disease, both benign and malignant.64 Skin manifesta-
tions include multiple trichilemmomas, oral fibromas and
papillomas, and acral, palmar, and plantar keratoses. Germ-
line mutations in PTEN, a protein tyrosine phosphatase with
homology to tensin, located on chromosome 10q23, are
responsible for this syndrome. Loss of heterozygosity observed
in a high proportion of related cancers suggests that PTEN
functions as a tumor suppressor gene. Its defined enzymatic
function indicates a role in maintenance of the control of cell
proliferation.65 Disruption of PTEN appears to occur late in
tumorigenesis and may act as a regulatory molecule of
cytoskeletal function. Although it accounts for a small frac-
tion of hereditary breast cancer, the characterization of PTEN
function will provide valuable insights into signal pathways
and the maintenance of normal cell physiology.66

Ataxia telangiectasia (AT) is an autosomal recessive dis-
order characterized by neurologic deterioration, telangiec-
tasias, immunodeficiency states, and hypersensitivity to
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ionizing radiation. It is estimated that approximately 1% of
the general population may be heterozygous carriers of the
mutated gene, ataxia telangiectasia-mutated (ATM), which
has been localized to chromosome 11q22–23.67 The ATM gene
encodes for a member of the phosphatidylinositol-3-kinase-
like enzymes that are involved in cell-cycle control, meiotic
recombination, telomere length monitoring, and DNA
damage response pathways. AT cells are sensitive to ionizing
radiation and radiomimetic drugs and lack cell-cycle regula-
tory properties after exposure to radiation.68 In vitro studies
of AT carrier-derived lymphoblastoid cell lines have demon-
strated defective control of apoptosis and mitotic spindle
checkpoint control.69 Several epidemiologic studies have sug-
gested a statistically increased risk of breast cancer among
female heterozygote carriers, with estimated relative risks
ranging from 3.9 to 5.1.70,71 ATM gene mutations associated
with cancer in heterozygote carriers tend to be dominant neg-
ative missense mutations.72 Breast cancer among AT het-
erozygotes is characterized by early age at onset, bilateral
disease, and prolonged survival.73 A comparative analysis of
ATM transcripts in invasive breast cancers, benign lesions,
and normal breast tissue found decreased expression of the
ATM gene in the invasive tumors compared to the other
tissues, suggesting a dominant negative effect of the muta-
tion on breast carcinogenesis.74 Recently, two recurrent ATM
mutations, T7271G and IVS10ÆG, were associated with 
an increased risk of breast cancer in multicase families in a
population-based case-control study.75 Given the high het-
erozygote carrier rate in the population, this association 
could account for a significant proportion of hereditary 
breast cancer and poses a potential risk related to diagnostic
radiation exposure in these individuals.

Breast and/or ovarian cancer may also be a feature of
Peutz–Jeghers syndrome, basal cell nevus (Gorlin) syndrome,
multiple endocrine neoplasia type 1 (MEN1), and HNPCC.
The identification and location of these and other breast/
ovarian cancer genes will permit further investigation of the
precise role they play in cancer progression and allow us to
determine the percentage of total breast cancer caused by the
inheritance of mutant genes. This development, in turn, will
ultimately enrich our understanding of all breast and ovarian
cancer, sporadic as well as hereditary, and will facilitate the
identification of high-risk individuals.

Tailored management strategies for hereditary breast
ovarian cancer (HBOC) are beginning to emerge. Individuals
who appear to meet criteria for one of the BOC syndromes
should be offered the opportunity to participate in clinical
genetic counseling delivered by a team of trained healthcare
professionals. Women who have tested positive for a BRCA1
or BRCA2 mutation are advised to start annual mammogra-
phy between the ages of 25 and 35 years and to have clinical
breast exams every 6 to 12 months.76 Because of the very early
onset of breast cancer in women with germ-line p53 muta-
tions, routine screening is recommended starting at age 20 to
25 for this group.77 There are preliminary data that magnetic
resonance imaging (MRI) of the breast may be more sensitive
in detecting early lesions in young women with dense breast
tissue, although specificity is generally lower,78 and several
trials are under way to determine the role of this imaging
modality, especially in the setting of familial risk. Men
testing positive for a BRCA1/2 mutation should also consider
annual screening with mammography and clinical breast

exam as well as annual prostate cancer screening with digital
rectal exam and prostate-specific antigen (PSA) testing.76

Screening recommendations are problematic for ovarian
cancer, for which no test or series of tests have been found to
be sufficiently sensitive and specific. Despite the limitations,
however, many practitioners have begun screening with the
combination of pelvic exam, transvaginal ultrasound, and
CA-125 in women with a family history of ovarian cancer.
Although it is an important component of complete gyneco-
logic care, the pelvic exam alone is clearly insufficient to
detect most limited, early-stage epithelial ovarian tumors.
Tumor markers, such as CA-125, lack the sensitivity and
specificity to serve as the sole form of screening. Transvagi-
nal ultrasound is currently being studied in a large screening
trial nationwide and may prove to offer the best alternative
to detect early-stage ovarian cancers. A recent report of the
use of proteomics to identify early-stage ovarian cancer may
represent a breakthrough for ovarian cancer screening. Pro-
teomics is a new and emerging technology that can identify
low molecular weight molecules in a high-throughput, non-
biased discovery approach using patient serum, plasma, urine,
or tissue specimens. Petricoin et al.79 identified a small set of
key protein values from patient serum that discriminated
ovarian cancer cases from unaffected controls with a sensi-
tivity of 100% and a specificity of 95%. Ultimately, a com-
plementary series of markers may be combined for use in
conjunction with ultrasonography to improve the predictive
value of the screening process.

Outcome data from chemoprevention trials are just begin-
ning to emerge. The recently completed Breast Cancer Pre-
vention Trial, which randomized more than 13,000 high-risk
women to the antiestrogen tamoxifen or placebo found a 49%
reduction in the incidence of breast cancer among women in
the tamoxifen arm.80 The reduction in risk was limited to
estrogen receptor-positive tumors. A very limited subset
analysis of these data indicated that women with BRCA1
mutations (who are more likely to develop hormone 
receptor-negative breast tumors) did not benefit from tamox-
ifen whereas those with BRCA2 mutations did.81 A second
large trial comparing tamoxifen to the selective estrogen
receptor modulator raloxifene is under way.

To date, there have been no Phase III randomized chemo-
prevention trials for ovarian cancer. However, because of the
strong epidemiologic association between oral contraceptive
(OC) use and a reduction in ovarian cancer rates,82 many gyne-
cologists are recommending their use in women with an
increased risk from either family history or nulliparity. Pre-
liminary data from studies of women with BRCA1/2 muta-
tions suggest that they enjoy the same degree of protection
(approximately 40% reduction) from OCs as do women in the
general population. Small pilot studies are now under way to
determine the chemopreventive role of other agents, includ-
ing members of the retinoid family as well as progestational
agents.

Prophylactic oophorectomy is being considered by wo-
men with a family history of ovarian cancer, particularly
those who are BRCA1/2 mutation carriers, because of the
uncertain nature of screening and the high case-fatality rate
of advanced-stage cancer. Two large recent studies demon-
strated an 85% to 96% reduction in ovarian cancer and a 
50% reduction in breast cancer among women undergoing
oophorectomy for prophylaxis.83,84 Prophylactic surgery does
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not, however, eliminate the risk for primary peritoneal
cancer, which is estimated to range from 1.9% to 10.7%.85

Furthermore, premenopausal women choosing this option
must consider the long-term consequences of surgically
induced menopause. Similarly, prophylactic mastectomy
does not completely eliminate the risk of subsequent breast
cancer, although a recent retrospective review of 2,029
women who had elected the procedure for a variety of reasons
estimates a greater than 90% reduction in risk.86 This finding
was supported by a prospective study of BRCA1/2 carriers in
which no breast cancers were observed in the 76 women who
underwent prophylactic mastectomy.87 This consideration
occurs most commonly among women from high-risk fami-
lies or those with known BRCA1/2 mutations who are
making treatment choices for their first primary breast
cancer, given the increased rate of second cancers in the same
breast as well as the contralateral breast in that setting.
Another indication for the procedure among high-risk women
is extremely dense breast tissue, which renders both clinical
breast examination and standard mammography less reliable.
Studies are now under way to prospectively follow women
who elect prophylactic oophorectomy or mastectomy to
monitor long-term disease reduction as well as to document
the variables influencing the decision to pursue prophylactic
surgery and the medical and psychologic consequences of the
surgery.

Hereditary Colorectal Cancer Syndromes 
(FAP, HNPCC)

The adenomatous polyposis coli (APC) gene on chromosome
5q21 encodes a protein that is important in cell adhesion,
signal transduction, and transcriptional activation. Germ-line
mutations in APC are associated with familial adenomatous
polyposis (FAP), a syndrome whose clinical phenotype in-
cludes hundreds to thousands of adenomatous polyps in the
colon and rectum developing after the first decade of life and
a 90% risk of developing colorectal cancer by the fourth
decade of life.88 Additional features include extracolonic
tumors including thyroid, periampullary, pancreatic, and
gastric, hepatoblastoma in children, and congenital hypertro-
phy of retinal pigment epithelium (CHRPE). In some variants
of FAP, the disease presentation may include fewer polyps and
later onset of disease. One variant, called Gardner’s syn-
drome, includes osteomas, epidermoid cysts, fibromas, odon-
tomas, and desmoid cysts.89 These attenuated forms of FAP
are often associated with distinct locations of the mutation
on the gene, supporting a genotype–phenotype correlation in
this syndrome. For example, a FAP mutation at I1307K, preva-
lent in 6% of people of Ashkenazi Jewish descent, appears to
effect a modest (twofold) increase in colon cancer in that pop-
ulation.90 Although highly penetrant, FAP accounts for less
than 1% of all colon cancer. Genetic tests for FAP include
protein truncation tests and full gene sequencing. The most
common use of genetic testing for FAP is to determine if an
unaffected relative of a patient with clinical manifestations
of FAP has inherited the genetic mutation. Genetic testing is
recommended at ages 10 to 12 years. Alternatively, at-risk
individuals can pursue endoscopic screening for the pheno-
typic features of the syndrome. Annual endoscopic screening
usually begins at puberty, with decreasing frequency with
increasing decades of life. Some recommend screening for

hepatoblastoma with alpha fetoprotein levels in children
starting at age 5 years. For primary prevention of FAP, the rec-
ommended strategy is colectomy, usually in the second
decade of life. Subtotal colectomy with ileorectal anastomo-
sis, total protocolectomy with Brooke ileostomy, or prot-
colectomy and ileoanal pull-through are acceptable surgical
options. Those who choose subtotal colectomy require fre-
quent endoscopic evaluation of the rectum because of the per-
sistent risk of rectal adenomas and carcinomas. The use of
specific or nonspecific cyclooxygenase (COX)-2 inhibitors,
such as celecoxib, has been recommended as an adjunct to
endoscopic surveillance following subtotal colectomy.91

Upper endoscopic surveillance, as well as thyroid examina-
tion, are also recommended by some.

HNPCC is an autosomal dominant condition caused by
the germ-line mutation of one of several DNA mismatch
repair genes, hMSH2 on chromosome 2p16, hMLH1 on chro-
mosome 3p21, hPMS1 and hPMS2 on chromosomes 2q31 and
7q11, respectively, hMSH6 on chromosome 2p16, and hMSH3
on chromosome 5q11.2–q13.2.92 The function of these genes
is to maintain the fidelity of DNA during replication. When
mismatch repair is faulty, somatic mutations occur through-
out the genome that can ultimately trigger the carcinogenic
pathway.89 It is estimated that germ-line mutations in the
HNPCC account for 3% to 5% of all colorectal cancers.93

Individuals with HNPCC have a lifetime risk of develop-
ing colorectal cancer of 70%, with a mean age at diagnosis of
44 years. Both synchronous and metachronous tumors are
common, and both tumors and polyps are often right sided.
Extracolonic cancers, including endometrial, ovarian, gastric,
urinary tract, kidney, biliary tract, central nervous system,
and small bowel, are also increased.89 Criteria for HNPCC,
the Amsterdam criteria, were developed by the International
Collaborative Group in 1990 and subsequently revised to
include other HNPCC-associated cancers, such as endome-
trial cancer, small bowel cancers, and ureteral or renal pelvis
cancers, whose relative risk ranges from 3 to 25 times that of
the general population (Table 25.6).22,94

Because tumor DNA from individuals with HNPCC often
have a distinct phenotype with changes in the length of
nucleotide repeat sequences, termed MSI, the analysis of MSI
in the tumor specimens is often recommended as the first
step of evaluation before proceeding to full genetic sequenc-
ing for MLH1 or MSH2. Clinical indications for testing a
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TABLE 25.6. The Amsterdam criteria for hereditary nonpolyposis
colorectal cancer (HNPCC).

The Amsterdam Criteria I:
Histologically confirmed colorectal cancer in at least three 

relatives, one of whom is a first-degree relative of the other two.
Occurrence of disease in at least two successive generations.
Age at diagnosis below 50 years in at least one individual.
Exclusion of familial adenomatous polyposis.
Amsterdam Criteria II:
Histologically confirmed HNPCC-related cancers (colorectal 

cancer, or cancer of the endometrium, small bowel, ureter, or 
renal pelvis) in at least three relatives, one of whom is a first-
degree relative of the other two.

Occurrence of disease in at least two successive generations.
Age at diagnosis below 50 years in at least one individual.
Exclusion of familial adenomatous polyposis.

Source: From Vasen et al.,94 by permission of Gastroenterology.
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Multiple Endocrine Neoplasias (MEN) Types 1 and 2

The familial MEN syndromes are characterized by clustering
of benign and malignant endocrine tumors and other systemic
manifestations. MEN type 1 includes combinations of more
than 20 different types of tumors, but the most characteris-
tic are tumors of the parathyroid, pituitary, and pancreatic
glands. The term multiple refers both to the occurrence of
multiple tumors in the same gland and to multiple different
kinds of tumors in the same individual and/or family. MEN1
is inherited as an autosomal dominant disease with variable
penetrance and a prevalence of 1 in 30,000 to 1 in 50,000.98

The MEN1 gene has been localized to chromosome 11q13 and
encodes a protein called menin. Menin is thought to interact
with one or more transcription factors in the nucleus, and loss
of its function is thought to be the mechanism of tumor for-
mation in the syndrome.99 Much of the morbidity associated
with this syndrome is attributable to the excess production
of hormones. Hyperparathyroidism from parathyroid tumors
is the most common (more than 90%) and earliest manifes-
tation of the syndrome, occurring in the third decade of life
and involving three or all four parathyroid glands. Enteropan-
creatic islet cell tumors occur in 30% to 75% of MEN1-
affected individuals and usually present with symptoms of
hormone excess after age 40 years. Tumors occur both in the
pancreas and in the duodenum and are commonly multi-
centric. Hormones secreted by pancreatic islet cell tumors
can include chromogranin A and B, pancreatic polypeptide,
glucagons, insulin, proinsulin, somatostatin, gastrin vaso-
active intestinal polypeptide (VIP), serotonin, calcitonin,
growth hormone (GH)-releasing factor, and neurotensin.99

The prevalence of pituitary adenomas in MEN1 ranges from
10% to 60%, and most are less than 1 cm in diameter. Other
rare manifestations of MEN1 include carcinoid tumors,
adrenal cortical hyperplasias, lipomas, and angiofibromas.

MEN1 germ-line mutation testing is recommended for
index cases with clinical MEN1 manifestations and their 
at-risk relatives. Periodic biochemical testing for hormone
excess is a less efficient alternative. Management of MEN1
tumors includes surgery as well as medical management 
of hormone-secreting tumors. The treatment of choice for
primary hyperparathyroidism is total parathyroidectomy,
with immediate autotransplantation of parathyroid tissue to
an accessible site, usually the forearm.100 Subtotal parathy-
roidectomy is associated with a high rate of subsequent recur-
rence. Insulinomas are often treated with surgical resection
because of the difficulty in achieving medical management.
Surgery for other islet cell tumors is controversial, as most
are multicentric and can often be managed medically. Treat-
ment of pituitary tumors depends on the type of adenoma but
does not differ from that for sporadic pituitary tumors.
Regular screening for hormone excess in known or suspected
mutation carriers is controversial. If elected, annual bio-
chemical screening should begin in early childhood and con-
tinue for life. Tumor imaging [e.g., magnetic resonance
imaging (MRI) of the pancreas and pituitary] are recom-
mended every 3 to 5 years.99

As in MEN1, the MEN2 syndromes represent several vari-
ants of benign and malignant tumors, all of which, however,
show a high penetrance for medullary thyroid cancer (MTC),
a rare calcitonin-producing tumor of the parafollicular cells
of the thyroid gland.99 All MEN2 syndromes are caused by

TABLE 25.7. The revised Bethesda guidelines.

Tumors from individuals should be tested for MSI in the following
situations:
Colorectal cancer diagnosed in a patient who is less than 50 years 

of age.
Presence of synchronous, metachronous colorectal, or other 

HNPCC-associated tumors, regardless of age.
Colorectal cancer with the MSI-H histology diagnosed in a patient 

who is less than 60 years of age.
Colorectal cancer diagnosed in one or more first-degree relatives 

with an HNPCC-related tumor, with one of the cancers being 
diagnosed under age 50 years.

Colorectal cancer diagnosed in two or more first- or second-degree 
relatives with HNPCC-related tumors, regardless of age.

Source: By permission of A Umar, C Boland, J Terdiman, et al., Journal of the
National Cancer Institute 96:261, 2004.

colonic tumor for MSI are outlined in the Bethesda criteria
(Table 25.7) and include early age at onset (less than 50 years),
an individual with multiple primary cancers, and a family
history of colorectal and/or endometrial cancer.23,89 Of note,
tumors that are positive for MSI (MSI high) are characterized
by a better clinical outcome compared to tumors with low or
no expression of MSI.95 Newer assays include immunohisto-
chemistry staining of tumors using antibodies to the MLH1
and MSH2 protein products. Histopathologic features of
HNPCC-related colorectal cancer include mucinous or
signet-ring types, poor cellular differentiation, and peritu-
moral lymphocytic infiltration.96 The polyps that precede
cancer are more often villous with areas of high-grade dys-
plasia than sporadic polyps.93 Other rare genetic syndromes
associated with an increased risk for colon polyps and cancers
are Turcot syndrome, Peutz–Jeghers sysndrome, and juvenile
polyposis.

Management strategies for HNPCC are based on the
observed natural history of the diseases included in the syn-
drome. Because of the early age of onset of colorectal cancers,
it is recommended that annual screening colonoscopy be ini-
tiated by age 25, or 5 years younger than the youngest affected
individual in the family, and continued at frequent intervals
for known mutation carriers. Those relatives who have a 50%
chance of being a mutation carrier, but have not undergone
genetic testing, are recommended to begin colonoscopy every
1 to 2 years, starting between 20 and 30 years, and annually
after age 40. Because of the predominance of right-sided
tumors in HNPCC, flexible sigmoidoscopy is not a sufficient
screening tool. Because of the significantly increased risk for
endometrial cancer in women with an HNPCC mutation,
some form of screening of the uterus is recommended start-
ing at age 25, although the optimal screening tool is not
clear.93 Current options include annual transvaginal ultra-
sound or endometrial aspirates.97 Because of the high rate 
of metachronous tumors seen with HNPCC mutations
(25%–40%), subtotal colectomy with ileorectal anastomosis
rather than standard colectomy is recommended for individ-
uals at the time of diagnosis of colon cancer.93 As in the case
of BRCA1/2, oophorectomy (with hysterectomy) may be pre-
sented as an option for women with HNPCC.



germ-line mutations that activate the RET proto-oncogene,
located on chromosome 10q11.2, which encodes the RET
(rearranged during transfection) protein, a tyrosine kinase
receptor expressed in tumors of neural crest origin.101 RET
activates several downstream pathways involved in cell
growth, survival, and differentiation.102 MEN2A, which ac-
counts for 90% of all MEN2 cases, is characterized by MTC
in 90% of mutation carriers, unilateral or bilateral pheochro-
mocytomas, tumors of the adrenal chromaffin cells, in 50%
of carriers, and multicentric parathyroid tumors in 20% to
30%. MEN2B accounts for 5% of MEN2 cases and is charac-
terized by MTC, pheochromocytoma, and developmental
abnormalities including mucosal and intestinal ganglioneu-
romatosis, marfanoid habitus, neurofibromas, and medullated
corneal nerve fibers. MTC in MEN2b occurs at an earlier age
and is thought to have a more aggressive course. MTC in mul-
tiple family members (four cases or more) is the only mani-
festation of familial MTC (FMTC) and is thought to have a
more benign course. Other rare variants include MEN2A with
cutaneous lichen amyloidosis and MEN2A or FMTC with
Hirschsprung’s disease.

DNA sequencing for RET mutations is clinically available
and is indicated for all index cases and their at-risk relatives.
Approximately 2.5% to 7% of mutations in RET are spon-
taneous new mutations, and therefore, genetic screening is
recommended for all individuals with MTC, regardless of
family history. RET mutations exhibit a characteristic geno-
type–phenotype correlation, with specific mutations associ-
ated with each variant of the syndrome. Because C cell
hyperplasia is a precursor lesion to MTC, serum calcitonin
levels provide an excellent tumor marker, particularly to
monitor the tumor status of those diagnosed with MTC.
Primary prevention is recommended in mutation carriers,
however, with total thyroidectomy in childhood (before age 5
years in MEN2a and before 1 year in MEN2B). Pheochromo-
cytomas usually present at a later age than MTC (between 30
and 40 years) with intractable hypertension and/or hyper-
tensive crisis. Screening for pheochromocytoma is done by
measurement of plasma metanephrines or 24-hour urinary
catecholamines or metanephrines.99 Abdominal MRI is per-
formed to confirm the diagnosis in suspected cases. Prophy-
lactic adrenalectomy is not recommended because of the
dangers of adrenal insufficiency. Hyperparathyroidism may
present with hypercalciuria or renal calculi but is often
asymptomatic. MEN2-associated hyperparathyroidism is
managed in a manner similar to sporadic forms.

There are several other rare genetic syndromes associated
with cancer susceptibility, including basal cell nevus syn-
drome, von Hippel–Lindau syndrome, retinoblastoma, and
neurofibromatosis (see Table 25.1), which are described in
depth by Offit.1

Future Directions

The rapidly evolving insights into the molecular genetic path-
ways of carcinogenesis will have broad application to the
future of clinical oncology. The availability of predictive
genetic testing to extend beyond the small number of highly
penetrant genes will depend on the identification of an
increased number of low penetrant genes that alter suscep-
tibility to cancer in all individuals. Although the genes

involved in complex carcinogenic pathways are likely to have
a small individual effect on risk, their attributable risk can be
high because they affect a large segment of the population.

The relatively new field of molecular epidemiology is cap-
italizing on the existence of genetic polymorphisms to iden-
tify genetic clues of exposure to carcinogens or particular
vulnerabilities to carcinogens. Genetic variation in the
metabolism of carcinogens can alter response to environ-
mental carcinogens by changing the rate of metabolism of
procarcinogens or the catabolism of carcinogens. Genetic
polymorphisms can also result in DNA damage or alterations
in signal transduction pathways and represent an important
component to cancer susceptibility.103 In addition to their role
in carcinogenesis, genetic polymorphisms may also con-
tribute to treatment toxicities and are likely to explain why
some patients suffer severe adverse reactions to chemother-
apy and/or radiation therapy. Furthermore, drug-metabolizing
enzymes may also determine patterns of response in individ-
ual patients. A better understanding of the role of these poly-
morphisms and their complex interactions will ultimately
permit individualized estimates of risk and lead to targeted
prevention as well as therapeutic strategies.

The application of a genetic approach to cancer diagnosis
not only will lead to a better understanding of the patho-
physiology of cancer, it will also provide tools for more accu-
rate diagnosis and prognosis that will translate into more
appropriate and targeted therapeutic approaches. Microarray
technology is beginning to emerge as a powerful tool that
allows both qualitative and quantitative screening for
sequence variations in genomic DNA for thousands of genes
in a biologic sample. Current tools for diagnosing cancer rely
heavily on the histopathologic appearance of a tissue speci-
men, resulting in a limited classification scheme with inher-
ent tumor heterogeneity. Microarray technology has the
potential to create a taxonomy of tumors that will reflect
their molecular diversity.

Microarray technology is being applied in the area of
cancer prognosis to better classify tumors and to predict
outcome.104 The ability to create a genetic taxonomy for each
cancer will greatly enhance our ability to match patients 
to appropriate treatment regimens.105 In breast cancer, for
example, both the overexpression of HER2/neu and abnormal
p53 expression are associated with decreased survival. In
colon cancer, the presence of high-frequency microsatellite
instability in the tumor is associated with early age of onset,
a predominance of tumors in the proximal colon, increased
sensitivity to chemotherapy, and improved survival.

In addition to cancer prevention and early detection,
genetic status will provide clinicians with the possibility of
suitable, novel therapeutic options. Historically, cytotoxic
therapies have been designed to capitalize on the increased
cell proliferation rates generally manifested by cancer cells, a
feature also shared by many benign cells, thus resulting in sig-
nificant, dose-limiting toxicities. To improve the current
state of cancer treatment, therapies specifically designed 
to reverse the specific genetic defect(s) expressed by a tumor
are needed. The relatively new field of pharmacogenomics
applies genome-based technologies to identify genetically
determined targets for new drug development and to tailor
drug regimens and schedules to individual genetic profiles.106

Cancer treatment resistance, a major barrier to effective
therapy, is still poorly understood but is acknowledged to be
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largely attributable to gene expression variability. This is
another area where microarray technology will be applied to
stimulate progress in understanding cellular and subcellular
resistance mechanisms. These and other targeted therapeutic
advances likely represent the tip of the iceberg for rational
drug design and will be followed by gene-based strategies
using ribozymes, other growth factor receptor antibodies,
immunotoxins, signal transduction inhibitors, and antiangio-
genic molecules, to name a few.

Finally, as we move from the setting of single gene iden-
tification, the possibility of whole-genome screening looms
large on the horizon. The possibility of complete genomic
sequencing as a routine clinical test on every individual to be
used for predictive and preventive medicine will become fea-
sible as the work of the Human Genome Project proceeds.
However, its adoption as a part of routine medical practice
must consider the criteria for the adoption of population
screening on a public health basis. Widespread genetic screen-
ing for a disease should be restricted to those diseases that are
relatively common and serious, for which the natural history
is defined and consistent, and for which effective primary
and/or secondary prevention interventions exist. The associ-
ated gene(s) must be well characterized and accurately iden-
tified through existing detection methods. Genetic testing
must be relatively inexpensive, acceptable to the population,
and associated with pre- and posttest counseling. Genetic
screening for diseases that selectively affect a segment of the
population should be targeted specifically to that group and
not offered to the population as a whole. As we move into an
era characterized by genetic identity, ethical and social con-
cerns must be carefully considered.107

Conclusions

As the importance of cancer prevention and control grows in
recognition, cancer risk counseling services are becoming a
standard component of primary health care. Individuals are
becoming increasingly aware of the role of their family
history in their own personal cancer risk. The growing sophis-
tication in the process of risk identification, including the use
of genetic tests for cancer susceptibility genes, is stimulating
research to develop risk modification and cancer prevention
strategies. Several registries of high-risk families are being
assembled to provide prospective data on the epidemiology
and natural history of familial cancers and the effectiveness
of a variety of cancer control interventions. Optimal screen-
ing protocols for members of high-risk families are being
developed and evaluated. Long-term follow-up of mutation
carriers will help to define the spectrum of cancer risk, the
clinical course of hereditary cancer, and response to treat-
ment. Central to these research efforts are ongoing studies of
the short- and long-term effects of cancer risk counseling on
health behaviors and quality of life. Coincidental with this
are the many new educational initiatives to prepare health-
care professionals to become part of the cancer risk counsel-
ing team.
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Behavior Modification
Christopher N. Sciamanna

here is no question at this point in our medical knowl-
edge that health behaviors play a prominent role in
morbidity and mortality from cancer and other dis-

eases. The seminal paper by McGinnis and Foege “Actual
causes of death in the United States” in 1993 did a great 
deal to put health behaviors on the map as significant public
health problems. In their analysis, the authors concluded that
approximately half of all deaths are due to health behaviors.
The three most prominent behaviors in their analysis, tobacco
(19%), diet and physical activity patterns (14%), and alcohol
(5%), could be linked to more than one-third of all deaths in
1990.1 A reanalysis of the same question reached basically the
same conclusions using data from the year 2000.2 This chapter
takes a similar examination of the available evidence for the
most common health behaviors that are implicated as con-
tributing to cancer. We focus the analysis on tobacco use, diet,
physical activity, being overweight, and sun exposure, as each
is quite common and has been the subject of significant study.
For each behavior, this chapter discusses one or more cancers
with which the behavior is purported to be associated, yet 
the discussion focuses on behaviors, rather than cancers. For
each behavior, this chapter examines (1) the evidence linking
changes in the health behaviors to reducing cancer morbidity
and mortality, (2) the effectiveness of physician counseling 
as a commonly used method of behavior modification, (3) the
recommendations of professional groups regarding what indi-
viduals can do to improve these health behaviors, and (4)
methods for improving the quality of physician counseling for
behavior modification.

Efficacy of Risk Reduction

The contributions of adverse health behaviors to cancer mor-
bidity and mortality are substantial and well documented. A
World Cancer Research Fund panel estimated that 30% to
40% of all cancers are attributable to inappropriate diet, phys-
ical activity, and high body weight.3 In this section, we review
the evidence linking changes in several established cancer
risk behaviors to changes in cancer morbidity and mortality.
This review is not meant to be exhaustive, but intends to
review the most common cancers, primarily those for which
the most data exist.

Efficacy of Risk Reduction: Tobacco Use

There is a large body of evidence from prospective cohort and
case-control studies showing that many of the health risks of

tobacco use can be reduced by smoking cessation. As com-
pared with smokers, the excess risk of lung cancer decreases
sharply in ex-smokers after approximately 5 years since quit-
ting. Although an excess risk from smoking most likely per-
sists through life, the excess risk approaches that of a never
smoker after 15 to 20 years since quitting.4 After quitting, the
risk of oral, pharyngeal, and laryngeal cancers decreases,
approaching that of a never smoker in approximately 15
years.5,6 Also, within 2 years of quitting, the risk of pancre-
atic cancer decreases by approximately 50%.7–9

Efficacy of Risk Reduction: Diet

Differences in dietary intake are thought to account for
approximately 30% of cancers in Western countries, although
less in developing countries.10 Although many studies have
examined the association of different dietary components on
cancer risk, very few have examined the likely effect of chang-
ing the diet on subsequent risk or survival from cancer.

Early data showed that an increase in the polyunsaturated
fatty acid concentration in membranes stimulated the oxida-
tion of precarcinogens to reactive intermediates.11 The largest
study to date, however, a pooled analysis on roughly 350,000
women, found no association between replacing monounsat-
urated, polyunsaturated fats with carbohydrates on the inci-
dence of breast cancer.12 In this same study, a weak positive
association was identified between replacing saturated fats
with carbohydrates on breast cancer incidence. There is little
evidence linking dietary fat to the incidence of colorectal
cancer. A single large randomized trial, however, showed no
effect of a diet low in fat and high in fiber, fruit, and vegeta-
bles on the recurrence of colorectal adenomas.13

Fruit and vegetable intake is negatively associated with
incidence of many cancers, including those of the oral cavity,
esophagus, pharynx,14 stomach,15 colorectal region,16–18 lung,19

cervix,14 and kidney.14 Intervention trials, however, in which
fiber and fruit and vegetable intake have been augmented,
have failed to slow the recurrence of colorectal adeno-
mas.13,20,21 Similarly, a study of beta-carotene supplementation
failed to decrease the incidence of lung cancer.22 Similar to
other food groups, very little evidence exists to understand the
effect of changes of fruit and vegetable intake on cancer inci-
dence. The three studies that have examined increases in fruit
and vegetable intake, including the Polyp Prevention Trial as
mentioned previously, have not found decrease in the recur-
rence of colorectal adenomas.13,20,21 An ongoing randomized
trial, the Women’s Healthy Eating and Living Study, will add
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to our understanding of the effect of a diet high in vegetables,
fruits, and fiber and low in fat on breast cancer survival.23

Efficacy of Risk Reduction: Physical Inactivity

In the United States, fewer than half of adults attain recom-
mended levels of physical activity.24 There is conflicting 
evidence supporting a link between physical inactivity and
cancers of the prostate, endometrium, and lung,25 and there
have been no intervention trials showing a decrease in the
incidence or recurrence of any cancer. Furthermore, little 
evidence exists examining the effect of changes in physical
activity level on risk of cancer.

Efficacy of Risk Reduction: Alcohol Abuse

Nearly one-third of U.S. adults drink an excessive amount 
of alcohol.26 Excessive alcohol use appears to be associated
with cancers of the breast, oropharynx, pharynx, esophagus,
and liver.27–31 Little evidence exists examining the effect on
changes in alcohol consumption on the risk of breast or other
cancers. Two studies from Italy observed that, although stop-
ping smoking decreased the risk of laryngeal cancer within
only a few years, stopping drinking led to a much smaller
decline in laryngeal and esophageal cancer risk after more
than a decade.32,33

Efficacy of Risk Reduction: Overweight 
and Obesity

There is no end in sight for the epidemic of overweight and
obesity in the United States. In 2001, a national survey
observed more than 67% of adult men and 50% of adult
women to be overweight [body mass index (BMI) greater than
25), and of those an equal number of men and women (21%)
were classified as obese (BMI greater than 30).34 Although
overweight and obesity are associated with breast cancer inci-
dence, few studies have examined the effect of weight loss on
the incidence of cancer, which precludes any firm conclu-
sions.35,36 Although firm conclusions are not possible, some
evidence can be found in the Nurses’ Health Study, in which
women who gained more than 20 pounds from age 18 to
midlife doubled their risk for breast cancer, compared to
women who maintained a stable weight.37

Efficacy of Risk Reduction: Sun Exposure

Exposure to the sunlight has been implicated in the high inci-
dence of skin cancers, which most commonly include cuta-
neous melanoma, basal cell carcinoma, and squamous cell
carcinoma.38–40 There is no direct evidence, however, that 
personal sun protection behaviors can reduce the incidence 
of melanoma, and evidence that sun protection behaviors
modify the incidence of other skin cancers is mixed.41,42 For
example, a randomized controlled trial of daily sunscreen use
in a general population in Australia showed no effect on risk
of basal cell carcinoma over 5 years of intervention and
follow-up.43 Another randomized controlled trial, however, of
sunscreen applied daily to the head, neck, hands, and arms
reduced the number of new squamous cell carcinomas over a
5-year period.44 A third randomized trial observed that sun-
screen use decreased the incidence of, and increased the
regression rate of, solar keratoses.45,46

Effectiveness of Physician Counseling

This section highlights the evidence, and the strength of 
that evidence, regarding the efficacy of physicians in 
bringing about changes in health behaviors (intermediate 
outcomes) and in changing cancer incidence or survival (distal
outcomes).

Effectiveness of Physician Counseling: 
Tobacco Use

Of all the health behaviors, the most agreement exists regard-
ing the efficacy of physician counseling. Several well-
designed randomized controlled trials have established that
physician counseling helps smokers quit.47 Providing self-
help brochures without clinical advice has limited efficacy,
but physician advice alone can increase quit rates by as much
as 10%.48,49 Cummings and colleagues observed that train-
ing internists for 3 hours and providing self-help books to
smokers increased smoking cessation rates by approximately
2%.48 The 1996 and 2000 Clinical Practice Guidelines contain
a summary of this evidence.47,50 The guidelines emphasized
the role of (1) identification of smokers in practice, such as
using smoking as a “vital sign,”51 (2) physician advice to quit,
and (3) the use of medications to assist smokers in their quit-
ting attempts. Several studies have also shown that feedback
about smoking-specific risk factors such as pulmonary func-
tion and carbon monoxide testing by physicians can double
smoking cessation rates.52–54

Effectiveness of Physician Counseling: Poor Diet

There is inconclusive evidence that physician counseling can
lead to dietary changes.55–59 In one such study, physicians gave
patients a self-help booklet and a brief motivational message,
which led to significant changes in the intake of fat and fiber,
compared with a usual care comparison group.56 Most studies,
however, have included several hours of physician education
and training on diet counseling, as other studies have shown
that physicians receive little training on diet and may often
not be aware of the effect of dietary modifications.60–63 Similar
studies have observed that brief training of physicians can
lead to changes in blood cholesterol,64 saturated fat intake,65

and fruit and vegetable intake.55 Some studies, however, have
found no effect of physician counseling, and many primary
care-based studies have also employed office systems, 
computer-tailored print messages, and counseling by nutri-
tionists and nurses, which make it difficult to understand the
independent effects of physician counseling.55,57,65–67

Effectiveness of Physician Counseling: 
Physical Inactivity

There is inconclusive evidence that physician intervention
counseling can also lead to changes in physical activity, as
studies have shown the effects to be mixed.57,68–72 A 2002
review by the United States Preventive Services Task Force
identified only eight studies on which to base their conclu-
sion.73 Most studies have tested low-intensity interventions
such as 3 to 5 minutes of counseling in a routine outpatient
visit and included several hours to several days of provider
training. In some of the studies, the patients completed a self-
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report tool on physical activity levels or answered questions
from a validated survey in the office waiting room or at home.
In many of the studies, a research assistant or nurse con-
ducted a baseline assessment and placed it in the chart for the
physician to use during the clinical encounter. As such, it is
difficult from many of the studies to understand the inde-
pendent effects of physician counseling. In the six studies that
compared an intervention condition, including physician
counseling to a usual care control group, the effects on phys-
ical activity were mixed. Only one of the studies met all the
methodological criteria for a quality rating of “good.”73 The
U.S. Preventive Services Task Force (USPSTF) study found the
available evidence to be inconclusive.73

Effectiveness of Physician Counseling: 
Alcohol Abuse

There is a reasonable amount of evidence that physician
counseling can decrease drinking in patients who abuse
alcohol. At least three randomized trials have been con-
ducted, all showing that counseling led to a decreased amount
of drinking.74–76 In one such study, providers were trained to
provide a brief (5 to 10 minutes) counseling intervention, and
an office support system was used that screened patients and
cued providers to intervene, in addition to making patient
education materials available.76 The intervention led to a
decrease of 5.8 drinks per week compared with a usual care
condition.76,77 Two other large studies showed decreases in the
range of 10 drinks per week in the intervention condition,
compared to the control condition.74,75 Although not all
studies have shown positive effects,78 two meta-analyses have
shown that brief interventions, typically conducted by physi-
cians, are effective at decreasing alcohol intake among heavy
drinkers in outpatient settings.79,80

Effectiveness of Physician Counseling: 
Overweight and Obesity

There is inconclusive evidence about the effects of physician
counseling to help patients lose weight.65,81–85 In one such
study, physicians counseled patients and incorporated meal
replacements and nurse visits, which led to losses of approx-
imately 4% of body weight, equal to the effects of two nutri-
tionist-led intervention conditions.81 There have been few
studies, however, and many studies that showed an effect 
on weight loss were actually designed to improve dietary 
patterns, such as decreasing saturated fat intake.64,65,86 A
significant barrier to physician counseling for overweight 
and obesity is the apparent complexity of counting calories,
which is the basis of all weight loss recommendations.87

Training programs have been developed and user-friendly
reminder cards have been developed, but many barriers
remain and conclusions based on the available evidence are
difficult to make.87,88

Effectiveness of Physician Counseling: 
Sun Exposure

Very little evidence exists to understand the effects of physi-
cian counseling on sun protection behaviors. At least one
intervention has been shown to increase healthcare provider
counseling, but the effects of physician counseling on

patient’s use of sun protection behaviors or on subsequent
development of skin cancer is not yet known.89 A randomized
trial of a community-based, multiintervention program,
including office-based counseling by physicians, showed that
the intervention increased sun protection behaviors in the
intervention towns.90 More parents recalled receiving advice
to use sun protection behaviors in the intervention towns,
giving some indirect evidence that the increased use of sun
protection behaviors was due to more physician counseling.
The United States Preventive Services Task Force concluded,
in October 2003, that there was insufficient evidence to rec-
ommend for or against routine counseling by primary care
clinicians to prevent skin cancer.91

Recommendations of Professional Groups

This section attempts to summarize the recommendations,
including the similarities and differences, of recommenda-
tions from guidelines published by professional groups, such
as the USPSTF, American Lung, American Heart, and health
insurance companies, regarding the expected standards of care
and reimbursement for behavioral counseling.

Recommendations of Professional Groups: 
Tobacco Use

Professional groups are in broad agreement that tobacco 
use in any form and in any amount is not safe and should 
be discontinued. No safe level of smoking has ever been 
identified.10 Groups agree that tobacco use in the form of 
cigarette smoking, cigar smoking, snuff, and chewing are all
carcinogenic and should be discontinued.47,50,92,93 Professional
groups agree that physicians should advise their patients to
discontinue tobacco use and to use pharmacotherapy as
appropriate.47,50,92,93

Recommendations of Professional Groups: 
Poor Diet

Professional groups differ on some of the specifics of diet, but
generally recommend that patients limit the intake of high-
fat (especially saturated and trans-unsaturated fat) and 
high-sugar foods and eat a sufficient amount of fruits and veg-
etables (e.g., five or more servings) and whole grains. There
are differences, however, in the specifics. For example, the
United States Department of Agriculture’s 2000 “Dietary
Guidelines for Americans” suggests eating no more than 30%
of calories from fat, while the American Heart Association
suggests eating between 25% and 35% of calories from fat.94,95

The American Cancer Society guidelines, released in 2002,
are less specific but generally recommend the same above
changes as other groups.96

Recommendations of Professional Groups: 
Physical Inactivity

Professional groups generally agree that physical activity is
an important part of staying healthy. The American College
of Sports Medicine and the Centers for Disease Control
released joint recommendations in 1995, suggesting that most
Americans could benefit from regular physical activity,
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defined as at least 30 minutes of moderate or vigorous activ-
ity on most, or at least 5, days of the week.97 These recom-
mendations have not changed in any significant manner since
1995. The 2002 American Cancer Society Guidelines are 
consistent with these recommendations.96 The USPSTF also
recommends that lower amounts of vigorous activity, 
20 minutes for 3 days each week, are acceptable levels of
activity.73,98

Recommendations of Professional Groups: 
Alcohol Abuse

Recommendations for alcohol use differ in several ways
between organizations, mainly based on the group toward
which the recommendations are targeted. No safe level of
alcohol intake has been identified, as the epidemiologic
studies typically compared high versus low intake, rather
than examining a possible threshold effect.27 Given the data
supporting the cardiac benefits of moderate alcohol and the
effects of alcohol on blood pressure, the American Heart
Association recommends a limit of one drink per day for
women and a limit of two drinks per day for men.99 The
American Cancer Society is less specific, noting only “if you
drink alcoholic beverages, limit consumption.”96

Recommendations of Professional Groups:
Overweight and Obesity

In the year 2000, the National Heart, Lung and Blood Insti-
tute, in partnership with the North American Association for
the Study of Obesity, released “The Practical Guide: Identifi-
cation, Evaluation and Treatment of Overweight and Obesity
in Adults.”100 These guidelines defined a healthy body weight,
based on the body mass index (BMI) [weight in kilograms/
(height in meters)2] between 18.5 and 25.0.100 According to
these guidelines, individuals are considered to be overweight
if the BMI is between 25 and 30 and obese if the BMI is greater
than 30.100 The guidelines contain specific recommendations,
including thresholds for considering various weight loss
methods, such as caloric restriction, physical activity, med-
ications, and surgery. These BMI recommendations are con-
sistent with those of the American Heart Association,101

which also recommend that children and adolescents main-
tain a BMI less than the 85th percentile, according to age-
appropriate growth charts. The American Cancer Society
guidelines are less specific, suggesting to “maintain a health-
ful weight throughout life,” “balance caloric intake with
physical activity,” and “lose weight if currently overweight or
obese.”96

Recommendations of Professional Groups: 
Sun Exposure

The American Cancer Society,102 the American Academy of
Dermatology,103 the American Academy of Pediatrics,104 and
the American College of Obstetricians and Gynecologists105

all recommend patient education about sun protection behav-
iors (SPBs), such as sun avoidance, clothing, hats, and 
sunscreens. The American Academy of Family Physicians
recommends sun protection for all with increased sun expo-
sure.106 The American College of Preventive Medicine
(ACPM) concluded that sun-protective behaviors are probably

effective in reducing skin cancer but that the evidence does
not support physician counseling about SPBs with every
patient.107 ACPM concluded that evidence does not support
advising patients to use chemical sunscreens and that their
use may actually increase the risk of malignant melanoma.108

Improving the Quality of Physician
Counseling for Behavior Modification

Although little direct evidence exists from randomized trials
to inform us of the best ways to counsel patients to modify
health behaviors, much can still be learned and applied from
the available evidence. The way that a doctor communicates
with a patient has a strong influence on patient satisfaction
and patient adherence. There are several communication pat-
terns in particular that appear to lead to positive outcomes.
First, patients whose physicians encourage them to partici-
pate actively in their medical treatment decisions have
improved health outcomes.109–112 Second, building rapport,
through a discussion of psychosocial issues that help the
physician understand the “whole person,” is associated with
improved patient satisfaction and adherence to physicians’
recommendations.113,114 Third, providers who support moti-
vations that are initiated by patients, also known as being
“patient centered,” have patients who are more satisfied with
their care and who take a more active role in their care and
have better outcomes.110,114,115 Regardless of the interaction,
these communication patterns are best to employ whenever
possible. This is particularly true of health behavior counsel-
ing, which can be stressful for both the doctor and the patient,
given patient resistance to change and the overall low likeli-
hood of success of behavior change.

A commonly used framework for organizing brief behav-
ior counseling is the “5 A’s”116,117: “Address the Agenda,”
“Assess,” “Advise,” “Assist,” and “Arrange.”47 We try to
highlight these five activities and the previously mentioned
communication patterns in a case study, adapted and
reprinted with permission.63 This case study is related to diet,
but the process (the 5 A’s) are the same for changing any
health behavior.47,117–119

Case

Mrs. R is a 55-year-old woman whom you have seen in your
practice for the past 3 years. She has a history of previous
cholecystectomy, and had a stage 2 infiltrating ductal carci-
noma of the breast treated 2 years ago. She also has high blood
cholesterol with the following profile 1 month ago: total 
cholesterol = 255, LDL = 176, HDL = 48, triglycerides = 155.
She has no hypertension, no diabetes, no family history of
myocardial infarction, and a BMI of 29. She is returning today
to discuss the results of her lipid profile.

1. Address the Agenda:
Express the desire to talk about the patient’s eating habits.
For example, “I’d like to talk with you about how you are
eating, because it can affect your blood cholesterol, your
weight, and may affect the chance that your breast cancer
returns.” Sometimes, behavior modification discussions
can seem as if they come out of nowhere—this helps to
get it on the table in a friendly way that makes no assump-
tions as to the quality of their diet.
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2. Assess:
a. Behavior level
Before giving nutrition advice, you need to know the
patient’s current eating pattern. Just because someone has
high blood cholesterol or is overweight does not neces-
sarily mean that they eat the wrong foods. It is difficult
to accurately assess someone’s diet with a question or set
of questions. One approach is to ask patients to describe
their dietary pattern with a question such as “What do
you eat in a typical day?” However, there are several
formal written self-assessments that patients can com-
plete in the waiting room that provide more detailed infor-
mation to help you understand what changes, if any, are
needed.88,120–124 One specific example is “Rate Your Plate,”
developed by researchers at the Center for Primary Care
and Prevention (CPCP) at Memorial Hospital of Rhode
Island. This instrument assesses eating patterns by asking
about 21 food habits (e.g., intake of meat, milk, sweets,
etc.).88,124 This tool can be used for counseling and goal
setting as well as assessment and has accompanying
patient education materials.

Based on your diet assessment, you learn that Mrs. R.
eats a diet high in saturated fat (e.g., fatty cuts of red meat
several times a week, cheese daily, high-fat snacks and
desserts daily), and eats fewer than two servings of veg-
etables and fewer than two servings of fruits each day.
Given the possible link between dietary fat and breast
cancer, it seems prudent to counsel Mrs. R about decreas-
ing her dietary fat to lower her risk of breast cancer recur-
rence. In addition, her cholesterol is high, so there may be
more than one behavioral target for dietary counseling. It
is important to discuss the results of the diet assessment
with her as it will form the basis of much of the behav-
ioral counseling to follow.
b. Readiness to change

• “Have you thought about changing your diet at all?”
• “How much do you want to change your diet right

now, on a scale of 1 to 10?”
An open-ended question such as the first will often

lead to an eye-opening discussion about the patient’s atti-
tudes toward behavior change, their experience with past
behavior change, and their plans for future behavior
change. A closed-ended question such as the second can
also be useful and can be later followed up by asking
“What would make you more ready to change your diet
right now?”
c. History of change efforts

• “Have you ever tried to cut down on the amount of
fat you eat?”

• “What was that like?”
Behavior change is a process where repeated trial and

error provides the learning necessary to change for good.
If you find that, for example, the patient ate lower-fat
snacks and desserts for 6 months, you should congratulate
them (build their confidence), and ask how they did it  and
what led to them to change back to higher-fat choices. If,
for example, the patient went back to eating more fatty
snacks and sweets after the holiday season of eating out 
at parties and restaurants, this is a great chance to do
problem solving and help them overcome a barrier that
could impede their progress toward a healthy eating
pattern.

d. Knowledge of risks
• “What do you know about the link between what

you eat and breast cancer?”
• “I see that your cholesterol is high. What do you 

know about how your eating habits can affect your 
cholesterol?”

Nutrition knowledge varies widely. Data from 1994
showed that 60% of people knew about the dietary
fat–heart disease link, although less than 10% knew about
the saturated fat–heart disease link.125 The recent empha-
sis on dietary fat restriction has covered up the important
differences between types of fat, and this is a chance to
make those clear. In counseling, every opportunity to per-
sonalize the message to the patient should be taken, so
including a discussion about cholesterol and weight, two
issues specific to Mrs. R, is very useful.
e. Reasons for changing or maintaining behavior.

• “What are the positive (negative) things about the
way you eat now?”

• “What are the positive (negative) things about
making a change in your eating habits?”

Understanding the patient’s attitudes and motivations
are important. Mrs. R may have had a brother who had
been diagnosed with heart disease or another incentive for
changing her diet that you could not have imagined but
is critical to her. Many people are aware that they have
unhealthy eating habits but are ambivalent about it.
Allowing them to discuss both sides of the issue can help
them to convince themselves to change, but it can also
uncover barriers to changing (e.g., someone who eats
many meals away from home) or opportunities to chang-
ing (e.g., has trouble affording cholesterol medications)
that may not have been revealed otherwise. Letting the
patient discover these issues is much more powerful than
preaching them yourself.

3. Advise:
• “As your doctor, I need you to know that reducing 

the fat, saturated fat, and calories you eat is important
for your health because it will help you decrease 
your cholesterol, maintain a healthy weight, and 
may decrease the chance that your breast cancer
returns.”

Strong, clear, and personalized advice is best.47 Per-
sonalizing the message plays to the strengths of the clin-
ician who knows the patient and his or her medical
history well. Given the frequency of diseases related to
diet, most patients in adult practice will have a specific
reason for changing their diet.

4. Assist:
a. Offer to correct misunderstandings and provide new

information.
• “Would you like to talk about food choices that

would be better for your health?”
The above quote may seem too passive for many

physicians, but it helps to keep the focus of the counsel-
ing on the patient instead of on the physician. Although
the word physician means teacher, you must first know
whether you have a willing pupil in front of you. If the
answer is “yes,” you may use it as a chance to explain the
differences between saturated and unsaturated fats and
how replacing high-fat snacks and sweets with lower-fat
substitutes or using vegetable oils such as canola or olive
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oil, or liquid or tub margarine, would be better choices
than butter or stick margarine. If they say “no,” then this
may not be the right time for a detailed discussion.
Keeping the door open for future discussions then
becomes the goal.
b. Express empathy

• “It’s understandable that you might not want to take
steps to change right now.”

• “Changing your diet can be very difficult.”
Empathy is one of the most critical skills toward

building a strong doctor–patient relationship.110,114 Some
people believe that empathy may give the patient an “easy
way out”; that is, if you prepare them for the possibility
of failure, they will fail. If Mrs. R tries to change her eating
habits, and fails, she may feel uncomfortable the next
time she comes to see you or might cancel her appoint-
ment altogether. This discomfort is a barrier to the ther-
apeutic doctor–patient relationship. Empathy for the
human condition and the difficulty of behavior change is
a part of successful behavior counseling.
c. Address barriers to change.

• “What might make it difficult for you to eat less
fat?”

• “Can you think of ways to overcome your craving 
for sweets, or choose sweets that may be lower in 
fat?”

Problem solving is a critical part of behavior change,
either done at home or with the doctor in the office. Two
important skills in problem solving are to identify two
types of barriers to making the change: (1) attitudes that
maintain the problem behavior (e.g., “I don’t like vegeta-
bles”) and (2) triggers, that is, situations or feelings that
lead to the problem behavior (e.g., “When I go out to
dinner, I always eat too much.”). After helping to identify
the problems, discuss ways that the patient may over-
come the barrier. It is not critical that you have all the
answers: remember that the patient has many of them. In
this capacity, the physician may serve as a “facilitator”
rather than a “lecturer.” People who have more positive
attitudes about dietary change or who feel more confident
about dealing with their triggers are more likely to go on
to change their behavior and, ultimately, to succeed in
making behavior changes.
d. Consider smaller steps toward the ultimate goal

• “It is difficult to make big changes in how you eat
all at once. Can you think of any small changes you
can make now?”

This is especially true for people who are not ready to
change. For them, simply thinking about the reasons they
have for changing would qualify as a step forward, as they
are most likely still defending their habits. For someone
like Mrs. R, with five separate behaviors to consider for diet
counseling alone (meat, cheese, sweets, fruit and vegetable
intake, and calorie intake), focusing on more than one
behavior may be counterproductive. Encouraging more
fruits and vegetables is often a good first step, as this is a
positive change rather than a sacrifice. Increases in fruits
and vegetables can lead to decreases in other higher-fat
foods such as sweets and meats. Be as specific as possible:
“How do you think you could eat more fruits and vegeta-
bles?” For example, eating a larger portion of vegetables at
dinner, adding a fruit at breakfast and for a snack, etc.

e. Make goal(s) clear
• “Now I’d like us to set a goal for what you will do

before you see me again. From what you have told
me, you are going to add fruit to your breakfast, eat
fruit for a snack, and eat a larger portion of vegeta-
bles at dinner. Does that sound like a reasonable
goal?” Again, be as specific as possible, so the next
time you see the patient, you’ll know exactly where
to start and won’t have to go through a lengthy
assessment a second time. You’ll be able to say:
“When I last saw you, you agreed to work on adding
a serving of fruit to your breakfast, eat fruit for a
snack, and eat a larger portion of vegetables at
dinner. How did that go?” In addition, when the goal
is clear, you can give targeted patient information,
instead of a generic guide to healthy eating. The
patient will be more likely to listen, believing that
it is more specific to their situation.

f. Refer interested patients
• “It seems that you’re eating too much saturated fat,

which may be the reason why your cholesterol is
high. First, I would like to help you try to improve
your eating habits, before I consider giving you med-
ications. Medications may have side effects and you
may have to take them for the rest of your life. A
nutritionist can really help you make changes in
your eating habits. Do you think you would be inter-
ested in seeing a nutritionist?” For patients who have
health problems that can be improved via a dietary
change, strong consideration should be given to
referral to a qualified dietitian. Given the fact that
many patients will not follow through with referrals,
asking about their interest in a nonjudgmental way
allows you to save time and keep the patient feeling
involved in the decision process.

5. Arrange follow-up:
a. Keep the door open for further dialogue.

• “Is this something you are willing to talk about 
again at your next visit?” Setting the stage for future
discussions is critical to maintaining a therapeutic
doctor–patient relationship. Repeated “doses” of
behavioral counseling are often necessary over
months or years and on a variety of topics aside from
nutrition. Thus, neither the patient nor physician
should view the counseling session as particularly
stressful. This approach also reminds patients that
they are an active member of their care team, thereby
encouraging autonomy.115

b. Schedule follow-up appointment or phone call to
further discussion.
• “Would you be willing to schedule another appoint-

ment to talk about how your dietary changes are
going and recheck your cholesterol?” Scheduling a
return visit will help the patient to understand the
importance of making dietary changes and, like a
student held accountable for homework, will encour-
age the patient to follow through on the goals set
above.

Providing counseling or advice to your patients takes
time, but it is worth the effort in helping your patient to
achieve better health as well as improving the doctor–patient
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relationship. Even if you cannot do everything this chapter
suggests, physician advice alone has been shown to be more
effective that no intervention at all,47 and these strategies are
likely to improve patient adherence and satisfaction.
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rain tumor imaging has four main goals, namely, 
evaluating lesion extent, estimating tumor grade, iden-
tifying associated complications, and defining a com-

prehensive differential diagnosis. It assesses the relationship
of the lesion to various brain structures and identifies 
associated findings, such as increased intracranial pressure,
impending herniation, hydrocephalus, hemorrhagic transfor-
mation, and mass effect. A comprehensive differential diag-
nosis is usually established based on the patient’s age, tumor
location, and specific imaging findings.

Cross-sectional imaging with computed tomography (CT)
or magnetic resonance imaging (MRI) is necessary for accu-
rate brain tumor characterization. Plain film imaging has vir-
tually no role. Before the advent of CT scan and MRI, imaging
techniques, such as pneumoencephalography and plain film
X-rays of the skull, were the only options for neurosurgeons
in the preoperative evaluation of brain tumors. Cross-
sectional imaging has significantly facilitated the task of pre-
operative evaluation and planning of brain tumor surgery.

Computed Tomography

Since its introduction in the 1970s, CT has enjoyed wide
application within all the radiologic subspecialties. In fact,
CT has effectively replaced conventional tomography and
many other radiologic procedures (e.g., lymphangiography
and pneumoencephalography). CT has undergone major
changes in the past few years, with incremental improve-
ments in hardware and software technologies, including
refinement of spiral CT systems, overcoming limitations. In
a typical modern spiral or “helical” CT scan, instead of
obtaining data using sequential single exposures by moving
the gantry, the patient is moved through a rotating, continu-
ous fan-beam exposure, and a block of data in the form of a
corkscrew or helix is obtained.1 Improvements, such as the
introduction of higher heat capacity X-ray tubes, subsecond
X-ray tube rotation times, detector technologies, and real-
time image reconstruction computer hardware and software,
transformed CT scan into a very fast, large-volume, multi-
beam acquisition technology.

CT, however, currently plays a limited role in brain tumor
imaging. Its availability in the emergency department makes
it the first-line technique for evaluating patients presenting
with signs and symptoms of increased intracranial pressure,
seizures, and other neurologic symptoms that could be caused
intracranial neoplasms. Inevitably, if a tumor is discovered on

CT, the patient will need further imaging, usually with 
contrast-enhanced MRI for adequate evaluation. Patients
with contraindications to MRI, such as severe claustropho-
bia, a pacemaker, or severe obesity may have to undergo a
contrast-enhanced CT scan instead of MRI.

One of the advantages of CT is its ability to depict hem-
orrhagic and calcific findings, which could narrow the differ-
ential diagnosis of a detected lesion in certain cases (Figure
27.1). It also provides information about bony lesions, such as
metastatic disease to the skull and hyperostotic changes asso-
ciated with meningiomas. Detailed anatomy of the base of the
skull, provided by CT imaging, can provide precious infor-
mation in specific cases, such as intracranial extension of
nasopharyngeal tumors and metastatic disease. Currently, CT
is not routinely used in the evaluation of patients with brain
tumors either pre- or postoperatively, with few exceptions.

Magnetic Resonance Imaging

Magnetic resonance imaging has become the mainstay of
diagnosis in the evaluation of primary and metastatic brain
tumors. Unfortunately, MRI is very sensitive but not very
specific. Although it provides excellent anatomic detail, MRI
remains incapable of accurately grading tumors. Extension of
T2 signal abnormalities, involvement of the corpus callosum,
enhancement pattern, cortical involvement, intra- versus
extraaxial localization, mass effect, and the age of the patient
are some of the factors that allow the radiologist to narrow
the differential diagnosis of a brain lesion.

New techniques are constantly being developed to
increase the specificity of MRI. Among the most promising
of those new techniques are fast fluid-attenuated inversion
recovery (FLAIR) imaging, diffusion-weighted imaging (DWI),
perfusion imaging, and magnetic resonance spectroscopy
(MRS). Functional MRI (fMRI), diffusion tensor imaging, mag-
netization transfer (MT) imaging, and perfusion imaging with
arterial spin labeling are applied clinically only infrequently.

Fast Fluid-Attenuated Inversion Recovery 
(FLAIR) Imaging

FLAIR is an MRI sequence that produces heavily T2-weighted
images with cerebrospinal fluid (CSF) signal suppression by
employing a specific inversion pulse placed at the CSF null
point.2 Suppression of the CSF signal leads to better lesion-
to-CSF contrast, allowing better delineation of masses adja-

2
7

B



cent to ventricles and sulci (Figure 27.2); however, that is true
only for relatively large lesions, as small tumors may be lost
among the periventricular gliosis that appears bright on
FLAIR.3 Based on multiple studies, FLAIR was found to be
superior to both proton density (PD)- and T2-weighted images
in delineating intraparenchymal lesions. In a large prospec-
tive, blinded analysis, Maubon et al. evaluated 102 patients
with a multitude of neurologic presentations, including brain
tumors, using turbo spin echo (TSE), turbo FLAIR, and gradi-
ent and SE (GRASE) images. They found that FLAIR was sig-
nificantly superior to both GRASE and turbo SE for white
matter disease (P less than 0.05), superior only to TSE (P less
than 0.05) for vascular disease, but not superior to either 
gradient SE or TSE for tumors.4 Multiple descriptive studies
with smaller numbers of patients showed more encouraging
results: increased sensitivity of detection and better con-
spicuity of lesions using FLAIR sequences compared to T2-
weighted images,5 better appreciation of peritumoral edema,
and better definition between edema and tumor than T2-
weighted and proton density-weighted images.6 In a retro-

spective analysis including only 18 patients, Bynevelt et al.
found FLAIR to be superior for appreciation of the lesion (91%
of studies) and for demonstration of its margin (92%) and sug-
gested that FLAIR can replace PD- and T2-weighted spin-echo
imaging in radiologic follow-up of low-grade glioma.7 All
three studies, however, relied on the subjective evaluation of
the quality of images by different readers.

FLAIR imaging has also been used in the differentiation
of intracranial epidermoid from other pathologies, related
mostly to the incomplete signal suppression due to the pres-
ence of keratin and cholesterol crystals in epidermoids (Figure
27.3B). In a series of eight patients with a surgically confirmed
diagnosis of epidermoid, Chen et al. compared conventional
MR sequences with fast fluid-attenuated inversion recovery
(fast-FLAIR) and echo-planar diffusion-weighted (DW) MR
imaging. On fast-FLAIR imaging, the mean signal intensity of
epidermoid tumors was significantly higher than that of CSF
but significantly lower than that of the brain. The authors
concluded that fast-FLAIR imaging is superior to conven-
tional MR imaging in depicting intracranial epidermoid
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FIGURE 27.1. (A) Oligodendroglioma: nonen-
hanced computed tomography (CT) scan showing
left frontal hypodense mass with calcifications. 
(B) Intradiploic epidermoid cyst: nonenhanced CT
scan showing bony erosion and expansion.

FIGURE 27.2. (A) T2-weighted and (B) fast fluid-
attenuated inversion recovery (FLAIR) image of 
left frontal lobe anaplastic astrocytoma. FLAIR
delineates the tumor border more clearly as a 
result of inherent cerebrospinal fluid (CSF) signal
suppression.



cysts.8 Similar results confirming the superiority of FLAIR to
other sequences in the evaluation of epidermoid cysts were
reached by Ikushima et al.9

A recent application of FLAIR imaging is the evaluation
of leptomeningeal spread of tumors, whether primary or
metastatic. High signal intensity in the sulci and fissures 
is suggestive of tumor involvement (Figure 27.4A). In one

study evaluating 70 patients with cytologically proven lep-
tomeningeal metastases, FLAIR imaging was found to have a
sensitivity of only 34% for disease detection, compared to
66% for gadolinium-enhanced MR10 (Figure 27.4B). So,
although FLAIR can help support the diagnosis, it alone
cannot be used for the exclusion of leptomeningeal metas-
tases, and contrast-enhanced T1-weighted imaging remains
essential for that diagnosis. Contrast-enhanced FLAIR
imaging, on the other hand, can improve detection of lep-
tomeningeal disease in pediatric patients when compared 
to routine contrast-enhanced T1-weighted imaging, partly
because of suppression of signal intensity from normal vas-
cular structures on the surface of the brain, allowing easier
visualization of abnormal leptomeninges.11 That study,
however, was limited by the small number of patients with
a history of medulloblastoma (n = 6).

The lack of definite proof of the usefulness of enhanced
FLAIR images has hampered the routine implementation of
this sequence in the clinical evaluation of brain tumor
patients.

Diffusion-Weighted Imaging

Diffusion-weighted imaging (DWI) relies on the detection of
the Brownian motion of water molecules between the intra-
cellular and extracellular spaces in the brain. Such motion
through tissue is a random event, the speed and direction of
which is dictated by the presence of barriers such as macro-
molecules, cell membranes, and cellular organelles. Contrast
is generated on DWI through background suppression and
changes in signal intensity between images obtained at dif-
ferent gradient strengths (b values) that are sensitive to dif-
fusion. Apparent diffusion coefficient (ADC) maps are then
generated as the slopes of the lines derived from plotting the
natural log of the signal intensity (SI) versus gradient strength.
These apparent diffusion coefficient maps are essential for the
visual evaluation of diffusion because the signal intensity (SI)
of DWI is prone to T2 shine-through effects from heavy T2

weighting. ADC maps are independent of T1 and T2 effects,
with decreased ADC values indicative of decreased diffusion.3

DWI has been evaluated for its potential in the differen-
tiation of necrotic brain tumors from abscesses, of infiltrat-
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FIGURE 27.3. (A) T2-weighted images, (B) FLAIR images, (C) diffu-
sion-weighted image (DWI), and (D) apparent diffusion coefficient
(ADC) maps of posterior fossa epidermoid cyst eroding the bone. Note
incomplete suppression of signal on FLAIR images and restricted dif-
fusion on DWI and corresponding ADC maps.

FIGURE 27.4. 10 year-old patient with leukemic
meningeal infiltration. (A) FLAIR shows increased
signal in the sulci at the brain convexity, more 
on the right side (arrowheads). (B) Corresponding
enhanced T1-weighted images show marked
meningeal enhancement compatible with the diag-
nosis of diffuse leukemic involvement.



ing tumor from vasogenic edema, and in tumor grading.
Resembling free water, necrotic or cystic portions of tumors
display high ADCs whereas abscess cavities, consisting of
necrotic debris, neutrophils, and bacteria, which impede free
water diffusion, tend to have low ADCs12 (Figure 27.5).
However, although Dorenbeck et al. found overlapping ADC
values between tumors and abscesses,13 multiple other
studies demonstrated the opposite. In a case-control designed
study, Guzman et al. found that the ADC values in patients
with brain abscesses were significantly lower than those in
patients with neoplastic lesions (P less than 0.05).14 Similar
confirmatory results were reached by other investigators.15–17

Besides the differences seen within the cystic/necrotic
portions, Chan et al. found that the tumor wall of cystic or
necrotic brain tumors had significantly lower ADCs relative
to those of the abscess wall (P less than 0.005).18

In a more quantitative study in which the authors calcu-
lated ADC values based on eight gradient (b) values, the speci-
ficity of DWI in differentiating tumor from abscess was 100%
using a threshold ADC value of 1.10 ¥ 10-3 mm2/s. Unfortu-
nately, those results cannot currently be applied clinically
because most available commercial systems calculate ADC
based on two b values only.19

Another application of DWI is the differentiation of epi-
dermoid tumors from arachnoid cysts, a classic diagnostic
problem on conventional MRI sequences. Because cysts
contain more free water than solid masses, they tend to have
more restricted diffusion and higher ADC values (see Figure
27.3C,D), which proved to be the case for arachnoid cyst
versus epidermoid, as proven in two preliminary studies.20,21

DWI was found to provide the best lesion conspicuity of 
epidermoid in comparison to FLAIR and conventional
sequences.8 By implementing both FLAIR (see foregoing) and
DWI, epidermoid and arachnoid cysts can be fairly easily dif-

ferentiated without cisternography, the previous clinical stan-
dard, in the majority of cases.3

The ability of DWI to differentiate between high- and low-
grade tumors has been evaluated by several groups. Sugahara
et al. found that the cellularity of a variety of histologically
verified gliomas correlated well with the minimum calcu-
lated ADC value of these tumors (P = 0.007) but not with the
signal intensity on T2-weighted images.22 They hypothesized
that the highly cellular (higher-grade) gliomas would have
smaller intercellular space than tumors of lower cellularity
and consequently would display lower ADCs; this is similar
to the case for lymphoma and medulloblastoma, both being
highly cellular CNS tumors and known to display low ADC
values.23 Further support for the utility of DWI in tumor
grading comes from the work of Bulakbasi et al., who evalu-
ated 49 patients with malignant tumors. They found that
ADCs were effective for grading malignant tumors (P less
than 0.001) but not for distinguishing different tumor types
with the same grade. In this study, high-grade malignant
tumors had significantly lower ADC values than did low-
grade malignant and benign tumors.24 Two more studies
further supported the previous results, showing that ADC
values are significantly higher in low-grade than in high-grade
tumors.25,26 As far as tumor extension is concerned, however,
DWI provided no clear advantage over the conventional
methods. ADC values could not separate high-grade gliomas
from surrounding edema.25,27,28

Perfusion Imaging

The most common MR perfusion imaging techniques exploit
the spin dephasing (T2*) effect from the passage of contrast
through the parenchymal capillary bed. The SI loss engen-
dered by the passage of gadolinium-based contrast enables cal-
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FIGURE 27.5. Enhanced T1-weighted
images, DWI images, and ADC maps of
(A) right parietal abscess and (B) left pari-
etooccipital glioblastoma multiforme
(GBM). Note restricted diffusion in the
abscess cavity (increased signal on DWI
and decreased signal on ADC maps) in A
compared to nonrestricted diffusion of
the necrotic tumor (decreased signal on
DWI and increased signal on ADC maps)
in B.



culation of contrast concentration within each pixel over
time, which in turn provides relative measurements of
regional cerebral blood volume (rCBV). Rapid imaging is nec-
essary to gather as much data as possible from the entire brain
during the first-pass of a bolus injection of gadolinium.3

Perfusion imaging likely reflects tumor angiogenesis, a
strong indicator of tumor grade. Studies employing perfusion
techniques with histologic correlation agree that high rCBVs
mean higher tumor grade (Figure 27.6). Specifically, rCBV cor-
related with areas highest in mitotic activity and vascularity
but not with areas of cellular atypia or high cellularity.29 Su-
gahara et al. found a significant correlation between rCBV
ratios of gliomas and vascularity of the tumors determined
both by angiography and histology (P less than 0.001).30 In a
series of 160 patients, Law et al. demonstrated increased 
sensitivity of detection of high-grade gliomas with rCBV
values when compared to conventional imaging only. They
also demonstrated a significant difference in the values of
rCBV between high-grade and low-grade gliomas (P less than
0.0001).31 Similar results were reached in three other
studies.32–34

Perfusion imaging has proved helpful in the preoperative
diagnosis of and differentiation between different brain
lesions. Recently, Hartmann et al. found significantly lower
rCBVs in primary CNS lymphoma (PCNSL) compared to
glioblastoma multiforme (GBM) (P less than 0.0001).35 Simi-
larly, low rCBV measurements were found in 17 patients with
gliomatosis cerebri, which is in concordance with the lack of
vascular hyperplasia found at histopathologic examination in
those tumors. The authors concluded that perfusion MR
imaging provides useful adjunctive information to conven-
tional MR imaging techniques in the evaluation of this rela-
tively rare but important entity.32 In the classic problem of
differentiating toxoplasmosis from lymphoma in patients
with acquired immunodeficiency syndrome (AIDS), rCBV
was decreased throughout the toxoplasmosis lesions whereas
all active lymphomas displayed areas of increased rCBV. The
difference in rCBV between those two entities was significant
(P less than 0.005). Reduced rCBV in toxoplasmosis lesions 
is probably due to a lack of vasculature within the abscess

compared to the hypervascularity of lymphomas, especially
within foci of active tumor growth.36

Finally, in a series of 51 patients, Law et al. found that
peritumoral rCBV values in high-grade gliomas were signifi-
cantly higher than in metastases (P less than 0.001). Mean
maximum rCBV in high-grade gliomas was also significantly
higher than in low-grade gliomas in a study by Yang et al.32

Whether perfusion imaging can be used to define tumor
borders remains an attractive concept to be investigated.

Magnetic Resonance Spectroscopy

Chemists have relied on nuclear magnetic resonance (NMR)
spectroscopy for 50 years for molecular structure elucidation;
magnetic resonance spectroscopy (MRS) is an in vivo 
extension of NMR. More than for structure determination,
however, MRS is applied in medicine to determine the con-
centrations of a relatively few metabolites that are altered in
disease. In MRS, the high-resolution morphologic imaging
capabilities of MR are sacrificed to provide metabolic data
that, in many cases, precede structural abnormality.3

Proton MRS is the most commonly applied technique 
for brain tumors because of the high natural abundance of
protons in tissue. For brain tumor proton spectroscopy, the
metabolites of interest include N-acetylaspartate (NAA),
choline (Cho), creatine (Cr), lactate, lipids, and certain amino
acids, such as alanine and succinate.37 MRS imaging (MRSI)
and chemical shift imaging (CSI) provide phase encoding of
spatial information and generate metabolite maps. Multislice
MRSI competes with single-voxel MRS, in which a small
portion of the lesion is interrogated rather than the whole
tumor volume, which is more easily implemented, with brief
imaging times (less than 10min/volume element, or voxel)
and commercially available software. Nevertheless MRSI,
with its smaller voxel size (less than 1cm3) and superior brain
coverage, is necessary for complete characterization of het-
erogeneous brain tumors.

The key metabolite in brain tumor MRSI is choline (Cho),
the underlying causes for the alteration of which remain con-
troversial. The majority of choline in the brain is, in normal
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FIGURE 27.6. (A) T2-weighted image of glioblas-
toma multiforme showing necrotic changes with
well-defined areas of abnormal signal intensity,
compatible with tumor, anterior, medial and pos-
terior to the cystic component as well as in the
right centrum semiovale. (B) Corresponding re-
gional cerebral blood volume (rCBV) maps show
marked increased values in the posterior compo-
nent (arrows) and in the wall of the necrotic tumor
(small arrowheads), suggestive of a higher-grade
component of the tumor.



conditions, bound to cell membranes, myelin, and complex
brain lipids. In pathologic conditions, Cho is thought to
reflect cell membrane, myelin, and lipid turnover, leading to
release of MRS-visible Cho.38 Cho is present primarily within
glia.39 Because malignant brain tumors are glial neoplasms, it
seems reasonable that Cho would be elevated within them,
as is usually reported (Figure 27.7). In fact, in one study by
Gupta et al., a statistically significant linear correlation
between tumor to contralateral normalized Cho signal ratio
(nCho) and cell density was found, although nCho did not sig-
nificantly correlate with proliferative index.40

Low NAA levels in brain tumors are believed to be the
result of the lack of neurons in what are essentially glial neo-
plasms (Figure 27.7). Increased lactate and lipids are found in
brain tumors, the former believed to be associated with high
tumor glycolytic rates and the latter caused by cellular break-
down and necrosis.3

Originally, MRSI was evaluated in the differentiation of
normal from neoplastic tissue and its impact on decision
making and surgical planning. Rand et al. found that the
prospective accuracy of MRSI in the nonblinded and retro-
spective accuracy in the blinded discrimination of neoplastic
from nonneoplastic disease were 0.96 and 0.83, respectively.41

However, preoperative diagnosis and grading remain the
goals of brain tumor MRSI. Despite the stunning results
obtained in one study in which Preul et al. accurately graded
90 of 91 brain tumors,42 most studies report such overlap as
to make spectroscopy of marginal utility for tumor grading.
In a study by Bulakbasi et al., MR spectroscopy could differ-
entiate benign from malignant tumors but was not useful in
grading malignant tumors. However, in the same study, ADC
values were effective for grading malignant tumors (P less
than 0.001) but not for distinguishing different tumor types
with the same grade, as previously mentioned. The authors
concluded that the two modalities can have a complementary
effect in the differentiation and grading of brain tumors.24

Law et al. proved that the combination of rCBV, Cho/Cr,
and Cho/NAA resulted in increased specificity for the detec-
tion of high-grade gliomas from 57.5% with rCBV alone to
60.0% with both modalities. No increased sensitivity, posi-

tive predictive value (PPV), or negative predictive value (NPV)
was achieved, however, when the MRS findings were com-
bined with perfusion.31 In a series of 176 patients, however,
Moller-Hartmann et al. were able to establish that the addi-
tive information of proton MRSI led to a 15.4% higher
number of correct diagnoses, 6.2% fewer incorrect, and 16%
fewer equivocal diagnoses than with structural MRI data
alone, in a multitude of pathologies, including brain tumors.43

Perhaps more clinically useful than tumor grading is the
role of MRS in the planning of guided biopsies. In 29 patients
in whom the preoperative metabolite levels were correlated
with the histologic findings, it was found that with abnor-
mally increased Cho and decreased NAA, biopsy invariably
was positive for tumor.44 Similar results were reached by
Martin et al.45

In the evaluation of tumor borders in 31 patients with dif-
fusely infiltrating gliomas, Croteau et al. tried to determine
a correlation between different proton MRS/I metabolic ratios
and the degree of tumor infiltration. They correlated the
metabolite ratios with the histopathologic analyses of biop-
sies obtained at the same location and found that the Cho to
normal contralateral Cr and Cho to normal contralateral Cho
ratios (Cho/nCr and Cho/nCho) were positively correlated
with the degree of tumor infiltration, whereas the NAA to
normal contralateral Cr ratio (NAA/nCr) was negatively cor-
related, for all tumor grades combined.46 The strength of this
study resides in the coregistration of the biopsy sites with the
metabolite values obtained from the same voxels. The poten-
tial of MRSI in the accurate delineation of tumor borders
requires further investigation.

Another use for MRSI is in the differentiation of primary
from metastatic brain tumors. In a recent study, a significant
increase in Cho concentration was found in both the peritu-
moral and tumoral regions of malignant gliomas, compared
with metastases. Similarly, a prominent difference in the
Cho/Cr ratio between gliomas and metastases (P less than
0.05) and elevated myo-inositol levels (MI/Cr) within the
enhancing foci of gliomas but not in the metastases were also
found (P less than 0.05). That study, however, was limited by
the small number of patients (22).47
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FIGURE 27.7. Patient with right temporal lobe
glioblastoma multiforme. Metabolite maps on the
right side are notable for increased choline (Cho) in
the lesion (circle). Note decreased N-acetylaspar-
tate (NAA) peak and marked increased Cho peak
in the right temporal lobe (upper spectrum) when
compared to the normal contralateral temporal
lobe (lower spectrum).



Functional Magnetic Resonance Imaging

The main use for functional magnetic resonance imaging
(fMRI) in neuroimaging has been for the noninvasive study of
brain activation. The most common fMRI method detects
signals based on the blood oxygen level dependence (BOLD)
effect. During brain activation, there is increased blood flow
to the area of activation, which appears to be a direct conse-
quence of neurotransmitter activity. Blood flow increasesover
a wider volume and to a greater extent than is necessary
simply to provide oxygen and glucose for increased metabo-
lism, so oxygen extraction decreases with greater neuronal
activity. Consequently, the ratio of oxygenated (diamagnetic
oxyhemoglobin) to deoxygenated (paramagnetic deoxyhemo-
globin) blood near the corresponding areas of neuronal acti-
vation will increase, resulting in lower T2* (dephasing) effect
and increased signal.48 Statistical techniques are employed or
baseline images are subtracted from images obtained during
activation to generate activation maps that are superimposed
on MR images.

In brain tumor imaging, fMRI is generally used for the pre-
operative localization of sensorimotor cortex, hemispheric
language dominance, and other eloquent (essential) regions,
locations that can be perturbed in the presence of a tumor.
Cerebral reorganization (plasticity) is defined as the capacity
of ipsilateral and contralateral brain regions to assume func-
tions that are normally assumed by the damaged brain. That

reorganization puts critical motor regions at risk if the stan-
dard anatomic techniques are used to locate motor cortex pre-
operatively. Functional MRI can preemptively locate that
reorganized cortex (Figure 27.8).

Neurosurgeons routinely perform cortical mapping intra-
operatively. Cortical mapping is just that; that is, it deter-
mines function only in the cortex, which is a peripheral brain
structure. Functional MRI can evaluate subcortical structures
in areas far removed from the limited amount of cortex that
is exposed and therefore available for intraoperative mapping.3

Functional MRI, however, is incompletely validated.
Good, but not perfect, correlation between fMRI and cortical
electrical stimulation has been demonstrated in several
studies.49,50 Studies comparing PET and fMRI have shown
much lower degrees of correlation, usually around 50%, with
some patients showing no correlation of activation between
the two techniques.51,52 Additionally, it remains unclear
whether nonactivated brain regions may be safely resected, in
part because of that spatial and temporal dispersion of blood
oxygen level changes. Schreiber et al. found that the BOLD
contrast can be reduced in the proximity of gliomas, but not
affected by nonglial space-occupying lesions, such as vascu-
lar malformations, leading to overinterpretation of the inter-
hemispheric reorganization in gliomas.53 Similar results were
reached by Holodny et al., who suggested that this could
result from loss of autoregulation in the tumor vasculature of
glioblastomas and venous compression.54
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FIGURE 27.8. Cerebral reorganization in right-
handed patient with right paracavernous menin-
gioma. Functional magnetic resonance imaging
(MRI) demonstrates that the task of reading words
activates superiorly displaced speech areas in the
right hemisphere. The patient was informed of the
risk of losing speech postoperatively.



Although fMRI is a noninvasive technique with high
spatial and temporal resolution, short examination time, and
wide availability, it will likely not replace intraoperative cor-
tical mapping.

Diffusion Tensor Imaging

Diffusion tensor imaging (DTI) is a magnetic resonance tech-
nique that is sensitive to the diffusion of water in brain tissue,
thus revealing the anisotropy and orientation of white matter
tracts in the brain. Myelin or protein fibers likely account for
diffusion anisotropy. Measurement of ADCs along six inde-
pendent axes of the tensor provides the shape of the diffusion
ellipsoid, that is, fully characterizes diffusion in three dimen-
sions. Mean diffusivity (MD) and fractional anisotropy (FA)
can be calculated for each pixel, representing the magnitude
and directionality of water diffusion within that pixel. Once
fiber direction is known in each pixel, a three-dimensional 
(3-D) map can be generated that depicts patterns of connec-
tivity throughout the brain. Display of the effects of mass
lesions on large nerve fiber tracts by DTI can be used for 
preoperative planning. Specifically, fiber mapping enables
visualization of subcortical fiber tracts that are important in
motor function.

Although many studies have demonstrated the usefulness
of diffusion tensor imaging in the delineation of tumor 
infiltration, vascularity, and cellularity55–57 (Figure 27.9), in
the differentiation between peritumoral edema and tumor
infiltration,58 and in the differentiation between metastasis
and primary brain tumors,59 more studies and well-organized
clinical trials need to be performed before fiber tracking can

be integrated into a neurosurgical planning system. Newer
techniques decreasing the time of acquisition and minimiz-
ing image distortion are being investigated60 and could help
in making diffusion tensor imaging applicable for routine
clinical practice.

Positron Emission Tomography and 
Single-Photon Emission Tomography

Positron emission tomography (PET) exploits the annihila-
tion of positrons and electrons into photons to achieve the
nuclear imaging analog of X-ray computed tomography (CT).
In the decay of a positron-emitting radionuclide, the positron
interacts with an electron, yielding two photons that travel
in (nearly) opposite directions. By detecting those photons in
coincidence, the projection data required for tomographic
reconstruction are obtained. 18F-Fluorodeoxyglucose (FDG) is
the most commonly used tracer in the clinic. Similar to
glucose, FDG is transported into cells by a glucose trans-
porter, but remains trapped within the cell, thus reflecting the
energy metabolism within tissues. Highly malignant brain
tumors usually show increased FDG uptake in comparison to
the surrounding brain parenchyma (Figure 27.10). However,
because of inherent limitations, such as low resolution and
high background glucose metabolism of normal gray matter
structures, 18F-fluorodeoxyglucose positron emission tomog-
raphy (FDG-PET) use is not a part of the routine diagnostic
evaluation of brain tumor patients. Other potential uses for
PET in brain tumor evaluation include grading, localization
for biopsy, differentiating radiation necrosis from tumor
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FIGURE 27.9. Fiber tracking in brain tumors
with diffusion tensor imaging (DTI). The three-
dimensional (3-D) relationship of the corona
radiata with the tumor can be clearly appreciated.
The corona radiata of the first patient (A) surrounds
the surface of the tumor because of mechanical
compression rather than infiltration. In the second
patient’s case (B), the trajectory of the corona
radiata was not changed. Instead, it projected into
the core of the infiltrative tumor. (From Mori et
al.,57 by permission of Annals of Neurology.)



necrosis, assessing response to therapy, predicting survival,
and assessing malignant transformation of low-grade gliomas.
In 47 patients with different brain tumors, the sensitivity of
FDG-PET for differentiating tumor from radiation necrosis
was 75% and the specificity was 81%.61 In another study
yielding even lower sensitivity and specificity values, the
authors concluded that the ability of 18F-fluorodeoxyglucose
positron emission tomography (FDG-PET) to differentiate
recurrent tumor from radiation necrosis is limited.62 FDG-
PET was found to be of prognostic importance in multiple
studies.63,64 However, in the assessment of response to
chemotherapy or radiotherapy, the role of FDG-PET remains
of limited clinical utility.65

Newer tracers such as methyl-[11C]-l-methionine (MET)
for measurement of amino acid transport and incorporation
and 18F-3-deoxy-3-fluorothymidine (FLT) for evaluation of
DNA synthesis, among others, seem to be promising in
further characterization of brain tumors; however, they
remain of limited clinical use currently.

The use of single-photon emission tomography (SPECT)
in brain tumors is limited. Thallium (Tl) is the most studied
radiotracer with the longest track record. Some studies have
shown a relationship between 201Tl uptake and tumor 
grade.66 Due to the overlap between tumor uptake and his-
tologic grades, 201Tl cannot be used as the sole noninvasive
diagnostic or prognostic tool in brain tumor patients.67,66

However, it may help in differentiating a high-grade tumor
recurrence from radiation necrosis. 99mTc-Sestamibi is theo-
retically a better imaging agent than 201Tl, but it has not con-
vincingly been shown to differentiate tumors according to
grade.68

Intraoperative Imaging and Navigation

Stereotactic Navigation

Rapid 3-D MR techniques that provide thin sections (1.5mm)
can be merged with a frameless stereotactic system to
improve the safety and accuracy of neurosurgical procedures.
Using this technique, the surgeon’s “view” is expanded to
include structures deep to the region that he or she is resect-
ing in real time. Accurate delineation of the boundaries of the
lesion is the goal with this technique, as the completeness of
resection is highly correlated with survival for both low- and
high-grade tumors. The usefulness and reliability of the

method was immediately recognized and allowed its wide-
spread use. In a large series of 325 cases, the use of the frame-
less stereotactic viewing system was associated with minimal
additional effort or time spent in setting up the procedure.
The system was found to be reliable, achieving a useful reg-
istration in 95.4% of cases.69 In another case-control study,
the impact of neuronavigation on glioblastoma surgery
regarding time consumption, extent of tumor removal, and
survival was evaluated, with and without the use of neuro-
navigation, in 52 cases and in 52 corresponding controls.
Radical tumor resection based on radiologic evaluation was
achieved in 31% of navigation cases versus 19% in conven-
tional operations. The absolute and relative residual tumor
volumes were significantly lower with neuronavigation.
Radical tumor resection was associated with a highly sig-
nificant prolongation in survival (P less than 0.0001). Survival
was longer in patients who underwent surgery using neuro-
navigation (median, 13.4 versus 11.1 months).70

Similarly, stereotactic techniques have improved the effi-
ciency of postoperative radiation of brain tumors. In stereo-
tactic conformal radiotherapy, a computer-generated plan
guides the use of a variable collimator to distribute the radi-
ation field in such a way that the tumor may receive a very
large dose, a surrounding area a moderate dose, and radiosen-
sitive structures a minimal dose of radiation.71

Problems arise with techniques that use preoperative
image coregistration, however, because the brain tends to
move during the procedure due to swelling or to the intro-
duction of air. Intraoperative acquisition of data sets elimi-
nates the problem of brain shift in conventional navigational
systems.

Intraoperative MRI Techniques

Intraoperative MR devices, either with an upright double
doughnut configuration or that require the patient to be
moved to a magnet adjacent to the operating suite, have been
developed to avoid potential image misregistration. Intraop-
erative MR techniques enable continual, near real-time visual
feedback during the procedure.3 In one study evaluating 38
patients with high-grade gliomas, intraoperative MR imaging
significantly increased the rate of complete tumor removal.72

Other uses for intraoperative MR, besides guidance to the site
of an abnormality, include minimization of the size of the
craniotomy, identification of adjacent structures, thus maxi-
mizing preservation of normal tissue, determination of the
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FIGURE 27.10. (A) CT scan, (B) 18F-
fluorodeoxyglucose positron emission
tomography (FDG-PET) scan, and (C)
fused CT and PET scan images of left
frontal lobe recurrent GBM. Note
increased FDG uptake in the periphery of
the necrotic mass (black arrows), com-
patible with tumor recurrence rather
than radiation necrosis. Note the pres-
ence of another focus of increased uptake
(white arrow) in the right parietal region
consistent with the diagnosis of multifo-
cal GBM.



completeness of tumor resection, and surveillance for intra-
operative complications.73,74–76

Postoperative Evaluation

The differentiation of tumor recurrence from radiation necro-
sis in patients with malignant gliomas who have been treated
previously remains a challenge. Multiple imaging modalities
were evaluated to address the problem, including FDG-PET,
MRS, and perfusion imaging, in view of the limitations 
of conventional MRI in these cases. FDG-PET has been 
traditionally used in the differentiation of recurrence from
radionecrosis. Sensitivities for detection of recurrent tumor
ranged from as low as 43% to as high as 86%.61,62,77,78 Lower
specificity values, however, were found, and most investiga-
tors considered the modality insufficient for the evaluation of
tumor recurrence.62,77

MRS/I is finding a niche in therapeutic monitoring and
has recently been applied with success to the classic problem
of differentiating recurrent tumor from radiation injury. In
one study (n = 56), a significant difference in metabolite ratios
(Cho/Cr and Cho/NAA) emerged between neoplastic and
nonneoplastic lesions after stereotactic radiotherapy.79 In
another prospective study involving 27 patients, MRSI spec-
tral patterns allowed reliable differential diagnostic state-
ments to be made when the tissues are composed of either
pure tumor or pure necrosis; however, these were less defin-
itive in tissues composed of varying degrees of mixed tumor
and necrosis.80 Perfusion imaging is also helpful in the prog-
nostic evaluation and postoperative follow-up of patients
with brain tumors. Although tumors that recur after radia-
tion therapy tend toward lower rCBV values than native
lesions, earlier diagnosis of recurrent tumor has been sug-
gested using perfusion imaging than with serial MR imaging
or with nuclear imaging techniques. In a series of 59 patients,
perfusion imaging (rCBV maps) was found to predict tumor
progression earlier than MR imaging in 32%, earlier than
201Tl-SPECT in 63%, and earlier than clinical assessment in
55% of the studies.81 Sugahara et al. evaluated 20 patients
with the diagnosis of recurrent tumor versus radionecrosis by
a combination of perfusion imaging and thallium single-
photon emission tomography (201Tl-SPECT). The rCBV values
overlapped between neoplastic and nonneoplastic lesions, and
the authors suggested that 201Tl-SPECT may be useful in
making the differentiation.82 In view of an improved spatial
resolution in comparison to SPECT and PET,83 perfusion MRI
is a promising technique that needs to be evaluated further
in clinical studies.

Conclusion

Clinical neuroimaging is undergoing a transformation from
the purely anatomic techniques of CT and MRI to those that
are functional, such as perfusion imaging and BOLD fMRI, as
well as to molecular imaging techniques including MRSI and
PET. Complementing the already widely available MR-based
methods, the advent of PET-CT and the likely emergence of
PET-MR suggest a prominent role for PET in functional brain
imaging in the near future. The ultimate goal of this work is
to combine multimodality and multiparametric imaging to

gain the most relevant physiologic information for diagnosis,
prognosis, and therapeutic monitoring of patients with CNS-
related cancer. An early goal is to define the true extent of
tumor infiltration within the brain, that is, that which
extends beyond that seen on conventional contrast-enhanced
MR images. The rational combination of the parameters dis-
cussed here will likely enable that definition in the short
term, with the potential to affect positively the way brain
tumors are currently treated, and ultimately survival, from
this now uniformly devastating disease.
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Breast Imaging
Wendie A. Berg

n this chapter, the current status of breast imaging for 
both screening and diagnosis is reviewed. Mammography
remains the standard for screening; however, moderate

evidence supports the use of ultrasound (US) or magnetic res-
onance imaging (MRI) for supplemental screening of certain
subgroups of women. Evaluation of a lump is highly accurate
when both mammography and US are used. For the patient
with nipple discharge, US appears to be an acceptable, non-
invasive alternative to ductography.

MRI and US also play a role in evaluating disease extent
in both ipsilateral and contralateral breasts. No imaging test
is sufficiently accurate compared to sentinel lymphadenec-
tomy to preoperatively identify metastatic nodes, although
US-guided fine-needle aspiration can confirm metastatic
adenopathy. Positron emission tomography plays a role in
restaging recurrent breast cancer.

Screening

The goal of screening is early detection that will alter the
natural history of the disease without harming healthy indi-
viduals. Such an intervention should also be cost-effective
and practical to implement. Tabar et al.1 retrospectively
examined the prognosis of breast cancers by histologic type,
grade, size, and node status in the Swedish Two-County trial.
Cancers were divided into those with good, intermediate, and
poor prognosis. Those with good prognosis showed 20-year
survival of 91%, compared to 72% for those of intermediate
prognosis and 40% for those with poor prognosis. “Good”
prognosis cancers had more than 90% 20-year survival and
included all ductal carcinoma in situ (DCIS) as well as node-
negative invasive cancers of small size: less than 20mm if
grade I invasive ductal, less than 15mm if grade II, less than
10mm if grade III, and less than 10mm invasive lobular.1 All
tubular cancers had good or intermediate prognosis.1 “Poor”
prognosis cancers were larger in size and node positive but
fundamentally of the same histology as those of good prog-
nosis. Mammographic screening shifts the distribution of
cancers toward those with better prognosis. In the Swedish
Two-County trial,1 50% of mammographic screen-detected
cancers had good prognosis and 18% had poor prognosis,
whereas 19% of clinically detected cancers had good progno-
sis and 47% poor prognosis.

A report commissioned by the United States Preventive
Services Task Force2 reviewed eight randomized, controlled
trials of mammography and two of breast self-examination

(BSE). The Edinburgh trial was excluded for reasons of lower
socioeconomic status and higher all-cause mortality in the
control group and the lack of masking when evaluating cause
of death. Across the seven remaining trials, in women 50
years or older, a 22% reduction in breast cancer mortality was
found among women screened [95% confidence interval (CI),
13%–30%] at 14 years of observation.2 In women 40 to 49
years of age, the summary risk reduction was 15% (95% CI,
1%–27%) at 14 years of observation.2

Cancer is detected in 5 to 7 of every 1,000 women on the
initial mammogram and in 2 to 3 per 1,000 on each incidence
(annual) screen,3–5 with the incidence increasing with advanc-
ing age.4 In one practice, cancer detection rates on screening
mammography were 6 per 1,000 when breast imaging spe-
cialists performed the interpretation and only 3.4 per 1,000
when interpreted by generalists.6

Some of the reduction in breast cancer mortality after the
introduction of mammographic screening is attributable to
improved treatments. In an analysis of population-based
service screening in Sweden, Tabar et al.7 reported a 16%
reduction in breast cancer mortality in the period 1978–1997
compared to the period 1958–1977 among women not
screened, by 44% in all women 40 to 69 years of age who were
screened with mammography, and by 48% in women 40 to
49 years of age who were not screened.

Randomized controlled trials have not demonstrated a
mortality reduction from breast self-examination (BSE). The
Shanghai trial of 133,000 Chinese women randomized to
receive instruction in BSE or not, found no difference in mor-
tality; indeed, women in the BSE group were 84% more likely
to undergo an unnecessary benign breast biopsy.8 Importantly,
the combination of clinical breast examination (CBE, by the
woman’s care provider) and mammography is more effective
in lowering breast cancer mortality than mammography
alone.9

Despite its effectiveness in reducing mortality from breast
cancer, mammography is less sensitive when the breast tissue
is dense. Breast density is classified into four categories10:
fatty (less than 25% dense); minimal scattered fibroglandular
density (25%–49% dense); heterogeneously dense (50%–74%
dense); and extremely dense (75% or more dense). Dense
tissue is especially common in younger women. Stomper et
al.11 reviewed mammograms from 1,353 women and reported
that approximately 62% of women in their thirties, 56% of
women in their forties, 37% of women in their fifties, and
27% of women in their sixties had at least 50% parenchymal
density on mammography. Kerlikowske et al.12 reported
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results on 27,281 screening mammograms and found the sen-
sitivity to cancer was 98.4% in women 50 years of age or older
with fatty breasts and 83.7% in dense breasts (P = 0.01). In
women under 50, the sensitivity was 81.8% in fatty breasts
and 85.4% in dense breasts (NS), although the numbers of
cancers were small.12 In women under 50 with a family
history of breast cancer, sensitivity decreased to 68.8%.12

Mandelson et al.13 reported sensitivity as low as 30% among
women with extremely dense breasts in a Seattle screening
mammography program. Among women with mutations in
BRCA-1 or -2, mammography depicts fewer than half of
cancers.14–17 Thus, in women with dense breasts, and partic-
ularly those at increased risk because of a family or personal
history of breast cancer or atypia, methods to supplement
mammography are sought.

Screening does not assure a benefit to all women.18 The
most aggressive cancers are often not detectable at screening
but have metastasized by the time they are clinically detected.
Detecting breast cancer when it is small and node negative
does not assure improved survival; some of these cancers will
still metastasize. Tabar1 noted that cancers manifested as
branching, casting calcifications were often lethal even when
less than 15mm in size at detection. Women treated for breast
cancer may still die of other causes; treatment can be unnec-
essary, particularly in older women as competing risks of
death increase. Such “overtreatment” may even increase all-
cause mortality.19,20 Without treatment, the majority of DCIS
will progress to invasive carcinoma, but this may occur over
a period of 20 years or more.21,22 Yen et al.23 analyzed the results
of the Swedish Two-County trial and estimate that at the first
(prevalent) baseline screen, 37% of DCIS is nonprogressive,

but at subsequent (incidence) screens, only 4% of new DCIS
would not progress. This finding suggests that “overtreat-
ment” may occur at the first (prevalent) screen with any given
screening test but would be uncommon if the test were per-
formed annually. In other words, cancers that are new on sub-
sequent (incidence) screens are almost always biologically
relevant. Randomized controlled trials with death as the end-
point are considered the gold standard for assessing the impact
of any screening modality on survival.24 Mammography is the
only screening test to date that has been shown to reduce
deaths due to breast cancer.

Supplemental screening with ultrasound (US) and mag-
netic resonance imaging (MRI), in addition to mammography,
are being considered, particularly in women with heteroge-
neously dense or extremely dense (hereafter referred to as
dense) breast tissue who are at high risk. Indeed, dense breast
tissue itself is an indicator of elevated risk of 1.8- to 6-fold,
averaging 4-fold across multiple series.25 As recently re-
viewed,26 in single-center studies of screening US totaling
42,838 examinations in average-risk women,27–32 150 cancers
had been identified (3.5 per 1,000 exams) only sonographi-
cally in 126 women (Table 28.1). Of 126 women with 
sonographically depicted cancers, 114 (90.5%) had dense or
heterogeneously dense parenchyma. Of the 150 cancers, 141
(94%) were invasive, and 99 (70%) were 1cm or smaller in
size. More than 90% were node negative. Although these
results are encouraging, these studies were not blinded to
results of mammography, and variable equipment, perfor-
mance, and interpretive criteria were used. Publication of
minimum equipment standards for breast US,33 as well as a
standardized lexicon for description of lesions and reporting
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TABLE 28.1. Summary of studies of screening breast ultrasound, biopsies prompted by US, positive
predictive value of biopsy, and prevalence of cancers seen only sonographically.

No. of biopsiesa No. malignant
Investigator N (%) (%)b Prevalence (%)

Gordon 199527 12,706 279 (2.2)c 44/279 (16) 44/12,706 (0.35)c

Buchberger28d 8,103 362 (4.5) 32/362 (8.8) 32/8,103 (0.39)e

867d 43 8/43 (19) 8/867 (0.9)e

Kaplan 200129 1,862 102 (5.5) 6/91 (6.6) 6/1,862 (0.3)
Kolb 200230 13,547g 358 (2.6) 37/358 (10) 37/13,547 (0.27)g

Crystal 200332 1,517 38 (2.5)h 7/38 (18) 7/1,517 (0.46)h

Leconte 200331 4,236i NSf 16/NS 16/4,236 (0.38)
Overall 42,838 1,182/38,602 (3.1) 134/1,171 (11.4) 150/42,838 (0.35)
a Biopsies or aspirations prompted by screening sonography.
b Refers to cancers seen only on breast sonography, expressed as percent of biopsies (PPV).
c All women had clinical or mammographic abnormalities. Diagnosis was by fine-needle aspiration biopsy. Numbers
refer to solid masses. Sixteen cancers were found in 15 women with ipsilateral cancer.
d In this series, 867 women were evaluated because of palpable or mammographic abnormalities; 5 cancers seen only on
sonography were in patients with another mammographically or clinically evident cancer.
e Cancer was found only on sonography in 0.54% of women with a personal history of cancer compared to 0.26% of
women with no personal history of cancer.
f NS, not stated.
g Includes patients described in 1998 series.9 Number of studies, not women, as some women had more than one study.
Cancer was found only on sonography in 0.48% of high-risk women compared to 0.16% of normal risk women.
h Cancer was found only on sonography in 4/318 (1.3%) women with first-degree family history or personal history of
breast cancer and 3/1,199 (0.25%) women of average risk; biopsies includes 17 aspirations of which 13 yielded clear
fluid.
i 1,016 had a personal history of breast cancer and 136 a palpable lesion (with the palpable lesions themselves excluded),
although the number of cancers seen in women at high risk was not specified. Sixteen cancers were identified, but the
number of biopsies induced by sonography was not specified: results of this study were not included in calculating the
biopsy rate or the malignancy rate of biopsies.

Source: Adapted from Reference 26, with permission.



criteria,34 will help decrease variability in this technique,
although there remains a shortage of highly qualified 
radiologists and technologists. To better assess the gen-
eralizability of breast US, a 3-year multicenter trial of 
screening sonography in high-risk women, blinded to 
the results of mammography, opened in April 2004, funded
by the Avon Foundation and National Cancer Institute
through the American College of Radiology Imaging Network
(ACRIN Protocol 6666; www.acrin.org).35 The ACRIN pro-
tocol provides training materials for investigators, and 
standardizes equipment and interpretive criteria, to better
assess generalizability of screening US. Sonography is 
widely available and inexpensive, and it is easy to accurately
biopsy lesions seen only on sonography with core biopsy 
technique.36

Importantly, DCIS is not well seen on US: it should be
seen as complementary to mammography. When results of
mammography were also reported,28,30,31 across 26,753 exam-
inations another 56 cancers were seen only mammographi-
cally, of which 42 (75%) were DCIS and 14 (25%) were
invasive.

Across eight published series (Table 28.2), 4,293 very 
high risk women have been screened with MRI, with 77
(1.8%) of women having cancer depicted only on MRI. The
median size of cancers was 7 to 20mm, and in all but one
series, more than 80% of MRI-only depicted cancers had 
negative nodes.37 Where detailed, 15 of 62 (24%) of the 
cancers seen only on MRI were DCIS (see Table 28.2). In 
the largest single series of MRI screening to date,38 mam-
mographic and MRI interpretations were blinded to each
other, and 51 cancers were detected in 1,909 women. Sen-
sitivity to invasive cancer was 33% for mammography and
80% for MRI, with specificities of 95% and 90%, respectively;

sensitivity to DCIS was 83% for mammography and 17% 
for MRI.38

When both US and MRI have been performed in the same
high-risk patients, MRI has shown superior sensitivity.39–41

Liberman42 summarized results across these series, which
found 7 of 24 (29%) of cancers on mammography, 7 of 23
(30%) on US, and 23 of 24 (91%) on MRI. MRI is limited,
however, by high cost, relative lack of availability, variable
patient tolerance, the requirement for contrast injection, and
relative lack of availability and expertise to biopsy lesions
found only on MRI.

False Positives

False positives are a risk of any screening test. For mam-
mography, Elmore et al.43 estimated that after 10 annual
screening mammograms, nearly 24% of women had had a
false-positive result at least once, with a cumulative risk of a
false-positive mammogram of 49.1%. Of women who did not
have breast cancer, 18.6% underwent biopsy after 10 mam-
mograms.43 Short-interval follow-up of specific lesions, such
as nonpalpable circumscribed masses and focal asymmetries
has been validated,44–46 with risk of malignancy less than 2%
among appropriately classified lesions. Importantly, the prog-
nosis is not adversely affected by short-interval follow-up in
this setting.

Biopsy of benign lesions seen only sonographically, and
induced short-interval follow-up, are risks of screening 
ultrasound. Across the five series where specifics are
detailed,27–30,32 after 38,602 screening sonograms, 1,137 (2.9%)
resulted in biopsy and 134 (11.8%) biopsies showed malig-
nancy. In the four series with details,27,29,30,32 short-interval
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TABLE 28.2. Rates of detection of cancer by magnetic resonance imaging (MRI) only in women at high risk of breast cancer.

Cancers on No. of
MRI only DCIS only MRI +

Mean age N (% of on MRIc MRI mammography Mammography
Investigator (years) (patients) Bxa (%) PPVb (%) patients) (%) sensitivityd sensitivityd sensitivityd

Kuhl39* 39 192 14/293 (5) 9/14 (64) 6 (3) 1 (17) 9/9 (100) 9/9 (100) 3/9 (33)
Tilanus- 43 109 9 (8) 3/9 (33) 3 (3) 0 (0) NAe NA NA
Linthorst140

Stoutjesdijk50* NS 179 30/258 (17) 13/30 (43) 6 (3) 2 (25) 13/13 (100) 13/13 (100) 6/13 (46)
Podo41 46 105 9 (9) 8/9 (89) 7 (7) 3 (43) 8/8 (100) 8/8 (100) 1/8 (13)
Leach141 <50 1,236 NSe NS 15 (1) NS NS NS NS
Morris142 50 367 64/367 (17) 14/59 (24) 14 (4) 8 (57) NA NA NA
Kriege38* 40 1,909f 56/4,169 (1.7) 32/56 (57) 20 (1) 1 (5)d 29/45 (64)g 41/45 (91)g 15/45 (33)g

Warner143* 47 236 37/457 (8.1) 17/37 (46) 7 (3) 2 (29) 17/22 (77) 19/22 (86) 8/22 (36)
Total — 4,333 219/5,758 96/214 (45) 78 (1.8) 17/63 (27) 76/97 (78) 90/97 (93) 33/97 (34)

(3.8)

Numbers in parentheses represent percentages.

*Results of MRI and mammography were blinded to each other. Not stated in Leach et al.141

a Biopsies prompted by MRI per number of screenings.
b PPV, positive predictive value; number of malignancies of total number of biopsies.
c Of cancers seen only on MRI, number (%) that were ductal carcinoma in situ (DCIS).
d MRI and mammographic sensitivity reported only when results of MRI and other imaging modalities and clinical follow-up are described.
e NA, not applicable; all participants had negative mammography and clinical breast examination; NS, not stated.
f A total of 4,169 rounds of screening were performed. Of 6 DCIS lesions in this patient population, 5 were seen on mammography and only 1 on MRI.
g 41 cancers were classified as BI-RADS category 3 or higher on either mammography or MRI, with 3 cancers classified as BI-RADS 3 on each, but overlap not spec-
ified. Sensitivity numbers for each of MRI and mammography do not include category 3 lesions.



follow-up was recommended in another 6.6% of women. 
Criteria for classifying a lesion seen only sonographically as
probably benign have been proposed47,48 but require broader
validation. Follow-up is generally performed only for nonpal-
pable lesions, although one recent study suggests the combi-
nation of benign-appearing features on both mammography
and sonography may allow follow-up of even palpable
lesions49; further validation of such an approach is required.
It should be noted that in all but one series30 only a single
prevalence screen was performed: these rates of false positives
are likely higher than would be seen on annual incidence
screens.

With MRI, from 2% to 17% of women screened were 
recommended for biopsy based on MRI, and 24% to 89% of
MRI-prompted biopsies proved malignant (see Table 28.2).
Short-interval follow-up was recommended in 5% to 24% of
women on the first screening round where specified38,39,50–52

and decreased to 3% to 7% when results of subsequent
screening rounds were detailed.39,52 With MRI, the criteria for
follow-up and risk of malignancy in lesions followed have not
been widely studied. Liberman et al.51 report 7% of lesions
seen only on MRI that were followed proved malignant, and
another 3% of patients developed cancer elsewhere in their
breasts during short-interval follow-up. It is encouraging that,
in the series of Kriege et al.,38 275 of 4,169 (6.6%) of exami-
nations were recommended for short-interval follow-up, with
only 3 of 275 (1.1%) of those proving malignant. MRI-guided
core and vacuum-assisted biopsy are becoming more widely
available53,54 but require availability of scanner time and 
personnel. A facility that offers breast MRI should observe
standardized technique and interpretive criteria55 and offer
MRI-guided biopsy.

Screening Guidelines

There is persuasive evidence that greater reductions in mor-
tality result from annual screening compared with screening
every 2 years, particularly in younger women.2,56,57 Modeling
data also suggest that shorter screening intervals are associ-
ated with fewer cases diagnosed with distant metastases58

and smaller tumor size at detection. Further, smaller tumor
size is highly correlated with survival time, independent 
of method of detection.59 Annual mammography is therefore
recommended for women beginning at age 40.60,61 Screening
should be continued as long as a woman is in good health,
with at least 5-year life expectancy,62 and as long as she would
be a candidate for treatment.60,61,63–65 If there is a first-degree
relative with premenopausal breast cancer, annual screening
should begin 10 years before the age of diagnosis of the rela-
tive.66 Any woman with a personal history of cancer, atypia,
or lobular carcinoma in situ should begin annual screening.
Women who have had mantle irradiation to the chest, as for
Hodgkin’s disease, are at increased risk of breast cancer if the
radiation was received before age 31, with increased rates of
breast cancer beginning 8 years after the radiation treat-
ment67–69: annual screening should begin 8 years after treat-
ment if the radiation was before age 31.

As already discussed, there is moderate supporting evi-
dence for supplemental screening with US or MRI in certain
situations, although further study is warranted. Using MRI to
screen women at high genetic risk of breast cancer is approved

by the Blue Cross-Blue Shield Technology Evaluation Center
(www.bluecares.com/tec/vol18/18_15.html). No data support
the use of MRI to screen women at normal risk. US is more
widely available and less expensive and has been shown 
to increase detection of cancers in women of average risk 
with dense breast tissue in single-center studies. Insurance
does not generally cover screening US, and not all centers
have the appropriate equipment or personnel to offer this
service. A woman needs to understand the risk of false 
positives with any screening test. The detection of early
breast cancer is critical in reducing mortality due to breast
cancer, and both US and MRI depict early invasive breast
cancers. Some DCIS is depicted on US and more on MRI, 
but mammography remains the standard for detection of
DCIS. While the natural history of breast cancer should 
be independent of the method of detection, a survival benefit
has not been proven for any screening test other than 
mammography.

Lump

Ultrasound is the initial test of choice in evaluating a lump
in a young woman (under 30 years old).70 The most common
cause of a palpable mass in a woman under age 30 is a
fibroadenoma.71 A palpable, circumscribed, oval mass with no
posterior features or minimal posterior enhancement is most
likely a fibroadenoma. If such a mass, in a woman under 30
years of age, has clinically been known to the patient and
stable for a period of at least 6 to 12 months, then follow-up
is a reasonable alternative to biopsy. Because 15% of fibroade-
nomas are multiple, bilateral whole breast ultrasound is rea-
sonable in initial imaging evaluation. Many women prefer
excision of a palpable lump, and direct excision of a probable
fibroadenoma is reasonable in a young woman. The finding
of a sonographically suspicious mass should prompt bilateral
mammographic evaluation to better define the extent of 
presumed malignancy. A clinically suspicious mass without
a sonographic correlate merits further evaluation with 
mammography.

At age 30 and over, breast cancer is increasingly common,
and mammography is the initial test of choice for sympto-
matic women. When a lump appears highly suggestive of
malignancy on mammography, US is useful in guiding biopsy,
with 95% sensitivity on initial core biopsy and no delayed
false negatives.36,72,73 A spot compression tangential mammo-
graphic view over a palpable mass can improve visibility of
the mass and demonstrate overlying skin thickening or
retraction.74 Moderate evidence supports the use of US in
addition to mammography in the evaluation of women with
palpable masses or thickening (Table 28.3). In the multiinsti-
tutional study of Georgian-Smith et al.,75 616 palpable lesions
were evaluated sonographically and all 293 palpable cancers
were depicted sonographically. Across several series (see
Table 28.3), of 545 cancers in women with symptoms, 529
(97.1%) were depicted with the combination of mammogra-
phy and US. A negative result after both mammographic and
sonographic evaluation of a palpable abnormality is highly
predictive of benign outcome, with 98.6% negative predictive
value across these series.75–79 Nevertheless, final management
of a clinically suspicious mass must be based on clinical
grounds.
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Nipple Discharge

Bloody nipple discharge and spontaneous unilateral clear
nipple discharge merit imaging and clinical evaluation, with
malignancy found in 13% of patients on average (range, 1%
to 23%) across multiple series.80 Papilloma is the most
common cause of nipple discharge, found in 44% to 45% of
patients,80,81 with fibrocystic changes accounting for the rest.
Milky discharge is almost always physiologic or due to hyper-
prolactinemia80 and does not warrant imaging workup. Injec-
tion of contrast into the discharging duct, followed by
magnification craniocaudal and true lateral mammographic
views (galactography), has been the standard for imaging eval-
uation of nipple discharge.82 US is an alternative method for
evaluating nipple discharge and has the advantage of being
noninvasive. A few studies have compared US and galactog-
raphy (Table 28.4), with promising but limited evidence for
the utility of US in this setting. The visualization of intra-
ductal masses on US is facilitated by distension of the duct.
Whether the full extent of multiple intraductal lesions is well
depicted on US has not been systematically studied. MRI 
has also been used to evaluate nipple discharge with some
success,83 and further study is warranted.

Extent of Disease

From 73% to 98% of DCIS evident mammographically is
manifest as microcalcifications.84–86 The extent of calcifica-
tions on mammography can underestimate the area involved
by DCIS, although Holland and Hendriks87 showed this dis-

crepancy was less than 2cm in 80% to 85% of cases. When
the original tumor is manifest as calcifications mammo-
graphically, a postlumpectomy mammogram is advocated
before radiation therapy, even when clear margins have been
achieved.88 Residual calcifications on postoperative mammo-
grams do predict residual tumor, with 10 (71%) of 14 patients
having residual DCIS in the series of Gluck et al.89

Several series have demonstrated a detection benefit of
sonography after mammography and clinical examination in
evaluating the preoperative extent of breast cancer (Table
28.5), particularly in dense breasts.90 On average, 48% of
breasts with cancer will have additional tumor foci not
depicted on mammography or clinical examination.91 If US is
being used to guide biopsy, there is an advantage to at least
scanning the quadrant containing the cancer, because 93% of
additional tumor foci are within the same quadrant as the
index lesion,92 and more than 90% of malignant foci will be
detected by combined mammography and US in this setting.
When considering extent of disease, imaging of the con-
tralateral breast should always be performed; 4% to 6% of
patients are found to have unsuspected contralateral cancer
on supplemental US or MRI.90,93–95

As with screening, MRI depicts additional tumor foci not
seen on US, mammography, or clinical breast examination.
Fischer et al.93 reported results in a series of 463 patients,
including 405 cancers, where preoperative mammography,
clinical breast examination, sonography, and MR imaging had
been performed: multifocality in 30 of 42 patients, multicen-
tricity in 24 of 50 patients, and additional contralateral car-
cinomas in 15 of 19 patients were depicted with MR imaging
alone. As a result of the MR imaging findings, therapy was
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TABLE 28.3. Sensitivity and negative predictive value (NPV) of combined mammography and US in symptomatic women.

Purpose of
study/patient

N (cancers) Sensitivity NPV population Detection of misses Cancers missed

Georgian-Smith et al. 293 293 (100) Na Palpable, sensitivity Biopsy None
200075 of US to cancers
Dennis et al. 200176 0 Na 600/600 (100%) Palpable, biopsy Biopsy or 2-year None

avoidance follow-up
Moy et al. 200277 6 0 227/233 (97.4) Palpable Tumor registry, 2- 2 DCIS, 1 ILC, 3

year follow-up IDCa

Kaiser et al. 200278 6 6 (100) 117/117 (100%) Thickening Biopsy or 14-month na
follow-up

Houssami et al. 200379 240 230 (95.8)b 174/184 (94.6) Symptomsb Tumor registry, 2- na
year follow-up

Overall 545 529 (97.1) 1,118/1,134 (98.6)
a DCIS, ductal carcinoma in situ; ILC, invasive lobular carcinoma; IDC, invasive ductal carcinoma.
b In the series of Houssami et al.,79 157 women with cancer had a lump and 114 without cancer had a lump.

TABLE 28.4. Results of evaluation of nipple discharge with galactography and ultrasound (US).

Detection of lesion at Detection of lesion Detection by combined
N galactography (%) at US (%) galactography and US (%)

Hild et al. 1998144 28 ducts with d/c with 19 (68) 26 (93) 28 (100)
pathologic findings

Yang and Tse 2004145 12 DCIS 8/12 (75) successful, all positive 11 (92) 12 (100)
Overall 40 27/36 (75) where able to be 37 (93) 40 (100)

performed



changed in 66 of 463 (14%) of patients.93 In the series of Berg
et al.,90 of 96 breasts anticipating conservation after mam-
mography and CBE, 30 (31%) were found to have additional
tumor: 17 (57%) of those with greater extent were identified
by supplemental US and 29 (97%) by MRI; however, disease
was then overestimated by at least 2cm or additional foci in
12 of 96 (13%) of breasts by US and 20 of 96 (21%) of breasts
by MRI. After combined mammography, CBE, and US, MRI
depicted additional tumor in another 12 of 96 (13%) of breasts
and overestimated extent in another 6 (6%); US showed no
detection benefit after MRI.90 The impact of supplemental US
or MRI in evaluating disease extent increases with increasing
breast density.90 In a study of 104 patients with cancer by
Hlawatsch et al.,96 US depicted additional tumor in 13 and
produced 2 false positives; MRI depicted additional tumor in
another 7 and produced 8 false positives.

In particular, an extensive intraductal component (EIC) is
often underestimated without MRI.90 The presence of an EIC
correlates with increased risk of positive margins97 and
increased risk of recurrence.98 Importantly, if clear margins
are achieved, even when an EIC is present, Hurd et al.99 failed
to show an adverse effect on disease-free or overall survival
or local control.

Initial detection and extent of invasive lobular carcinoma
are also especially problematic on mammography as the
single file cells typically infiltrate without associated calcifi-
cations or discrete mass. In the series of Butler et al.,100 81 of
208 (39%) of invasive lobular carcinomas were mammo-
graphically subtle or occult and 71 of 81 (88%) were well
depicted sonographically. In several series,91,101–103 MRI has
been shown to be significantly more accurate than mam-
mography, CBE, or US in determining the extent of invasive
lobular carcinoma.

Although the frequency of residual tumor at pathology
averages 48%,91 the risk of recurrence after lumpectomy and
radiation is generally 1% to 2% per year for the first 5 years,
averaging 5% to 13% at 5 years.104–106 Approximately half of
this discrepancy may be attributed to cases that would have
positive margins if lumpectomy were based on mammogra-
phy and CBE90: supplemental imaging with MRI or US will
decrease the need for reexcision. Of the other half with resid-

ual tumor, representing 20% to 25% of patients, roughly half
of the residual tumor will be successfully treated with radia-
tion and/or chemotherapy.107 Distinction of those who will
benefit from preoperative additional imaging with US or MRI
from those who will undergo unnecessary additional surgery
and even mastectomy for tumor that would have resolved in
conventional treatment, is not clear at this time, although
those with invasive lobular cancer, an EIC, and/or dense
breasts appear to be more likely to benefit.

US is insensitive to DCIS, as described, as DCIS is often
manifest as microcalcifications. US is not particularly sensi-
tive to lesions manifest solely as calcifications due to their
small size and similarity to speckle artifact present in tissue.
Nevertheless, US can help identify the invasive component
of malignant calcifications. Soo et al.108 evaluated 111 cases
of suspicious calcifications and only 26 (23%) could be seen
sonographically. Of those seen on US, 69% were malignant
compared to only 21% of those not seen on US.108 Those
cancers seen on US were more likely invasive (72% versus
28%), and underestimation of disease was less common when
biopsies were performed with US guidance than stereotactic
guidance. Similarly, Moon et al.109 showed 45 of 100 (45%) of
suspicious microcalcifications were sonographically visible,
including 31 of 38 (82%) of malignant calcifications and 14
of 62 (23%) of benign calcifications.

MRI is particularly indicated in cases of breast cancer 
presenting as an axillary metastasis.110,111 Identification of 
the primary usually allows breast conservation. In patients
with positive margins at initial excision, MRI is also appro-
priate to assess for residual tumor.112,113 There is no need to
delay imaging in this setting, as was suggested by Frei et al.,114

as excision of the area immediately around the lumpectomy
site will be performed in any event and false positives due to
granulation tissue at the lumpectomy site are not of particu-
lar clinical import. The purpose of MRI in the setting of 
positive margins is to evaluate the rest of the breast(s) and
determine the possible need for mastectomy versus wider
excision.

In patients with locally advanced breast cancer, in whom
neoadjuvant chemotherapy is planned, strong evidence sup-
ports the use of MRI in accurately sizing and evaluating the
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TABLE 28.5. Use of combined mammography and ultrasound (US) and magnetic resonance imaging (MRI) in evaluating local extent of
breast cancer.

Sensitivity
N (cancers or mammography + Cancers missed on Sensitivity MRI alone
breasts) US (%) Detection of misses mammography + US (%)

Fischer et al. 199993 405 cancers 366a (90.4) MRI 4 DCIS, 3 ILC, 32 IDCa 377 (93)
Berg et al. 2000146 64 cancers 62 (97) Some surgery, details not 2 ILC Not performed

specified
Hlawatsch et al. 200296 105 breasts 95 (90) accurate MRI 7 invasive NOS, 1 DCIS 97 (92)

with cancer extentb

Moon et al. 2002147 289 cancers 276 (95.5)c Some surgery, details not 5 IDC, 1 ILC, 7 DCIS Not performed
specified

Berg et al. 200490 96 breasts 81 (84)c MRI, 2-year follow-up 7 DCIS, 6 IDC, 2 ILC 91 (95)
with cancer

Berg et al. 200490 177 cancers 162 (91.5) MRI, 2-year follow-up 8 DCIS, 4 ILC, 3 IDC 167 (94)
a DCIS, ductal carcinoma in situ; ILC, invasive lobular carcinoma; IDC, invasive ductal carcinoma; NOS, not otherwise specified.
b Of 105 index lesions, 96 were identified on mammography and 9 only on US. Of 27 breasts with multifocal or multicentric tumor, 48% were identified on mam-
mography, 63% with combined mammography + ultrasound (US), and 81% via magnetic resonance imaging (MRI).
c Includes clinical breast examination.



extent of tumor before and after treatment to assess response
and plan appropriate surgery.115–117 A multicenter trial is cur-
rently under way to further evaluate the use of MRI in this
setting (ACRIN Protocol 6652, www.acrin.org). Chest wall
invasion can accurately be determined by MRI.118

Positron emission tomography (PET) using 18F-deoxyglu-
cose (FDG) can predict response to treatment within as little
as 8 days.119 After a single course of treatment, Schelling 
et al.120 correctly identified all responders by a decrease in the
standardized uptake value to below 55% of baseline. At that
threshold, histopathologic response was predicted with an
accuracy of 88% after the first course of treatment and 91%
after the second course. It has been suggested, therefore, that
ineffective chemotherapy as determined by PET might be dis-
continued and new treatments instituted.120 Further study of
PET in this context is warranted.

Axillary Node Status

Unfortunately, no reliable noninvasive imaging method has
been developed that accurately predicts axillary or internal
mammary nodal status. Most lymph nodes are not included
on mammographic imaging. In the setting of a known breast
cancer, loss of the fatty hilum or indistinct borders to a 
node seen mammographically can suggest metastatic nodal
involvement.121 Mammographically spiculated borders of
axillary nodes in the patient with breast cancer predict 
extranodal extension and poor prognosis.122 Isolated nodal
enlargement without a known cancer is usually due to
benign, reactive conditions.121 When a metastatic node is
identified and the primary cannot be found clinically or 
mammographically, MR imaging has been shown to be 
highly efficacious, depicting the occult primary in 70% 
to 75% of patients110,123,124 and thereby facilitating breast 
conservation.125

On sonography, loss of the fatty hilum, an irregularly
thickened cortex, indistinct margins, and a long-to-short-axis
ratio less than 1.5 suggest metastatic involvement,126 al-
though the accuracy of this approach is not well established.

Enhancement of lymph nodes in the axilla and internal
mammary chains is frequently seen on MR imaging. Using a
threshold of greater than 100% increase in signal intensity on
the first postcontrast series, Kvistad et al.127 showed a sensi-
tivity of 83% to axillary metastases, specificity of 90%, and
accuracy of 88%. Similar results were found by Yoshimura et
al.128: using morphologic parameters of long-axis dimension
greater than 1cm and long-to-short-axis ratio less than 1.6,
they found a sensitivity of 79%, specificity of 93%, and accu-
racy of 88% in identifying metastatic axillary nodes on MR
imaging. When a suspicious node is identified on MRI or US,
fine-needle aspiration can confirm the presence of metastatic
adenopathy preoperatively, allowing full axillary dissection at
the time of treatment surgery.129

Current staging of breast cancer includes identification of
the presence of micrometastases (less than 2mm) in the sen-
tinel node (first draining lymph node). As such, the challenge
of imaging is to equal that level of sensitivity and to detect
foci of metastatic disease ranging from 2mm down to even 
a few cells. This is below the threshold of morphologic
imaging. Uptake of FDG in axillary lymph nodes can be used
to identify metastatic disease. When the status of the axilla

as a whole is considered, across seven single-center studies,130

whole-body PET with FDG successfully predicted the status
in 113 of 132 (86%) of axillae with metastatic disease by
hematoxylin and eosin (H&E) staining. Another 143 of 174
(82%) of negative axillae were correctly predicted.

Results from a prospective multicenter study were
recently published131 evaluating PET in axillary nodal staging
in 308 assessable axillae, 109 (35%) of which had tumor
involvement. The mean sensitivity was 61% (range, 54% to
67%), positive predictive value (PPV) 62% (range, 60% to
64%), and negative predictive value (NPV) 79% (range, 76%
to 81%).131 The average sensitivity was lower when there was
only one tumor-involved node in the axilla (46%) than when
more than one node was involved (64%, P = 0.005).131 Lower
sensitivity was seen for metastases from invasive lobular 
carcinoma (25%) than from invasive ductal carcinoma 
(64%, P less than 0.005).131 At this time, PET does not appear
to be sufficiently accurate to triage patients to full axillary
dissection versus sentinel lymph node biopsy.132,133

Metastatic Disease and Recurrence

The differentiation of scar from recurrent tumor can be prob-
lematic on mammography and US. MRI may be helpful in
this setting, although further study is warranted. Heywang-
Kobrunner et al.134 found that in 30 of 32 (94%) cases post-
surgical scar did not enhance beyond 18 months after surgery,
although delayed development of enhancement in fat necro-
sis can occur.135

PET is approved for restaging breast cancer and evaluat-
ing for recurrence. Bender et al.136 found all 16 local recur-
rences and 28 axillary nodal recurrences in their series using
FDG-PET. Further study of this issue is needed. Moon et al.137

assessed the accuracy of whole-body PET for detection of
recurrent or metastatic breast cancer in 57 patients. Sensi-
tivity for individual lesions was 85% and specificity was
79%.137 Muscle uptake and inflammation were sources of
false positives. Bone metastases are a common source of false
negatives.137 Indeed, FDG-PET and bone scintigraphy have
been shown to be complementary in the detection of bone
metastases, with lytic metastases well depicted by PET and
blastic metastases by bone scintigraphy.138 FDG-PET has no
role in detection of brain metastases because of the high
normal uptake of FDG in the brain.

Summary

Screening mammography remains the standard. In high-risk
women, supplemental screening with MRI is being consid-
ered, and further study is warranted. In women of average risk
with dense breast tissue, single-center studies support elec-
tive supplemental screening with ultrasound, and further
study is both needed and ongoing.

At this time, indications for ultrasound include the 
following:

Initial evaluation of a breast lump in a woman less than 30
years of age. (Note: Mammography should also be per-
formed if the sonogram is suspicious or if there is strong
clinical suspicion and the sonogram is negative.)
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Evaluation and biopsy guidance of a clinically suspicious
lump in a woman of any age.

Evaluation and biopsy guidance of lesions manifest as highly
suspicious microcalcifications over a large (greater than 2
cm) area, to identify any associated mass that may repre-
sent an invasive component.

Evaluation of bloody or spontaneous clear nipple discharge.
Evaluation of both breasts in women with newly diagnosed

breast cancer and dense breast tissue.

Indications for contrast-enhanced breast MRI include the 
following:

Metastatic axillary node with unknown primary.
Evaluation of the local extent of breast cancer bilaterally, 

particularly if the breasts are dense, tumor is invasive
lobular, or there is suspicion for extensive intraductal
component.

Positive margins after lumpectomy.
Initial sizing and assessment of response to neoadjuvant

chemotherapy
Suspicious abnormality on mammography, one view only,

not able to be localized for biopsy after full workup with
additional views and ultrasound.139
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Imaging of Thoracic
Malignancies

Caroline Chiles and Suzanne L. Aquino

adiologic imaging of malignancy has evolved over the
past 20 years. It not only provides better detection 
with superior anatomic resolution through computed

tomography (CT) and magnetic resonance (MR) imaging, but
it also provides physiologic information through positron
emission tomography (PET). Today’s technology incorporates
the use of image modality fusion for even better disease local-
ization and characterization. By fusing data from PET and 
CT studies, radiologic imaging brings together the superior
resolution of CT with the low resolution of PET, thereby 
providing important information on tumor metabolism and
replication. Tumor imaging is at the forefront of this 
technology explosion and is the focus of most cutting-edge
research, as well as clinical applications. This chapter reviews
current imaging of primary and metastatic malignancies of
the thorax.

Tumors of the Bronchus

Bronchogenic Carcinoma

Non-Small Cell Lung Cancer

DETECTION

A patient with bronchogenic carcinoma may report symp-
toms including cough, sputum production, or hemoptysis 
at first presentation for evaluation by a physician. Other
patients have advanced disease and nonspecific systemic
symptoms, including weight loss and weakness, at initial
examination. Chest radiographs may show findings that
suggest lung cancer. Still other patients report no symptoms
related to lung cancer, and abnormal results on chest radio-
graphs prompt further workup. In almost 40% of patients
with lung cancer, the disease has spread outside the thorax.1

Whether earlier detection of lung cancer improves out-
comes remains controversial. Randomized, controlled lung
cancer screening studies performed in the 1970s did not show
a reduction in the number of deaths from lung cancer in
patients screened with chest radiography and sputum cytol-
ogy when compared with controls who received either less-
frequent chest radiography or advice that chest radiography
and sputum cytology be performed once a year.2–4 This failure
to demonstrate a reduction in lung cancer mortality occurred
despite an increase in the detection of early-stage, resectable
lung cancers and improved lung cancer survival in the exper-
imental group screened every 4 months. Criticisms of these

studies included insufficient statistical power, contamination
of the control group, and a 25% noncompliance rate among
the screened group.5 In the Mayo Lung Project and the
Czechoslovak screening studies, the incidence of lung cancer
in the experimental groups was significantly higher than in
the control population, suggesting that the two groups were
not balanced with regard to important variables that affect
lung cancer risk.6 This discrepancy in incidence adversely
affected calculated lung cancer mortality. The failure of
screening chest radiography to improve the outcome in lung
cancer occurred in multiple studies. A meta-analysis of
screening studies enrolling a total of 245,610 subjects showed
an 11% higher mortality from lung cancer when compared
with less-frequent radiographic screening.7

A newer approach to lung cancer screening is low-dose
helical CT, rather than conventional chest radiography. The
Early Lung Cancer Action Project (ELCAP) recruited 1,000
high-risk individuals for baseline and annual repeat screening
with low-dose helical CT.8,9 In 1999, Henschke et al. reported
the results of 1,000 baseline screening CT examinations.8

Bronchogenic carcinoma was diagnosed in 27 individuals.
Twenty-three of these patients had stage I disease; only 1
patient had unresectable disease. In 1,184 annual repeat
screening examinations, malignancy was diagnosed in 7 
individuals: 5 stage IA, 1 stage IIIA, and 1 small cell 
carcinoma.9

The conflicting analyses of earlier lung cancer screening
trials and the advent of new technology capable of detecting
early-stage lung cancer prompted the National Cancer Insti-
tute to fund a large-scale randomized, controlled lung cancer
screening trial, the National Lung Screening Trial (NLST). In
this trial, low-dose helical CT was compared with chest radi-
ography in 50,000 participants at increased risk for lung
cancer. Inclusion criteria required that participants be 55 
to 74 years old and have at least a 30-pack/year cigarette-
smoking history. Enrollment and incidence screening
occurred between 2002 and 2004. Participants were random-
ized to either CT (experimental arm) or chest radiography
(control arm) and received screening examinations once a year
for 3 years. Follow-up will continue through 2009. In a subset
of 10,000 participants, samples of blood, urine, and sputum
were collected and archived to be available for further study
using biomarkers for early detection of lung cancer.

IMAGING APPEARANCE

Bronchogenic carcinomas have a variety of appearances on
imaging studies, ranging from a solitary pulmonary nodule to
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lobar consolidation. Some of these appearances strongly
suggest specific cell types, despite considerable overlap.

Solitary Pulmonary Nodule

A solitary pulmonary nodule is defined radiographically as an
opacity measuring less than 3cm in diameter and surrounded
by air-containing lung. Opacities that are larger than 3cm in
diameter are considered masses. The solitary pulmonary
nodule presents a diagnostic challenge. Although most such
nodules are benign, each must be further evaluated as a pos-
sible neoplasm. The interface between malignant nodules and
the surrounding lung may appear smooth, lobulated, irregu-
lar, or spiculated. The margins of the solitary pulmonary
nodule have been correlated with the incidence of malig-
nancy.10 A nodule with spiculated margins has a higher like-
lihood of malignancy than does the smoothly marginated
nodule. A peripheral solitary pulmonary nodule is a common
presentation for adenocarcinoma of the lung. The nodule may
be round or oval, with smooth, lobulated, or irregular margins
(Figure 29.1). The nodule may cause distortion of the sur-
rounding pulmonary architecture and retraction of the over-
lying pleura. The concept of scar carcinoma suggests that
some lung cancers, particularly adenocarcinomas, may arise
in preexisting lung scars. Fibrosis observed microscopically,
however, may represent a desmoplastic reaction of the host
tissue to the neoplasm.

CT screening for lung cancer has helped to clarify the
early appearances and growth rates of malignant primary
tumors in the lung.11 Nodules seen on high-resolution CT
(HRCT), with 1.0- to 1.25-mm slice thicknesses, can be cat-
egorized on the basis of their CT attenuation as ground-glass
opacity, mixed ground-glass and solid attenuation, and solid
(Figure 29.2).12,13 Volume-doubling rates have been calculated
as fastest for solid nodules at 149 days, intermediate for mixed

ground-glass/solid nodules at 457 days, and prolonged for
ground-glass opacities at 813 days.11

Henschke et al. report a higher malignancy rate in nodules
of mixed or ground-glass attenuation than in solid nodules
found with screening CT.14 Ground-glass attenuation corre-
lates with bronchioloalveolar cell carcinoma histology and
with a more favorable prognosis.15 For this reason, some
authorities recommend limited (wedge) resection for nodules
of ground-glass attenuation and lobectomy for solid nodules.16
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FIGURE 29.1. Axial computed tomography (CT) image (lung
window setting) in a 69-year-old woman shows a spiculated, solid
attenuation nodule (arrow) in the right upper lobe, typical for non-
small cell bronchogenic carcinoma.

A B
FIGURE 29.2. Axial CT images (lung window settings) show soli-
tary pulmonary nodules in two different patients. (A) The solitary
pulmonary nodule (arrow) in the right upper lobe demonstrates a
mixed ground-glass and solid attenuation. (B) The solitary pulmonary

nodule (arrow) in the left upper lobe of a different patient shows a
ground-glass attenuation nodule. The ground-glass attenuation is sug-
gestive of a bronchioloalveolar cell histology.



Atelectasis and Postobstructive Pneumonitis

Atelectasis results from endobronchial obstruction or extrin-
sic compression of a bronchus. Atelectasis is a common pre-
senting appearance of squamous cell carcinoma.17 Two-thirds
of squamous cell carcinomas arise within main, lobar, or seg-
mental bronchi.18 Although the atelectasis is most often seg-
mental, it may be lobar or may involve the entire lung.17 The
chest radiograph may demonstrate secondary signs of volume
loss, with shift of the mediastinum to the involved side and
elevation of the diaphragm. The central mass is often
obscured by the collapsed lung.

When the upper lobe is collapsed, the trachea is deviated
to the affected side, and the ipsilateral hilum is retracted
superiorly. In atelectasis of the right upper lobe resulting from
bronchogenic carcinoma, the minor fissure is classically dis-
torted into a reverse S, the “S” sign of Golden.19 The lateral
aspect of the minor fissure migrates cephalad, whereas the
medial aspect of the fissure is tethered beneath the central
neoplasm.

In some patients, the obstructed lobe is filled with inflam-
matory debris, and the classic signs of volume loss are not
present. In these patients, the opacified lobe represents 
postobstructive pneumonitis, in which air bronchograms are
typically absent. This radiographic finding can help to dif-
ferentiate postobstructive pneumonitis from infectious pneu-
monia.17 All cases of pneumonia occurring in adults should
be followed radiographically to confirm resolution after
antibiotic therapy and to exclude the presence of an underly-
ing endobronchial lesion. Although squamous cell carcinoma
is the neoplasm typically associated with lobar atelectasis,
adenocarcinoma may also arise centrally. Enlarged hilar or
mediastinal lymph nodes from any of the bronchogenic car-
cinomas, including both small cell and non-small cell, can
extrinsically compress the bronchi and produce obstructive
pneumonitis and atelectasis.

Airspace Opacification

The radiographic appearance of airspace opacification, mim-
icking pneumonia, can be caused by bronchioloalveolar cell
carcinoma (BAC), a subtype of adenocarcinoma. BAC may be
either focal (nodular) or diffuse disease. The diffuse form
includes lobar or segmental consolidation, as well as multi-
ple poorly defined pulmonary nodules. The pneumonic
appearance of BAC is unique to this neoplasm. A diagnosis 
of BAC should be considered when a peripheral pneumonia
seen on chest radiographs fails to clear after antibiotic
therapy.

The consolidative form of BAC is seen on CT images as
peripheral, segmental, or lobar airspace opacification with air
bronchograms (Figure 29.3). The CT angiogram sign was first
described with BAC and was initially thought to be useful in
the distinction of BAC from pneumonia.20 The CT angiogram
sign describes the CT appearance of enhancing pulmonary
vessels within an area of homogeneously hypoattenuating
pulmonary consolidation. Subsequent reports determined
that the CT angiogram sign occurred in postobstructive pneu-
monitis and pneumonia as well and therefore, was not a
useful discriminator for the consolidative form of BAC.21,22

Aquino et al. and Jung et al. determined several CT features
that were significant in the differentiation of pneumonic-type
BAC from pneumonia.23,24 Features that suggest BAC include

peripheral distribution, coexisting nodules, elongation and
narrowing of the bronchi, widening of the bronchial angle,
and bulging of the interlobar fissure.

Pancoast Tumor

Pancoast tumors make up less than 5% of all lung cancers.
Their radiographic appearance and clinical presentation are
unique. The tumor arises in the lung apex and typically
involves, through direct extension, the parietal pleura and
chest wall.25 The clinical syndrome described by Pancoast
results from invasion of the tumor into the lower trunks of
the brachial plexus and sympathetic chain. Patients experi-
ence shoulder pain, which may radiate down the arm, with
eventual numbness and weakness in the C8 and T1 distribu-
tion, and atrophy of the muscles of the hand. Horner syn-
drome occurs in 20% of patients with Pancoast tumors and
is caused by invasion of the paravertebral sympathetic chain
by the tumor.25 The tumor may also invade the vertebral body
and ribs.

A Pancoast tumor is suggested radiographically by a 
thickening of the pleura of at least 5mm at the lung apex 
or by asymmetry of the apical caps of more than 5mm.26,27

The tumor is sometimes detected when the lung apex is 
seen on images of the shoulder or cervical spine obtained to
investigate a complaint of shoulder pain. Although Pancoast
tumors can be visualized on axial CT images, MR imaging is
the preferred modality.28,29 The coronal and sagittal planes of
MR provide more accurate information for determining the
extent of tumor invasion into the chest wall, including
involvement of the brachial plexus, vertebral body, and 
neural foramen (Figure 29.4). MR angiography is comple-
mentary to MR imaging and can demonstrate displacement
and encasement of the subclavian and brachiocephalic artery
and vein.30
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FIGURE 29.3. Axial CT (lung window settings) in a 63-year-old
woman with the consolidative form of bronchioloalveolar cell carci-
noma shows consolidation of the right lower lobe. The air bron-
chograms in the right lower lobe appear stretched. Focal areas of
consolidation and ground-glass attenuation are also present in the
right middle lobe, lingula, and left lower lobe.



imaging can be helpful in evaluating mediastinal invasion and
vascular involvement by tumor.

Positron emission tomography (PET) with fluorode-
oxyglucose (FDG) uses the higher glucose consumption of
hypermetabolic tumors to assist in differentiating between
benign and malignant lesions and to determine the extent of
disease. Because it relies on increased metabolism, FDG-PET
imaging has improved the radiologic staging of lung cancer.31

Some of the limitations of PET, including spatial resolution
and visual correlation with CT anatomy, are addressed in the
newer dual PET/CT scanners. The addition of fusion imaging
shows even better sensitivity and specificity for the detection
of lymph node metastases and recurrent tumor.32,33

PRIMARY TUMOR (T)
The high spatial resolution of CT makes it an excellent
modality for assessing the size and extent of the primary
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FIGURE 29.4. An 82-year-old woman with a Pancoast tumor. (A) Axial CT
(soft tissue windows) shows a mass (arrow) at the right lung apex, consistent
with a Pancoast tumor. Coronal (B) and sagittal (C) magnetic resonance (MR)
images more clearly identify the invasion of the chest wall and the vertebral
body by the tumor (arrow).

Staging

IMAGING MODALITIES

Chest radiography remains the most frequently ordered radio-
graphic examination. Its relatively low cost and widespread
availability make it a very useful tool in the detection and
diagnosis of thoracic disease. A chest radiograph with abnor-
mal findings suggesting bronchogenic carcinoma typically
prompts CT examination of the chest. The anatomic detail
visible on CT images makes CT the examination of choice 
in such situations, as well as for patients with strong clin-
ical evidence of thoracic disease despite normal chest radio-
graphic results. CT is also useful to guide percutaneous
transthoracic needle aspiration of thoracic masses. Although
lacking the spatial resolution of CT, MR imaging allows
imaging in coronal and sagittal planes and therefore is espe-
cially useful in the evaluation of patients with suspected
invasion of the chest wall or diaphragm. In addition, MR



tumor (T). The diameter of the tumor determines its catego-
rization as T1 and T2 (Tables 29.1, 29.2). Nodules 3cm or
smaller in greatest dimension are classified as T1 tumors.
Masses larger than 3cm are considered T2 tumors. A lesion
that measures 3cm or smaller and involves a bronchus is clas-
sified as T1 if it does not extend more centrally than the lobar
bronchus. T2 tumors can involve a main bronchus but must
be at least 2cm distal to the carina. The 2-cm distance allows
a surgeon to clamp the bronchus at the time of lobectomy. A
T1 tumor must be surrounded by lung or visceral pleura
without invasion of the visceral pleura; a T2 tumor may
invade the visceral pleura. Involvement of the visceral pleura
is a difficult determination with any imaging modality, as the
visceral and parietal pleurae are not readily distinguishable in
the absence of pleural effusion or pneumothorax. Visceral
pleural invasion is associated with a higher frequency of
mediastinal nodal involvement and a poorer prognosis.34,35 T2
tumors may also be characterized by lobar collapse or post-
obstructive pneumonitis extending to the hilum. T3 tumors
are those that invade, by direct extension, the chest wall,
diaphragm, mediastinal pleura, or pericardium. Endo-

bronchial tumors within 2cm of the carina, but without
involvement of the carina, are also classified as T3 tumors.
Invasion of the chest wall can be evaluated with CT or MR
imaging, although the patient’s description of chest wall 
pain may be just as accurate as an indicator of chest wall 
invasion.36,37 CT criteria for chest wall invasion include rib
destruction, contact of 5cm or more with the chest wall,
obtuse (greater than 90°) angle of the mass with the chest
wall, increase in attenuation of the subpleural fat plane, and
visualization of tumor in the intercostal space or deeper chest
wall tissue.36,38–41 When chest wall invasion is suggested on
CT images, thin-section CT or MR imaging may be helpful.
Uhrmeister et al. acquired 1-mm collimation CT images to
evaluate 39 patients who had tumor contact with the chest
wall and who underwent surgical exploration. Soft tissue
invasion and abnormalities in the fat plane were more accu-
rately identified on 1-mm CT images reconstructed by 
means of a standard soft tissue algorithm than with 10-mm
collimation.42

On MR images, the most accurate indicator of parietal
pleura invasion is signal intensity within the parietal pleura
that is identical to that of tumor on T1-weighted images.37

This sign was present in 17 of 20 patients with chest wall
invasion, with no false-positive errors, for an overall accuracy
of 91%. In this series, Padovani et al. found that T2-weighted
images and gadolinium-enhanced T1-weighted images pro-
vided no additional information.37 Shiotani et al. recom-
mended breathing dynamic echoplanar MR imaging of the
thorax to look for movement of the tumor against the pleura
or fixation of the tumor to the chest wall.43 Sakai et al.
pointed out, however, that benign pleural adhesions cannot
be distinguished from chest wall invasion on MR images.44

T4 tumors are the most extensive, invading the medi-
astinum, heart, great vessels, trachea, esophagus, vertebral
body, or carina. The presence of a malignant pleural effusion
indicates a T4 tumor. Satellite tumor nodules within the
same lobe as the primary lesion are also categorized as T4
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TABLE 29.1. TNM definitions.

T = primary tumor
T1 Tumor less than or equal to 3cm in greatest diameter, surrounded by lung or visceral pleura without bronchoscopic evidence of

invasion more proximal than the lobar bronchus
T2 Tumor with any of the following: greatest diameter more than 3cm; involvement of main bronchus, at least 2cm distal to the

carina; invasion of visceral pleura; atelectasis or obstructive pneumonitis extending to the hilum but without involvement of entire
lung

T3 Tumor of any size that directly invades any of the following: chest wall (includes superior sulcus tumors), diaphragm, mediastinal
pleura, parietal pericardium; Tumor in the main bronchus less than 2cm distal to the carina but without involvement of the carina;
Tumor with associated atelectasis or obstructive pneumonitis of the entire lung

T4 Tumor of any size that invades any of the following: mediastinum, heart, great vessels, trachea, esophagus, vertebral body, or carina;
Tumor with a malignant pleural or pericardial effusion; Tumor with satellite tumor nodules in the ipsilateral primary-tumor lobe of
the lung

N = regional lymph nodes
N0 No regional lymph node metastasis
N1 Metastasis to ipsilateral peribronchial and/or hilar lymph nodes
N2 Metastasis to ipsilateral mediastinal and/or subcarinal lymph nodes
N3 Metastasis to contralateral mediastinal or hilar lymph nodes; metastasis to ipsilateral or contralateral scalene or supraclavicular

lymph nodes
M = distant metastasis
M0 No distant metastasis
M1 Distant metastasis present

Source: Adapted from Mountain,40 by permission of Chest.

TABLE 29.2. International system for staging lung cancer.

Stage TNM subset

IA T1 N0 M0
IB T2 N0 M0
IIA T1 N1 M0
IIB T2 N1 M0

T3 N0 M0
IIIA T3 N1 M0

T1–3 N2 M0
IIIB T4 N0–2 M0

T1–4 N3 M0
IV Any T any N M1

Source: Adapted from Mountain,40 by permission of Chest.



disease. Surgical treatment is not appropriate for T4 tumors,
which are considered stage IIIB or stage IV disease, depending
on the presence or absence of distant metastases.

NODAL INVOLVEMENT (N)
The most widely used CT criterion for the evaluation of hilar
and mediastinal lymph nodes is the short-axis diameter.
Lymph nodes larger than 1cm in the short axis on axial CT
images are considered abnormal; lymph nodes with diameters
up to and including 1cm are considered normal (Figure 29.5).
Because normal-sized lymph nodes can harbor microscopic
metastases, CT results can be falsely negative. Conversely,
lymph nodes that are enlarged because of inflammatory
disease can lead to a false-positive interpretation. In 2003,
Toloza et al. published a meta-analysis of 20 studies compar-
ing CT with mediastinoscopy in the staging of lung cancer.
The data pooled from a total of 3,438 patients suggest that
CT for staging mediastinal disease has a sensitivity of 57%,
specificity of 82%, positive predictive value of 56%, and neg-
ative predictive value of 83%.45 These investigators con-
cluded that, despite a decade of advances in CT technology,
the accuracy of CT scanning for staging mediastinal disease
was not significantly better than results reported in a meta-
analysis by Dales et al. in 1990.45,46 These limitations
notwithstanding, CT remains valuable in that it can guide the
selection of nodes for mediastinoscopy or transbronchial
needle aspiration.

In 2003, Gould et al. published a meta-analysis of 39
studies that were reported between 1994 and 2003, evaluat-
ing FDG-PET for mediastinal lymph node staging in patients
with known or suspected non-small cell lung cancer. They
determined that PET with 18-FDG was more accurate than
CT for mediastinal staging.47 The median sensitivity and
specificity of CT for identifying mediastinal nodal (N2 and

N3) disease were 61% and 79%, respectively, whereas median
sensitivity and specificity were 85% and 90%, respectively,
for PET. When CT showed enlarged lymph nodes, PET was
more likely to yield both true positives and false positives.
False-positive PET interpretations most commonly occur
when acute inflammation is present within lymph nodes, par-
ticularly in patients with sarcoidosis, silicosis, and tubercu-
losis.48–50 False-positive PET results can also occur when 
there is direct extension of the primary tumor into the 
mediastinum, as nodal glucose uptake contiguous with the
primary lesion may not be distinguishable from direct tumor
extension into the node.51 False-negative interpretations of
PET scans can occur as a result of misalignment of the PET
findings to the American Thoracic Society (ATS) nodal map,
so that FDG uptake is not localized correctly.49,52 Other false
negatives with PET scan interpretation are due to small
malignant lymph nodes that are below the spatial resolution
limits of the scanner or enlarged lymph nodes with subtotal
tumor replacement.49,51 Cerfolio et al. reported that false-
negative FDG-PET results were most common in evaluating
the subcarinal (ATS station 7) and aortopulmonary window
(ATS stations 5 and 6) nodal stations.53

Positive findings on PET studies should be confirmed by
biopsy. Some authors believe that negative findings on PET
studies should be considered in light of the patient’s pretest
probability of mediastinal metastasis and whether enlarged
mediastinal nodes are demonstrated by CT.47 Graeter et al.
reported a negative predictive value of 98.4% in their series
and suggested that the negative predictive value of PET is suf-
ficient to omit mediastinoscopy.48 The American Society of
Clinical Oncology (ASCO) recommends biopsy of lymph
nodes that are either greater than 1.0cm in short axis on CT
or positive on PET scanning (Figure 29.6). Their 2003 recom-
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FIGURE 29.5. Axial CT (soft tissue window). A right lower para-
tracheal node is greater than 1.0 cm in short axis, meeting the CT cri-
terion for abnormality.

FIGURE 29.6. A 60-year-old man with non-small cell lung cancer.
Coronal reconstruction of a positron emission tomography (PET) scan
shows increased uptake within the primary tumor (arrow) as well as
ipsilateral hilar and mediastinal lymph nodes (curved arrow).



mendations are that a lymph node that is enlarged on CT
should still undergo biopsy even if the FDG-PET scan is 
negative.54

Staging is also more accurate with PET than with CT for
predicting the likelihood of long-term survival.55,56 Dunagan
et al. suggested that staging with PET may prove especially
worthwhile in patients with comorbid illnesses or poor func-
tional status, in whom the risk from invasive diagnostic pro-
cedures or surgery is accelerated.55

Some of the errors encountered in visual correlation of
PET and CT images can be altered with coregistration of CT
and PET data sets.32,57,58 A dual PET/CT scanner allows precise
coregistration of the functional images of PET with the
anatomic images of CT.59 Antoch et al. reported a slight, but
not statistically significant, improvement in the assessment
of lymph node involvement with dual PET/CT when com-
pared with PET.60 The positive and negative predictive values
were 89% and 94%, respectively, for dual PET/CT, 80% and
94% for PET, and 50% and 77% for CT. Lardinois et al. found
that nodal staging with integrated PET/CT was significantly
more accurate than with PET alone. Integrated CT-PET pro-
vided additional information in 20 (41%) of 49 patients with
non-small cell bronchogenic carcinoma beyond that provided
by conventional visual correlation of PET and CT.32

Small Cell Lung Cancer

Because of its rapid growth and early metastatic spread, small
cell lung carcinoma is considered separately from non-small
cell carcinoma. One in seven patients with lung cancer has
small cell lung cancer. In 2000, the age-adjusted incidence of
small cell lung cancer in the United States was 8.6 cases per
100,000 population, whereas the incidence of non-small cell
lung cancer was 53.8 cases per 100,000.61 The typical radio-
graphic appearance of small cell lung cancer is that of a hilar
or perihilar mass, which may represent a combination of the
primary tumor and lymphadenopathy, and bulky mediastinal
lymphadenopathy. Tracheobronchial and vascular compres-
sion are often present. Bronchial compression is frequently
associated with obstructive atelectasis, which is demon-
strated radiographically in 22% of patients.62 Although chest
radiography and CT suggest complete compression of the
bronchus, bronchoscopy usually demonstrates a detectable
lumen.62 Small cell lung cancer is the most common primary
tumor to cause superior vena cava syndrome, which results
from mass effect on the superior vena cava, brachiocephalic
veins, or both. The enlarged lymph nodes may also compress
the pulmonary artery, producing oligemia in the involved
lung.

The Veterans Administration Lung Cancer Study Group
recommended a two-stage system for lung cancer: limited
stage, which includes tumor that is confined to the thorax
and can be encompassed in a tolerable radiation field, and
extensive stage, which extends beyond those confines. A
majority of patients (65% to 90%) have extensive-stage
disease at presentation. Use of the TNM system has been rec-
ommended for those few patients with small cell lung cancer
that is potentially surgically resectable. The clinical staging
of small cell lung cancer focuses on the most common sites
of metastatic disease: the liver, adrenal glands, retroperitoneal
lymph nodes, brain, skeleton, and bone marrow. Staging with
MR imaging or CT of the brain and abdomen, radionuclide
bone scan, and bone marrow aspiration is routine, as patients

may have distant metastases without clinical signs or symp-
toms. PET scanning may prove to be a worthwhile replace-
ment for this combination of studies. FDG-PET imaging was
compared with the sum of other staging procedures in 30
patients with histologically proven small cell lung cancer.63

FDG-PET and the conventional staging system showed iden-
tical results in 23 of 36 examinations. Discordant results were
observed in the examinations of 5 patients, but the overall
staging of limited versus extensive disease was not affected.
A retrospective analysis of PET in 46 patients with both
treated and untreated small cell lung cancer demonstrated
that PET had prognostic value.64 Overall survival rates were
significantly lower in patients with positive PET results than
in those with negative PET results. Survival also showed a
significant negative correlation with the maximum stan-
dardized uptake value (SUV).

Small cell lung cancer is somewhat unusual in its rapid
response to therapy. Within 1 month of initiation of therapy,
follow-up chest radiographs show a decrease in mediastinal
and hilar lymphadenopathy and often return to their normal
baseline appearance. In patients with obstructive atelectasis
at presentation, partial or complete reexpansion of the lung
is evident radiographically in 85% of patients within 1 month
of initiation of therapy.62 Contrast enhancement of the medi-
astinal lymph nodes on CT images has been suggested as pre-
dictive of response to chemotherapy. Enhancement of the
nodes by 30 Hounsfield units (HU) or more predicted a reduc-
tion of at least 80% in tumor volume.65 PET may also provide
prognostic information in follow-up of treated patients with
small cell lung cancer.64 Routine radiographic follow-up is not
currently recommended, however, to detect recurrence in
these patients. Recurrences are signaled by clinical histories
in 71% of patients and by chest radiographs in only 12%.66

Carcinoid

Bronchial carcinoid is a neuroendocrine neoplasm with
behavior that can vary from that of a low-grade typical carci-
noid to a more aggressive atypical carcinoid. Pulmonary car-
cinoid tumors account for 1% to 2% of all lung neoplasms.
The patient with carcinoid tumor is usually symptomatic,
typically in the fifth decade of life, and likely to describe
symptoms related to bronchial obstruction such as cough,
hemoptysis, dyspnea, or recurrent pneumonia.67,68 Chest
radiographs may show signs related to the bronchial obstruc-
tion, including lobar atelectasis, or postobstructive pneu-
monitis.69,70 Bronchial obstruction may also produce hypoxic
vasoconstriction of the affected lung, resulting in a hyper-
lucent, oligemic appearance.69 A hilar or perihilar mass may
also be visible radiographically. With CT, the tumor can be
localized within a lobar, segmental, or large subsegmental
bronchus. Volume loss of the lobe or lung segment is charac-
terized by displacement of fissures and crowding of the
bronchi and pulmonary vessels. In many patients, post-
obstructive pneumonitis predominates, with consolidation of
the lung and little evidence of volume loss. The presence of
air-trapping can facilitate recognition of an endobronchial
lesion. Air-trapping is usually visible on inspiratory images
but is more marked on images obtained in expiration. Mucoid
impaction may also be seen distal to the endobronchial
obstruction, signaled by the gloved-finger appearance of
mucus-filled bronchi. On noncontrast-enhanced CT images,
calcification may be seen within the carcinoid tumor. CT
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demonstrates calcification in 43% of central carcinoids but
in only 10% of peripheral carcinoids.71,72 Because of their vas-
cular nature, carcinoid tumors often enhance intensely after
the intravenous administration of contrast material. The
enhancement can be so intense that the tumor is mistaken
for a vascular abnormality, such as a pulmonary varix or an
arteriovenous malformation (Figure 29.7).73

One third of patients with carcinoid tumors are asymp-
tomatic, and a solitary peripheral pulmonary nodule or mass
is discovered incidentally on a chest radiograph. These
patients are typically a decade older than symptomatic
patients with a central carcinoid tumor. Peripheral carcinoids
are usually round or ovoid, with smooth, lobulated margins.
The size of these tumors ranges from 1 to 10cm.74 Peripheral

carcinoids are occasionally multiple; a larger tumor may be
accompanied by one or more tumorlets. The peripheral car-
cinoid is likely to be found in the right upper lobe, right
middle lobe, or lingula. On CT images, the peripheral carci-
noid is of homogeneous attenuation. On MR images,
bronchial carcinoids have high signal intensity on T2-
weighted images and short-inversion-time inversion recovery
images.75

Erasmus et al. reported PET imaging of seven carcinoid
tumors, including three central endobronchial lesions, three
peripheral pulmonary nodules (1.5–3.0cm), and one 10-cm
lung mass.76 The endobronchial lesions had SUV measure-
ments of 1.6 to 2.3 and were indistinguishable from medi-
astinal activity. SUVs were 2.2 to 2.4 in the peripheral
nodules and 6.6 in the large lung mass. Currently, PET
imaging is not useful in distinguishing carcinoid tumors from
benign nodules.

Although the histologic distinction between typical and
atypical carcinoid is important for therapeutic decisions and
prognosis, no radiographic features distinguish the two.77

Both typical and atypical carcinoid tumors can metastasize to
regional lymph nodes or to distant sites, including liver, bone,
and skin. Hilar and mediastinal lymph node enlargement can
be readily identified with CT. CT is also superior to imaging
with radiolabeled somatostatin analogues (123I-Tyr-3-
octreotide) in the detection of metastases from carcinoid
tumors.78

Tumors of the Pleura

Malignant Mesothelioma

According to Kawahima and Libshitz, who evaluated the CT
scans of 50 patients with malignant pleural mesothelioma
(MPM), the most common finding on CT is pleural thicken-
ing (92%), followed by tumor involvement of the interlobar
fissures (86%) and pleural fluid (74%) (Figure 29.8).79 Similar
findings were reported by Metintas et al., who found a rind-
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FIGURE 29.7. A 44-year-old woman with atypical chest pain and
cough. Axial chest CT (soft tissue window) shows an intensely
enhancing nodule in the left lower lobe bronchus (arrow) that proved
to be typical carcinoid at resection.

A B

FIGURE 29.8. A 70-year-old man with malignant mesothelioma.
(A) Initial chest radiograph shows an asymmetric right pleural effu-
sion that extends into the minor fissure (arrow). (B) CT scan shows

irregular thickening and enhancement of the parietal pleura (arrow),
including the mediastinal pleura. The lymph nodes in the paradi-
aphragmatic fat are enlarged (curved arrow).



like extension tumor on the pleura in 70% of the 99 patients
they imaged with MPM.80 Other findings suggesting MPM
were multiple nodules encasing the lung, pleural thickening
with an irregular pleuropulmonary margin, and pleural thick-
ening with superimposed separate nodules. However, these
findings were also seen with metastatic pleural disease,
which was frequently indistinguishable. Rindlike thickening
and thickness greater than 1cm strongly suggested MPM, but
other sources for pleural malignancy should be considered.

Knuuttila et al. reported that MR imaging was superior 
to CT in evaluating MPM. They found that MR imaging
improved the detection of tumor involvement in the interlo-

bar fissures, diaphragm, peritoneum, and bony structures
(Figure 29.9). The two modalities were equal, however, in
detecting invasion of the chest wall, mediastinum, and adja-
cent lung.81 In a separate report, Knuutila et al. found that
contrast-enhanced T1 fat-suppression was the most useful
sequence for displaying invasion of adjacent anatomic struc-
tures, including the diaphragm, lung, mediastinum, peri-
cardium, chest wall, and skeleton by mesothelioma, as well
as pleural metastases.82

Heelan et al. also found MR imaging superior to CT in
displaying tumor involvement in the diaphragm and chest
wall (as extension through endothoracic fascia or solitary
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FIGURE 29.9. A 52-year-old man with malignant mesothelioma.
(A) Chest radiograph shows loculated pleural effusion in left pleural
space with compression of the left lung medially. (B) CT scan of the
thorax with intravenous contrast shows large soft tissue mass in the
pleural space that involves the pleura along the mediastinum (arrow)
and fissure (curved arrow). (C) T1-weighted MR image with fat satu-

ration following gadolinium administration shows no evidence for
chest wall invasion, although mediastinal fat planes are obliterated
(arrowheads). (D) Sagittal image of same sequence shows diffuse
pleural tumor that involves the pleura (arrow). The mass displaces
the diaphragm inferiorly without invasion (curved arrow).



chest wall foci).83 The difference between CT and MR imaging
in detecting visceral pleural tumor, invasion of lung, and
mediastinal and pericardial involvement was not statistically
significant. Therefore, CT is recommended as the standard
diagnostic choice and MR imaging as an additional study in
patients for whom diaphragmatic and chest wall invasion is
highly probable.

As with most malignant diseases in the thorax, FDG-PET
has shown improved sensitivity in detecting MPM; however,
limitations arise with the false detection of tumor in patients
with benign inflammatory pleural disease and infection.84,85

Sensitivity in the detection of tumor as areas of increased
uptake in pleural thickening and nodules identified on CT
ranges from 91% to 100%. Although PET is sensitive in
detecting tumor, Flores et al. found PET limited in specific
tumor and local nodal staging; sensitivities were 19% and
11%, respectively.86 However, they concluded, as did Ger-
baudo et al., that FDG-PET is very helpful in detecting distant
metastases in supraclavicular lymph nodes and abdomen that
were not identified with CT.85,86

Metastatic Disease to the Thorax

Pulmonary Metastases

Radiologic applications for imaging of metastases are useful
in initial staging as well as assessment of a patient’s response
to neoadjuvant therapy for restaging before planned definitive
surgical treatment and follow-up imaging for tumor recur-
rence. CT has evolved as the routine choice in staging, restag-
ing, and detection of recurrence. Its superior anatomic
resolution, combined with widespread availability and appli-
cations, contributes to its popularity. CT is superior to chest
radiography for the detection of pulmonary metastases,
although with limitations. Because of its excellent spatial
resolution, CT demonstrates small lesions that mimic
metastatic foci but are frequently benign. Limitations come
into play especially in the initial diagnosis of patients with
extrathoracic malignancies and no prior radiographic studies
to document preexisting parenchymal disease.87 For instance,
although Chalmers and Best found pulmonary nodules on 
CT in 20% of patients with extrathoracic malignancies and
normal chest radiographs, 80% of these nodules were
benign.88 Similar results were found by Kronawitter et al.,
who found, in routine preoperative workup for liver metasta-
tectomy in patients with colon cancer, that the majority of
nodules seen on chest CT images were benign.89 Only 5% of
patients had true metastases. Povoski et al. reported that CT
demonstrated pulmonary metastases in 4 of 100 patients with
colon cancer whose results on chest radiographs before hepa-
tectomy were normal.90 Picci et al. reported that, in 51 chil-
dren with osteosarcoma, CT was sensitive but not specific in
detecting pulmonary metastases.91 They found, however, that
the likelihood of metastases increased with the number of
nodules detected. Four of 13 patients with a single nodule had
a true metastasis. All patients with more than seven nodules
had metastases.

Other reports have demonstrated that the stage of an
extrathoracic malignancy should be considered when deter-
mining whether CT should be included in the workup.92–94

Lim and Carter found that the detection of metastases from
renal cell carcinoma with CT was low, especially with small

primary tumors.93 With increasing tumor stage or with the
demonstration of a nodule on a radiograph, however, they
found CT more useful in detecting pulmonary metastases.
Similarly, Heaston et al. reported that CT improved the 
detection of metastases in patients with locally advanced
melanoma, as well as helping to identify extrapulmonary
metastases.95 Reiner et al. found that routine chest CT was
essential in the management of newly diagnosed squamous
cell carcinoma of the head and neck.96 In 66 of 189 patients,
CT demonstrated significant abnormalities, whereas only
23% were detected on chest radiographs. Thirty-six patients
had 41 tumors, of which 13 were additional primaries and 28
were metastases. Conventional radiographs showed only 12
(29%) of these tumors. Reiner and colleagues therefore rec-
ommended routine thoracic CT before treatment for this
patient population, which has a significant cigarette-smoking
history and risk for bronchogenic carcinoma.

In the follow-up management of patients who have been
treated for cancer and who undergo surveillance for recur-
rence, CT is very useful for detecting new pulmonary metas-
tases.89 Follow-up CT imaging to detect early metastases can
improve survival rates for patients with certain malignancies,
such as sarcomas and colon cancer.91,97,98

Most pulmonary metastases reach the lungs through the
pulmonary arterial system.99–101 The most common manifes-
tation of pulmonary metastases is multiple nodules.99,100,102,103

Association of a nodule with a pulmonary vessel, the “mass-
vessel sign” on high-resolution CT (HRCT), has been corre-
lated with a hematogeneous origin.101 Although pulmonary
metastases are generally multiple, a few tumors can manifest
with a single pulmonary metastasis.95,104 Metastatic nodules
can range from miliary to several centimeters in size. Miliary
nodules are more likely to occur in association with tumors,
such as thyroid carcinoma, renal cell carcinoma, and
melanoma.105,106 Their distribution with respect to the inter-
stitial compartments is typically random.107,108 Larger nodules
are more likely to be seen with sarcomas and tumors from
the colon and kidney. Metastases can be characterized not
only by size but also by density and composition. For
instance, metastases may have a solid, ground-glass, or mixed
solid and ground-glass appearance. Others can calcify or 
cavitate.

Ground-glass nodules or nodules with surrounding
ground-glass opacities are consistent with either hemorrhage
or airspace disease into the adjacent lung (Figure 29.10).
Metastatic nodules with surrounding hemorrhage have been
described with choriocarcinoma, melanoma, renal cell carci-
noma, angiosarcoma, and Kaposi’s sarcoma.109–111 Bronchi-
oloalveolar cell carcinoma nodules may have a ground-glass
appearance or may have a surrounding ground-glass
pattern.112 This pattern has been attributed to lining of adja-
cent airspaces by tumor through a lepidic growth pattern or
to filling of airspaces with mucinous material.113 Nonmalig-
nant processes with similar patterns may mimic metastases
and should be included in the differential diagnosis. Infec-
tions, such as viral pneumonias, tuberculosis, fungal 
infections including invasive aspergillosis, arteriovenous
malformations, and Wegener granulomatosis with local hem-
orrhage, can be very similar in appearance.109,112

The diagnosis of calcified metastases is straightforward
when new nodules develop in a patient with osteosarcoma
(Figure 29.11) or chondrosarcoma. However, in the absence of
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prior radiographs to show that a nodule is new, other consid-
erations should include granuloma, amyloid, or hamartoma.
Metastatic mucinous adenocarcinoma originating from the
pancreas, small bowel, or ovary; thyroid carcinoma; and on
rare occasions soft tissue sarcomas and choriocarcinoma may
also contain calcifications.114–119

Multiple cavitary metastases are more likely to result
from squamous cell carcinoma but may also be seen with
transitional cell carcinoma, adenocarcinoma, sarcoma, and
lymphoma.120–125 Cavitation of metastases may be seen before
therapy but may also reflect response after chemotherapy
(Figure 29.12).122,126 The initial finding of multiple cavitary

nodules does not necessarily suggest tumor.127–129 Inflamma-
tory disease, such as Wegener granulomatosis, rheumatoid
arthritis, eosinophilic granulomatosis, and amyloid, may be
characterized by numerous cavitary nodules. Pulmonary
infections, such as fungal infection, mycobacterial disease,
septic emboli, and tracheobronchial papillomatosis, should
also be considered.

Tumor emboli are the result of hematogenous metastases
that occlude and enlarge within the pulmonary arteries. On
CT images they appear as branching lobulated enlargement
of the small- to medium-sized vessels (Figure 29.13).130 This
unusual pattern of metastasis is seen with tumors that spread
hematogeneously, such as sarcoma, renal cell carcinoma,
hepatoma, and melanoma. Distal infarction may result, with
distal ground-glass pattern or consolidation.130,131 Microscopic
emboli, which may manifest as idiopathic cor pulmonale, are
rare complications associated with tumors from the breast,
liver, and gastrointestinal tract. Frequently, the lungs are clear
on chest radiographs and CT images.108 On rare occasions, CT
may show evidence of interstitial disease consistent with
associated lymphangitic involvement.132 Angiography results
may be normal or may show delayed vessel filling.133 Venti-
lation-perfusion scanning may demonstrate multiple subseg-
mental perfusion defects.133,134

Endobronchial Metastases

Endobronchial obstruction of an airway by metastasis is rare;
the reported incidence is 2%.135 The most common tumor to
metastasize to the airways is renal cell carcinoma.125,136,137

Other tumors that spread to the airways include melanoma,
lymphoma, and tumors of the breast, larynx, thyroid, and
colon.125,135–138 Patients with tumor involving the airways fre-
quently have metastases to other areas of the thorax, includ-
ing the lymph nodes and pulmonary parenchyma.136 The
proximal airways, rather than the small airways, are gener-
ally involved. Complete occlusion results in mucous filling
of the distal occluded airways. On CT images, these occluded
airways appear as arborizing opaque structures that are sepa-
rate from the vasculature. Called the finger-in-glove sign on
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A B
FIGURE 29.10. A 72-year-old man with history of metastatic
melanoma involving the lungs. (A) CT scan image in lung windows
at 5-mm slice thickness shows one of multiple ground-glass foci in

FIGURE 29.11. A 19-year-old man with history of osteosarcoma of
the femur. CT scan of the thorax in soft tissue windows shows a pul-
monary nodule (arrow) with central calcification that was a metas-
tasis on resection.

the lungs (curved arrow). (B) High-resolution image at 1.25-mm slice
thickness better displays the ground-glass (curved arrow) and associ-
ated thickened interlobular septa.



chest radiographs, the branching plugged airways resemble
white-gloved fingers. If airway plugging extends into the sub-
pleural distribution, a tree-in-bud pattern can be seen.

Lymphangitic Carcinomatosis

Lymphangitic tumor involvement of the lungs predominantly
affects the pulmonary lymphatics and the investing perilym-
phatic connective tissue. The patterns most frequently
described on HRCT are thickened interlobular septae and
bronchovascular interstitium, reticular lines, and polygonal
structures.139,140 Thickened interstitial compartments can be
smooth or nodular.140,141 A smooth pattern may be the result
of direct tumor infiltration in the interstitium and lymphat-

ics or of interstitial edema from a more proximal tumor 
of the lymphatics (i.e., with hilar or mediastinal lymph-
adenopathy).142,143 Nodular lymphangitic disease is more
indicative of direct tumor deposition in the interstitium
(Figure 29.14). Malignancies commonly associated with a
lymphangitic carcinomatosis pattern in the lungs include
adenocarcinoma from lung, breast, and gastrointestinal tract,
melanoma, lymphoma, and leukemia.108,142–145 Disease may
initially reach the lungs by either embolic spread or direct
extension from hilar lymphatic disease.132,146 On chest radio-
graphs the pattern frequently resembles edema, with thick-
ening of the perihilar bronchovasculature and subpleural
Kerley B lines (see Figure 29.14). Frequently, however, the dis-
tribution is asymmetric and therefore suggestive of neoplasm.
Alternatively, if a patient appears febrile, a lobar or segmen-
tal pattern may mimic pneumonia.

CT and HRCT are more sensitive and specific in identi-
fying lymphangitic involvement. However, Hirakata et al.
showed that detection of pulmonary involvement with
HRCT is limited in comparison to that of histopathology.108

Interstitial involvement can extend from the perihilar axial
interstitium to the subpleural interlobular septa and also may
involve the subpleural interstitium leading to thickened fis-
sures.143,147 Johkoh et al. correlated HRCT findings to those of
histopathology and found that the distribution in most
patients with lymphangitic carcinomatosis was in the peri-
hilar axial interstitium.147 Other interstitial diseases may
resemble lymphangitic carcinomatosis, including sarcoidosis
and lymphoma. The distribution of disease and pattern of
associated nodules may help to distinguish between disor-
ders. Honda et al. found that lymphangitic carcinomatosis
tended to involve the subpleural interstitial spaces, whereas
sarcoidosis tended to be more symmetric and to occur in the
upper lungs.148

Metastases of Mixed Parenchymal Patterns

Lymphoma involvement of the lungs may be mixed, mani-
festing as a combination of consolidative, nodular, or 
interstitial involvement (Figure 29.15).144 The latter form
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FIGURE 29.12. A 55-year-old man with pharyngeal carcinoma of
the lungs. (A) CT scan in lung windows demonstrates multiple pul-

FIGURE 29.13. A 24-year-old man with metastatic soft tissue
sarcoma, axial chest CT (lung windows). Some of the nodules appear
as focal symmetric enlargement of the small pulmonary arteries
(arrows) consistent with tumor emboli.

monary metastases (arrows). (B) Following chemotherapy, CT scan
shows interval decrease in size of the nodules with cavitation (arrow).
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FIGURE 29.14. A 68-year-old woman who presented with weight loss
and a dry cough. (A) Chest radiograph shows asymmetric opacities in
the right lung and hilum. The right hilum is enlarged, and there are
diffuse reticular opacities. (B) CT scan of the thorax at 2.5-mm slice
thickness in lung windows shows enlargement of the right hilum
(arrow), thickening of the bronchovasculature (curved arrow), and
diffuse thickened interlobular septa (arrowheads). There is also a
dependent right pleural effusion. (C) Prone images at 1.25-mm slice
thickness better display the thickened interlobular septa (arrowheads).
The pleural effusion is free flowing and collects in the dependent ante-
rior pleural space.

A B

FIGURE 29.15. A 19-year-old woman with recurrent Hodgkin’s
lymphoma in the thorax. (A) CT scan in lung windows demonstrated
a consolidative mass (large arrow) in the left upper lobe and left
pleural effusion. In the right thorax, there is perihilar lymph-

adenopathy (curved arrow) and cavitary nodules (arrow). (B) 
High-resolution CT, 1.25-mm slice thickness, prone images show
thickened interlobular septa (arrowheads) consistent with lymphan-
gitic spread.



commonly is seen as an extension of tumor along the axial
bronchovascular interstitium from hilar lymphatic disease or
from an adjacent pulmonary mass. An air bronchogram is
commonly seen in consolidative and nodular forms. Nodules
also may cavitate. The presence of lymphadenopathy may
help in the differential diagnosis, especially in patients with
Hodgkin disease. However, lymphadenopathy is not neces-
sarily present in involvement of the lungs by primary non-
Hodgkin lymphoma.144,149

The consolidative form of adenocarcinoma and its
subtype, bronchoalveolar cell carcinoma, are often initially
misdiagnosed as lobar pneumonia. Presenting symptoms
include fever, cough, and systemic symptoms consistent with
infection that may accompany tumor.23 Coexisting pul-
monary findings, such as associated subcentimeter nodules
(possibly with a ground-glass appearance, and cavitary) or
scattered areas of ground-glass pattern should signal possible
malignancy. On rare occasions, cystlike changes in the con-
solidation may develop.150 These changes may be mistaken
for bronchiectasis or cavitation from necrosis. A ground-glass
appearance with septal thickening mimicking a crazy-paving
pattern is unusual for metastatic adenocarcinoma but is well
described.23,151

Involvement of the lungs by Kaposi’s sarcoma commonly
includes mediastinal and hilar lymphadenopathy. Tumor
tends to extend along the bronchovasculature into the
parenchyma (Figure 29.16). Multiple flame-shaped lesions or
nodules with poorly defined borders or ground-glass pattern
develop in the same distribution and commonly contain 
an air bronchogram.109,152 Other manifestations, however,
include a single pulmonary nodule, pleural effusion, or tra-
cheal and bronchial lesions.152

FDG-PET Detection of Pulmonary Metastases

The detection of thoracic metastases from all tumor sources
with FDG-PET has not been completely evaluated in the
current literature. However, available results show that PET

can be useful in the detection of thoracic metastases for
melanoma and tumors of the colon and breast. The major
weakness of PET imaging is the nodule size threshold for
detection. Limitations exist with metastases smaller than 
1cm. Therefore, PET imaging should be accompanied by an
imaging modality with excellent anatomic resolution, such
as CT.

Lymph Node Metastases in the Thorax

The detection of unsuspected distant lymph node disease has
a significant impact on tumor staging and patient prognosis.
On chest radiographs, multiple pulmonary nodules are the
most common manifestation of intrathoracic metastases;
lymph node disease is second.124,153–155 Tumors that most fre-
quently have metastases identifiable on chest radiographs
include renal and other genitourinary tumors, melanoma,
breast tumors, and head and neck tumors (Figure 29.17). Dis-
tribution of lymphadenopathy most commonly identified on
radiographs is in the mediastinal, especially the right para-
tracheal, region.153

Numerous studies of lung cancer imaging have demon-
strated that CT is superior to chest radiography in detecting
lymph node metastases. Williams et al.156 demonstrated that
CT is superior to chest radiography in the detection of
metastatic testicular seminoma. With chest radiography,
metastases were found in 25 of 200 patients. These results
included mediastinal lymph nodes in 17 patients, pulmonary
metastases in 7, pleural effusions in 5, and pleural masses in
2. With CT, however, metastases were found in 30 patients,
including 21 with mediastinal nodes, 12 with lung metas-
tases, 6 with pleural effusions, and 2 with pleural masses. CT
showed disease in 5 patients whose chest radiography results
were normal and revealed additional metastases in 4 patients
with abnormal findings on chest radiographs.

The characterization of lymph node disease by means of
CT is limited by the size threshold for detecting abnormal
nodes. Lymph nodes are generally interpreted as abnormal if
their short-axis diameter exceeds 1cm. For this reason, lymph
node enlargement due to inflammatory or infectious disease
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FIGURE 29.16. A 36-year-old man with Kaposi’s sarcoma of the
lungs. CT scan in lung windows shows multiple airspace nodules and
masses with surrounding ground-glass appearance. The nodules in
the right lower lobe are distributed along the bronchovasculature
(arrows).

FIGURE 29.17. A 52-year-old man with esophageal carcinoma.
Dual fluorodeoxyglucose-positron emission tomography (FDG-
PET)/CT scan of the thorax shows increased uptake in paraesophageal
lymph node (white arrow). Subcarinal lymph node (black arrow) of
the same caliber shows no evidence of FDG uptake, suggesting the
absence of metastases.



is frequently misinterpreted as neoplastic. Early metastases
to small nodes are often overlooked. FDG-PET improves
specificity by better identifying lymph node disease on the
basis of tumor glycolysis rather than visual size criteria
(Figure 29.18). Eubank et al. found PET more accurate than
CT (88% and 73%, respectively) for detecting metastatic
breast cancer to the mediastinum and internal mammary
lymph nodes.32 Other studies have demonstrated the useful-
ness of PET in detecting metastases from the abdomen and
lung.157 However, PET also has limitations with regard to
lymph node size. The size threshold for tumor detection in
metastatic foci is limited with PET because of camera 
resolution constraints. Lymph nodes with metastases that
measure 5mm or less can be missed.32 For instance, although
FDG-PET is useful for detecting distant metastases in
patients with breast cancer, it should not be the study of
choice for axillary lymph node staging. Numerous studies
have shown the sensitivity of PET for the detection of sen-
tinel node disease to be as low as 20%.158,159

Pleural Metastatic Disease

In adult patients, 22% of newly diagnosed pleural effusions
identified on chest radiographs are caused by malignancy.160

The likelihood that a newly diagnosed unilateral pleural effu-
sion is malignant increases with a patient’s age and the size
of the effusion.160,161 Even the presence of bilateral pleural
effusions should warrant further evaluation, especially if the
patient’s heart is of normal size. According to Blackman et
al., 50% of patients with such findings have a malignancy.162

Metastatic adenocarcinoma is responsible for 80% of malig-
nant pleural effusions; however, in 7% to 10%, the primary
site remains unknown.163–165 Overall, bronchogenic cancer
accounts for 36% to 43% of malignant pleural effusions, fol-
lowed by breast cancer at 9% to 25% and lymphoma at 7%
to 10%.164,165

The upright chest radiograph is of limited value in detect-
ing small volumes of fluid in the pleural space. According to
Blackmore et al., the smallest amount of fluid detected is 50
mL when a meniscus sign at the costophrenic angle is iden-
tified on a lateral chest film.166 The approximate volume of
fluid identified on a posteroranterior radiograph is 200mL
when a meniscus sign is present. At a volume of 500mL, fluid
typically obscures the diaphragm. Lateral decubitus films can
reveal as little as 5mL fluid; however, this technique can be
limited by soft tissues, bedding, and clothing that may overlie
the dependent thorax.167

As determined with chest radiographs, the incidence of
pleural effusion in patients with primary Hodgkin disease is
7% to 13%.168–170 It is approximately 10% in patients with
primary non-Hodgkin lymphoma.169,171 With the use of cross-
sectional imaging modalities, such as CT, the sensitivity for
detecting additional metastases in the thorax increases. Filly
et al. reported that 80% of patients with primary Hodgkin
disease and pleural effusion had lymphadenopathy that was
demonstrated on chest radiographs.169 However, Castellino et
al. reported a higher incidence (100%) on the basis of CT
results.170

Ultrasonography is sensitive in the detection and quan-
tification of pleural effusions.172,173 Yang et al. found ultra-
sound useful in characterizing the nature of pleural
effusions.174 Transudates were usually anechoic. Although
exudative effusions could also appear anechoic, fluid that 
was complex, homogenously echogenic, or that contained
complex septations was specific for an exudate. Associated
findings, including a thickened pleura or underlying pul-
monary lesions, also indicated an exudate. Only the presence
of pleural nodules was useful in detecting malignancy in the
pleural space (Figure 29.19). Similar results were reported by
Gorg et al., who also reported that only the presence of pleural
masses was specific for malignancy.175 According to Bradley
et al., imaging of the pleura with ultrasonography was useful
in evaluating malignant effusions to distinguish benign from
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FIGURE 29.19. A 55-year-old man with metastatic adenocarcinoma
and a pleural effusion. Ultrasound image shows lobulated soft 
tissue tumor (curved arrow) in the pleural space consistent with
malignancy.

FIGURE 29.18. A 56-year-old woman with previous left mastec-
tomy for breast cancer. Dual FDG-PET/CT scan images show
increased uptake of FDG in small subpectoral lymph nodes (arrow),
indicating metastatic nodal disease. These lymph nodes are normal
in size by CT criteria.



malignant pleural masses and to provide real-time guidance
for needle placement during percutaneous biopsy.176 Vas-
cular abnormalities and other benign masses were readily
identified as anechoic and pulsatile. Malignant tumors
showed varied echogenicity indicating soft tissue, inter-
ruption of the pleural line (90%), and decreased motion 
with respiration.

Although the spatial resolution of CT is excellent, small
tumor deposits on the pleura can be missed.177 According
to Akaogi et al., small nodules in the interlobar fissures in 
a patient with lung cancer without an effusion may be the
only indication of pleural involvement.178 Malignant effu-
sions frequently do not demonstrate any pleural changes 
on contrast-enhanced CT studies. Approximately 50% of
malignant effusions resemble simple transudative effusions
without pleural changes.177,179 Therefore, the absence of 
associated pleural thickening or nodularity does not pre-
clude a malignant effusion. Several studies have evaluated 
the use of CT in establishing criteria for detecting malig-
nant pleural disease.177,179–182 Arenas-Jimenez et al. found 
that pleural nodules and nodular pleural thickening were 
the most sensitive and specific findings for malignant 
pleural effusion (Figure 29.20).177 The finding of medias-
tinal and circumferential pleural thickening was also more
frequent in malignant disease but could be seen with an
empyema. Associated findings such as a pulmonary mass 
or nodules, enlarged mediastinal lymph nodes, a chest 
wall mass, or liver nodules helped to confirm radiologic 
evidence. In patients with lymphoma, ancillary findings 
of extrapleural tumor or enlarged lymph nodes in the
extrapleural space demonstrated with CT may also help 
to explain the source of pleural disease. Aquino et al. found
that 41% of patients with lymphoma and pleural effusion 
had abnormal pleural or extrapleural disease or both. Ninety-
five percent of patients with extrapleural tumors had adja-

cent paraspinal and posterior mediastinal lymph node
disease.183

MR imaging is useful in the detection of pleural malig-
nancy; however, because of the duration of scan time, limi-
tations in whole-body imaging due to the need for varying
sequences for specific organs, limited fields of view, and high
costs, this modality is the second choice, after CT. Falaschi
et al. found that MR imaging was equal to CT in the detec-
tion of morphologic changes suggesting malignant pleural
disease.184 They also found that MR imaging provided addi-
tional information as a result of changes in signal intensity
with malignancy. In six patients, CT results were equivocal,
whereas benign disease was distinguishable from malignant
disease on the basis of MR imaging information. The most
useful findings on MR images were high signal intensity on
proton-density-weighted and T2-weighted studies and the use
of lesion-to-muscle ratio in each sequence. Similar results
were found by Hierholzer et al.185 Both CT and MR imaging
were sensitive (93% and 96%, respectively) in detecting mor-
phologic changes of malignant pleural disease (i.e., mediasti-
nal pleural thickening, nodularity, irregular pleural contour,
and infiltration of the chest wall or diaphragm). MR images
displayed increased signal indicating malignancy in T2-
weighted and contrast-enhanced T1-weighted series, with 
sensitivities of 91% and 93%, respectively. No significant 
features were found on noncontrast-enhanced T1-weighted
images.

As a general imaging tool for routine pretreatment evalu-
ation of thoracic malignancy, CT is more practical and cost-
effective. However MR imaging is more sensitive in detecting
tumor involvement of the chest wall and diaphragm. As men-
tioned earlier in the chapter, MR imaging is superior to CT
in the assessment of chest wall and mediastinal involvement
by superior sulcus tumors. Carlsen et al. also found MR
imaging useful in the pretreatment assessment of patients
with mediastinal lymphoma and suspected involvement 
of the chest wall and pleura.186 MR imaging detected chest
wall or pleural malignancy or both in 22 of 57 patients; 
by comparison, with CT, disease was detected in only 2
patients.

FDG-PET is more sensitive than CT for the detection of
malignant pleural disease. Bury et al. described an increase in
FDG uptake in the pleura in all 16 patients with malignant
pleural disease in their study group.187 As in most FDG-PET
studies, infection could mimic malignancy. In the study by
Bury and colleagues, two patients with pleural empyema also
showed abnormal uptake, which mimicked tumor. Gupta et
al. reported a sensitivity and specificity of 88.8% and 94.1%,
respectively, for FDG-PET in correctly distinguishing benign
from malignant pleural disease in patients with lung
cancer.188 Extra care should be taken when interpreting any
FDG-PET image of a patient with malignant pleural disease
who was previously treated by means of talc pleurodesis.
Talc, which causes a chronic granulomatous response in the
pleural space, appears intensely hot on FDG-PET images and
mimics tumor.189 Careful correlation of PET findings with
those of CT is necessary to distinguish abnormal foci of
increased attenuation on PET from true neoplasm (Figure
29.21). This abnormal uptake will not resolve over time;
therefore, areas of new increased FDG uptake suggest recur-
rent disease.
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FIGURE 29.20. A 75-year-old woman with lung cancer. CT scan of
the thorax (soft tissue windows) demonstrates an enhancing pleural
nodule (arrow) consistent with tumor deposit.
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FIGURE 29.21. A 26-year-old woman with previous history of talc
pleurodesis for malignant pleural effusion. (A) FDG-PET scan shows
areas of increased uptake in the pleural space (arrows). (B) Correla-
tive CT scan (soft tissue windows) shows increased attenuation

(arrows) in the pleural space consistent with talc deposits. The
patient had no clinical evidence for recurrence, and her PET and CT
scans were stable over 3 years.
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Imaging of
Gastrointestinal
Stromal Tumor

Ihab R. Kamel and Elliot K. Fishman

astrointestinal stromal tumor (GIST) is a rare stromal
neoplasm that accounts for 5% of all soft tissue 
sarcomas.1 It is the most common mesenchymal 

neoplasm of the gastrointestinal tract.2,3 Before the advent 
of immunohistologic methods, most spindle cell sarcomas of
the gastrointestinal tract were considered to be leiomyomas
or leiomyosarcomas, with occasional examples of neurogenic
tumors. GIST defines a distinct group of gastrointestinal
tumors that originate from the intestinal cells of Cajal. These
cells act as regulators of bowel peristalsis and therefore are
also called pacemaker cells.4–6 Cajal cells normally express
cKIT (CD 117), which is a tyrosine kinase growth factor recep-
tor. This cKIT immunoreactivity is the best defining feature
of GISTs, distinguishing them from true smooth muscle
tumors (i.e., leiomyomas and leiomyosarcomas) and tumors
arising from neural crest derivatives (i.e., schwannomas and
neurofibromas)6,7; this is considered the most specific crite-
rion for the diagnosis of GIST. In addition, targeting the cKIT
receptor with a cKIT tyrosine kinase inhibitor [STI-571, ima-
tinib (gleevec); Novartis, Basel, Switzerland] has been suc-
cessfully utilized in treating patients with GIST.8,9

General Features

GISTs may occur anywhere throughout the gastrointestinal
tract, from the esophagus to the anus. They may also occur
in the mesentery, omentum, and retroperitoneum. The esti-
mated prevalence of GISTs is 10 to 20 cases per million 
population.10 Up to 70% of GISTs arise in the stomach 
and approximately 20% to 30% arise from the small bowel.
Incidence in the esophagus, colon, and rectum is rare.11,12 In
the esophagus, leiomyomas are more common than GIST,
accounting for approximately 75% of mesenchymal tumors.13

However, in the stomach, small bowel, colon, and anorectum,
GISTs account for almost all mesenchymal tumors because
other tumors, such as leiomyoma and leiomyosarcoma in
these sites are rare.10,14,15 Most GISTs exhibit an exophytic
growth pattern, growing along the bowel wall. For small
lesions, the overlying mucosa is typically intact, but mucosal
ulceration may occur in large and aggressive tumors. Sur-
rounding organ invasion may occur in approximately one-
third of cases.16 Metastatic disease is common and was
reported in nearly 50% of patients in one study.1 The liver 

is the most common site of metastases (65%), followed by 
the peritoneum (21%). Metastases to the lymph nodes, lungs,
and bones are considered rare. Most patients eventually
develop recurrence after complete surgical resection. The
liver and peritoneum are the two most common sites for
recurrence.17

Most GISTs are sporadic, and the majority of cases present
with a solitary lesion. However, patients with type I neurofi-
bromatosis have an increased prevalence of GIST. Typically,
these patients are children or young adults with multiple
small intestinal GISTs.18,19 Gastric GISTs may rarely occur in
association with pulmonary chondromata and extraadrenal
paraganglioma in Carney’s syndrome,20,21 which has a pre-
dilection for young women.

Clinical Presentation

At presentation, most patients are in their fifth and sixth
decade of life, and GISTs are rarely seen in patients younger
than 40 years of age.11 No gender predilection has been estab-
lished,22,23 although some data showed male predominance.1,24

There is no association between race, ethnicity, occupation,
or geographic location.25

The clinical manifestation of GIST is widely variable,
depending on tumor location and size. The most frequent
location for GIST is in the stomach (70%), followed by the
small bowel (20% to 30%).10 Tumor size is extremely vari-
able, ranging from small lesions to large masses. Small
tumors are usually asymptomatic and are diagnosed inciden-
tally during imaging, endoscopy, or surgery. GISTs may
remain clinically silent because of their submucosal origin
and tendency to grow exophytically. Symptomatic GISTs 
are usually large and may present with gastrointestinal bleed-
ing from mucosal ulceration.26 Patients may present with
hematemesis, melena, or symptoms and signs of anemia
resulting from occult bleeding.27 Other symptoms include
abdominal fullness and pain. A palpable mass may also be
present. The submucosal location of the tumor may cause
obstruction or perforation, especially those arising form the
esophagus or small intestine. Tumors in the esophagus may
present with dysphagia, and those arising in the duodenum
may compress the adjacent pancreatic head, resulting in fever
and jaundice. Rectal GISTs may present with symptoms of
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mass effect such as frequency, hesitancy, or poor urinary
stream due to invasion of the urinary bladder.26

Pathologic, Histologic, and
Immunohistochemical Features

GISTs usually involve the outer muscular layer and therefore,
are predominantly exophytic. They usually project into the
abdominal cavity. Mucosal ulceration may be seen in up to
50% of cases.28 Tumor size ranges from several millimeters
to larger than 30cm. Typically, tumors are well circumscribed
but lack a true capsule. They may result in significant mass
effect on surrounding organs. Cut sections are pink, tan, or
gray with focal areas of hemorrhage, cystic degeneration, and
necrosis, especially if large. Extensive hemorrhage and necro-
sis may result in cavity formation, which may communicate
with the gastrointestinal lumen.

GISTs usually present with moderate to high cellularity,
and tumor cells vary from spindle (70% to 80%) to epithe-
lioid (20% to 30%).16,27 Spindle cell GISTs exhibit spindle cells
that have elongated nuclei with tapered, blunt, or rounded
ends and eosinophilic or basophilic cytoplasm. Epithelioid
GISTs are composed of round or polygonal cells with central
or slightly eccentric nuclei; they may show mitosis, but typ-
ically, they have a more benign clinical course than spindle
cell GISTs. Histologically, GISTs with spindle-shaped cells
may simulate smooth muscle tumors or nerve sheath tumors.
They may also have prominent vascularity, hemorrhage,
extensive hyalinization, or myxoid degeneration.

The biologic behavior of GISTs ranges between benign and
malignant, and the differentiation is based on size, location,
cellularity, and the degree of mitotic activity. Generally,
malignant GISTs are large and more cellular than benign
GISTs. However, the critical size is not agreed upon. Tumor
behavior varies significantly by location, and the cutoff tumor
size also varies by location. GISTs arising from the stomach
are more likely to be benign than malignant.10 Gastric GISTs
that are smaller than 5cm in maximum diameter, with five
or fewer mitoses per 50 consecutive high-power fields, have
a low risk for metastasis, and are considered benign. Gastric
GISTs that are larger than 10cm and with more than five
mitoses per 50 high-power fields are considered malignant.
Tumors that fall between these two categories have indeter-
minate malignant potential. Tumors with high mitotic activ-
ity (more than 50 mitoses per 50 high-power fields) are
considered aggressive with high-grade malignant potential.29

GISTs that arise from the small intestine tend to be more
aggressive than those arising from the stomach. Most
esophageal, colonic, and anorectal GISTs are malignant.
Because benign-appearing GISTs may recur or metastasize, it
has been recently suggested to classify GISTs into very low,
low-, intermediate-, and high-risk categories rather than as
benign or malignant.30 Careful clinical and imaging follow-up
is therefore advised for all patients.30,31

The diagnosis of GIST requires confirmation with
immunostaining for CD 117, which is expressed by all GIST,
both spindle and epithelioid type,6 regardless of their
anatomic site or clinical behavior. The presence and expres-
sion of CD 117 is also found in the interstitial cells of Cajal,

which are the pacemaker cells of the gastrointestinal tract.
This association suggests that these cells are the common
origin of GISTs.4 The expression of CD 117 is the most spe-
cific marker for GIST.30 However, it is not pathognomonic, as
other malignant neoplasms, including malignant melanoma,
seminoma, sarcoma, and some leukemias, may also express
CD 117.6 Fortunately, the distinction between GISTs and
other tumors that express CD 117 can be made histologically.
Approximately 70% to 80% of GISTs also express CD34,
which is a hemopoietic progenitor cell antigen. GIST may
also express smooth muscle antigen in approximately one-
third of cases, but it is rarely reactive to desmin, present in
true smooth muscle tumors, and S-100 immunostaining,
present in schwannoma.

Computed Tomography Protocol and Image
Processing Technique

Many cross-sectional imaging modalities are available for 
the evaluation of patients with GISTs, including ultrasound,
computed tomography (CT), magnetic resonance imaging
(MRI), and positron emission tomography (PET). CT is the
mainstay of abdominal imaging. It is widely available and
highly accurate, particularly in assessing liver metastases.32,33

If properly performed, CT will adequately address most clin-
ical concerns in patients with GISTs. CT features provide
information that may help in differentiating GISTs from 
lymphoma and epithelial gastrointestinal tumors. With the
introduction of new targeted medical therapy for GISTs, CT
is increasingly utilized to assess tumor response and to eval-
uate for disease recurrence. In addition, CT is currently the
first imaging modality requested in patients with suspected
bowel obstruction, which is reported in up to 30% of
GISTs.34–36 Occasionally a small bowel neoplasm may be
detected in these cases. CT may also be utilized to guide tissue
biopsy.

The recent introduction of multidetector row CT, com-
bined with multiplanar reconstructions and high-fidelity
volume rendering, can provide comprehensive evaluation of
the abdomen, particularly the vascular anatomy37–39; this is
particularly useful in determining the origin of large exo-
phytic GISTs, which may be difficult to determine in an axial
plane. Multiplanar volume rendering and maximum inten-
sity projection techniques are also used to accurately delin-
eate small mucosal lesions, to better characterize the
morphology of the lesion, and to detect hepatic and peri-
toneal metastases.

Although CT may detect an incidental GIST, patients are
more commonly referred for accurate tumor localization,
characterization, staging, and surveillance for metastases or
recurrence after surgery. For routine scanning of the abdomen
and pelvis, a detector configuration of 4 ¥ 2.5mm, table speed
of 15mm, and pitch of 6 :1 allow for adequate coverage in a
single breath-hold of 20–25 seconds. Image reconstruction of
5mm, with optional 2.5-mm overlap, can be performed in
such cases. Newer 16-slice multidetector CT scanners allow
the use of 1.5-mm detectors with 2-mm-thick slices at 1-mm
intervals. Contrast enhancement is typically achieved using
120mL (2mL/kg) nonionic contrast media injected intra-
venously, with a power injector, at a rate of 3ml/s. Depend-
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ing on the clinical indication, arterial and/or portal venous
imaging is performed using a 25-second and 60- to 65-second
scan delay, respectively. In patients undergoing dual-phase
CT of the liver, in addition to CT of the chest, abdomen, and
pelvis, arterial-phase images of the liver should be obtained
in the first breath-hold at 25 seconds, followed by scans
through the chest, abdomen, and pelvis in the second breath-
hold at 65 seconds. For the evaluation of the abdominal 
vascular anatomy before possible resection, a detector con-
figuration of 16 ¥ 0.75-mm collimation and 0.5-mm intervals
will result in superior three-dimensional image reconstruc-
tion and volume rendering techniques.

Positive oral contrast is not administered when imaging
GIST because it may degrade image reconstruction and
obscure small mucosal lesions. Positive oral contrast agents
may also mix unevenly with gastric and intestinal fluid,
resulting in pseudotumor.40,41 When imaging the stomach and
small bowel, 750mL water is recommended as a negative con-
trast agent, given to the patient approximately 15 minutes
before imaging. Patients also receive an additional 250mL
immediately before the study to ensure adequate distention
of the stomach. Water is well tolerated and results in good
gastric and proximal small bowel distension as well as excel-
lent visualization of the enhancing gastric wall.42 One disad-
vantage of using water as oral contrast is the suboptimal
distension of the distal small bowel. Some authors have advo-
cated using positive contrast initially, followed by water to
allow adequate distension of the stomach and small bowel.43

Alternatively, oral metoclopramide can be administered to
improve ileal distension and reduce bowel peristalsis.44 GISTs
that are detected incidentally may be seen on a routine CT
scan of the abdomen, which is usually performed with high-
density oral contrast.

At our institution, CT scanning is performed using a mul-
tislice variable detector array (Sensation 16; Siemens Medical
Solutions, Malvern, PA). Multidetector row CT images are
acquired as a volume data set during a single breath-hold. All
CT imaging data, in the original resolution of 512 ¥ 512, are
sent from the scanner to a freestanding workstation for 
postprocessing (Leonardo with In Space software; Siemens).
Volume rendering allows the best approach to visualize the
stomach and small bowel compared to other rendering algo-
rithms.42,45 Volume rendering utilizes all the attenuation
information in any given slab of tissue, and real-time adjust-
ments can be performed to accentuate the stomach and small
bowel. Histograms of the relative density values are manipu-
lated through trapezoid control of variables, such as width,
level, opacity, and brightness. This function assigns opacity
and color to each voxel and can be instantaneously adjusted
to alter the final display. It is often helpful to start with two-
dimensional multiplanar reconstructions and then proceed 
to the three-dimensional volume rendering. Initial two-
dimensional multiplanar reconstructions allow for quick
assessment of the abdomen in the axial, coronal, and sagittal
planes. The main advantage of three-dimensional volume ren-
dering is the enhanced depth perception, which improves
visualization of a complex mass or tortuous vessels. Interac-
tive application of different orientations and cut planes
enhance the visualization of the bowel and the display of
tumor in any plane that is necessary for the surgeon or refer-
ring physician.

General CT Features

General features of GISTs depend on the organ of origin and
tumor size. Most tumors arise from the muscularis propria of
the stomach or small intestine, and the submucosal origin of
these tumors explains their typical CT features. They com-
monly manifest as a dominant exophytic mass. Less common
CT findings include dominant intramural and intraluminal
masses. Small tumors are typically homogeneous, well
defined, and sharply marginated. Contrast enhancement is
usually moderate. Large tumors tend to have central necrosis
and mucosal ulceration. Enhancement of large tumors is typ-
ically heterogeneous, although this feature cannot reliably
predict tumor behavior or malignant potential.27 Peripheral
contrast enhancement indicates viable tumor, whereas
central areas of low attenuation may appear due to hemor-
rhage, necrosis, or cystic degeneration. Cavitary lesions may
develop, which often communicate with the bowel lumen.
They may contain air, air–fluid level, or food residue. Calci-
fication is unusual and may be mottled or extensive. Ascites
has rarely been reported in patients with GISTs, suggesting
that these tumors do not incite local inflammatory reaction.
Vessels are often stretched over large tumors, but vascular
encasement of the mesenteric and retroperitoneal vessels is
rare.24

Regardless of the site of GIST, differentiation of benign
tumors from their malignant counterparts is difficult on CT.
Distinguishing between low-grade and high-grade malignant
GISTs by CT has been recently reported.46 CT features favor-
ing a diagnosis of high-grade GIST and, associated with poor
survival, included large tumor size (larger than 11.1cm), irreg-
ular surface, unclear boundary, mesenteric or bowel wall
invasion, heterogeneous enhancement, distant metastases,
and peritoneal dissemination.

CT is the most common technique in evaluating hepatic
metastases.32,33 These are typically hypodense on unenhanced
CT, with occasional hyperdensities resulting from hemor-
rhage or proteinaceous material. Contrast-enhanced CT
metastases are heterogeneous in enhancement, likely because
of cystic degeneration. Following treatment with imatinib,
metastases to the liver commonly become hypodense, appear-
ing cystlike with a well-defined margin.47,48 Decrease in atten-
uation of the treated lesions may be due to myxomatous
change resulting in small pyknotic nuclei in an eosinophilic
myxoid background.49

Stomach

Most GISTs arise from the stomach, accounting for 2% to 3%
of all gastric tumors. According to a recently published study,
28 of 64 GISTs (44%) were located in the stomach.27 At CT,
most tumors are large with an exogastric extension into the
gastrohepatic ligament, gastrosplenic ligament, or the lesser
sac.27 Most tumors have rim enhancement, with central areas
of low attenuation due to hemorrhage, necrosis, or cystic
degeneration (Figures 30.1–30.3). These findings have no cor-
relation with malignant potential. Large tumors may also cav-
itate, and the cavities may communicate with the gastric
lumen and become filled with food residue, fluid, or air–fluid
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FIGURE 30.1. Large gastric gastrointestinal stromal tumor (GIST)
in a 45-year-old man with history of abdominal pain and weight loss.
(A) Coronal volume-rendered image through the upper abdomen
reveals a large heterogeneous cystic and/or necrotic mass in the left
upper quadrant that is inseparable from the stomach. Notice periph-
eral solid component with heterogeneous enhancement (arrow). The

FIGURE 30.2. Gastric GIST in a 92-year-old woman with early
satiety, abdominal pain, and anemia. (A) Axial CT of the abdomen in
the arterial phase reveals a large cystic/necrotic mass in the left upper
quadrant, extending into the gastrosplenic ligament. The mass
appears to arise from the posterior aspect of the stomach, which is
displaced anteriorly (arrow). (B) Axial CT at the same level as (A) in

mass abuts the liver without evidence of invasion. Oral contrast is
seen in the large bowel from a prior computed tomography (CT) scan.
(B) Coronal reconstruction reveals patency of portal vein (arrow) and
superior mesenteric vein (small arrows). These findings are impor-
tant for surgical planning.

the portal venous phase shows irregular enhancing peripheral solid
components (arrow) and central necrosis. (C) Coronal volume-
rendered image demonstrates the craniocaudal extension of the mass
to the pelvis. (D) Sagittal reconstruction better reveals the extralu-
minal nature of the mass. The mass is related to the posterior aspect
of the stomach (arrow), which contains an air–fluid level.



level (Figure 30.4). Homogeneous enhancement of the tumor
is uncommon, accounting for 8% of cases according to one
study.27 Calcifications are unusual and were reported in 3%
of cases. Multidetector row CT with volume rendering allows
for accurate delineation of the tumor outline and subtle
gastric wall thickening at the site of tumor attachment to the
gastric wall. These features help in determining the organ of
origin in large tumors and their relationship to surrounding
organs. CT may also demonstrate extragastric extension into

the gastrohepatic ligament, gastrosplenic ligament, and lesser
sac. It can demonstrate invasion of surrounding organs,
ascites, or peritoneal carcinomatosis. Liver metastases may
also be detected; these are usually hypovascular and best seen
in the portal venous phase. Metastatic lymph node involve-
ment is not observed in patients with GIST.

The differential diagnosis for gastric GISTs includes other
mesenchymal neoplasms that arise in the gastric wall, includ-
ing leiomyomas (Figure 30.5), leiomyosarcomas, schwanno-
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FIGURE 30.3. Gastric GIST in a 48-year-old woman presenting
with upper gastrointestinal bleeding. (A) Axial CT of the abdomen
reveals a large mass (arrow) in the fundus of the stomach. The mass
is entirely projecting into the gastric lumen, with no exophytic com-

FIGURE 30.2. (continued)

ponents. This finding is somewhat atypical because most GISTs have
an exophytic component. (B) Coronal reconstruction confirms the
intraluminal nature of the mass. No extragastric extension was seen.



mas, and neurofibromas. The imaging features of these tumors
may be similar to GISTs. Gastric adenocarcinoma and lym-
phoma may also have a radiologic appearance similar to GISTs.
However, they rarely demonstrate large exophytic growth, and
when advanced are commonly associated with bulky adenopa-
thy, a feature that is not seen in malignant GISTs.

Small Intestine

GIST may occur anywhere throughout the small intestine,
and these patients usually present with signs and symptoms
of bowel obstruction. At CT, GISTs may appear as an intra-

mural polyp or intraluminal mass. Tumor margins are typi-
cally well defined, unless they have mucosal ulcerations.
Tumors may also cavitate and form fistulous communication
with surrounding bowel loops. Similar to gastric GISTs,
tumors typically enhance with central areas of low attenua-
tion due to hemorrhage, necrosis, or cyst formation (Figure
30.6). Homogeneous pattern of enhancement is less common.
Tumors may encase or invade surrounding small bowel,
colon, urinary bladder, or ureter. Patients may also present
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FIGURE 30.4. Malignant gastric GIST in a 49-year-old man. (A)
Axial CT of the abdomen with oral and intravenous contrast reveals
an exophytic mass arising from the posterior aspect of the stomach
(arrow) and extending along the gastrosplenic ligament. Note 
marked thickening of the gastric mucosal folds posteriorly. (B) Axial
CT of the abdomen at a level lower than (A) reveals extensive central
necrosis and a cavity (arrow) that is air filled. The mass invades the
wall of the transverse colon (arrowhead).
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FIGURE 30.5. Incidental submucosal gastric leiomyoma simulating
GIST in a 56-year-old man. (A) Axial contrast-enhanced CT of the
abdomen reveals a small submucosal soft tissue mass in the fundus
of the stomach (arrow). The homogeneous enhancement and lack of
exophytic component favor the diagnosis of leiomyoma over GIST.
(B) Coronal volume-rendered image better demonstrates the smooth
contour of the lesion (arrow) and the intact overlying mucosa.



on the pancreas or simulate a pancreatic primary50,51 (Figure
30.8). Judicious application of image postprocessing may help
in avoiding this pitfall.

Anorectum

Anorectal GISTs account for 9% of 64 GISTs, according to a
recently published series.27 Unlike GISTs in other locations,
a male predominance has been reported.14,52 Clinical presen-
tation includes rectal pain, bleeding, and rectal mass. Anorec-
tal GISTs present as eccentric mural masses that invade the
rectal wall. The most common finding at CT is a focal well-
circumscribed mural mass, which expands the rectal wall and
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FIGURE 30.6. Duodenal malignant GIST in a 56-year-old male patient
presenting with a palpable abdominal mass. (A) Coronal volume-rendered
image reveals a large mass (arrow) with peripheral enhancement and
central necrosis, arising from the second portion of the duodenum. Inter-
active volume rendering helps in confirming the duodenal origin of the
mass, which should not be mistaken for pancreatic neoplasm. (B) Coronal
maximum intensity projection image better reveals the superior mesen-
teric artery (arrow) and its branches draped around the mass. No vascu-
lar encasement was seen; this was confirmed at pathology. (C) Sagittal
reconstruction demonstrates the craniocaudal and anteroposterior extent
of the mass (arrow) and the relation to the surrounding organs, including
the liver (L), gallbladder (G), and right kidney (K). These findings are impor-
tant for surgical planning.

with metastases to the liver, peritoneum, or omentum.
Ascites may occur but is uncommon. Patients with neurofi-
bromatosis (type I) may have multiple small intestinal
GISTs18,19 (Figure 30.7).

Differential diagnosis for small intestinal GISTs includes
adenocarcinoma, which is the most common primary malig-
nancy of the proximal small bowel. However, adenocarci-
noma typically manifests as an annular lesion in the proximal
small bowel, which is not a feature of GISTs. Lymphoma may
be indistinguishable from GISTs, especially when it produces
large masses that may cavitate, ulcerate, and extend into 
the mesentery. However, the presence of lymphadenopathy
favors the diagnosis of lymphoma. Tumors of the duodenum
and proximal small bowel may cause a significant mass effect
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FIGURE 30.7. Multiple GISTs in a 42-year-old man with history of
neurofibromatosis (type I) and lower gastrointestinal bleeding. Axial
CT of the lower abdomen in the arterial phase reveals multiple pedun-
culated skin lesions (arrowhead) and within the abdomen (small
arrows) compatible with neurofibromas. In addition, there is an
enhancing soft tissue mass in the distal jejunum (arrow), which was
proven to be a GIST at small bowel resection.
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FIGURE 30.8. Poorly differentiated high-grade duodenal sarcoma 
in a 61-year-old man. (A) Axial CT of the abdomen with oral and 
intravenous contrast reveals a soft tissue mass in the region of the 
pancreatic head (arrow), involving the descending portion of the duo-
denum. This mass could be mistaken for pancreatic neoplasm. (B) Axial
CT of the abdomen at a level lower than (A) shows invasion of the right
renal hilum (arrow) and the inferior vena cava (arrowhead). A ureteric
stent is seen in place (small arrow). (C) Coronal volume-rendered image
shows the epicenter of the lobulated mass along the descending portion
of the duodenal mass, with surrounding mesenteric fat stranding
(arrow) indicating peritumoral spread of disease. The pancreas is well
visualized (arrowheads) and is normal.



ischiorectal fossa, and perirectal adenopathy.14 Primary
anorectal lymphoma may be seen in patients with acquired
immunodeficiency syndrome and may be associated with
mucosal ulceration or perianal fistula. Other features that
may be seen in primary anorectal lymphoma, include tumor
heterogeneity, concentric wall thickening, intraluminal 
polypoid masses, and thickening of adjacent levator ani
muscle.27

Colon

Primary colonic GISTs are much less common than gastric,
small bowel, and anorectal GISTs. These transmural tumors
may involve the intraluminal and extraserosal surfaces of 
the colon.15 They are smooth or multinodular in contour 
with areas of low attenuation due to hemorrhage, necrosis, 
or cystic degeneration. Circumferential involvement of the
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FIGURE 30.9. Malignant GIST in a 40-year-old woman presenting with rectal mass. (A) Axial
noncontrast CT of the pelvis performed as part of positron emission tomography (PET)/CT reveals
a large pelvic soft tissue mass displacing the air-filled rectum (arrow) and urinary bladder (arrow-
head) anteriorly. (B) Axial noncontrast CT at a level lower than (A) reveals extension of the mass
into the left ischiorectal fossa (arrow). (C) Coronal whole-body PET image reveals intense fluo-
rodeoxyglucose (FDG) uptake indicating increased metabolic activity of the tumor (arrow), which
is common in patients with untreated GISTs.

may ulcerate (Figure 30.9). The mass may extend into the
ischiorectal fossa and may invade surrounding pelvic organs,
including the vagina, prostate, or urinary bladder. These find-
ings may result in difficulty identifying the organ of origin on
cross-sectional imaging. Similar to GISTs in other locations
of the gastrointestinal tract, enhancement is heterogeneous
with areas of low attenuation from hemorrhage or necrosis.
Calcification and adenopathy are rare. GISTs in the anorectal
region show malignant behavior even when small (less than
2cm in maximum dimension) and have no more than five
mitoses per 50 high-power fields. These tumors are also asso-
ciated with significant mortality rates.53

Rectal adenocarcinoma, anal squamous cell carcinoma,
leiomyoma, leiomyosarcoma, lymphoma, and malignant
melanoma may have a CT appearance similar to anorectal
GIST and are in the differential diagnosis. Leiomyosarcoma
may have a dominant polypoid mass while adenocarcinoma
may have an irregular margin, soft tissue invasion into



colon with aneurysmal dilatation of the involved segment of
the colon has been described.15

At CT, small lesions are confined to the wall of the colon
and appear as mural or submucosal masses, which may ulcer-
ate. Differential diagnosis includes adenocarcinoma, lym-
phoma, leiomyosarcoma, and metastatic melanoma. Tumors
arising adjacent to the colon, such as retroperitoneal sarco-
mas, may involve the colon and may be mistaken for GISTs.

Esophagus

The most common neoplasm of the esophagus is leiomyoma,
accounting for 75% of tumors. They occur in a younger pop-
ulation (median age, 35 years) compared to GISTs, which are
relatively uncommon in the esophagus and occur in older
patients (median age, 63 years).15 Esophageal GISTs are most
commonly located in the distal third of the esophagus and
may extend into the stomach. These lesions may be homo-
geneous or heterogeneous with central areas of low attenua-
tion due to hemorrhage, necrosis, or cystic degeneration.
Most esophageal GISTs are benign, unlike the trend seen else-
where in the gastrointestinal tract where most GISTs are
malignant.

The differential diagnosis of esophageal GISTs include
leiomyoma, duplication cysts, lipoma, neurofibroma,
schwannoma, and hemangioma. GISTs may also simulate
other lesions that have a polypoid appearance such as papil-
loma, adenoma, fibrovascular polyp, and inflammatory polyp.
Large GISTs may invade the mediastinum, simulating
advanced carcinoma, lymphoma, leiomyosarcoma, and malig-
nant melanoma.

Omentum and Mesentery

Primary GISTs rarely may arise from the omentum or mesen-
tery54; these are usually large multilobulated masses with
areas of low attenuation due to hemorrhage, necrosis, or
cystic degeneration. Trace amount of free fluid in the
abdomen may be present.55 CT findings of GISTs arising in
these locations are not characteristic, and they are indistin-
guishable from other sarcomas including liposarcoma,
fibrosarcoma, leiomyosarcoma, inflammatory pseudopolyp,
and mesenteric fibromatosis. Therefore, presumptive diagno-
sis before biopsy or surgery may be difficult.

GISTs from the gastrointestinal tract may metastasize to
the omentum and mesentery, resulting in multiple peritoneal
masses (Figure 30.10). Patients may also develop peritonitis
secondary to tumor rupture. In these cases, the differential
diagnosis includes peritoneal carcinomatosis and lymphoma.

Treatment and Prognosis

Surgical resection of the primary disease followed by obser-
vation is the conventional treatment for patients with GISTs
and offers the best cure rate.48,56 For resectable GISTs, preop-
erative histologic confirmation is usually not necessary as
these tumors may bleed, rupture, or disseminate as a result
of biopsy.17 For the same reasons, the tumor should be
removed en bloc during surgery.57 A safety margin of normal
surrounding soft tissue or bowel should be included if pos-

sible to reduce the risk of recurrence.48,58 Because lymph node
metastases are rare, extensive lymphadenectomy is not rou-
tinely performed.

Because of the unpredictable behavior of GIST, follow-up
by imaging is performed to assess for disease recurrence, even
though there is no proof that early detection of recurrent
GIST results in survival benefit.31 Disease recurrence has
been reported in up to 80% of cases despite complete resec-
tion with pathologically proven negative margins.57 Although
most recurrences occur within 2 years, tumors with low
mitotic index may take more than 10 years to metastasize.35

Recurrence is commonly local and peritoneal, often associ-
ated with liver metastases (Figure 30.11). Lymph node
involvement is unusual. Most metastatic GISTs are confined
to the abdomen, unlike other soft tissue sarcomas, which
metastasize to the lungs.59
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FIGURE 30.10. Tumor recurrence in a 75-year-old man 14 months
after resection of malignant mesenteric GIST. (A) Axial CT of the
pelvis reveals a rim-enhancing soft tissue mass along the right ilio-
psoas muscle (arrow) suspicious for tumor recurrence. Surgical
sutures from prior bowel resection are identified in the left lower
quadrant. (B) Axial CT of the pelvis at a level more inferior than (A)
reveals a hypervascular mass (arrow) anterior to the urinary bladder
compatible with tumor recurrence.



Patients with recurrence have a poor prognosis.30 Arterial
embolization, surgery, and irradiation have been ineffective
in treating patients with metastases and recurrent disease.
Until recently, drug therapy for patients with GISTs has also
been ineffective. However, a promising new drug, STI 571
(imatinib mesylate, gleevec) has been recently introduced.
This new drug inhibits tyrosine kinase and was first reported
in a case of recurrent metastatic GIST that failed extensive
surgery and chemotherapy.56 The authors reported favorable
response to therapy after 1 month of treatment, using MRI
and PET. The safety and effectiveness of this new therapy
were subsequently demonstrated in patients with advanced
unresectable or metastatic disease.60,61 Current studies
demonstrate up to 69% of patients showing favorable
response to therapy.61 However, it is still unclear how long
the response to therapy will last and whether maintenance
therapy is required.
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Kidney

Renal Cell Carcinoma
With the increased availability of abdominal ultrasound,
computed tomography (CT), and magnetic resonance imaging
(MRI), many renal cell carcinomas are now incidentally dis-
covered, which has resulted in detection of such tumors at an
early stage in asymptomatic patients.

CT is currently the method of choice for evaluation of sus-
pected renal masses and for preoperative staging of renal cell
carcinoma (Figure 31.1).1–3 The advent of spiral CT has had a
significant impact on evaluation of renal masses. With the
use of spiral CT, the sensitivity of CT in detecting renal cell
carcinoma approaches 100% and specificity is 88% to 95%,4,5

or evaluation of known or suspected renal masses, both pre-
and postcontrast images with intravenous contrast medium,
should be obtained because small renal cell carcinomas are
difficult to diagnose without intravenous contrast and diag-
nosis of masses requires assessment of enhancement.1,6 Spiral
CT allows a high-quality scan dedicated to the kidneys during
various phases of contrast enhancement after a rapid bolus of
intravenous contrast material.4,7,8 In addition, reformatted and
three-dimensional images created from volumetric data sets
obtained by spiral CT, particularly with recently introduced
multidetector CT, can help assessment of the tumor extent
and accurate staging (Figure 31.2).9 For detection of renal
masses, nephrographic phase images obtained with scan
delay, at least 90 seconds after the start of intravenous con-
trast medium injection, are important because of a higher
sensitivity than corticomedullary phase images to detect
renal masses.6–8,10

MRI can also be used as an alternative imaging modality
to CT for patients allergic to iodine or patients with an in-
conclusive CT study.11 Gadolinium (Gd)-containing contrast
material has been shown to be remarkably safe and is well
tolerated in patients with a history of iodinated contrast
allergy. Recent studies showed MRI is considered equivalent
to CT in accuracy for the detection and characterization of
renal masses.12–14 A high-quality MR examination can be 
performed with torso phased-array coils and a variety of 
breath-hold sequences. Imaging protocols generally in-
clude T1-weighted images obtained with spin-echo and/or
breath-hold spoiled gradient echo images and T2-weighted
images obtained with fat-suppressed fast spin-echo images or
breath-hold half Fourier single-shot fast spin-echo images.
Gadolinium-containing intravenous contrast material is 
necessary to detect and characterize small lesions (Figure

31.3).15,16 An advantage of MRI gadolinium contrast (as
opposed to CT contrast) is lack of nephrotoxicity.

Staging of the tumor by radiologic examination is relevant
because prognosis and surgical planning largely depends on
preoperative imaging delineation of disease extent. Reported
accuracy of CT and MRI for staging of renal cell carcinoma
is similar, ranging from 67% to 95% for CT and from 67% to
96% for MRI.9,11–13 It may be difficult to distinguish stage I
(confined within the renal capsule) from stage II (extending
into the perinephric fat) disease. Thickening of the renal
fascia and dilated tortuous vessels in the perinephric space
are not reliable signs of tumor extension into the perinephric
fat and may be caused by edema, inflammation, or engorge-
ment of vessels due to increased blood flow through a vascu-
lar tumor. Perinephric fat stranding has been detected in up
to 50% of stage I tumors on CT (see Figure 31.1). The pres-
ence of an enhancing nodule of 1cm or greater in the peri-
nephric space has been reported to be highly specific (98%)
but only 46% sensitive on CT. MRI has been reported to be
slightly more accurate compared to CT to predict invasion of
perirenal fat.11,12

Tumor thrombus within the renal vein, inferior vena cava
(IVC), or right atrium can be directly visualized by CT or MRI.
Using spiral CT and electron beam CT, sensitivity and speci-
ficity of tumor thrombus in the renal vein were 85% and
98%.17 In a recent study using multidetector CT with dedi-
cated protocol and thin collimation, 100% accuracy of tumor
thrombus in the renal vein and IVC has been reported.9 MRI
and MR angiography also achieved high sensitivity of 89% 
to 100%, with specificity of 96% to 100%, in assessment of
tumor thrombus in the renal vein and IVC.16,18,19 A recent
study showed tumor invasion of the IVC wall was imaged by
MRI with three-dimensional (3-D) gadolinium-enhanced MR
angiography and venography with sensitivity and specificity
of 100% and 89%, respectively.20

Distinction between metastatic and hyperplastic lymph
nodes is limited for both CT and MRI because size remains
the only criterion for diagnosis of lymph node metastasis.
Studer et al. reported that CT is sensitive for the detection of
enlarged lymph nodes in patients with renal cell carcinoma
(95%), but more than 50% of enlarged nodes were caused by
benign inflammatory changes, probably the result of tumoral
necrosis or venous thrombosis.21 They also reported that
when using a size criteria of 1cm or greater for regional lymph
node metastasis there is a 4% false-negative rate for lymph
node staging.21

A variety of complex or complicated cystic masses occur
in the kidney. Bosniak has described a classification system
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in which CT features are used to classify cystic masses into
four types to determine the likelihood of malignancy and aid
in the management of complicated cystic lesions.22 CT and
MRI with intravenous contrast material are equivalent for
distinguishing cysts from neoplasms.1 Image subtraction is
commonly used for MRI and aids in complex cases. Images
without gadolinium are subtracted from those obtained after
gadolinium contrast agent. Complex cystic lesions that may
otherwise appear to enhance are subtracted from the result-
ing image. The method is particularly important for patients
with polycystic kidneys.

With increased detection of renal tumors at an earlier
stage, more limited or less invasive surgical procedures, such
as nephron-sparing and laparoscopic surgery, have evolved as
effective alternatives to radical nephrectomy.23 Nephron-
sparing surgery is increasing in frequency because excellent
preliminary results have been reported with small, low-stage
renal cell carcinoma. More recently, less invasive nephron-
sparing procedures have been applied to the treatment of renal
cell carcinoma including laparoscopic surgery, radiofrequency
ablation, and cryoablation. CT and MRI can play an impor-
tant role to assess the precise location of the tumor in rela-
tion to the major vessels and the renal collecting system and
to determine whether nephron-sparing surgery can be per-
formed (see Figure 31.2).24–27

Other solid renal masses include oncocytoma, lymphoma,
angiomyolipoma, pseudotumor, and metastatic tumor to the
kidney (Figure 31.4). Oncocytoma requires surgical resection
because it is not radiographically distinguished from renal
cell carcinoma, but other tumors are generally not treated by
surgery. Percutaneous renal biopsy may be useful in several
clinical situations: (a) lesions that do not have the typical 

radiologic features of renal cell carcinoma, (b) lesions that are
unresectable, (c) lesions that are of uncertain histology, (d)
possibly metastatic lesions, (e) lesions for which lymphoma
is a diagnostic consideration, and (f) lesions for which treat-
ment may be altered by histologic diagnosis.28 In these 
populations, the accuracy of biopsy of 87% to 89% without
significant complications has been reported.28,29
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FIGURE 31.1. Renal cell carcinoma. Contrast-enhanced computed
tomography (CT) scan shows heterogeneous mass in the left kidney
(arrow). There is stranding around the mass, which is caused by peri-
tumoral inflammation found by pathologic specimen. There was no
capsular invasion. The pathologic stage was T2 Nx Mx.

A

B

FIGURE 31.2. Renal cell carcinoma. (A) Contrast-enhanced CT
scan obtained during nephrographic phase shows a 3-cm mass in the
left kidney. (B) Coronal reformatted CT image shows the mass is
located in the periphery and is partially exophytic. There is no evi-
dence of vascular or collecting system involvement. The patient
underwent nephron-sparing nephrectomy. The pathologic stage was
T1 Nx Mx.



Urothelial Carcinoma

Collecting System and Ureter

Transitional cell carcinoma (TCC) of the renal pelvis ac-
counts for approximately 7% of primary malignancies of 
the kidney. TCC is often multifocal. Two percent to 4% of
patients with TCC of the bladder develop upper urinary tract
tumors, and metachronous upper tract tumors develop in
19% of upper tract TCC. Urography, sonography, or retro-
grade pyelography is often the initial study for suspected
upper tract urothelial tumors.1 The most sensitive imaging
modality for detecting and delineating tumors in the upper
urinary tract is retrograde pyelography,30 with sensitivity of
72% and specificity of 85%.31

Transitional carcinoma of the upper urinary tract may be
seen on CT as an intraluminal soft tissue mass (Figure 31.5),
diffuse or eccentric thickening or irregularity of the wall, or
with obstruction of the collecting system proximal to a soft
tissue mass.32,33 On noncontrast CT, it is seen as soft tissue
density of 10 to 40 Hounsfield units (HU), and there is
minimal increase in density after intravenous contrast
medium administration.1 With multidetector CT, a ureteral
mass as small as 5mm can be detected. It may displace 
and compress the renal sinus fat or infiltrate the renal
parenchyma (Figure 31.6).32,33 A focal obstructive nephrogram
may be seen with a delayed and late persistent dense nephro-
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FIGURE 31.3. Renal cell carcinoma. (A) Axial T1-weighted image
shows right renal mass isointense to the kidney, which is difficult 
to appreciate without contrast enhancement. (B) Postcontrast T1-
weighted image with fat suppression shows the minimal enhance-
ment of the mass, which is much less than the adjacent renal cortex.
The mass abuts the pancreatic head (arrow). The patient underwent
right nephrectomy. Pathologically, it was papillary renal cell carci-
noma with the pathologic stage of T1 Nx Mx.

A

B

FIGURE 31.4. Malignant lymphoma of the kidney. (A) Contrast-
enhanced CT obtained during corticomedullary phase shows large
soft tissue mass involving the left kidney. Lymphadenopathy is also
seen along the left renal vein (arrow). (B) Contrast-enhanced CT
obtained during excretory phase shows minimal, homogeneous con-
trast enhancement of the mass. The patient underwent ultrasound-
guided percutaneous biopsy, which revealed malignant lymphoma.
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FIGURE 31.5. Transitional cell carcinoma of the right renal pelvis.
(A) Contrast-enhanced CT scan obtained during excretory phase.
There is a soft tissue mass within the right renal pelvis. Right
hydronephrosis is caused by the accessory right renal artery crossing
the ureterovesical junction seen on arterial phase images (not shown).

(B) Coronal reformatted CT image obtained during excretory phase.
Soft tissue mass causes filling defect within the dilated right renal
pelvis. The patient underwent laparoscopic nephrectomy. Pathologi-
cally, it was superficially invasive low-grade transitional cell carci-
noma, and the pathologic stage was T1 Nx Mx.
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FIGURE 31.6. Transitional cell carcinoma of the left renal pelvis. (A)
Axial T1-weighted gradient echo image with fat suppression obtained
at early phase after gadolinium contrast agent injection shows poorly
defined mass in the left renal hilum infiltrating the renal parenchyma.
(B) Axial T1-weighted gradient echo image with fat suppression
obtained at nephrographic phase shows focal dilatation of the collect-
ing system (large arrow) with delayed cortical nephrogram (small
arrows) in the posterior aspect of the left kidney. (C) Axial T2-weighted
breath-hold half Fourier single-shot fast spin-echo image shows the
mass in the left renal hilum infiltrating the renal parenchyma. There
is focal dilatation of the left collecting system (arrow). Pathologically,
it was infiltrating high-grade transitional cell carcinoma involving the
renal pelvis. There was extensive infiltration into the peripelvic fat and
invasion of renal parenchyma. Metastatic carcinoma was present in the
lymph nodes. The pathological stage was pT4 N2 Mx.



tumors and an increase in accuracy of local staging were
reported.46 Therefore, MRI is the staging modality of choice
for invasive tumors. The use of phased-array external surface
coils or endorectal surface coils allows higher signal-to-noise
ratio and higher spatial resolution images of the bladder, 
and these are successfully applied to the imaging of bladder
cancer.48
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gram.34 CT can differentiate tumor from other causes of filling
defects such as stone or blood clot by measurements of
density.35

Although CT is the most accurate imaging procedure
available for staging of urothelial tumors,1 it is generally
agreed that CT cannot distinguish Ta to T2 lesions (Ta,
limited to mucosa; T1, tumor involves the submucosa; T2,
muscle invasive tumor).36 Overstaging localized disease as T3
(deep invasion into the renal parenchyma or peripelvic soft
tissue) is common, particularly when hydronephrosis is
present. However, to detect invasion beyond the pelvic wall
or metastatic disease, conventional CT has 85% accuracy,37

and CT plays an important role in defining adjacent organ
invasion.38 In the detection of lymph node involvement, CT
has specificity of 94% to 100% but variable sensitivity of 
47% to 88%.38–40 With use of spiral CT, improved T staging
is expected due to better resolution, but no publications are
available to date.

MRI is not commonly used for diagnosis and staging of
the upper tract TCC. However, MRI is useful for patients who
cannot tolerate iodinated contrast material (see Figure 31.6).33

In a study of MRI with nine patients with upper urinary tract
transitional cell carcinoma, including gadolinium-enhanced
sequences, MRI achieved accuracy of 89% for staging.41 There
was understaging of direct tumor invasion into the renal
parenchyma in one case.41

Bladder Carcinoma

Cystoscopy is the primary diagnostic procedure for diagnosis
and follow-up of bladder carcinomas and is very sensitive 
in detecting small bladder neoplasms. The stage of tumor 
at diagnosis determines management and is an important
prognostic factor. Clinical staging by cystoscopy, biopsy, and
bimanual examination under anesthesia is accurate for 
superficial tumors (T1 and lower), but a significant error has
been shown in staging muscle-invasive tumors (T2a and
higher).42,43

CT and MRI are performed for tumor staging once the
diagnosis of bladder carcinoma has been established. Bladder
tumors are seen as focal or diffuse wall thickening, or a sessile
or pedunculated soft tissue mass protruding into the bladder
lumen on CT and MR imaging (Figures 31.7, 31.8). Transi-
tional cell carcinoma of the bladder enhances immediately
and intensely after bolus injection of iodinated contrast mate-
rial compared to uninvolved bladder wall on CT or MRI
(Figures 31.7, 31.8). In some instances, MRI can differentiate
superficial (T2a) and deep muscle invasion (T2b). MRI also
allows detection of extravesical spread more readily than with
other imaging modalities because of its superior soft tissue
differentiation and multiplanar imaging capability. On MRI,
transitional cell carcinoma tends to have an intermediate
signal intensity, greater than normal muscle on T2-weighted
images, and is significantly more intense than muscle on
gadolinium-enhanced T1-weighted images. If the inner aspect
of the low-intensity bladder wall is irregular, superficial
muscle invasion is suspected. If the low-intensity bladder line
is disrupted, deep muscle invasion is diagnosed.44–47 Reported
overall accuracy of MR imaging in staging of bladder cancer
ranges from 73% to 96%, which is 10% to 33% higher 
than that obtained with CT.47 With the use of gadolinium-
containing contrast material, improved detection of small

FIGURE 31.7. Bladder cancer. Axial T1-weighted magnetic reso-
nance (MR) image with fat suppression obtained after gadolinium
contrast agent injection shows a large papillary mass arising from the
left posterior wall projecting into the bladder lumen. There is con-
trast enhancement in the central portion of the tumor.

FIGURE 31.8. Bladder cancer. Axial T1-weighted MR image with fat
suppression obtained after gadolinium contrast agent injection shows
multifocal masses arising from the anterior and right lateral wall of
the bladder projecting into the bladder lumen.



Patients with bladder cancer and lymph node metastases
have a worse prognosis than those without metastatic nodes.
Reported accuracy of CT and MRI in detecting lymph node
metastasis is similar, ranging from 70% to 98%.49 Three-
dimensional magnetization prepared rapid acquisition gradi-
ent echo (MP-RAGE) images have improved the detection of
suspicious lymph nodes.50,51 Lymphotrophic contrast agents,
such as ultrasmall superparamagnetic iron oxide (USPIO) may
improve distinguishing between benign and malignant lymph
nodes.52

Inflammation of the bladder wall after radiotherapy or
other causes may be indistinguishable from neoplastic 
infiltration as both may enhance substantially. A study
showed that early-phase dynamic gadolinium-enhanced
imaging improved distinction of tumor and postbiopsy
changes of the bladder wall because bladder cancer enhanced
earlier (6.5 seconds) than postbiopsy inflammation and 
granulation tissue (13.6 seconds) after gadolinium contrast
administration.53

Virtual cystoscopy created with CT or MR data has
recently been used to detect bladder cancer. Recent studies of
virtual cystoscopy created with CT data showed a sensitivity
of 89% to 100% compared with fiberoptic cystoscopy.54–56

Most tumors not detected by virtual cystoscopy were re-
ported to be less than 1cm.

Adrenal Gland

Adrenal Adenoma and Differentiation from Other
Adrenal Masses

Incidental discovery of adrenal masses is a common clinical
problem as a result of the widespread use of imaging proce-
dures, occurring in up to 5% of patients who have undergone

abdominal CT.57 Most adrenal masses are benign nonhyper-
functioning adenomas even in patients with a known extra-
adrenal malignancy (Figure 31.9).57 Primary adrenal carcinoma
is rare, with a reported incidence of 2 cases per million (Figure
31.10). Differentiation of benign and malignant adrenal
masses is critical to determine appropriate treatment. With
advances in CT and MR imaging with dedicated imaging pro-
tocols, characterization of these adrenal masses has greatly
increased in accuracy.

CT is generally considered the modality of choice for
initial characterization of the adrenal mass. A noncontrast
scan should be first performed, and a contrast-enhanced CT
scan may be necessary if the noncontrast scan is not con-
clusive.58 MRI is reserved for cases that have indeterminate
findings on CT.58,59

Generally, larger adrenal lesions have a greater likelihood
of being malignant (see Figure 31.10). In 39 patients with
extraadrenal malignancy, 87% of lesions smaller than 3cm
were benign and 95% of lesions greater than 3cm were malig-
nant.60 In another study, among 45 adrenal masses greater
than 5cm found by imaging studies, 33% were malignant.61

Because of significant overlap of benign and malignant lesions
based on size criteria alone, most authorities recommend that
masses greater than 4 or 5cm should be biopsied or surgically
excised. Increase in size of the lesion during follow-up can be
helpful in predicting malignancy. Adenomas tend to have
smooth margins and a homogeneous density, whereas metas-
tases can be heterogeneous and have an irregular shape.
However, these are not specific signs of malignancy.58

The presence and amount of lipid in many adrenal ade-
nomas accounts for their low attenuation on unenhanced CT
scans and their loss in relative signal intensity on chemical
shift MR images (see Figure 31.9). There is an inverse linear
relationship between the percentage of lipid-rich cortical cells
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FIGURE 31.9. Adrenal adenoma. (A) Axial T1-weighted in-phase
MR image shows right adrenal mass (large arrow). There is a small
cyst in the upper pole of the right kidney (small arrow). (B) Axial T1-

weighted out-of phase image shows significant signal dropoff in the
lesion (large arrow), which is diagnostic of an adenoma.



If the adrenal mass is more than 10HU at noncontrast CT,
CT with intravenous contrast material should be performed
to evaluate enhancement washout characteristics. Adenomas
lose enhancement more rapidly than nonadenomas, and
delayed CT attenuation value was used to differentiate ade-
nomas from nonadenomas. Using an attenuation measure-
ment of less than 30 to 40HU at 10 to 30 minutes after
contrast injection, the adrenal mass is almost always an
adenoma.63 A relative percentage enhancement washout of
greater than 50% calculated by (1 - delayed enhanced HU
value/initial enhanced HU value) ¥ 100 has a sensitivity of
98% and specificity of 100% for benign disease.64 Other inves-
tigators used percentage enhancement washout calculated 
by (initial enhanced HU value - delayed enhanced HU value)/
(initial enhanced HU value - unenhanced HU value) with a
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in adrenal adenomas and the unenhanced CT attenuation
number and a similar inverse linear relationship to the rela-
tive change in MR signal intensity on chemical shift images.
Metastases, on the other hand, have little intracytoplasmic
fat and therefore do not have low attenuation at nonenhanced
CT.58 Similarly, metastases do not lose signal on chemical
shift MR images.

Studies have been performed to determine an adequate
threshold to differentiate benign versus malignant adrenal
masses on nonenhanced CT. Boland et al. performed a 
meta-analysis of 10 studies to determine an optimal density
threshold to differentiate benign from malignant lesions, 
and reported that using 10HU as a threshold, noncontrast CT
has 71% sensitivity and 98% specificity for characterizing
adrenal masses.62

FIGURE 31.10. Adrenal carcinoma. (A) Axial T2-weighted breath-hold
half Fourier single-shot fast spin-echo image shows 8-cm mass in the right
adrenal gland (large arrow). There are gallstones (small arrows). (B) Axial
T1-weighted gradient echo image with fat suppression obtained after
gadolinium intravenous contrast material shows enhancement of the
adrenal mass. (C) Coronal T1-weighted gradient echo image with fat sup-
pression obtained after gadolinium intravenous contrast agent injection
shows the mass clearly above the right kidney (arrow), displacing the right
kidney medially and laterally.



threshold of 60% at 50 to 80 seconds after administration of
contrast material for the initial scan and 15 minutes for the
delayed scan, and achieved 86% to 98% sensitivity and 92%
to 96% specificity.65,66

When CT with intravenous contrast is equivocal, chemi-
cal shift MR imaging should be performed as chemical shift
MR imaging is the most sensitive technique for differentiat-
ing adenomas from metastases of the adrenal gland.58 With
the chemical shift MR technique, the sensitivity and speci-
ficity for differentiating adenomas from metastasis ranges
from 81% to 100% and 94% to 100%, respectively.67–70

Reported cases of nonadenomas that met these CT or 
MRI criteria for adenoma, included pheochrcomocytoma,71

metastasis from renal cell carcinoma, and adrenocortical 
carcinoma.66,72

Pheochromocytoma

Pheochromocytoma is usually benign, but approximately
10% of these lesions are malignant. CT is the study of choice
to confirm the diagnosis when a pheochromocytoma is sus-
pected on clinical and laboratory grounds.58 On CT, pheochro-
mocytoma appears as a well-defined mass with marked
enhancement after intravenous contrast administration. MR
findings may enable characterization of pheochromocytoma
because the signal intensity of these tumors may be very high
on T2-weighted images, probably caused by cystic compo-
nents. However, there is considerable overlap between the
MR appearance of pheochromocytoma and other adrenal
lesions. The sensitivity and specificity of MR imaging for
diagnosing pheochromocytoma were 64.7% and 88.0%,
respectively.73

Adrenal Biopsy

Adrenal biopsy is required when imaging studies cannot accu-
rately characterize an adrenal mass. Harisinghani et al. ana-
lyzed 225 oncologic patients who had undergone CT-guided
biopsies of an adrenal mass that were indeterminate at CT or
MRI and reported that a negative or benign pathology can be
regarded as a true-negative evaluation with no necessity to
repeat the biopsy.59

Prostate Cancer

Accurate staging of prostate cancer is essential for the prog-
nosis and treatment planning. In particular, it is crucial to
determine the local extent of prostate cancer (extracapsular
extension and seminal vesicle infiltration) and the presence
of metastatic disease (lymphatic or hematogenous), because
radical prostatectomy is the preferred method of treatment
for patients with disease confined to the capsule. Patients
with disease outside the prostate are generally not surgical
candidates and may be offered an alternative therapy. Clini-
cal staging based on digital rectal examination, transrectal
ultrasound, Gleason score, sextant biopsy, and prostate-
specific antigen (PSA) has limited accuracy and may under-
estimate the extent of disease. Previous studies indicated that
digital rectal examination underestimates the local extent of
cancer in 40% to 60% of the cases.74 The purpose of preoper-

ative imaging evaluation is to increase the accuracy of the
assigned clinical stage.49

The current major clinical role of MRI is to detect dis-
ease outside the capsule, including extracapsular extension,
seminal vesicle infiltration, nodal metastasis, and bone
marrow metastasis once cancer has been diagnosed (Figure
31.11).74 Detection of such extracapsular disease eliminates
unnecessary surgical procedures.49,74 A decision analysis
model suggested that preoperative MRI was cost-effective for
men with moderate or high probability of extracapsular
disease.75

On T2-weighted images, prostate cancer is typically seen
as an area of decreased signal intensity within the normally
high-signal-intensity peripheral zone. The presence of de-
creased T2 signal intensity in the peripheral zone is of 
limited sensitivity as some tumors are isointense and of
limited specificity because other causes, such as hemorrhage,
prostatitis, scarring, radiotherapy, cryosurgery, and hormonal
therapy can cause low T2 signal intensity. Overall, the sensi-
tivity of MRI for detecting prostate cancer is approximately
60%.76 A more-recent study indicated that in patients with
an elevated PSA and negative transurethral sonography-
guided quadrant or sextant biopsy results, MRI had a sensi-
tivity of 83% and a positive predictive value of 50% for
detection of prostate cancer.76 Extracapsular tumor extension
is seen as asymmetry or invasion of the neurovascular bundle,
obliteration of the rectoprostatic angle, and bulging of the
prostate capsule, which may be irregular with a square or rec-
tangular edge or, less commonly, a smooth curvilinear bulge.
Accuracy of staging extracapsular extension with MRI ranges
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FIGURE 31.11. Prostate cancer. Axial T1-weighted gradient echo
image with fat suppression obtained after gadolinium contrast agent
injection. There is a large heterogeneously enhancing mass involving
the prostate gland, with involvement of the bladder wall and rectal
wall. Pathologically, it was poorly differentiated carcinoma with
small cell neuroendocrine features.



from 51% to 92%. It remains impossible to detect micro-
scopic extracapsular extension.74 Seminal vesicle invasion is
seen as enlargement of one seminal vesicle with abnormal
asymmetric low signal intensity within the lumen on T2-
weighted images, although low signal intensity of the seminal
vesicles can be caused by other reasons including hemor-
rhage, radiation, hormonal therapy, and amyloid deposits.49

The accuracy of detection of seminal vesicle invasion with
endorectal coil ranges between 54% and 96%.77–80 A meta-
analysis suggested that turbo spin echo, endorectal coil, and
multiple imaging planes improve staging performance by
MRI.81

By combining diagnostic variables (age, PSA level, and
Gleason tumor grade) with MRI findings, the accuracy of
staging can be increased.82 It has been shown that the addi-
tion of MRI improves the prediction of seminal vesicle 
invasion and extracapsular extension in patients with inter-
mediate risk, as indicated by PSA levels of 10 to 20ng/mL and
Gleason scores of 5 to 7.83

CT is not recommended for local staging because of its
inability to differentiate among normal, hyperplastic, and
cancerous glands.49 Sensitivity in detection of extracapsular
extension of prostate carcinoma is low, especially in early
clinical stages. However, it provides useful information for
clinically suspected advanced disease with apparent extra-
capsular extension and extrapelvic involvement.49 Guidelines
for the use of CT in patients with PSA greater than 20ng/mL
have been reported and are in clinical use.84

CT and MRI are useful to detect nodal metastasis in a
select group of patients with high risk for nodal metastasis,
predicted by digital rectal examination, serum PSA, and
biopsy Gleason score.74 A study showed that identification of
enlarged lymph nodes with subsequent biopsy using CT guid-
ance was shown to identify lymph nodes metastases and thus
prevent unnecessary surgery in more than 10% of patients.85

In this study, nodes 6mm or greater in cross-sectional diam-
eter were considered pathologic and were biopsied. CT-guided
aspiration biopsy improved the specificity and accuracy of CT
in diagnosing lymph node metastases from 96.7% and 93.7%
to 100% and 96.5%, respectively. The overall accuracy of CT
in detecting pelvic lymph node metastases from prostate
cancer is in the range of 67% to 93%.49 MRI with a three-
dimensional technique has revealed an accuracy of 90% in
the detection of nodal metastasis in bladder and prostate
cancer.51 Use of ultrasmall superparamagnetic iron oxide 
particles (USPIO) was investigated to detect clinically 
occult lymph node metastases in prostate cancer and sig-
nificantly improved the detection of small and otherwise
undetectable lymph node metastasis compared to conven-
tional MRI. It increased sensitivity and specificity of nodal
metastasis from 35.4% and 90.4% to 90.5% and 97.8%,
respectively.86

MR spectroscopic imaging (1H-MRSI) is a method that
demonstrates normal and altered tissue metabolism. It has
been shown that prostate cancer is characterized at MRSI 
by increased choline and/or decreased levels of citrate.87

The addition of MRSI to MRI has been shown to increase
staging accuracy88 and have potential for more accurate tumor
localization.89 MRSI, interventional MRI-guided biopsy, and
therapy are currently under investigation90,91 and not con-
sidered to be routine.

Uterus

Cervical Cancer

Cervical carcinoma is staged according to the International
Federation of Gynecology and Obstetrics (FIGO) staging
system. Accurate staging of cervical cancer is crucial in deter-
mining the mode of treatment. Routine clinical staging incor-
porates gynecologic pelvic examination under anesthesia,
chest X-ray, lesion biopsies, cystoscopy, and, if indicated,
renal sonography for detection of hydronephrosis.92 In most
centers, stage IB (confined to the cervix) and stage IIA (extends
beyond the cervix but within upper two-thirds of the cervix,
no parametrial invasion) disease are treated with hysterec-
tomy with pelvic lymph node dissection. Radiation therapy
is the treatment of choice with parametrial involvement
(stage IIB or higher).49 However, clinical staging was shown 
to be inaccurate, and discrepancy between clinical staging 
and surgical staging, ranging from 34% to 39%, has been
reported.92

MRI is the modality of choice to image cervical masses
that are greater than 1.5cm or presumed to extend beyond the
cervix.93 On MRI, cervical carcinoma most often appears as
an intermediate signal or high-signal-intensity mass distort-
ing or disrupting the normal cervical zonal anatomy of the
cervix (Figure 31.12). The size of the tumor measured by MRI
correlates well with surgical measurement of the tumor 
size. When the hypointense ring of the cervical stroma is pre-
served on MRI, parametrial extension can be virtually ex-
cluded.93 Parametrial extension is suggested when there is
full-thickness invasion of the cervical stroma associated with
irregularity or asymmetry of the lateral cervical margin, 
parametrial mass, or stranding within the parametrial fat
(Figure 31.12). However, when full-thickness stromal inva-
sion occurs, microscopic parametrial extension may be
present despite a smooth lateral cervical margin and the
absence of abnormality in the parametrial fat.

Boss et al. performed meta-analysis of 12 studies pub-
lished between 1986 and 1995 describing the staging accuracy
of MRI in cervical carcinoma.92 The mean percentage of
overall staging accuracy of MRI without use of contrast
agents was 79% (range, 47%–90%), in comparison with the
accuracy of the clinical examination of 72% (range,
55%–85%) and that of CT of 62% (range, 32%–80%). The
mean percentage of accuracy in detecting parametrial inva-
sion with MRI was 88%, with clinical examination 86%, 
and with CT 72%. Some studies indicated higher staging
accuracy of gadolinium-enhanced T1-weighted94 or dynamic
enhancement studies.95–97 Another meta-analysis study
including 57 articles from 1985 to 2002 showed higher sensi-
tivity and specificity in evaluating bladder invasion by MRI
(75% and 91%) compared to CT (64% and 73%), but the speci-
ficity of rectal invasion was comparable between MRI and
CT.98

CT has been used to assess patients with tumors of
advanced cervical cancer and evaluating patients for recur-
rence.49 The use of CT in early disease has been limited due
to prior reports of low sensitivity and specificity for local
invasion.99 However, major advances in CT technology during
the past few years may broaden the use of CT.99 Accuracy of
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CT staging is greater with advanced disease and is reported
as 92% for stage IIIB to IVB cervical cancers.100

The presence of pelvic lymph node metastases is not part
of the FIGO staging criteria; however, it is the most impor-
tant prognostic factor and findings may be crucial for treat-
ment planning.92 Yang et al. reported that central necrosis of
pelvic lymph nodes had a positive predictive value of 100%

in the diagnosis of metastastic adenopathy in patients with
cervical cancer.101 They reported that spiral CT and MRI are
roughly equivalent with accuracy in detecting metastatic
pelvic lymph nodes, with accuracy rate of spiral CT and MRI
being 89.5% and 85.5%, respectively, when a node of greater
than 10mm in maximal axial diameter or a node with central
necrosis was defined as a metastasic node.101 Meta-analysis
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FIGURE 31.12. Cervical cancer. (A) Axial T2-weighted image with
fat suppression shows a large mass obliterating the entire cervix,
extending anteriorly into the myometrium and the left pelvic side
wall (large arrow). The mass obstructs the endometrial canal, which
is dilated and filled with secretion and debris (small arrows). (B) Axial
T1-weighted gradient echo image with fat suppression obtained after
gadolinium contrast agent injection. There is heterogeneous contrast
enhancement of the mass. The central area is not enhanced, repre-
senting necrosis. (C) Sagittal T2-weighted image with fat suppression

shows large mass arising from the cervix, extending superiorly into
the myometrium (large arrow). The mass obstructs the endometrial
canal, which is dilated and filled with secretion and debris (small
arrows). (D) Sagittal T1-weighted gradient echo image with fat sup-
pression obtained after gadolinium contrast agent injection. There 
is heterogeneous contrast enhancement of the mass with areas of
necrosis. The International Federation of Gynecology and Obstetrics
(FIGO) staging was IIIB.



studies also showed similar performance in the detection of
lymph node metastasis from cervical cancer,102 with mean
accuracy of detection of lymph node metastasis being 86%
with nonenhanced MRI and 81% with CT.92

Local recurrence of cervical cancer occurs centrally in 
the pelvis or at the side wall. CT is an effective diagnostic
tool for detection of recurrent cervical cancer, but it may 
be difficult to differentiate recurrence from postoperative 
and postirradiation fibrosis.103 Gadolinium-enhanced MRI is
useful to detect recurrent tumor, which shows increased
signal intensity on T1-weighted images, whereas radiation
fibrosis remains low in signal intensity if imaged more than
12 months after radiation therapy.103 Dynamic contrast-
enhanced MRI has been reported to be more accurate in
depicting postoperative recurrent tumor compared to pre- and
postcontrast T1-weighted images and T2-weighted images.104

Endometrial Cancer

Endometrial carcinoma is staged according to the FIGO
staging system. The prognosis is related to the histologic
tumor grade, depth of myometrial invasion, stage of the
tumor, and presence of lymph node metastasis. Metastasis to
the paraaortic and paracaval lymph nodes may occur without
involvement of pelvic lymph nodes if the tumor spreads along
the lymphatics accompanying the ovarian vessels. The prob-
ability of extrauterine disease and risk of nodal involvement
is related primarily to tumor grade and depth of myometrial
invasion.

Endometrial carcinoma often presents with vaginal bleed-
ing in postmenopausal women and is usually diagnosed by a
combination of ultrasound and endometrial biopsy, which
provides the tumor grade and histologic type. Most women
with endometrial carcinoma do not require imaging studies93

as surgical staging with the FIGO staging system is per-
formed. However, knowledge of the extent of endometrial
cancer spread before undertaking surgery can be of value
because myometrial invasion of more than 50% may require
more extensive surgery, including pelvic and paraaortic 
lymphadenectomy.105 MRI is recommended when locally
advanced disease is expected based on physical examination
findings and in patients with a difficult physical examination
because of obesity or prior radiation or surgery.106 Hardesty et
al. performed a cost analysis study and reported that staging
with MRI has similar cost and accuracy compared to the
current method of staging with intraoperative gross dissec-
tion of the uterus and that MRI decreases the number of
unnecessary lymph node dissections.107

Kinkel et al. performed a meta-analysis in the preopera-
tive assessment of myometrial invasion and demonstrated
that contrast-enhanced MRI of the pelvis performed signifi-
cantly better than ultrasound, CT, and noncontrast MRI.108

Because MRI can more clearly demonstrate the primary neo-
plasm and more accurately determine the depth of myome-
trial invasion than CT, MRI is often used as the imaging
procedure of choice in the preoperative evaluation of patients
with high-grade endometrial carcinoma,49 although advanced
extrauterine disease may be assessed with either MRI or con-
trast-enhanced CT scan.93

Noninvasive endometrial carcinoma may be identified
within the uterine cavity on T2-weighted MR images and is
seen as a signal intensity mass intermediate between that of

normal endometrium and that of myometrium.49 In some
cases, the endometrial stripe may appear homogeneously
widened. Preservation of the low-signal-intensity junctional
zone usually implies the absence of myometrial invasion,
with negative predictive value close to 100%. When myome-
trial invasion occurs, the interruption of the low-signal-
intensity junctional zone on T2-weighted images109 or the
interruption of the subendometrial enhancing line on early
dynamic T1-weighted images110 is seen. The depth of myome-
trial invasion can also be assessed to differentiate stage IB and
IC disease. The accuracy of MRI in differentiating noninva-
sive carcinoma (stage 1A) from invasive carcinoma has been
reported to range from 74% to 85%, and in distinguishing
deep invasion (stage 1C) from superficial disease (stage 1A and
1B) accuracy ranges from 75% to 95%. Dynamic contrast-
enhanced MRI improved the accuracy of assessing myo-
metrial invasion from about 83% to 91%.108 When patients
have thinning of the myometrium due to distension of the
endometrial cavity,111 when the junctional zone is not
entirely visualized, or when the zonal anatomy is distorted
by uterine abnormalities, such as leiomyoma or adenomyosis,
MRI is less accurate for assessing myometrial invasion.49 For
patients with a thickened or indistinct junctional zone from
adenomyosis or other reasons, dynamic contrast-enhanced
MRI improves the accuracy of staging.112,113

Ovarian Cancer

Because of paucity of symptoms in early stages, approxi-
mately 60% to 75% of patients with ovarian cancer present
with advanced disease.93,114 Ovarian cancer is staged surgically
according to the FIGO staging system. The FIGO system
reflects the three primary mechanisms of disease spreads of
ovarian cancer, including local, peritoneal, and lymphatic.

In most centers, endovaginal ultrasound is the primary
imaging modality used for screening for ovarian cancer and
evaluation of an adnexal mass. Because most patients with
ovarian cancer present with adnexal or pelvic masses and the
majority of adnexal and pelvic masses are benign, differenti-
ation between benign and malignant ovarian tumor is clini-
cally important.

In patients with ovarian cancer, imaging can be used to
determine the extent of primary disease before surgical
staging and debulking. Imaging is also used to assess for re-
currence, especially in symptomatic patients. The primary
disease can be staged with CT or MRI, which are equivalent
for detecting peritoneal metastases.115–118 In a study of 118
women with pelvic malignancies, the sensitivity for peri-
toneal disease was 92% for CT and 95% for MRI.118

The major role of MRI in evaluation of adnexal masses
includes determining if a mass is truly ovarian in origin, to
accurately diagnose certain benign lesions, such as dermoid
cyst and endometrial cyst, and to more precisely define the
internal architecture of ovarian masses. MRI is reported to be
a cost-effective next step when the results of the ultrasound
are indeterminate.114

On MRI, the presence of solid components or nodules in
a cystic tumor, necrosis in a solid tumor, thick, irregular walls
or septations, larger lesion size, enhancement of internal
structure as well as presence of ascites, peritoneal disease, or
adenopathy increase the possibility of malignancy.119 The
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accuracy of MRI for the diagnosis of malignancy has been
reported to range from 83% to 86% without contrast enhance-
ment and from 78% to 95% with contrast enhancement.

CT is usually performed as it is a rapid test and readily
available. The peritoneum, retroperitoneum, and viscera are
assessed for metastases. Evaluation includes sites that are dif-
ficult to evaluate at surgery, such as the diaphragm, splenic
hilum, stomach, lesser sac, liver, mesenteric root, and

suprarenal paraaortic nodes (Figure 31.13).120,121 Optimal
debulking of disease at sites, such as the bowel mesentery and
porta hepatis may also be difficult. With a successful debulk-
ing procedure, residual tumor implants are subcentimeter in
size. Preoperative localization of the sites of peritoneal metas-
tases and retroperitoneal adenopathy aids in surgical plan-
ning. Preoperative imaging also helps identify patients who
may benefit from neoadjuvant chemotherapy to reduce
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FIGURE 31.13. Ovarian cancer. (A) Axial CT of the pelvis obtained
after intravenous contrast material injection shows mixed cystic and
solid masses in the bilateral adnexae. U, uterus. (B) Coronal refor-
matted image obtained after intravenous contrast material injection
shows cystic ovarian masses abutting the bilateral external iliac veins
(short arrows). Large arrow indicates the pubic symphysis. (C) Sagit-
tal reformatted image of the right upper abdomen obtained after intra-

venous contrast material injection shows thickening of the right
hemidiaphragm by tumor deposits along the liver surface (large
arrows). Arrowhead indicates a right pleural effusion. (D) Sagittal
reformatted image of the left upper abdomen obtained after intra-
venous contrast material injection shows tumor (T) invading the
superior portion of the spleen. Short arrows indicate left hemi-
diaphragm. (From Pannu et al.,124 by permission of RadioGraphics.)



disease volume before surgical debulking. CT and clinical
parameters have been used to develop scoring systems to
predict the success of surgery.116,120,122

A study performed in the late 1990s on 64 patients pre-
senting with ovarian cancer found that the overall sensitivity
of single-detector CT for detecting peritoneal metastases was
85% to 93% and the sensitivity for subcentimeter lesions was
25% to 50%.123 There have been significant improvements in
CT technology in the past few years with newer multidetec-
tor row scanners replacing older single-detector scanners and
increasing number of detector rows. These changes allow thin
slices of large volumes of anatomy to be obtained in a few
seconds. Thin slices optimize visualization of subcentimeter
structures and can be used to generate images in multiple
planes to evaluate structures, such as the diaphragm and
pelvis (see Figure 31.13).124,125

Patients who are suspected to have recurrent disease
based on symptoms or biochemical markers can be imaged
with CT, MRI, or PET. Detection of lesions on all modalities
is dependent on size. For CT, detection is greater for implants
greater than 5 to 10mm than for smaller lesions.123,126 Sensi-
tivity of single-detector CT is more than 50% for detecting
implants at most sites, except the small bowel and mesen-
tery, where lesions can be difficult to appreciate because of
partial volume averaging.116 Implants are easier to visualize
when surrounded by ascites. The sensitivity of multidetector
row CT for detecting tumor recurrence is not established. 
The sensitivity of MRI was 91% for detecting recurrence 
in 64 women with ovarian cancer.127 Implants less than 2cm
were present in false-negative cases. Peritoneal, mesenteric,
and bowel metastases can be effectively detected with MRI.128

Although CT and MRI are usually performed to evaluate
patients for recurrence, small implants can be difficult to
detect on visceral surfaces by anatomic imaging. The lesions
may not be appreciated because of lack of significant contrast
difference between tumor and normal viscera. An advantage
of functional imaging with PET is that lesions are conspicu-
ous as there is increased uptake in tumor and minimal back-
ground activity. The sensitivity of PET for recurrent tumor is
higher in patients with suspected relapse compared with
those without clinical disease.129 Sensitivities ranging from
80% to 100% have been reported in four series with a total
of 113 patients.129–132 However, similar to CT and MRI, lesion
detection is dependent on size and is less likely for lesions
less than 1 to 2cm in size than for larger masses.129,130,133,134

Omental carcinomatosis with subcentimeter lesions may not
show sufficient uptake to be detected on PET although it is
evident on CT.134 In 22 patients with primarily subcentime-
ter lesions, including microscopic disease, the sensitivity of
PET for detecting tumor recurrence was 10%.135 In a study of
31 patients with a mean lesion size of 1.1cm, the patient-
based sensitivity of PET for disease recurrence was 81% and
lesion-based sensitivity was 45%.134 The specificity of PET for
recurrent ovarian cancer ranges from 42% to 100%.129–132,134,135

Three studies that compared PET findings with surgery found
specificities of 93%, 42%, and 50%, respectively.130,134,135 High
specificities of 83% and 100% were reported in two studies
comparing PET with surgical or clinical follow-up.129,131

Increased uptake can be seen in postsurgical inflammation
and in normal bowel and urinary tract.

However, PET may play a role in assessing patients 
when CT and MRI are negative and tumor markers are

rising.131,136–138 It has been suggested as a complementary test
to anatomic imaging.131,134,138,139 Sensitivity is improved when
both CT and PET are performed.140 There is also improved
correlation with surgical findings if the findings on CT and
PET are combined.141 Detection of omental implants and
malignant retroperitoneal nodes is improved. PET/CT scan-
ners may play a more significant role in the future in evalu-
ating patients with ovarian cancer. CT images as well as PET
images are generated and fused for localization of abnormal
activity on PET and characterization of malignant potential
in masses seen on CT.142,143 However, as currently performed,
the CT obtained as part of a PET/CT study is technically
limited as the tube current is lower and images are noisier,
there is respiratory motion artifact, there is artifact from the
patient’s arms, and bowel or intravenous contrast are typi-
cally not given.

In summary, CT or MRI can be used to detect extraovar-
ian spread of primary tumor and recurrent disease. CT is
usually performed due to ease of study and ready availability.
Lesion conspicuity is high on PET, and it has been suggested
as a complementary test to anatomic imaging for detecting
tumor spread. The new fused PET/CT scanners combine the
benefits of functional and anatomic imaging and have the
potential to more accurately determine disease extent. Sub-
centimeter lesions are difficult to detect by all imaging
modalities.
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Musculoskeletal Imaging
Leanne L. Seeger and Kambiz Motamedi

usculoskeletal tumors often present an imaging
dilemma to the clinician. This dilemma occurs not
only because primary musculoskeletal malignan-

cies are less common than tumors of other organ systems,
such as lung or gastrointestinal, but also because of the vast
array of possible pathologies reflecting the many different
types of mesenchymal tissue. This chapter concentrates on
imaging neoplasia of the extremities (see Chapter 58 for Soft
Tissue Sarcoma).

It should be kept in mind that distinguishing between
benign neoplasia and low-grade malignancy can be challeng-
ing, even for the pathologist1; this is especially true for tumors
composed of cartilage (enchondroma or osteochondroma
versus chondrosarcoma)2,3 and fat (lipoma versus liposar-
coma).4 The key to the diagnosis and treatment of muscu-
loskeletal neoplasia is best accomplished by a team approach,
with close interaction between the oncologist, oncologic
surgeon, radiologist, and pathologist.5–7

Tissue Type

Musculoskeletal tumors may originate from any mesenchy-
mal tissue, including bone (osteoid), cartilage (chondroid), 
fat (lipoid), connective tissue (fibrous), or vessels (endothe-
lium). The primary cell of origin for some musculoskeletal
tumors is unknown; for example, the spectrum of Ewing
sarcoma–primitive neuroectodermal tumor (PNET).8

Quite often, in cases of benign or low-grade malignant
tumors where the principal architectural structure of the
underlying cell type is preserved, the tumor origin can be
determined with imaging because of the distinct imaging
properties of each cell type. In contrast, for the moderate- and
higher-grade malignancies, the imaging appearance is gener-
ally nonspecific because of alteration of the cells of origin.
Plain films show only a mass or a destructive lesion of bone,
computed tomography (CT) shows a density similar to
muscle, and magnetic resonance imaging (MRI) shows a low
to intermediate signal on T1-weighted images and a high
signal on T2 images.9

Tumors that make an osteoid (e.g., osteosarcoma) or chon-
droid matrix (e.g., chondrosarcoma) are usually mineralized
on plain film, and the calcification will almost always show
on CT. Osteoid mineralization is amorphous and cloudlike,
whereas chondroid mineralization is usually punctate, often
in small circles and arcs (Figures 32.1, 32.2).

Osteoid

Calcified lesions can be recognized as such by the high
density seen on plain film and CT. On MRI, calcification will
be low signal on both T1- and T2-weighted images.10,11 Ossifi-
cation, on the other hand, will show a peripheral rim of low
signal similar to cortex, representing the calcified surface, and
an internal signal characteristic of fat, similar to marrow.12,13

Chondroid

Cartilage lesions are usually lobulated in appearance, with
typical chondroid mineralization. As a result of the high
inherent water content of hyaline cartilage, the density on CT
is greater than that of fat but less than that of muscle. On
MRI, cartilage will show low signal on T1 images and very
high signal with T2 imaging.3,14 Chondrosarcomas are often
secondary tumors, arising from an underlying benign lesion,
such as enchondroma or osteochondroma.15,16 Tissue sam-
pling with percutaneous biopsy can be misleading as only a
portion of the tumor may contain malignant cells. Thus,
imaging plays an important role in evaluating for more 
aggressive behavior of the lesion, such as cortical thinning
(endosteal scalloping), cortical destruction, and a soft tissue
mass.17 The biopsy should then be directed toward these
areas. If doubt exists, the entire lesion must be removed.18

Fat

Low-grade lesions composed of fat will appear as a lucent
mass on plain film and show a density equal to subcutaneous
fat on CT. The MR appearance will also follow that of 
subcutaneous fat, appearing high signal (white) on conven-
tional T1 spin-echo images and low signal (black) with fat 
suppression.19

If a soft tissue mass contains both areas of fat and areas
that are clearly different by either MR or CT, this is usually
a liposarcoma.20 The regions that appear to be muscle on CT
or show high signal on T2 MRI images, should be targeted for
biopsy as these are more likely to contain cells of a higher
malignant grade. Lipomatous lesions may sometimes display
areas of chunky ossification, indicating a nonaggressive
behavior.21

Fibrous

Fibrous tumors have a density similar to muscle on plain 
film and CT. With MRI, low-grade fibrous lesions are 
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characteristically low signal on both T1- and T2-weighted
images.22 In addition to low-grade fibrous lesions, low T1 and
T2 signal can also be seen with osteoid and hemosiderin. 
An osteoid-forming lesion can be excluded by plain film 
evaluation.

Vascular

Benign vascular lesions of soft tissue may display phleboliths
on plain film or CT (Figure 32.3). With MRI, the vessels can
be recognized as serpentine tubular structures that may show
signal voids from flowing blood. The mass usually contains
fat interspersed between the vessels, another finding sugges-
tive of a low-grade vascular lesion.10

Although hemangiomas of the skull and vertebra have a
classic imaging appearance,23 vascular tumors of bone in the
extremities have no typical appearance, and even benign
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FIGURE 32.1. Osteoid matrix in an osteosarcoma of the proximal
fibula. The mineralization is amorphous and cloudlike.

FIGURE 32.2. Chondroid matrix in a chondrosarcoma. The miner-
alization is punctate and forms circles and arcs.

FIGURE 32.3. Soft tissue hemangioma of the calf. (A) Computed
tomography (CT) image shows a mass that is lower density than
muscle, suggesting the presence of fat. The punctate densities repre-
sent phleboliths, a classic finding with benign hemangiomas. (B) T1-
weighted magnetic resonance (MR) scan shows signal intensity equal
to subcutaneous fat around and within the mass. Note that the phle-
boliths are not evident on MR.



hemangioma can look extremely aggressive. Angiosarcomas
appear similar to sarcomas of other tissue types, but may be
multifocal and cross joints, a behavior unusual for other sar-
comas. It is therefore important to image the entire extrem-
ity when dealing with this tumor.24

Tumor Location

As indicated, certain bone tumors have a typical appearance
with imaging, especially if low grade. Certain tumors also
have predilection for specific bones and a specific location
along a bone (epiphysis, metaphysis, diaphysis) (Figure 32.4).
Most of these are benign.

In the realm of malignancy, the round cell tumors stand
out in that they have both favorite locations and a typical
appearance25,26; this includes both primary lymphoma of bone
and Ewing sarcoma–PNET. These tumors are characteristi-
cally found along the shaft (diaphysis) of long bones, or on flat
bones including the ilium, scapular body, and ribs. Their
appearance is that of a lesion that permeates the cortex 
circumferentially in a manner similar to a sieve rather 
than causing focal cortical destruction. These tumors are
almost uniformly associated with a large soft tissue mass,
another feature not typically seen with other malignant bone
tumors.
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FIGURE 32.4. Edema around a proximal tibia osteosarcoma. (A) The
tumor is confined to the focal low signal area in the medial metaph-
ysis. The heterogeneous marrow signal lateral and distal to the tumor
represents edema. (B) With inversion recovery imaging (similar to fat-
suppressed T2), edema in the surrounding marrow becomes high

Imaging Modalities

Many imaging techniques are now at the disposal of the
oncologist, not only for diagnosing musculoskeletal tumors
but also for evaluating the response to radiation or
chemotherapy and for posttreatment follow-up. The choice of
modality will reflect the cell of origin for the diagnosis and
the type of treatment undertaken for long-term surveillance.

Plain Radiography

Whether a bone or soft tissue neoplasia is the concern, the
initial evaluation of a mass should be performed with plain
radiography.27 For bone lesions, plain films will show the
aggressiveness of the tumor, and these remain the most spe-
cific modality for developing a differential diagnosis. For soft
tissue masses, plain films can narrow the differential diag-
noses by displaying or excluding the presence of mineraliza-
tion in or around the lesion and detect changes in adjacent
bone.28

When evaluating plain films, it is important to search for
periosteal new bone and, if present, characterize it (Figure
32.5). This feature, which is often overlooked, can be
extremely helpful in determining the behavior of a lesion.
Periosteal new bone that is unilaminar or multilaminar but
uninterrupted, is associated with benign processes, including
low-grade neoplasia, trauma, or indolent infection. Periosteal
new bone that is interrupted signifies an aggressive process,
which may be either neoplastic or inflammatory.

signal; this could be mistaken for tumor, significantly overestimat-
ing the size of the lesion. Note that the soft tissue mass extends
further distal than the marrow involvement; this is important to 
recognize for surgical planning.



Computed Tomography

Following plain films, CT is indicated for imaging primary
tumors of bone and soft tissue lesions that are mineralized.
For bone lesions, CT is superior to MRI in characterizing
changes, including subtle areas of cortical thinning or
destruction, and in providing information that may assist in
planning an approach for biopsy.29,30 CT easily displays the
relationship of soft tissue masses to neurovascular structures
and joints, assisting in determining the choice of surgical 
procedure (resection versus amputation) and the surgical
approach.

CT is excellent for showing architectural detail in small
bones, including ribs. An area where CT remains underuti-
lized is in evaluation of bone scan abnormalities in cases
where plain films fail to demonstrate the pathology; this is
especially true for focal tracer uptake in ribs in the patient
with a known primary malignancy. Thin-section scans tar-
geted to the area of concern can almost always differentiate
between a traumatic etiology (often forgotten by the patient)
and metastatic disease.

CT guidance is commonly used for percutaneous biopsy.31

With skin markers over the area of concern, the exact area of
interest can be accurately localized with respect to depth and
proximity to vital structures. This method is especially useful
for core biopsies where precise needle localization might be
essential.32

One argument for using MRI rather than CT has been the
multiplanar imaging capability of MR imaging, allowing scan
acquisition in the sagittal, coronal, or oblique plane. This sit-
uation is no longer the case. The advent and popularity of

multidetector row CT has placed this technique again in the
forefront of diagnostic imaging.33 Especially for bone tumors,
rapid acquisition of slices at submillimeter increments and
the ability to reformat in any plane displays anatomy and
pathology to an advantage never before possible with CT.34,35

Magnetic Resonance Imaging

Not uncommonly, when a person complains of a new mass
or bone pain, an MRI is the first study ordered. Although this
is frequently diagnostic for traumatic lesions, the appearance
of malignancy with MRI is generally nonspecific.36 Plain films
are far superior for characterizing bone lesions. MRI may
overestimate the extent of a lesion if it is fractured and 
will almost uniformly overlook foci of mineralization. The
role of MRI is thus primarily one of staging rather than 
diagnosis.29,37,38

Although the radiology literature initially advocated the
use of intravenous gadolinium for imaging musculoskeletal
tumors, subsequent work has shown that the contrast agent
generally adds nothing to the diagnosis or local staging of
musculoskeletal neoplasia. Attempts within the past decade
to add specificity to MRI with use of dynamic contrast
imaging have been popular overseas but have not added diag-
nostic information at a clinically significant level.39 The
advantage of contrast enhancement, as originated in imaging
of the central nervous system, reflects the destruction of the
blood–brain barrier by a pathologic process. There is no corol-
lary for such a barrier in the musculoskeletal system. Con-
trast enhancement thus reflects local vascularity and the size
of the extracellular fluid compartment. As these features sig-
nificantly overlap for benign and malignant processes, the
technique adds nothing to tumor conspicuity, diagnosis, or
staging.40

Technetium 99m medronate (99mTc-MDP) remains the
mainstay for detection of bone metastatic disease. This may,
however, not remain the case. Research using total-body MRI
has suggested that this modality may not only be more sen-
sitive than bone scintigraphy but also allows simultaneous
imaging of solid organs, including the brain and liver.41 One
caveat is that evaluation of ribs with MRI is limited because
of both the small size of the bone and respiratory motion.
Another possible problem with whole-body MRI is the
common detection of incidental lesions in both bone and soft
tissues throughout the body. Studies with whole-body CT
screening have shown that significant financial resources go
into workup of these findings, often with invasive procedures,
for confirmation of a benign diagnosis.

There is a recent trend for utilizing molecular imaging in
conjunction with cross-sectional imaging, specifically MRI.
Recent published research appears very promising, likely
opening new chapters specifically in musculoskeletal tumor
imaging.42,43

Radionuclide Imaging

Aside from its role in routine screening and detection of
metastatic disease, the 99mTc-MDP bone scan can serve other
purposes.44,45 Not uncommonly, metastatic disease may
present as a solitary symptomatic lesion in an area that is not
readily amenable to biopsy for technical reasons.46 In this
instance, a bone scan may show that the process is actually
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FIGURE 32.5. Benign periosteal new bone overlying a hemangioma
of the femoral shaft. It is delicate and bilaminar, but continuous.
Periosteal new bone associated with a more aggressive process would
be interrupted.



multifocal and plain film correlation might display another
focus that is more readily approachable. Radionuclide bone
scans are also useful for evaluation of primary bone lesions
that might be multifocal, such as brown tumors from hyper-
parathyroidism.47 Bone lesions are often incidentally discov-
ered on imaging studies obtained for unrelated reasons. In
cases where the diagnosis is in question, a radionuclide scan
will show the activity of the lesion. If tracer uptake is normal,
the lesion can generally be disregarded. If the area is either
photopenic or shows increased activity, further workup is
warranted.

Thallium (201Tl chloride) single photon emission com-
puted tomography (SPECT) scanning has been used for deter-
mining a tumor’s response to therapy as well as searching for
metastatic disease.48 The concept is quite attractive, because
CT and MRI show only morphology, not tumor metabolism.
Unfortunately, thallium uptake is nonspecific, with activity
seen not only in malignancy but also in benign neoplasia 
and traumatic and inflammatory disorders. Its use has thus
declined, being replaced by positron emission tomography
(PET).49

Positron Emission Tomography

PET imaging is addressed in depth in Chapter 33. Suffice to
say here that trials are now under way to define the exact role
of PET in diagnosis and screening for a variety of tumors,
including various types of sarcoma.50 Although relatively
recent, the advent of PET/CT has had a great impact on 
musculoskeletal oncology, as foci of abnormal activity can 
be precisely localized on the CT image and evaluated for 
their significance.51

Ultrasound

Ultrasound plays little role in the routine diagnosis, staging,
and follow-up of sarcomas. Although it can be used for image
guidance for biopsy,52 this is usually more easily accom-
plished with CT. Ultrasound may be useful for detecting sus-
pected tumor recurrence in the patient with implanted
hardware, where artifact precludes other means of cross-
sectional imaging.53,54

Occasionally ultrasound may be used for the diagnosis of
vascular lesions by using color Doppler imaging mode.55 In
addition, ultrasound is helpful in differentiating fluid collec-
tions from solid masses.

Which Modality to Use When

Primary musculoskeletal malignancies are often treated ini-
tially with chemotherapy and/or radiation therapy, followed
by surgical resection. Surgical choices include en bloc resec-
tion, resection and reconstruction (endoprosthesis, allograft,
arthroplasty or arthrodesis), and amputation. The surgical
procedure is determined by the histologic type of tumor, its
location, and the extent of local involvement.

Preoperative Local Staging

Evaluation of bone tumors should begin with plain films.56 If
the tumor needs to be further characterized for either diag-
nosis or biopsy, CT is usually the modality of choice. If there

is a possibility of multifocality in bone, a radionuclide bone
scan is in order.48 Although marrow involvement can be
easily seen with CT, many surgeons prefer MRI to assess the
length of marrow disease to determine the level of resection.

Bone tumors should be evaluated for location, length of
intramedullary involvement, areas of cortical destruction,
and any soft tissue mass. For both bone and soft tissue
tumors, the relationship or involvement of major neurovas-
cular structures or joints should be determined.

If endoprosthetic or allograft reconstruction is under con-
sideration, measurements need to be made from the end of
the tumor to the proximal and distal joints57; this is impor-
tant not only for determining the level of osteotomy but also
for sizing the prosthesis or allograft. This step is most easily
accomplished with MRI, where a longitudinal T1 scan can be
acquired that includes both the proximal and distal joint.
Accurate measurements may then be made at the console or
on a workstation.

For soft tissue neoplasia, either CT or MRI may be used
for local staging. Both accurately show the relationship of the
mass to neurovascular structures and may be used to deter-
mine compartmentalization of the tumor.

Posttreatment Evaluation

Following chemotherapy and/or radiotherapy, one indicator
of tumor response is obviously a reduction in size of the mass.
This evaluation may be done with equal accuracy with either
CT or MRI, where cross-sectional measurements are easily
achieved.58

Long-Term Surveillance

The modality for long-term monitoring will depend on the
type of treatment undertaken. If a patient has undergone en
bloc resection or amputation, cross-sectional imaging with
CT or MRI may be used for follow-up.59 In certain cases of
postsurgical treatment, intravenous contrast may be useful to
differentiate between a residual or recurrent mass and a fluid
collection, such as a seroma.40 If an endoprosthesis, arthro-
plasty, or allograft has been placed, artifact from the metal
components will render both these modalities basically
useless. Plain films are useful to evaluate for mechanical
complications but are of limited use for local recurrence
unless mineralization is present. If a mass is highly suspected
and hardware is present, imaging with ultrasound or PET may
be useful. If ultrasound is used and a mass lesion is seen, it
could be biopsied under ultrasound guidance at the time of
the scan.

When follow-up studies are requested, it is important for
the individual responsible for image interpretation to have
access to prior examinations, both preoperative and espe-
cially, postoperative. Small foci of residual or recurrent
disease may be easily overlooked without the advantage of
direct comparison for subtle architectural changes.

Conclusion

Imaging plays a crucial role in musculoskeletal oncology. In
cooperation with the functions of the other members of the
team, it provides for detection and characterization of the
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tumor. It is capable of producing a useful list of differential
diagnoses for initial workup and approach. It directs the biopsy
toward the areas of interest within a lesion. It further assists
in staging the disease, planning the therapy and follow-up.

The imaging of musculoskeletal sarcomas of the extrem-
ities should commence with plain radiography to evaluate for
matrix mineralization and bone erosion/destruction. The
next step should include a CT scan (for bone lesions) or MRI
to further characterize the imaging characteristics. CT is
commonly used for image-guided biopsy. Either CT or MRI
may be used for staging of the tumor. The radionuclide bone
scan and PET are used as an adjunct to detect polyostotic
lesions. Ultrasound plays a limited role, usually for cases with
hardware where other modalities are of limited value, and in
guidance for biopsies. Both MRI and CT are frequently used
for posttherapy follow-up if hardware is not present.
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Positron Emission
Tomography and Cancer
Daniel N. Chatzifotiadis, Julia W. Buchanan, and 

Richard L. Wahl

ositron emission tomography, PET, is a potent imaging
tool in the management of a diverse array of cancers.
This chapter briefly discusses the rationale for PET

imaging and describes how it differs from more typical
anatomic imaging, reviews the principles of metabolic tar-
geting with the radiolabeled glucose analogue 18F-fluoro-2-
deoxy-d-glucose (FDG), and then describes the clinical results
of PET imaging in several types of common cancers. Although
there are detailed descriptions of tumor imaging with other
modalities in several areas of this textbook, the discussion
here focuses on the role of PET.

PET imaging was originally introduced as a functional
tool for quantitatively imaging metabolic activity in the
brain. PET is a nuclear medicine technique in which positron-
emitting radiopharmaceuticals with short half-lives are
injected intravenously into patients and then imaged with a
PET scanner. The readers are referred to a textbook that
describes in detail the chemistry and physics of positron
emission tomographic imaging.1 It should be noted that the
most commonly used positron emitter is 18F-fluoride, which
is cyclotron produced and has a 109-minute half-life. This
radioisotope is most commonly used in clinical PET imaging
as 18F-fluoro-2-deoxy-d-glucose (FDG), which traces the early
steps of glucose metabolism.

Cancers typically have accelerated glucose metabolism,
and FDG traces the initial accumulation of the radiotracer
into the cancer via membrane transport, and also its initial
phosphorylation by hexokinase to FDG-6-phosphate. This
latter substance is polar and typically retained in most
cancers.

Glucose utilization is accelerated in most cancers, but
some cancers do not have high glucose uptake; these include
many prostate cancers, renal cancers (primary), hepatomas
and mucinous tumors, and some low-grade lymphomas.
Some cancers, such as some brain tumors, that have high
glucose uptake may also be difficult to image because the
background FDG uptake is high in normal brain. This condi-
tion makes defining brain tumors more problematic as the
target/background uptake ratios are often lower than else-
where in the body where there is less normal FDG uptake.

Normal tissues using glucose include the brain, heart,
kidneys, testes, exercising skeletal muscle, and the kidneys.
FDG is excreted unchanged via the kidneys, which can make
detection of lesions in the renal area problematic as well as
in the bladder region. PET is a “molecular imaging” tool and,

in contrast to single photon emission computed tomography
(SPECT) imaging, is capable of providing quantitative data
based on the amount of radioactivity in a tissue in the human
body noninvasively. It is highly accurate in such quantitation
and is able to detect lesions smaller than 1cm in size.
However, PET is not a microscope tool and can often fail to
detect lesions in the subcentimeter range. With current avail-
able equipment, PET typically loses considerable sensitivity
for lesions in the 5-mm range and smaller, but lesion
detectability is dependent on many factors, most importantly,
the absolute uptake of radiotracer into the lesion as well as
the lesion/background ratio. The higher the lesion uptake and
the lower the background, the better the chance of lesion
detection.

In general, lesions smaller than 5mm are not detected
well with PET in its current form. As a functional imaging
tool, PET quantifies the tracer uptake well and displays it 
in an anatomically correct manner. Unfortunately, if the
lesion/background ratio is high, the PET scan can show a “hot
spot” but only provide general information as to the precise
lesion location. Thus, there has been a great deal of interest
in using PET to provide fused images with anatomy, so-called
anatometabolic images, which combine form and function
into a single image. This merge can be done with software
fusion methods, fusing PET and CT or PET and magnetic 
resonance imaging (MRI) images, but the most common
approach is to use dedicated PET/CT scanning devices, which
are both PET and CT scanners in a single device.

PET/CT imaging is quickly replacing PET imaging alone
as the preferred tool for PET imaging in cancer. This approach
was developed by Townsend and colleagues and has been
rapidly disseminated throughout the world, with PET/CT
scanners representing nearly the entire marketplace for PET
imaging equipment at this time. Such devices acquire a CT
scan and then a PET scan as part of the same imaging proce-
dure. Because the scanners are linked together, they generate
PET, CT, and then PET/CT fused image data. This approach
is the new standard for PET imaging of cancer, is the routine 
procedure for clinical PET at the authors’ institution, and is
quickly replacing PET alone as an imaging tool. Of interest is
that PET alone is a superb imaging tool in many cancers, and
PET/CT, while often better and more easily interpreted, is 
not necessarily dramatically more accurate than PET in all
cancers. Nonetheless, PET/CT quite consistently has fewer
equivocal diagnoses, fewer equivocal lesion localizations, and
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greater accuracy than PET. However, much of the evidence
for PET is based on the PET literature and is not yet based on
PET/CT data. Although only PET/CT images are shown in
this chapter, PET imaging represents the foundation for most
of the conclusions presented. The use of PET, which has clear
advantages over CT or MRI as a functional imaging tool,
remains a very valid technique for tumor imaging in clinical
practice.

The use of PET has expanded widely in the United States
and the world since the approval by the Center for Medicare
Services for reimbursement of PET imaging in several
common situations. Broadly, Medicare will reimburse for
tumor diagnosis, staging, and restaging at present, with 
more limited reimbursement for PET assessments of early
responses to treatment. However, these rules have been in
rapid evolution. Currently, the most common uses for PET
imaging in our center are for tumor staging, assessment of
treatment response, and restaging for recurrence after treat-
ment or with rising serum markers.

The use of PET in several disease types is discussed in
detail in the following sections, covering several major types
of cancer.

Head and Neck Cancer

FDG-PET, is considered to be a useful technique in the eval-
uation of primary head and neck small cell carcinoma
(HNSCC). The imaging technique can be performed either 50
minutes after the injection of FDG injection or up to 90
minutes after, because of the continuing improved target-to-
background ratios. Normal variants of uptake in adenoidal,
palatine, and lingual tonsils, in laryngeal and neck muscula-
ture (scalene, vocalis, cricoarytenoid), or in glands (salivary
and parotids) need to be kept in mind.

Staging of the primary tumor was tried by some investi-
gators,2 but CT and physical examination remain the main-
stay in tumor staging. FDG-PET has a role in only 5% of
patients, but it can identify the unknown primary in about
20% to 50% of these cases.3–6

Routine panendoscopy can identify the small lesions that
may not be seen by PET;7 however, FDG-PET seems to predict
tumor curability with radiotherapy.8

Adams et al.9 reported that FDG-PET has a sensitivity 
of 90% and a specificity of 94%, which are better than 
MRI (80% and 79%, respectively) and CT (82% and 85%,
respectively).

Kau et al.10 studied 70 patients suspicious for lymph node
metastases and found that the sensitivity and specificity of
FDG-PET for detecting lymph nodes were 87% and 94%,
respectively, compared with those of CT (65% and 47%) and
MRI (88% and 41%) (Figure 33.1).

Several studies have compared the sensitivity and the
specificity of all imaging modalities (FDG-PET and conven-
tional imaging).11–14 False-negative PET studies are found
because of small tumor burden in nodes, cystic degenerations
of metastatic nodes that are only surrounded by a small rim
of viable tumor, low tracer uptake in a metastatic node,
imaging artifacts, and proximity to the primary tumor. 
Additionally, in distant metastases or in synchronous second
primary tumors, which are present in 8% of the cases,15 the
rate of PET detection is very high16 (Table 33.1).

FDG-PET in Evaluation of Recurrent Head and
Neck Cancer

Most recurrences occur in the first 24 months after therapy
for HNSCC. Distant recurrences are more common in
patients with locally recurrent disease than distant metas-
tases at initial staging, with the lungs the most common site
of distant recurrence.17

Early detection of recurrent head and neck cancer has a
crucial role in predicting the clinical outcome, because
patients with early-stage HNSCC who undergo salvage
surgery have a 70% 2-year relapse-free survival (RFS), whereas
those with recurrent advanced-stage disease undergoing
salvage surgery have a 22% 2-year RFS.18

FDG-PET is more sensitive, specific, and accurate in the
detection of local recurrent head and neck cancer19–21 and in
the detection of recurrent HNSCC, regardless of the primary
treatment modality (surgery versus radiation therapy)21–25

than CT or MRI (Table 33.2).
The negative predictive value of FDG-PET is very high,

but the positive predictive value is somewhat lower for local
recurrence in the region of the primary tumor because of
false-positive findings (i.e., laryngeal muscle uptake, adipose
tissue uptake, or radioactive saliva in the floor of the mouth,
throat, or vallecula).
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FIGURE 33.1. A transverse 18F-fluoro-2-deoxy-d-glucose (FDG)-
positron emission tomography (PET) scan in a middle-aged patient
who had a history of an enlarged right neck lymph node at level 7
that had been excused and demonstrated squamous cell carcinoma.
PET/computed tomography (CT) images were obtained with FDG to
determine if there was evidence of a primary squamous cell carci-
noma. Transverse PET images (with (C) and without (D) attenuation
correction) and CT (A), and fused PET/CT (B) images, are displayed.
Focal increased FDG is seen in the right palatine tonsil region; this
is greater than the normal FDG uptake expected in the lymphocyte-
rich tonsils. Biopsy of the right tonsil demonstrated a primary squa-
mous cell carcinoma. PET has been reported to detect between 15%
and 35% of unknown primary squamous cell carcinomas in the head
and neck.



A positive PET scan requires a biopsy, and if this is not
positive, a repeat biopsy or close clinical follow-up may be
required 2 to 3 months later. Standard uptake value (SUV)
measurements have a wide overlap between disease recur-
rence versus nontumor-related FDG accumulation (SUV
range, 2.1–36.9 versus 1.5–9.3, respectively).

Role of FDG-PET in Monitoring Therapy

Brun et al.,26 in a study of 47 patients, with two-thirds of these
in stage IV disease, showed that the pretreatment SUV was
lower in patients with a complete response (8.0 versus 12.0),
the 5-year overall survival (OS) was 72% in those who had
low FDG activity after 1 to 3 weeks of treatment, and the 5-
year OS was only 35% in those who had high FDG uptake in
the same period.

Kitagawa et al.27 studied 15 patients who were treated
with neoadjuvant chemotherapy and showed that lesions
with a pretreatment SUV greater than 7 had residual viable
tumor in 3 of 8 cases, whereas all lesions with SUV less than
7 were treated successfully. All 7 tumors with posttreatment
SUV less than 4 did not show residual disease and 3 of the 7
tumors with posttreatment SUV greater than 4 did. The same
group calculated the sensitivity, specificity, and accuracy of
PET-FDG, MRI, and CT in primary lesions and in neck metas-
tases, finding FDG-PET to be more specific (89%) compared
with MRI (41%) and CT (59%) in primary lesions but not in
nodal metastases (74% versus 85% and 76%, respectively).28

Goerres et al.29 evaluated the detection of residual disease
in 26 patients with stage III–IV HNSCC, and PET was per-
formed 6 weeks after the end of combined chemotherapy and
radiation therapy. The sensitivity, specificity, and accuracy
were 91%, 93%, and 92%, respectively. They also showed
that the PET study at 6 weeks often revealed a second primary
tumor or a distant metastasis that had not been detected at
the time of initial staging.

Kubota et al.30 also concluded that the high negative pre-
dictive value of FDG-PET (91%) may be used to prevent addi-
tional invasive procedures for the detection of recurrent head
and neck cancers after combined radiochemotherapy in most
clinical settings.

Radiation Therapy Alone

Greven et al.31 demonstrated, in a study of 45 patients who
had FDG-PET before and at 1, 4, 12, and 24 months after high-
dose radiation therapy, that imaging at 4 months was more
reliable than at 1 month. It seems that an interval of 6 to 8
weeks after radiation treatment is most appropriate, but it
must be kept in mind that FDG uptake can be significantly
high in regions of radiation therapy up to 12 to 16 months
after treatment.32

Other PET Tracers

Radiolabeled amino acids, 11C-methionine, radiolabeled 
tyrosine, 11C-choline, 18F-thymidine, 64Cu-ATSM [copper 
(II)-dia-cetyl-bis (N-4-methylthiosemicarbazone)], 18F-
fluoromisonidazole, and 18F-2-nitroimidazole (EF5), have been
studied as potential imaging agents for head and neck
tumors.33–40 Several of these show promise and may be intro-
duced into clinical practice in the future.

Thyroid

Since the early 1950s, the whole-body scan (WBS) using a
tracer dose of iodine-131 (131I) has been widely used for detec-
tion of metastases of differentiated thyroid cancer (DTC).
Some studies have investigated the role of FDG-PET in
thyroid nodules, based on the hypothesis that malignant
lesions would be more FDG avid41,42 than the benign ones.
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TABLE 33.1. Studies comparing CT, MRI, US, and PET for nodal staging in head and neck cancer.

Author Year No. of patients CT/MRI/US Sens Spec PET Sens Spec

Hannah et al.12 2002 40 CT 81 81 82 94
Di Martino et al.13 2000 50 CT 84 96 84 90

US 88 88
Stokkel et al.16 1999 54 CT 84 96 84 90

US 84 88
Stuckensen et al.14 2000 106 CT 66 74 70 82

MRI 64 69
US 84 68

Kau et al.10 1999 70 CT 65 47 87 94
MRI 88 41

CT, computed tomography; MRI, magnetic resonance imaging; US, ultrasonography; PET, positron emission tomography; Sens, sensitivity; Spec, specificity.

TABLE 33.2. Imaging of recurrent head and neck cancer.

Author Year No. of patients CT/MRI Sens Spec Acc PET Sens Spec Acc Remarks

Li et al.22 2001 43 53 79 66 91 86 88
Terhaard et al.23 2001 75 92 63
Lowe et al.24 2000 44 38 85 100 93 P < 0.002
Kunkel et al.25 2003 97 83 81 For all findings

87 67 Local metastases
87 99 Nodal >>
71 93 Distant >>



This is clearly not true, as shown by Kresnik et al.,43 who
demonstrated that many malignant nodules were not FDG
avid, most likely because they were well differentiated. Addi-
tionally, other studies have shown that multimodular
goiter44,45 or thyroiditis,46,47 predominantly lymphocytic, may
have increased FDG uptake.

In patients who underwent FDG-PET for some other
reason, Kang et al.48 reported that thyroid incidentallomas
were found in 2.2%, and among these, 27% proved to be
cancer. In a larger group of patients (4,525) Cohen et al.49

reported that incidentallomas were found in 2.3% and 47%
were thyroid cancers.

FDG-PET in Evaluation of Differentiated 
Thyroid Cancer

In a large multicenter study of unselected thyroid cancer
patients (n = 222), Grunwald et al.50 found that the sensitiv-
ity of FDG-PET for localizing metastatic disease in patients
with DTC was 75% and that it was 85% for the group with
a negative WBS (n = 166).

Feine et al.51 noticed that there were tumors that accu-
mulated only FDG, others only 131I, and some both FDG and
iodine. He named this alternating pattern of either 131I or FDG
uptake in thyroid cancer metastases as the “flip-flop” phe-
nomenon. Thus, some thyroid tumors without functional dif-
ferentiation for iodine (123I or 131I) uptake showed high glucose
metabolism, and many differentiated papillary and follicular
thyroid cancers did not have increased FDG uptake.

Wang et al.52 reported that progressive dedifferentiation of
thyroid cancer cells results in a loss of their ability to con-
centrate iodine, which results in a negative WBS in 20% of
originally differentiated thyroid cancers. Thyroid cancer cells
that lose their ability to concentrate radioactive iodine 
may exhibit increased metabolic activity, which results in
enhanced glucose uptake. Many studies showed that FDG-
PET is more sensitive than WBS in high-grade tumors,
whereas an iodine scan is more commonly positive in low-
grade carcinomas.53–55 Expression of the GLUT-1 transporter
on the cell membrane is closely related to the grade of malig-
nancy in thyroid neoplasms, with anaplastic tumors and
widely invasive follicular or metastatic tumors showing a
high-level of GLUT-I glucose transporter expression.56

Some studies have reported that increased TSH levels
stimulate FDG uptake by thyroid cancer cells.57,58 A case
report by Sisson demonstrated increased FDG uptake in a
thyroid cancer metastasis imaged both before and then after
withdrawal from thyroid hormone therapy. Helal et al.59

studied 37 patients with DTC who had undergone resection
and ablation with radioactive iodine. He found a sensitivity
of 76% in these patients and concluded that FDG-PET should
be a first-line investigation in patients with elevated thy-
roglobulin and a negative WBS (Figure 33.2).

Schluter et al.60 studied 64 patients with thyroid cancer
with either elevated serum thyroglobulin or clinical suspicion
of metastases and negative WBS and reported that the posi-
tive predictive value (PPV) was 83% whereas the negative
predictive value (NPV) was 25%. The true positive FDG-PET
findings were correlated positively with increasing thy-
roglobulin levels. The FDG-PET was true positive in 11%,
50%, and 93% of patients with thyroglobulin levels less than
10, 10 to 20, and more than 100ng/dL, respectively. This

finding suggests that the mass of thyroid cancer tissue is
related to detectability, which is not surprising.

The use of recombinant human thyrotropin (rhTSH) has
recently been proposed to increase the sensitivity of FDG-
PET in the diagnosis of recurrent and metastatic cancer
versus the unstimulated setting. Moog et al.61 compared
imaging findings in 10 patients who were either under TSH
suppression and were hyperthyroid, or were hypothyroid with
stimulated TSH. Increases of 63% in the tumor-to-
background ratios were observed in the latter case. Petrich et
al.62 reported that in 30 patients they found more suspicious
lesions for cancer in more patients when they received
rhTSH. These observations were also supported by an in vitro
culture experiment.63

Wang et al.64 evaluated 125 patients with a mean of 41
months of follow-up who had a negative WBS, a positive
FDG-PET study, and elevated thyroglobulin. They concluded
that the single strongest predictor of survival was the volume
of FDG-avid disease. Detection of tumor with FDG-PET is a
volume-dependent phenomenon.

In another study, the same authors65 evaluated the ability
of an ablation dose of 131I to destroy FDG-avid metastatic
lesions in patients with thyroid cancer who had FDG-PET
scans pre- and post-131I treatment. The authors found that the
total volume of FDG-avid metastases rose from a mean of 
159mL to 235mL after 131I ablation therapy and the post-131I
thyroglobulin level rose 132% above the value at baseline. In
patients with a negative FDG-PET scan, the serum thy-
roglobulin levels decreased to 38% of baseline after 131I

4 5 2 chapter 33

A

B

C

D

FIGURE 33.2. Transverse FDG-PET scan of a young female who had
a history of follicular thyroid carcinoma with lymph node and cap-
sular involvement 3 years before this scan. She had developed an ele-
vated serum thyroglobulin level, and her iodine scan was negative.
This PET scan was performed to look for a recurrent noniodine-avid
tumor. This scan was performed without recombinant thyroid-
stimulation hormone (rhTSH) stimulation and demonstrates
increased radiotracer uptake in the left neck in level 2 lymph nodes,
which were subsequently proven to be metastatic thyroid cancer (A)
CT scan. (B) Fused PET/CT image. (C) Attenuation corrected PET
image. (D) Nonattenuation corrected PET image.



therapy. High-dose 131I therapy does not appear to have a
tremendously beneficial effect on the viability of metastatic
FDG-avid lesions. Nonresectable regional disease can be
treated with external-beam irradiation or, if limited, with
surgery, while widespread disease may be amenable to exper-
imental chemotherapy.

Hürthle Cell Carcinoma

Hürthle cell cancer is a histologic subtype of DTC that is clin-
ically more aggressive and has little or no iodine uptake. In a
study of 12 patients Lowe et al.66 described a sensitivity of
92% for FDG-PET. Plotkin et al.67 reported a sensitivity of
92%, a specificity of 80%, a PPV of 92%, a NPV of 80%, and
an accuracy of 89% (Table 33.3).

Medullary Thyroid Cancer

Medullary thyroid cancer (MTC) is a rare calcitonin-secreting
tumor originating from the parafollicular C cells. At the time
of initial diagnosis, most of the patients with this malignancy
are noted to have lymph node metastases. The primary treat-
ment modality is surgical resection of all malignant lesions.
Brandt-Mainz et al.68 studied 20 patients and found the overall
sensitivity to be 76%. In another study, Diehl et al.69 demon-
strated, in 55 cases, that FDG-PET had a sensitivity of 
78% and a specificity of 79%, in comparison with 131In-
pentetreotide, 25% and 92%, with dimercaptosuccinic acid
(DMSA), 33% and 78%, with 99mTc-MIBI (hexakis-2-methoxy-
2-isobutyl isonitrile), 25% and 100%, with CT, 50% and 20%,
and with MRI, 82% and 67%. A reasonable imaging approach
in the staging and follow-up of MTC would be a combination
of FDG-PET and MRI.

Novel, more-specific PET tracers, such as 18F-dihydroxy-
phenylalanine and 6-18F-DOPAv (dopamine), have been pro-
posed by Hoegerle et al.70 and Courgiotis et al.,71 respectively,
with promising results, especially in lymph node staging.
Nonetheless, FDG-PET has assumed an increasingly impor-
tant role in the management of thyroid cancer. The ability of
this method to detect many non-iodine-avid tumor foci is of
considerable practical utility and is changing the practice 
of thyroidology. Our own experience suggests that, in 
patients with thyroid cancer with possible recurrence of non-
iodine-avid disease, FDG-PET/CT (ideally under TSH stimu-
lation) is an excellent method to precisely locate recurrent
tumors and to direct the surgeon to their precise location if
surgical intervention is being considered.

Esophagus

Esophageal cancer is relatively infrequent, with 14,000 new
cases reported in the United States in 2003. The 5-year 
survival rate is not more than 14%.72 The incidence of the

disease is much higher in Asia and Northern France and 
in some regions of the world where esophageal cancer is
endemic.

FDG-PET in Staging Esophageal Carcinoma

The accuracy of endoscopic ultrasonography (EUS) is lower
for evaluation of T1 and T2 tumor than for T3 and T4, and
the CT scan is inaccurate for identifying nonbulky lymph-
adenopathy. Neither EUS nor CT is able to distinguish tumor
from inflammation. The introduction of FDG-PET has greatly
improved the staging of esophageal carcinoma. Squamous cell
and adenocarcinomas of the esophagus are both generally
characterized by high FDG uptake.73,74 FDG uptake in
esophageal cancer is greater than that in the normal unin-
flamed esophagus, and the primary tumor can be distin-
guished easily from background activity in most cases.75

FDG-PET false-positive results in the esophagus and
nearby tissues can be caused by inflammation (reflux
esophagitis), radiation-induced esophagitis, benign tumors,
skeletal and adipose tissue uptake, and heterogeneous uptake
in the primary, simulating periesophageal nodal metastases.

FDG-PET false-negative results are the result of small
tumor volume, well-differentiated tumor, and close proxim-
ity to the primary tumor. Histologic confirmation of PET
findings is necessary before a patient is denied potentially
curative surgery. PET is very useful in identifying a site suit-
able for biopsy.

FDG-PET has been shown to detect primary esophageal
cancer with a higher sensitivity than that of CT (95% to
100% versus 81% to 92%).73,76–78 Himeno et al.79 reported that
FDG-PET has a sensitivity of 100% for the detection of
primary tumors extending to the submucosa (TIb) or deeper,
but cannot detect lesions confined to the mucosa (Tis or T1a).
Kato et al.80 described that there is a significant relationship
between FDG uptake and the depth of tumor invasion; this
is most likely a relationship between tumor volume and inva-
sion (Figure 33.3).

Although PET detects most primary esophageal cancers,
it is not as sensitive for nodal metastases. Yoon et al.81 eval-
uated 82 patients with squamous cell carcinoma and 677
lesions and found the sensitivity for PET was 30% and that
for CT was 11%. This result shows the extent of the problem
of nodal staging with both methods. Although PET was more
sensitive than CT, both techniques failed to detect small
nodal metastases that are often under 1cm in size. There is
considerable variability in the literature concerning nodal
staging in esophageal cancer.

The 5-year survival without lymph node involvement is
42% to 72% versus only 10% to 12%82 for patients with
disease that has spread to the lymph nodes. Metastatic lymph
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TABLE 33.3. Studies comparing PET findings in different types of thyroid cancer.

Author Year Type of thyroid cancer Sens Spec Acc PPV NPV Remarks

Plotkin et al.67 2002 Hürthle 92 80 89 92 80
Lowe et al.66 2003 Hürthle 92
Diehl et al.69 2001 Medullary 78 79
Schluter et al.60 2001 Papillary/follicular or mixed 83 25 ≠ Tg level 131I WBS(-)

Acc, accuracy; PPV, positive predictive value; NPV, negative predictive value; WBS, whole-body scan.



node size was the strongest independent predictor of survival
among several prognostic factors, such as primary tumor 
size, histopathologic type, number of metastatic lymph
nodes.83

The combined accuracy of EUS and CT (70% to 90%) in
the detection of mediastinal nodal metastases was reported
to be greater than that of each modality alone,84 but limita-
tions remained because of inability to detect tumor involve-
ment in normal-sized lymph nodes and to differentiate
metastatic from inflammatory disease.

Kim et al.74 compared FDG-PET with CT and histopatho-
logic results from esophagectomy and extensive lymph node
dissection. The sensitivity, specificity, and accuracy for FDG-
PET to detect metastatic lymph nodes were 52%, 94%, and
84%, respectively, and those for CT were 15%, 97%, and
77%, respectively. That study showed that FDG-PET had
greater sensitivity and accuracy than CT, with equal speci-
ficity in nodal staging.

Flamen et al.73 compared FDG-PET (attenuation corrected
with spiral CT) and EUS in 74 patients with potentially
resectable esophageal cancer and showed that EUS was more
sensitive (81% versus 33%) but less specific (67% versus
89%) than PET for detection of regional nodal metastases.
Combined EUS and CT were more sensitive (62% versus
33%) and less specific (67% versus 89%) in the same setting.
The findings from PET resulted in upstaging in 15% of
patients and in downstaging in 7% of patients. PET is a better
method for detection of distant metastatic disease than any
other method available, but it is not as robust for locoregional
disease. PET is routinely recommended before surgery for
esophageal carcinoma.

A curative surgical approach is not appropriate in patients
with metastases to distant foci. Distant metastatic disease
most commonly occurs in distant lymph nodes, liver, and
lung. FDG-PET is superior to CT and MRI for detection of
distant metastatic disease.73,74,85–89 FDG-PET uncovered 3% to
37% of findings that were unsuspected. Kinkel et al.87

reported that at the specificity level of 85% the mean sensi-
tivities of FDG-PET, ultrasound, CT, and MRI were 90%,
55%, 63%, and 76%, respectively.

Flamen et al.73 demonstrated that the accuracy of FDG-
PET in 74 patients with stage IV disease was 82%, whereas
it was only 64% for a combination of CT and EUS (P less than
0.01). The sensitivity and specificity were 74% and 90% for
FDG-PET, 41% and 83% for CT, and 42% and 94% for EUS.

Luketich et al.88 found, in 35 patients with potentially
resectable esophageal cancer, that distant metastatic disease
was identified by PET in 20% with an accuracy of 91%. The
same group89 found that the sensitivity and specificity of
FDG-PET for detection of distant disease were 69% and 93%
for FDG-PET and 46% and 74% for CT.

PET prevents ineffective radical therapies by detection of
occult stage IV disease and identification of the local or
distant metastases that are most accessible to confirmation
by directed tissue sampling using minimally invasive proce-
dures. Wallace et al.90 found that the combination of PET and
EUS with fine-needle aspiration biopsy is the most effective
strategy for staging.

Table 33.4 summarizes the results of studies evaluating
the sensitivity, specificity, and accuracy of CT, EUS, and
FDG-PET for detecting local tumor extension (T and N stages)
and systemic disease (M).73,74,81,89,91–93
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FIGURE 33.3. Coronal PET/CT images obtained
from a middle-aged male with a history of gastro-
esophageal reflux and biopsy-proven esophageal 
carcinoma. These images show intense tracer
uptake in the primary lesion located at the gas-
troesophageal junction and extending downward
into the stomach. No metastatic disease is 
identified. (A) CT scan. (B) Fused PET/CT image.
(C) Attenuation corrected PET image. (D) Nonat-
tenuation corrected PET image.



Luketich et al.89 also demonstrated the 30-month survival
rate was 60% in patients with localized disease on PET, as
compared with 20% in patients with PET evidence of distant
disease. The same numbers for CT, 52% and 38%, respec-
tively, were not significantly different.

Assessment of Response to Treatment

Complete macroscopic and microscopic resection of the
primary tumor is a strong independent prognostic factor.
Patients with locally advanced disease (T3–T4) after complete
resection have a 20% to 31% chance of 5-year survival,
whereas there is essentially no chance of a 5-year survival in
those with an incomplete resection.82

Randomized trials compared patients who received pre-
operative chemotherapy or chemoradiotherapy followed by
surgery with patients who received surgical treatment alone.
The results were conflicting,94 and this was attributed to the
fact that the response to chemoradiotherapy was probably not
uniform. Nonresponders had a poor prognosis, not only
because of their disease but also because of therapy-induced
side effects and the delay in surgical treatment. Anatomic
imaging modalities cannot differentiate viable tumor from
posttherapeutic effects in many instances. The accuracy of
EUS for determination of tumor stage after therapy is less
than 50%.95,96

Several studies demonstrated the usefulness of FDG-PET
to predict response either shortly after initiation of therapy
or after its completion. Weber et al.97 studied 40 patients with
locally advanced adenocarcinomas of the gastroesophageal
junction. PET imaging was performed before preoperative
chemotherapy and on day 14 of the first chemotherapy cycle.
Changes in tumor FDG uptake at these early time points were
correlated with the clinical and histopathologic response after
3 months of chemotherapy. In clinical responders, defined as
a decrease of tumor length and wall thickness by more than
50%, FDG uptake at day 14 had decreased by 54% ± 17%,
compared with nonresponders, at 15% ± 21%.

Using a threshold of a 35% decrease in the SUV from the
baseline metabolic activity, FDG uptake predicted subse-

quent clinical response with a sensitivity and specificity of
93% and 95%, respectively. Sensitivity and specificity for
predicting histopathologic response were 89% and 75%,
respectively. The 2-year survival rate of “PET responders”
was 49% whereas it was only 9% for “PET nonresponders.”

The same authors studied98 27 patients with locally
advanced squamous cell carcinomas of the esophagus before
neoadjuvant chemoradiotherapy and 3 to 4 weeks after com-
pletion of therapy. Therapy-induced reduction of tumor FDG
uptake was significantly higher for histopathologic respon-
ders (72% ± 11%) than for nonresponders (42% ± 22%). Using
a threshold of a 51% decrease in the SUV from the baseline
metabolic activity for prediction of a response to therapy
resulted in a sensitivity of 100% and a specificity of 52%.
Brucher et al.99 and Flamen et al.100 showed similar results,
with the latter using only visual analysis (sensitivity, 71%
and specificity, 81%).

Downey et al.101 studied 24 patients with esophageal
cancer who received induction therapy before esophagec-
tomy. The 2-year disease-free survival (DFS) was greater when
the tumor showed more than a 60% decrease in FDG uptake.
Arslan et al.102 failed to distinguish residual tumor from
postchemoradiation esophagitis using SUV measurements in
24 patients 4 weeks after treatment completion. PET appears
to have a greater role in assessing early response than it does
in assessing residual tumor (Table 33.5).

Detection of Recurrent Disease

Recurrence is common despite a presumed cure after resec-
tion because of micrometastatic disease at distant sites,
which can then proliferate. Fukunaga et al.103 first reported
the increased FDG uptake in patients with recurrence. Yeung
et al.104 and Flamen et al.105 studied recurrent disease. The
latter study showed that FDG-PET was comparable to or
somewhat inferior to conventional imaging. The sensitivity,
specificity, and accuracy for FDG-PET were 100%, 57%, and
74%, respectively, and 100%, 93%, and 96% for conventional
imaging. In the detection of regional or distant recurrence, the
sensitivity, specificity, and accuracy were 94%, 82%, and
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TABLE 33.4. Comparison of various modalities (CT/EUS with PET) for initial staging of esophageal cancer.

Sens Spec Acc

Author Year EUS CT PET EUS CT PET EUS CT PET Remarks

Wren et al.91 2002 90 (T) 50 (T) 85 (T)
T/N 75 (N) 73 (N) 75 (N)
Hustinx et al.92 (M) 2000 46 (M) 69 (M) 74 (M) 93 (M)

(NAC) (NAC)
Flamen et al.73 (N) 2000 81 62 33 67 67 89
Reanalysis (RN) (+ EUS) (RN) (+ EUS)
Kim et al.74 2001 15 52 97 94 77 84
(surgical extent L/N
dissection)
Wu et al.93 (N) 2003 68 77 75 79 P < 0.01
Yoon et al.81 (N) 2003 11 30 95 82 P < 0.01
Luketich et al.89 (M) 1999 46 69 74 93 P < 0.01
Flamen et al.105 (M) 2000 42 41 74 94 83 90 64 82 22% change
Reanalysis by Lerut84 2000 46 77 69 90 (CT + EUS) of stage

(+ EUS) (+ EUS)

EUS, endoscopic ultrasound; T, evaluation of T-stage; NAC, nonattenuation corrected images; N, evaluation of lymph nodes; SCT, spiral computed CT; M, distant
metastases; RN, regional lymph nodes.



87% for FDG-PET and 81%, 82%, and 81%, respectively, for
conventional imaging. In practice PET has been useful for
detecting recurrent disease and is complementary to CT.

In summary, PET with FDG is a useful diagnostic tool for
esophageal carcinoma. It is generally used at initial diagnosis
to perform whole-body staging and to determine the baseline
metabolic rate of the tumors. It then can be used to follow
the response to locoregional or systemic therapies. Large
declines in FDG uptake after therapy are associated with a
better response than a modest decline in tracer uptake. PET
cannot detect microscopic disease or even disease under a few
millimeters in size with current technology. This is a con-
tinuing limitation as is the uptake of FDG into inflammatory
cells after treatment. Nonetheless, FDG-PET is established as
an important tool at several points in the management of
patients with esophageal carcinoma. PET/CT is the preferred
embodiment of this application at present, but literature to
strongly support the superiority of PET/CT over PET is
limited at this time.

Lung

Non-small cell lung cancer (NSCLC) is the leading cause of
cancer death in men and women in the United States. It has
surpassed breast cancer as the number one cancer killer of
women. When it is diagnosed early, the prognosis is relatively
good, with greater than a 60% 5-year survival for stage I
disease compared to only 14% for all patients.106 The primary
treatment of lung cancer is surgery (if it is indicated), but once
nodal or distant metastases have developed, the correct type
of therapy is adjuvant chemotherapy or radiation therapy.
Correct staging is the mainstay of appropriate clinical man-
agement.

FDG-PET is a valuable noninvasive imaging test for
detecting malignancy in solitary pulmonary nodules (SPNs),
for staging or restaging NSCLC, for monitoring therapy, and
for detecting residual or recurrent disease, and, finally, it pro-
vides prognostic information that is independent of lesion
size, clinical stage, and cell type. It contributes to better
informed medical decision making and more cost-effective
medical care.

Diagnosis of NSCLC and Evaluation of 
Pulmonary Nodules

In the United States, approximately 150,000 indeterminate
pulmonary nodules are discovered each year and between

30% and 50% of these are malignant.107,108 The incidence of
cancer is not low enough to ignore it, nor is it high enough
to decide to resect all nodules.

Chest radiography and CT scan can establish the benign
nature of a lesion. Certain patterns of calcification (likelihood
ratio, 0.07) or the presence of fat within the nodule or a low
growth rate over 2 years (likelihood ratio, 0.01) are diagnos-
tic of a benign etiology.109 CT provides some assessment of
the likelihood of malignancy based on morphology and the
presence of secondary findings, such as hilar or mediastinal
adenopathy, but the vast majority of SPNs are indeterminate
by radiographic or CT criteria.110

Biopsy by CT-guided transthoracic needle aspiration and
bronchoscopy are helpful when positive, but because of sam-
pling error, a benign result cannot exclude tumor. On the
other hand, more invasive procedures, such as thoracoscopic
or surgical biopsy, are associated with increased cost and mor-
bidity.111 FDG-PET and contrast-enhanced dynamic CT (dCT)
are accurate, noninvasive methods for diagnosing lung cancer.

Lowe et al.112 showed that FDG-PET has an overall sensi-
tivity of 92% and a specificity of 90% in a study of 89 patients
with nodules between 0.7 and 4.0cm in diameter using a SUV
cutoff of 2.5 or greater. Another criterion is if nodules are
hyperintense compared to the mediastinum. With application
of these two criteria, FDG-PET is approximately 96% sensi-
tive and 80% specific for malignancy.

False-positive results may be caused by the increased gly-
colytic activity within activated macrophages. Active granu-
lomatous diseases can be FDG avid, such as tuberculosis,113

sarcoidosis,114 aspergillosis,115 histoplasmosis,116 or lipoid
pneumonia and talc granulomata after pleurodesis,117 and
pneumonitis and necrosis after high-dose radiation therapy.118

False-negative results can occur in some low-grade tumors,
including bronchoalveolar carcinoma119 and bronchial carci-
noid.120 Lesions that are near the limiting spatial resolution
of the PET scanner (about 6mm on newer systems) may be
falsely negative because of the effect of the volume averaging
(partial volume effect).

In a meta-analysis of 40 studies of 1,474 focal pulmonary
lesions, Gould et al.121 reported a sensitivity of FDG-PET of
92% (95% confidence interval, range 89%–93%). They noted
that in practice the sensitivity of 97% and a specificity of 78%
decrease false-negative results. A nodule less than 1cm
should be considered worrisome for malignancy if any FDG
accumulation is seen.

Dynamic CT uses intravenous iodinated contrast mater-
ial to measure nodule perfusion, and this information 
provides an estimate of the likelihood of malignancy. A pre-
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TABLE 33.5. PET in the evaluation of response to therapy for esophageal cancer.

Author Year No. of patients Sens Spec PPV NPV DFS (2 years) Remarks

Brucher et al.99 2001 27 100 55 72 100 52% Ø SUV
3 weeks
(P < 0.0001)

Weber et al.98 2004 27 100 52 51% Ø SUV 3–4 weeks
after therapy

Flammen et al.100 2002 36 71 81 Visual 3–4 weeks
Weber et al.97 2001 40 93 95 35% Ø SUV
Downey et al.101 2003 24 67% SUV Ø 60% (OS same)

SUV, standard uptake value; DFS, disease-free survival; OS, overall survival;



contrast density measurement in Hounsfield units (HU) is
obtained after a bolus injection of contrast material, and
density measurements are performed at 1, 2, 3, and 4min.
Enhancing nodules are presumed to be malignant and 
nonenhancing nodules are presumed to be benign. Using a
threshold of 15HU, this technique has a sensitivity of 98%,
a specificity of 58%, an accuracy of 77%, and a very high 
negative predictive value (Swensen et al.122).

Nathan et al.,123 in a recent study of 36 patients, evalu-
ated pulmonary nodules larger than 8mm with both FDG-
PET and dCT. The overall sensitivity and specificity for
FDG-PET were 95% and 80%, respectively (using the criteria
referred to above), and for dCT (with a cutoff of 15HU) were
100% and 27%, respectively.

Rohren et al.124 suggested a diagnostic algorithm as is
shown in Figure 33.4. A negative dCT scan can confidently
exclude malignancy, but after a positive dCT the patients
should be followed with an FDG-PET study, because one-half
of them can be shown to be truly negative with PET imaging.
All this staging information can be used to plan subsequent 

diagnostic strategies (percutaneous needle biopsy or medi-
astinoscopy) and to guide appropriate therapy.

One in 10 to 1 in 20 pulmonary nodules that are negative
by FDG-PET imaging may, in fact, be malignant. One
approach is to follow patients with a negative PET scan with
serial CT examinations. A negative PET scan excludes high-
grade lung carcinoma, so the risk of following patients over
1 to 2 years for nodule growth is low. Most of them are
T1NOMO at the time of surgery.125

Zhuang et al.126 and Matthies et al.127 proposed dual-time
PET imaging and thought this was suitable for nodules near
the level of the cutoff value of 2.5 for SUV.

Relative FDG uptake in malignant nodules tends to
increase between the scans, whereas the relative FDG uptake
in benign nodules tends to remain stable or decrease slightly.
Using a threshold of a 10% increase in SUV between 1 and 3
hours led to an increase in sensitivity for FDG-PET from 80%
to 100%. The specificity, however, declined from 94% to 89%
(Table 33.6). Demura et al.128 reported the significance of 
dual time point PET imaging in the staging of disease of the
mediastinum.

Staging NSCLC

The most standardized staging system is the TNM system. T
denotes features of the primary mass, including size, location,
and invasion, N denotes regional lymph node status, and M
the presence or absence of metastatic disease.124

Because most patients have had a diagnostic CT before
referral for FDG-PET, the PET scan is used mainly for as-
signing T stage (1) for the evaluation of the likelihood of
malignancy in additional pulmonary nodules and to direct a
confirmatory biopsy to them and (2) for the identification of
malignant pleural effusions, which may be reactive or 
malignant, as CT cannot distinguish them.

In a study of 100 patients with newly diagnosed bron-
chogenic carcinoma, Marom et al.129 compared staging with
FDG-PET to staging obtained with a chest CT scan, a bone
scan, and contrasted brain CT or MRI. For overall staging
FDG-PET had an accuracy of 83%, whereas with conven-
tional imaging it was 65% (P less than 0.005) (Table 33.7).

For mediastinal lymph nodes, PET had an accuracy of
85% and for conventional imaging it was 58%. The impor-
tant point here was that 9% of PET-positive studies were CT
negative and 10% of PET-negative studies were CT false pos-
itive. In N3 stage disease, the sensitivity and specificity of
PET were 92% and 93%, respectively, and for CT they were
25% and 98% (P less than 0.005). In M stage, the PET scan
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SPN

Thin-section CT

Benign
(fat, calcium, etc.)

Indeterminate
(< 8 mm)

Indeterminate
(≥ 8 mm)

Low likelihood of
malignancy

Int/High likelihood of
malignancy

Dynamic CT FDG-PET

CT follow up
for stability

Stable Growth

Stop
Biopsy or
excision

(–) (+) (–) (+)

FIGURE 33.4. Diagnostic algorithm for lung nodules.

TABLE 33.6. Representative literature of FDG-PET findings in initial diagnosis of non-small cell lung cancer (NSCLC).

No. of PET criteria
Sens Spec Acc

Author Year patients (SUV or visual) PET CT PET CT PET CT

Swensen et al.122 2000 356 38 58 77
(Dynamic CT/threshold 15 HU)
Nathan et al.123 2003 36 SUV > 2.5 + visual 95 100 80 27
Matthies et al.127 (dual time 2002 36 ≠SUV (10%) 100 89
point PET)
Gould et al.121 (meta-analysis) 2001 1474 lesions 97 78

HU, Hounsfield units; FDG, 18F-fluoro-2-deoxy-D-glucose.

Dual time point PET 1 and 3 hours after injection of FDG-PET.



was 91% accurate and conventional imaging was 80%. FDG
PET also was superior to bone scintigraphy for evaluating
osseous metastases from lung cancer: sensitivity, specificity,
PPV, and NPV for FDG-PET were 92%, 99%, 92%, and 99%,
respectively, and for bone scintigraphy these were 50%, 92%,
50%, and 92%.

Erasmus et al.130 showed that FDG-PET was very sensi-
tive and specific for evaluating adrenal metastases.

Metastatic disease to regional lymph nodes is categorized
by location in relationship to the tumor. For N0 disease, the
5-year survival is 60%, for N2 it is 20%, and for N3 it is very
poor.106

The “gold standard” method for mediastinal lymph node
staging is supposed to be mediastinoscopy. The overall sensi-
tivity of the “gold standard” is approximately 90%, and it has
the disadvantage of sampling errors and the technical diffi-
culty of obtaining overall coverage with a single entry port
(i.e., inaccessibility in the aortopulmonary window lymph
nodes).124

On the other hand, CT uses size criteria to assess nodal
metastases (1cm in the short axis dimension). The limitation
of this approach is that enlarged nodes may reflect inflam-
matory changes rather than metastatic involvement and
small nodes may contain tumor deposits. Dwamena et al.,131

in a meta-analysis of 514 patients, reported that the sensitiv-
ity, specificity, and accuracy of FDG-PET were 79%, 91%, and
92%, respectively, and those of CT were 60%, 77%, and 75%.
The average sensitivity of PET for nodal disease from a variety
of studies132–135 was 88% as compared with 63% for CT, and
the average specificity was 91% for PET and 76% for CT.

The most common sites of metastases from lung carci-
noma include lung (additional pulmonary lobes or to the con-
tralateral lung), brain, adrenals, bone, and, less commonly, in
liver and soft tissue.

Monitoring Therapy and Detection of Residual or
Recurrent Disease

FDG-PET provides metabolic rather than anatomic informa-
tion and allows functional assessment of lung tumors during
or shortly after therapy. Patients with a complete resolution
of FDG uptake in their tumor following therapy have been

shown to have a good prognosis, as compared to those who
have residual FDG uptake in their tumors. After treatment it
is not necessary to find visible alterations in gross anatomic
structure, but some posttreatment effects do occur. Tissue
necrosis and concomitant macrophage-mediated inflamma-
tion after radiotherapy usually lead to the delay of a follow-
up PET scan for 3 to 6 months. Radiographic findings usually
peak within 6 to 12 weeks following completion of therapy
and resolve by 6 months. The typical appearance on PET is
diffuse low-grade or intermediate-grade FDG activity con-
fined to a geographic field corresponding to the radiation port.

Bury et al.,136 in a study of 126 patients with stage I to IIIB
NSCLC treated with radiation therapy, showed that in detec-
tion of residual or recurrent disease FDG-PET had a sensitiv-
ity, specificity, accuracy, PPV, and NPV of 100%, 92%, 96%,
92%, and 100%, respectively, and the values for CT were
72%, 95%, 84%, 93%, and 79%. Because of its high sensi-
tivity and negative predictive value, the investigators 
concluded that FDG-PET was a useful adjunct to CT in mon-
itoring the effects of radiation therapy.

Prognostic Information and Future Trends 
in PET Imaging

FDG-PET is used in determining planning target volumes
(PTV), target coverage, and critical organ dose for radiother-
apy. In one study, inclusion of a PET scan resulted in a change
in PTV in approximately 30% of the patients137 because of
more accurate delineation of metabolically active tumor. In
another study, PTV was changed in all patients after inclusion
of a PET scan in the preprocedure evaluation.138 It has been
shown that FDG uptake in NSCLC correlates with the grade
of the primary tumor, but it is an independent risk factor.139

Ahuja et al.140 showed that FDG-PET provides prognostic
information that is entirely independent of a tumor’s size and
clinical stage at the time of diagnosis. When the SUV in the
primary tumor was less than 10, the median patient survival
was 24.6 months. If it was greater than 10, survivals fell to
11.4 months. If the SUV was greater than 10 and the primary
lesion was larger than 3cm, survival was only 5.7 months.
Dhital et al.141 reported that the 1-year survival of patients
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TABLE 33.7. Studies comparing PET/CI/bone scan in staging of non-small cell lung cancer (NSCLC).

Modality
No. of (PET/CI

Sens Spec Acc PPV NPV

Author Year patients bone scan) PET CI BS PET CI BS PET CI BS PET CI BS PET CI BS Remarks

Marom et al.129 1999 100 PET/CI 83 65 Overall
(P < 0.001)

PET/CI 85 58 Mediastinal
(P < 0.001)

PET/CI 92 25 93 98 N3 stage
(P < 0.001)

PET/CI 91 80 M stage
PET/BS 92 50 99 92 92 50 99 92 Osseous

metastases
Dwamena et al.131 1999 514 PET/CI 79 60 91 77 92 75
(meta-analysis)
Bury et al.136 1999 126 PET/CI 100 72 92 95 96 84 92 93 100 79
(recurrent or
residual)

BS, bone scan; CI, conventional imaging.



with tumor SUVmax less than 10 was 75% and with SUVmax

greater than 20 it was only 17%.
Radiolabeled thymidine, a marker of DNA synthesis,

choline agents (for the evaluation of membrane synthesis and
turnover), and radiolabeled amino acids (for the evaluation 
of protein catabolism), are many of the agents that are 
under investigation for potential utility in patients with
NSCLC.142,143

Breast

Breast cancer is the most common malignancy in women in
the United States and is the second leading cause of cancer
death in women. It represents 31% of all cancers in women.
It is estimated that nearly 190,000 new cases appear every
year and that 40,000 women die of breast cancer yearly.144,145

Brown et al.146 described the marked overexpression of the
GLUT-1 glucose transporter in human breast cancer and the
correlation between tumor FDG uptake and the number of
viable tumor cells. Biochemical imaging using PET offers sig-
nificant advantages and provides unique information about
the physiologic processes associated with cancer.

Early studies147–149 in patients with locally advanced breast
cancer (LABC) or metastatic disease reported that FDG-PET
detected the majority of the lesions, but the selection bias of
patients with advanced disease did not allow determination
of the specificity. Several subsequent clinical studies have
shown that FDG-PET has a sensitivity ranging from 63% 
to 93% and specificity ranging from 73% to 94%150–154

(Table 33.8).
Adler et al.155 reported a sensitivity of 96% in 27 primary

lesions. Using a standard uptake value (SUV) threshold of 2
to 2.5, they were able to differentiate malignant from benign
lesions with approximately 90% accuracy. Dehdashti et al.156

found a sensitivity of 88% and specificity of 100% using a
SUV of 2.0 as the cutoff number to discriminate malignancy.
In a recent meta-analysis154 of the PET literature, data from
606 patients indicated that FDG-PET had a sensitivity of 88%
[95% confidence interval (CI), 83%–92%] and a specificity of
79% (95% CI, 71%–85%) (Figure 33.5).

FDG-PET has limitations in detecting (1) tumors smaller
than 1cm), (2) more well-differentiated histologic subtypes of

tumors (tubular carcinoma and in situ carcinoma), and (3)
lobular carcinomas.

Avril et al.150 demonstrated that the sensitivity for detect-
ing tumors larger than 1cm using sensitive imaging reading
criteria (definite and probable FDG uptake) was 57%, com-
pared with 91% (with conventional image reading) for tumors
larger than 1cm. The sensitivity for detecting carcinoma in
situ was even lower at 25%, and there was a significantly
higher false-negative rate with infiltrating lobular carcinoma
(65%) than with infiltrating ductal carcinoma (24%). In the
same study, they showed that the overall sensitivity of FDG-
PET for detecting breast cancer was improved by using a more
sensitive threshold for image interpretation compared to a
conventional threshold (80% versus 64%), although the
overall specificity was significantly poorer (75% versus 94%).
They also reported a sensitivity of 50% for the identification
of multifocal or multicentric breast cancer. Although breast
conservation therapy has become standard for treating 
early breast cancer, it cannot be applied in these subsets of
patients because up to 41% of breast cancers are multifocal
or multicentric.157

Schirrmeister et al.151 demonstrated that PET was twofold
more sensitive (63%) than combined mammography and
ultrasound (32%) to detect multifocal lesions. The specificity
was not different between these approaches.

The disadvantages of FDG-PET, such as high expense,
modest whole-body radiation exposure, and a low accuracy in
general screening, have prompted the development of high-
resolution PET scanners dedicated to breast imaging with 
the capability of coregistering PET and mammographic
images.158–160 The spatial resolution of these scanners is 
2.8mm full width at half maximum, about half that of 
current whole-body PET instruments, and they can utilize a
lower dose of radiotracer and decreased acquisition time.

The level of FDG uptake in an untreated breast cancer has
prognostic information that may help to (1) stratify patients
according to risk for recurrence or treatment failure and (2)
target the aggressiveness of therapy for an individual patient
to the aggressiveness of her tumor.

FDG uptake has a strong correlation with the histologic
type (higher in ductal versus lobular),161–163 tumor histologic
grade,161,164,165 indices of proliferation (higher uptake with
higher levels of proliferation),162,163 microscopic tumor growth
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TABLE 33.8. FDG-PET results in initial diagnosis of breast cancer.

Sensitivity Specificity

Author Year No. of patients PET CT/MRI PET CT/MRI

Avril et al.150 2000 22 (<1cm) 57% (SIR) 90
170 (>1cm) 91% (SIR)
12 (in situ) 25% (SIR)

Schirrmeister et al.151 2001 117 93 75
Walter et al.152 2003 40 63 89 91 74
Heinisch et al.153 2003 36 76 95 73 73
Samson et al.154 2001 606 88 79
Meta-analysis (size, (1993–2000) (95% CI: (95% CI:
2–4cm diameter) 83%–92%) 71%–85%)
Avril et al.150 2000 144 (all sizes) 64 (CIR) 94 (CIR)

80 (SIR) 75 (SIR)

SIR, sensitive image reading; CIR, conventional image reading.



pattern162 (nodular versus diffuse), and S phase.164,165 A weaker
correlation with FDG has been reported for microvessel
density, a surrogate of angiogenesis,166,167 and tumor cell
density.162,167

No correlation was found between FDG uptake and tumor
size,162,163,168 axillary node status,161,162,163 steroid receptor
status,162,163,168,169 the presence of inflammatory cells,162 per-
centage of necrotic, fibrotic, and cystic components,162 or the
thymidine labeling index (LI).168

Oshida et al.166 and Mankoff et al.171 found that FDG
uptake in the primary tumor is predictive of response to treat-
ment and patient outcome, even when they are treated with
a variety of different protocols.

Eubank et al.170 assumed that FDG uptake may be a
marker of tumor cell resistance to apoptosis, and this was
supported by other studies.172,173 Intermediates in the glu-
colytic pathway are key factors in initiating apoptosis, and
alterations in these pathways limit apoptosis. Overexpression
of some genes is associated with high glucolytic rates and
resistance to apoptosis. An example is the P13K/Akt pathway.

Lymph Node Staging

The single most important prognostic factor in early stage
breast cancer is the status of the axillary lymph nodes. The
10-year survival rate of patients with histologically negative
axillary nodes (65% to 80%) is significantly higher than that
of those with involvement of one to three nodes (38% to 63%)
or more than three axillary nodes (13% to 27%).174 The extent
of axillary disease influences the choice of the therapeutic

regimen for individual patients. Many studies using FDG-PET
for axillary staging showed a sensitivity of 40% to 94% and
a specificity of 80% to 100%.154,175–180

Because neither physical examination nor conventional
imaging can detect axillary nodal metastases, lymph node dis-
section (either conventional or limited with the use of sentinel
node localization) is routinely performed to assess axillary
nodal status in all patients with invasive cancers of 20mm or
less (80% or more of these patients have negative axillary
lymph nodes). The risk of axillary nodal metastases is reported
to be less than 5% in patients with tubular carcinoma less than
1cm in diameter, grade I tumors less than 5mm in diameter,
or tumors with a single focus of microinvasion.

With the introduction of step sectioning and immunohis-
tochemical staining, micrometastases can be detected in up
to 45% of cases.181 Microscopic nodal involvement may be
important for prognosis and treatment planning, and FDG-
PET will miss this.182

Avril et al.180 found that the sensitivity of FDG-PET for
detecting axillary disease in patients with T1 tumors (33%)
was significantly less than for patients with tumors larger
than 2cm (94%). The specificity (100%) was the same for both
subgroups. It has also been shown that the number of nodes
involved with tumor at dissection influenced the sensitivity
of PET (Table 33.9).

In preclinical studies of several types of tumors, includ-
ing rat mammary tumors, Wahl et al.183 showed that FDG
uptake in lymph nodes involved by metastatic tumor is
greater than FDG uptake in normal lymph nodes. In a recent
multicenter study involving 308 axilla sites, the same inves-
tigators reported a moderate accuracy of FDG-PET and a
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FIGURE 33.5. Transverse (C), coronal (A), sagittal
(B), and maximum image projection (MIP) (D) (pro-
jection) PET images that demonstrate intense
uptake of FDG in primary lung cancer (small cell).
A previously unsuspected primary breast carci-
noma is seen in the left breast.



mean sensitivity and specificity of 61% and 80%, respec-
tively, when at least one focus of abnormal axillary uptake
was detected.185

A recent meta-analysis found that FDG-PET has a higher
sensitivity for predicting lymph node metastases in the axilla
of patients with palpable axillary nodes, 90%, than for those
having nonpalpable nodes, 69%, but lower specificity, 88%
versus 94%.154 Greco et al.178 showed that in primary breast
cancers, the detection rate for axillary nodal disease by 
FDG-PET depended on the size of the primary lesion, with 
an overall sensitivity and specificity of 94% and 86%, 
respectively.

Sentinel lymph node mapping is now a validated, mini-
mally invasive technique that includes histologic analysis of
the primary draining nodes in the axilla identified at surgery
after perilesional injection of 99mTc-sulfur colloid and/or 
blue dye.186

FDG-PET has been reported to have a sensitivity in the
range of 20% to 50%185–187 in patients with pathologic results
from sentinel lymph node (SLN) biopsy. In more advanced
disease, however, especially with palpable axillary nodes, a
large volume of disease (“packed” SLN) may not be visual-
ized at mapping because lymph flow is diverted around it, and
this may potentially result in a false-negative examination.188

Lymphatic spread of tumor to the internal mammary (IM)
nodes occurs in up to 25% of patients at the time of initial
diagnosis and more commonly in recurrence.189 IM nodes are
not as accessible as axillary nodes, and radiotherapy and 
lymphadenectomy did not seem to improve patient sur-
vival.157 For these reasons, they are not sampled, although the
presence of IM-FDG uptake predicts treatment failure.

Detection of Distant Metastatic Disease 
and Recurrence

The most common sites of locoregional recurrence among
patients following mastectomy, axillary node dissection, and
radiation therapy are the chest wall and supraclavicular
nodes.190 FDG-PET is a sensitive method for detecting 
metastases in the brachial plexus in patients with breast
cancer.191,192 Eubank et al.,193 in a study of 73 patients with
recurrent or metastatic breast cancer, demonstrated that FDG
uptake in mediastinal or IM nodes was two times more preva-
lent than suspiciously enlarged nodes by CT. The sensitivity
of FDG-PET was 85%, much higher than CT (50%), with
nearly the same specificity (90% for PET and 83% for CT).
Of these, 30% of patients suspected of having only locore-
gional recurrence by conventional imaging and clinical exam-
ination had mediastinal or IM-FDG uptake. Moon et al.194

reported an overall lesion-by-lesion sensitivity of 85% for
FDG-PET and a specificity of 79%.

Gallowitsch et al.195 reported sensitivity, specificity, PPV,
NPV, and accuracy of 97%, 82%, 87%, 96%, and 90%, respec-
tively, for FDG-PET, compared with 84%, 60%, 73%, 75%,
and 74%, respectively, for CT. Lonneux et al.,196 in a study of
39 patients (asymptomatic) with a rise in tumor makers,
showed that FDG-PET detected recurrences with 94% sensi-
tivity, whereas conventional imaging had a sensitivity of
18%. Kamel et al.,197 in a study of 60 similar patients, found
an overall sensitivity, specificity, and accuracy of 89%, 84%,
and 87%, respectively, for locoregional recurrence and found
it more sensitive than the serum tumor marker CA15-3
(Table 33.10). Inoue et al.198 demonstrated that the patients

positron emiss ion tomography in  cancer 4 6 1

TABLE 33.9. FDG-PET results for detection of axillary lymph node metastases.

Study Year No. of patients Sens Spec

Wahl et al.175 2004 308 61 80
Kumar et al.176 2004 49 40 100
Zornoza et al.177 2004 100 84 98
Greco et al.178 2001 167 94 [68/72] 86 [82/95]
Schrirrmeister et al.179 2001 113 79 [27/34] 92 [73/79]
Avril et al.180 1996 51 79 [19/24] 96 [26/27]

all sizes
Stage T1 18 33 [2/6] 100 [12/12]
Stage >T1 23 94 [17/18] 100 [5/5]

Numbers in brackets are patient numbers used to derive sensitivity and specificity values.

TABLE 33.10. FDG-PET results for detection of recurrent/distant metastases.

No. of
Sens Spec Acc PPV NPV

Study Year patients PET CT/MRI PET CT/MRI PET CT/MRI PET CT/MRI PET CT/MRI

Moon et al.194 1998 57 85 — 79 — — — 82 — 92 —
Eubank et al.193 2001 73 85 50 90 83 88 73
Gallowitch et al.195 2003 62 97 84 82 60 90 74 87 73 96 75
Lonneux et al.196 2000 39 94 18 50
(clinical suspected recurrence)
Kamel et al.197 2003 60 89 84 87



with a higher SUV had a significantly poorer prognosis than
those patients with lower values.

The skeleton is the most common site of distant metas-
tases in breast cancer. Bone scintigraphy is considered the most
sensitive method for detecting and determining the extent of
skeletal metastases. However, purely lytic lesions or metas-
tases confined to the marrow cavity may be difficult to detect
on a bone scan, due to the lack of a sufficient osteoblastic
response.199 Cook et al.200 reported that the level of FDG uptake
in lytic lesions was significantly greater compared with
osteoblastic lesions and that the prognosis of patients with pre-
dominantly lytic disease was significantly worse.

Osseous metastases are a frequent finding in breast
cancer; approximately 70% of patients with advanced disease
have an osseous metastasis, which is a major contributor to
morbidity and treatment cost.201 The median survival for
these patients is 24 months and the 5-year survival is 20%.
Breast cancer causes osteolytic more often than osteoblas-
tic metastatic lesions, although osteoblastic changes often
develop after treatment.

The reported higher sensitivity of FDG-PET for detection
of osteolytic lesions likely reflects the ability of FDG-PET to
detect metastatic deposits in the bone marrow before the
development of a significant reactive bone formation that is
necessary for detection by bone scintigraphy. FDG-PET detec-
tion of osseous metastatic disease appears to be unrelated to
reactive bone formation, but rather is related to detection of
the metabolic activity of the tumor cells.

18F-Fluoride PET may provide improved detection of bone
metastases in breast cancer, and in other tumors, because its
concentration is approximately twofold greater than that of
99mTc-methylene disphosphonate (99mTc-MDP) and its clear-
ance is faster, resulting in a higher bone to background ratio.
Schirrmeister et al.202 compared a whole-body 18F-PET scan
with a whole body 99mTc-MDP scan and demonstrated that
the former detected more lesions in more patients than the
conventional bone scan. Finally, it was found that FDG-PET
changed the clinical stage in 36% of patients with breast
cancer and the management in 58%.203

Monitoring Treatment Response

Neoadjuvant chemotherapy (NACT) is the standard therapy
for patients with locally advanced breast cancer (LABC).
NACT is associated with a good response rate in more than
70% of the patients, including a complete pathologic 
remission in about 10% to 15%.204 It has been used to
improve primary tumor resectability (including the use of
breast-conserving surgery) and to assess chemosensitivity to
selected chemotherapeutic agents. It can also be used as an
alternative therapy for patients who are unresectable or
chemoresistant.

Conventional imaging methods are limited in assessing
response to therapy, and often a delay of several weeks after
completion of therapy is required before the effectiveness of
the treatment can be assessed. Wahl et al.205 reported that
metabolic changes could be detected as early as 8 days post-
treatment in responders. Persistent FDG uptake is seen in
nonresponding patients.

Schelling et al.206 and Smith et al.207 were able to separate
responders from nonresponders with sensitivities of 90% and
100% and specificities of 74% and 85% after the first course

of chemotherapy. Their results were similar although they
used a different SUV cutoff.

In assessing the response to chemotherapy, Vranjesevic 
et al.208 noted, in a study of 61 patients using FDG-PET and
conventional imaging (CT/MRI/US), that the former was
more accurate (90% versus 75%).

Other biologic and physiologic tumor properties may be
responsible for clinical prognosis. For example, imaging with
15O-water can estimate regional blood flow within a tumor.
Low perfusion may be responsible for a poor response to intra-
venous chemotherapy.209 Mankoff et al.210 showed that blood
flow declined an average of 32% in responders and increased
an average of 48% in nonresponders. The posttherapy blood
flow measurement was the only statistically significant 
variable associated with improved disease-free survival.
Using PET in this way may help to identify the physiologic
manifestations of drug resistance.

Patients with breast cancer undergoing chemotherapy
often receive the hematopoietic cytokines, granulocyte
colony-stimulating factor (G-CSF) or granulocyte macrophage
colony-stimulating factor (GM-CSF). The use of these agents
results in an increase in bone marrow uptake of FDG, which
may be misinterpreted as diffuse bone marrow involvement
by breast cancer. The higher bone marrow background 
activity after cytokine therapy may make it more difficult 
to detect osseous metastases.

Sugawara et al.211 studied the effects of G-CSF and GM-CSF
on the biodistribution of FDG in rats and found that SUVlean

(SUV corrected for lean body mass) of the bone marrow was
greater during G-CSF treatment than the baseline level.
Markedly increased FDG uptake is also often seen in the spleen
because of extramedullary hematopoiesis in the spleen.211,212

Smith et al.213 and Gennari et al.214 showed by quantita-
tive methods that a significant reduction in axillary nodal
FDG uptake after neoadjuvant chemotherapy could predict a
complete microscopic pathologic response, and that may be
an even more important marker for prognosis because nodal
disease is thought to reflect the presence of occult dissemi-
nated disease.

Stafford et al.215 evaluated the response of skeletal metas-
tases to therapy using serial FDG-PET and found a strong 
correlation between the quantitative change in FDG SUV 
and the overall clinical assessment of response, assessed with
physical examination, conventional imaging, and change in
tumor markers.

Mortimer et al.216 reported a series of 40 patients who
underwent FDG-PET for the evaluation of response to tamox-
ifen 7 to 10 days after institution of therapy. FDG uptake 
predicted a subsequent response to therapy consistent with a
“metabolic flare.”

Other PET Tracers

Energy metabolism is associated not only with tumor growth,
but also with a variety of other biologic processes, such as
inflammation or tissue repair. Other PET tracers have been
used for staging and guiding treatment by identifying 
therapeutic targets, by identifying factors associated with
resistance to therapy, and by making early assessments of
therapeutic response.

Decreased tumor proliferation is an early event in response
to successful treatment.217 Thymidine is incorporated into
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DNA but not RNA, so its uptake and retention in the 
tumor serves as a specific marker of cell growth. Shields et 
al.218 showed that 11C-thymidine could be used in assessing
early response to treatment. The 18F analogue of thymidine
(FLT) has been used because its longer half-life is an 
advantage.219–221 FLT has been used to measure the response to
treatment in several different tumor types, including breast
cancer.

Tumor hypoxia has been established as a resistance factor
for radiotherapy, and evolving evidence indicates that it 
promotes tumor aggressiveness and resistance to a variety of
systemic treatment modalities.222,223 Hypoxia could not be
reliably predicted by FDG uptake,224 although it contributes
to increased rates of glycolysis, as was shown by Clavo et al.225

The most widely used PET agent for imaging hypoxia is 18F-
fluoromisonidazole.226 PET imaging of hypoxia holds great
promise for identifying the subset of breast cancers with sig-
nificant hypoxia, where alternative therapeutic strategies that
can overcome the resistance associated with hypoxia will
likely be needed.

The majority of breast cancers express estrogen receptors
(ER) and progesterone receptors (PR), and their expression is
an indicator of prognosis and predicts the likelihood of
responding to antiestrogen therapy.227 Most breast cancers are
hormone sensitive, requiring estrogen for proliferation. Cur-
rently, tumor ERs and PRs are evaluated by in vitro assays,
but these assays provide limited information about the func-
tional status of the receptors and the likely responsiveness of
the tumor to hormone therapy. Only 55% to 60% of patients
with ER(+) disease actually respond to hormonal therapy
[versus fewer than 10% of patients with ER(-) disease].228,229

Furthermore, ER expression can be heterogeneous in large or
metastatic breast cancers, and biopsy can be misleading as a
result of sampling error.

The most extensively studied compound is 16a-18F-fluoro-
17b-estradiol (FES), which showed an excellent correlation
between tumor FES uptake measured on PET images and the
ER concentration of the tumor determined by conventional
quantitative ligand binding assays230 or by immunohisto-
chemistry,231 either in the primary tumor or in metastatic
lesions. FES-PET has been shown to be highly sensitive (93%)
for detection of ER(+) metastatic foci232 at an acceptable radi-
ation dose to the patient.233 Mankoff et al.234 showed hetero-
geneous FES uptake within the same tumor and between
metastatic lesions, both qualitatively and quantitatively,
which can help in establishing prognosis and in guiding treat-
ment selection.

In patients with known metastatic breast cancer, FES
uptake decreased after the initial therapeutic dose of tamox-
ifen, and this is presumably related to the nonavailability of
ERs to interact with FES because the receptors were occupied
by tamoxifen and its bioactive metabolites. This finding
shows that the tumor uptake of FES appears to be a receptor-
mediated process.

Dehdashti et al.235 found no significant relationship
between FDG uptake and either ER status or FES uptake. 
FES-PET and in vitro ER assays agreed in 88% of patients.
Mortimer et al.236 reported that patients with FES(+) disease
had longer survival than those with FES(-) tumors. When
there is a high degree of ER blockade in the primary tumor
(about 50% decrease in SUV from baseline), a good response
to therapy is predicted.237

Within 7 to 10 days after the initiation of hormonal treat-
ment, a small number of patients (5% to 20%) experience a
phenomenon known as the hormonal flare reaction, with
pain in osseous metastatic lesions, pain and erythema in soft
tissue lesions, hypocalcemia, and apparent disease progres-
sion on bone scintigraphy.237

The percent change in FDG uptake and the baseline FES
uptake were the best predictors of response to therapy. The
PPV for response to tamoxifen with a metabolic flare (an
increase in tumor FDG uptake of 10% or more as the cutoff
criterion) was 91% and the NPV was 94%. The PPV and NPV
for the baseline FES uptake (with a cutoff SUV of 2.0) were
79% and 88%, respectively.237

The flare reaction is a strong predictor of response because
nearly 80% of the patients who develop this reaction respond
to hormonal therapy.238 Hormonal flare is presumed to repre-
sent an initial agonist effect of the drug on the tumor before
its antagonist effects supervene.239

PET can be used to guide therapy by showing character-
istics of the tumor at the biochemical level before therapy or
early during therapy.

Gastric Cancer

Gastric cancer is the second most common cause of cancer
death in the world, with an overall 5-year survival rate less
than 25%.240 The leading cause for the development of gastric
cancer is repeated infection with Helicobacter pylori.

There two different types: the intestinal type, which 
predominantly involves the distal stomach (most common 
in Asia), and the diffuse or signet-ring type, which mainly
involves the proximal stomach (most common in Western
countries).

Tumors consisting of signet-ring cells or with large
amounts of mucin are frequently false negative by FDG-PET,
probably because of a lower expression of glucose transporters
in these types of tumors and a lower tumor cell density.241,242

Even large tumors with a diameter of several centimeters can
be falsely negative on FDG-PET if the tumor cells demon-
strate low metabolic activity.243

Yeung et al.244 studied 23 patients with gastric cancer and
found that FDG-PET had a sensitivity of 93% for detection
of gastric cancer, a specificity of 100% for detection of local
recurrence, but low sensitivity (22%) and high specificity
(97%) for detection of metastatic disease in intraabdominal
lymph mode stations.

Stahl et al.241 reported higher detection rates in the intesti-
nal type (83%) compared with the nonintestinal type (41%).
The SUV was greater in the intestinal type (6.7 ± 3.4) than in
the nonintestinal type (4.8 ± 2.8). Nonmucinous tumors had
higher SUVs (7.2 ± 3.2) than the mucinous ones (3.9 ± 2.1),
and the same was true for grade 2 tumors, which had higher
FDG uptake than the grade 3 tumors.

Mochiki et al.245 described the existence of a relationship
between the intensity of FDG uptake and survival, which did
not agree with the results of Stahl and coworkers.241 Yoshioka
et al.246 demonstrated the usefulness of FDG-PET in detect-
ing metastatic disease in the liver, lungs, and lymph nodes,
but it was not useful for detection of osseous metastases and
peritoneal or pleural carcinomatosis. De Potter et al.243

reported in a study of 33 patients that the sensitivity, speci-

positron emiss ion tomography in  cancer 4 6 3



ficity, PPV, and NPV of FDG-PET were 70%, 69%, 78%, and
60%, respectively, in the detection of recurrent disease.

Ott et al.247 have used a 35% decrease from the baseline
metabolic activity on day 14 of preoperative chemotherapy to
predict tumor response in patients with gastric cancer (Table
33.11). The sensitivity and specificity of FDG-PET for 
prediction of histopathologic response were 77% and 86%,
respectively, and the 2-year overall survival of “responders”
compared with that of “nonresponders” was 90% and 25%,
respectively.

Colorectal Carcinoma

Colorectal cancer is the third most common cause of cancer
in men and women, and it affects 5% of the population in the
United States and other Western countries. Approximately
106,000 new cases of colon cancer, 40,570 new cases of rectal
cancer, and 57,000 deaths (10% of all cancer deaths) were
expected to occur in 2004 in the United States.248 Most
patients (70%) diagnosed with colorectal cancer undergo
surgery with curative intent, and the overall survival of 5
years is less than 60%.

The recurrence rate is close to 40% within the 5 years fol-
lowing surgery, with up to 80% of the recurrence appearing
in the first 2 years. The most common sites of recurrence are
in the liver (20%), in the original local site (12.5%), and 
in the lungs (8%). Only 20% of patients are amenable to a
second surgery with curative intent, and long-term survival
is expected in only 30% of these.249,250

The diagnosis of colorectal carcinoma is based on
colonoscopy and biopsy. Most follow-up strategies include
carcinoembryonic antigen (CEA) testing and liver imaging.
The use of frequent colonoscopy is still being investigated.

FDG-PET in the Diagnosis and Initial Staging of
Colorectal Carcinoma

FDG-PET can usually differentiate benign from malignant
lesions (hepatic and pulmonary lesions, indeterminate lymph
nodes) and can play an important role in the evaluation of
patients with rising tumor markers in the absence of a known
source of disease. When these lesions (or metastases) are
found with FDG-PET, they may lead to a cancellation of
surgery in these patients.

Abdel-Nabi et al.251 and Kantorova et al.252 demonstrated
that FDG-PET had a high sensitivity for detection of distant
metastases, particularly in the liver, but neither FDG-PET nor

CT was sensitive enough to reliably detect local lymph node
involvement. FDG-PET was, however, superior to CT for
detecting hepatic metastases, with a sensitivity and speci-
ficity of 88% and 100%, respectively, compared with 38% and
97% for CT.251

Mukai et al.253 reported that FDG-PET changed the treat-
ment modality in 8% of patients and the extent of surgery in
13%. In a study of 110 patients, Yasuda et al.254 showed that
precancerous adenomatous polyps could be detected with a
sensitivity of 24% for lesions from 5 to 30mm in size and of
90% for lesions greater than 13mm.

Although there are false-positive findings such as
abscesses, fistulas, diverticulitis, and adenomas, the identifi-
cation of focal uptake should not be ignored. However, the
impact on patient management is not high because most
patients will undergo surgery anyway, and staging is usually
performed with preoperative liver ultrasound and during
surgery. PET results may have a role in changing the type 
of surgery (curative versus palliative or concomitant liver
metastases resection).

FDG-PET in the Diagnosis and Staging of
Recurrent Colorectal Cancer

Early detection of recurrent disease is of primary importance
because it may lead to a cure in up to 25% of patients. Surgi-
cal or medical treatment with the intent to improve survival
and the quality of life should be guided by the accurate staging
of disease. The size and number of hepatic metastases and the
presence of extrahepatic disease affect the prognosis. The 
prognosis is poor if extrahepatic metastases are present, and
this is believed to be a contraindication to hepatic resection.255

Iterative measurement of CEA is a useful, albeit imper-
fect, method to monitor the detection of recurrence, with a
sensitivity of 59% and specificity of 84%.256 Barium studies
have been reported to be only 49% sensitive, 85% specific,
and 80% accurate for overall recurrence.257 A strategy in
which increased CEA levels trigger the ordering of a PET
study is limited by the diagnostic performance of CEA itself,
which is far from optimal.

CT has an accuracy of 25% to 73% for localizing recur-
rence, but it fails to demonstrate hepatic metastases in up 
to 7% of patients and underestimates the number of lobes
involved in up to 33% of patients. Metastases to the peri-
toneum, mesentery, and lymph nodes are commonly missed
on CT, as well as the differentiation of postsurgical changes
from local tumor recurrence.258,259 CT portography (superior
mesenteric arterial portography) is more sensitive (80% to
90%) than CT (70% to 80%) for detection of hepatic metas-
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TABLE 33.11. Representative literature of PET findings in the initial diagnosis, recurrence, and response to therapy for gastric cancer.

No. of SR
Author Year patients Sens Spec PPV NPV (2-year) Remarks

Yeung et al.244 1999 23 22 97 Abdominal lymph node
detection

Stahl et al.241 2003 40 83 (intestinal type) P < 0.01
41 (nonintestinal type)

De Potter et al.243 (recurrence) 2002 33 70 69 78 60
Ott et al.247 2003 35 77 86 90 SUV Ø 35% (cutoff)
(prediction of response)

SR, survival rate.



tases, but there are many false-positive findings, which lower
the positive predictive value.260,261 There are also limitations
in accurate operative staging because of adhesions or the site
of the surgical incision (transverse upper abdominal for liver
resection). Shiepers et al.262 studied 76 patients and found that
the accuracy of FDG-PET and CT were 95% and 65%, respec-
tively, for differentiation of scar from local recurrence.

Huebner et al.,263 in a meta-analysis review of 11 articles,
reported that the sensitivity and specificity for detecting
recurrent colorectal cancer with FDG-PET were 97% and
76%, respectively, and for liver and local pelvic recurrences
FDG-PET had specificities of 99% and 98%. Whiteford et
al.264 demonstrated that the sensitivity of FDG-PET imaging
for detection of mucinous adenocarcinoma was significantly
lower than for nonmucinous adenocarcinoma, 58% and 92%,
respectively, mainly because of the relative hypocellularity of
these tumors.265

The high diagnostic accuracy of FDG-PET for detecting
liver metastases was confirmed by Kinkel et al.,266 who com-
pared noninvasive imaging modalities (US, CT, MRI, and
FDG-PET) for the detection of hepatic metastases from 
colorectal, gastric, and esophageal cancers. They found that
FDG-PET had the highest sensitivity (90%), compared with
76% for MRI, 72% for CT, and 55% for US. Delbeke et al.267

reported that FDG-PET had a higher accuracy (92%) than CT
(78%) and CT portography (80%) for detection of hepatic
metastases. Although the sensitivity of FDG-PET (91%) was
lower than that of CT portography (97%), the specificity was
much higher, particularly at postsurgical sites.

Ogunbiyi et al.268 compared the sensitivity of FDG-PET
and CT in local recurrence (91% versus 52%) and in hepatic
lesions (95% versus 74%). Rydzewski et al.269 found that the
PPV of FDG-PET for characterizing liver lesions was similar
to that of intraoperative ultrasonography (US) (93% and 
89%, respectively) and superior to CT and MRI imaging
(Table 33.12).

A major advantage of FDG-PET is its ability to detect
extrahepatic disease not discovered by the other modalities.
Valk et al.270 compared the sensitivity of FDG-PET and CT
for specific anatomic locations and found that FDG-PET was
more sensitive than CT in all locations except the lung,
where the two modalities were equivalent. The largest 
difference between PET and CT was found in the abdomen,
pelvis, and retroperitoneum, where more than one-third of
PET-positive lesions were negative by CT. PET was also more
specific than CT at all sites except the retroperitoneum.

Delbeke et al.267 concluded that, outside of the liver, FDG-
PET was especially helpful in detecting nodal involvement,
differentiating local recurrence from postsurgical changes,
evaluating the malignancy of indeterminate pulmonary
nodules, and detecting distant metastases in the chest,
abdomen, or pelvis.

Gambhir et al.,271 in a review of 2,244 patient studies,
reported that the sensitivity and specificity for FDG-PET were
94% and 87%, respectively, compared with 79% and 73% for
CT. Flanagan et al.272 reported the use of FDG-PET in 22
patients with unexplained elevation of CEA serum levels after
resection of colorectal carcinoma with no abnormal findings
on conventional workup, including CT. The sensitivity of
FDG-PET in these patients was 100%, the specificity 71%, and
the PPV 89%. Valk et al.270 reported a sensitivity of 93% and a
specificity of 92% in a similar group of 18 patients.

Flamen et al.273 used FDG-PET to study 50 patients with
elevated CEA and negative (n = 31) or equivocal (n = 19) find-
ings on conventional imaging and found a sensitivity of 79%
for the patients and 75% for the lesions. Cohade et al.,274 in
a study of 45 patients, showed that PET/CT integrated
imaging reduced the frequency of equivocal and probable
lesion characterization by 50% compared with PET alone.
This hybrid modality increased the number of definite loca-
tions by 25% and increased the overall correct staging from
78% to 89%.

Impact of FDG-PET on Patient Management

FDG-PET imaging allows the detection of unsuspected
metastases in 13% to 36% of patients and has a clinical
impact in 14% to 65%.267,268,270,272,273,275–279

In the study by Delbeke et al.,267 PET altered surgical man-
agement in 28% of the patients, in one-third by initiating
surgery and in two-thirds by avoiding surgery.

Meta et al.280 analyzed the answers to questionnaires that
were sent to 60 referring physicians and concluded that PET
had an impact on the clinical management in 65% of their
patients (80% upstaged and 20% downstaged). In a study of
51 patients Ruers et al.281 found that clinical management
decisions based on conventional diagnostic methods were
changed in 20% of patients based on the findings of FDG-PET
imaging, especially by detecting unsuspected extrahepatic
disease.

Strasberg et al.282 demonstrated a higher long-term overall
survival (OS) at 3 years (70%) and higher disease-free rates in
patients selected for curative resection who had a PET study
than those who did not have PET included in their workup
(30% to 64%).

Current PET/CT fusion images can further affect clinical
management283–287 by guiding therapy toward a less invasive
and more efficient surgical procedure or by guiding a biopsy
to an FDG-avid region of the tumor. Additionally, it can
provide better maps than CT alone to modulate the field and
dose of radiation therapy.

Monitoring Therapy

The ability of PET to differentiate scar tissue from recurrent
tumor in the pelvis was recognized very early.288,289 Increased
FDG uptake can be present immediately after radiation
because of inflammatory changes, and this is not always asso-
ciated with residual tumor. Moore et al.290 found a sensitiv-
ity of 84% and specificity of 88% for the detection of local
pelvic recurrence 6 months after external-beam radiation
therapy for rectal cancer. In contrast, Schiepers et al.291 con-
cluded that there was no correlation between FDG uptake and
cell kinetics in patients with primary rectal cancer treated by
irradiation. Guillem et al.292 demonstrated in a study of 15
patients treated with combined chemoradiation that FDG-
PET added useful information. In a study of 25 patients 
with rectal cancer, Calvo et al.293 described SUVs that were
significantly decreased after treatment, but no correlation
was found between postradiation metabolic activity and the
3-year survival rate.

Hepatic metastases can be treated with either systemic
chemotherapy or regional therapy to the liver. A variety of
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regional therapies exist, including chemotherapy adminis-
tered through the hepatic artery using infusion pumps, 
selective chemoembolization, radiofrequency ablation,
cryoablation, alcohol ablation, and radiolabeled 90Y-
microspheres.

Findlay et al.294 showed that, in patients with hepatic
metastases, responders can be discriminated from nonre-
sponders after 4 to 5 weeks of chemotherapy with fluorouracil
by measuring FDG uptake before and during therapy. Some
results reported by Vitola et al.,295 Torizuka et al.,296 and
Langenhoff et al.,297 showed that 3 weeks after radiofre-
quency ablation and cryoablation, 51 of the 56 metastatic 
sites became FDG negative and there was no recurrence
during 16 months follow-up.

Wong et al.298 compared FDG-PET imaging, CT, MRI, and
serum levels of CEA to monitor the therapeutic response of
hepatic metastases to 90Y-glass microspheres. They found that
FDG uptake correlated best with the changes in serum levels
of CEA.

New PET Tracers for Clinical Use
18F-Fluoride has a mechanism of uptake similar to that for
other bone imaging radiopharmaceuticals, but because of the
better spatial resolution and routine acquisition of tomo-
graphic images, 18F-fluoride PET imaging offers potential
advantages over conventional bone scintigraphy for detecting
metastases. Schirrmeister et al.299 demonstrated that twice as
many benign and malignant lesions were detected with 
18F-fluoride PET compared to planar scintigraphy.

Higashi et al.300 demonstrated that the in vitro uptake 
of 11C-thymidine or 18F-fluorothymidine correlates with the
tumor proliferation rate and that these radiopharmaceuticals
are assessing the rate of DNA synthesis. Dittman et al.301

compared FDG with FLT uptake and showed that FLT-PET
accurately visualized thoracic tumors and cerebral metas-
tases, but that high physiologic uptake in the liver and bone
marrow prevents detection of metastases in these locations.

Summary

FDG-PET is indicated as the initial test for diagnosis and
staging of recurrence, for preoperative staging (N and M) of
known recurrence, for the differentiation of benign from
malignant lesions (indeterminate lymph nodes, hepatic and
pulmonary lesions), for the differentiation of posttreatment
changes from recurrent tumor, for the evaluation of patients
with rising tumor markers in the absence of a known source,
for a subgroup of patients at high risk (elevated CEA levels),
for patients with a normal CT in whom surgery could be
avoided if FDG-PET shows metastases, and for screening for
recurrence in patients at high risk. It also affects the clinical
management by guiding further procedures (biopsy, surgery,
and radiation therapy) and excluding the need for additional
procedures.

Lymphoma

Lymphoma is a general term that refers to a group of 
malignancies originating in the lymphoid tissue, includ-
ing Hodgkin’s disease (HD) and non-Hodgkin’s lymphoma

(NHL).302 The first evaluations of PET for staging in large
cohorts of patients with lymphoma were performed by Moog
et al.303,304 (mixed populations with HD and NHL). For nodal
staging, Moog et al.303 evaluated 60 patients with CT and PET
and verified discordant results by biopsy whenever possible.
A total of 160 nodal regions were positive by both modalities,
and 25 were positive by PET alone. Nine of these were veri-
fied histologically, and PET was true positive in 7 cases and
false positive in 2 cases. Six regions were positive by CT only,
and in the 3 in which verification was obtained, the CT result
was false positive. There was a change in management in 10%
to 15% of the patients.

For extranodal staging, Moog et al.304 also evaluated 81
patients. Forty-two disease sites were detected by both modal-
ities, and PET detected an additional 24 sites, of which 
15 were verified pathologically, including 9 sites in bone
marrow, 3 in the spleen, and 2 elsewhere, and in 14 sites PET
was true positive. Six of 7 lesions detected only by CT were
verified, and 5 of these were false positive.

FDG-PET was found to be of value in the diagnosis of HD
and aggressive NHL.305,306 It is generally accepted that FDG-
PET may have a role in diagnosis and staging of low-grade 
follicular NHL. For other subtypes of low-grade lymphoma
(small cell lymphocytic and probably mantle cell lymphoma),
it seems that FDG-PET has no value for staging and follow-
up.305,307 Similar discouraging results have been demonstrated
in a small group of patients with follicular lymphoma of the
duodenum.308 In contrast, marginal zone B-cell lymphoma, an
entity that was initially considered to originate from mucosa-
associated lymphoid tissue (MALT) lymphoma, but in recent
reports is classified as a distinctive histologic type, was
shown to take up FDG only in the involved lymph nodes.

From the studies of Moog et al.309 and Carr et al.,310 it
appears that both PET and iliac crest biopsy should be per-
formed to stage the bone marrow. It is probable that some
patients with diffuse involvement have homogeneous uptake
on PET, whereas some patients with focal involvement are
missed by random biopsy. FDG-PET can be useful in guiding
the biopsy to a site of active disease.

An additional study evaluated FDG-PET as a predictor of
prognosis. Aggressive and treatment resistant tumors showed
a trend toward higher uptake of FDG, with an inverse rela-
tionship between the survival rate of patients and the degree
of FDG uptake.311

The complementary role of FDG-PET to conventional
staging of 45 patients with newly diagnosed HD and NHL was
investigated by Delbeke et al.312 In addition to the positive
impact of PET, these authors report that false-negative FDG
imaging understaged 3 patients (7%), including 2 patients
with low-grade NHL and 1 with HD. They concluded that
FDG-PET is an efficient method for staging of lymphoma but
should be used in conjunction with conventional staging as a
complementary modality.

Recently, Hong et al.313 evaluated the clinical value of
FDG-PET for the staging of malignant lymphoma. The sensi-
tivities and specificities for detection of nodal involvement
for PET, CT, and 67Ga scanning were determined to be 93.3%,
98.9%, and 25.8%, and 100%, 99.1%, and 99.8%, respec-
tively. In detecting extranodal lymphoma, the sensitivities
and specificities of the PET, CT and 67Ga scanning were
87.5%, 87.5%, and 37.5%, and 100%, 100%, and 100%,
respectively. Sasaki et al.314 showed a specificity of 99% for
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both CT and PET, whereas the sensitivity of CT was 65% and
that of PET was 92%. An older study including 50 patients
compared FDG-PET for staging of HD and NHL to CT.315 The
sensitivity and specificity of PET were 86% and 96% for HD
and 89% and 100% for NHL. The sensitivity and specificity
of CT were 81% and 41% for HD and 86% and 67% for NHL.

In comparison to 67Ga, PET showed better performance
than 67Ga, as was reported by Paul et al.316 (the first report on
FDG uptake in five patients with lymphomas) and Okada et
al.317 Of course, their mechanism of uptake by malignant
tissue is based on different principles. FDG, as mentioned
before, is incorporated into malignant cells with a high glu-
colytic metabolism due to intracellular trapping of FDG phos-
phate. 67Ga is taken up by malignant cells, lymphoma in
particular, probably based on an intracellular transferrin-
related transport mechanism. Inside the cells, the tracer is
incorporated in lysosome-like granules and shows a slower
clearance from malignant as compared with normal tissues.

A study comparing PET and 67Ga evaluated 111 sites of
disease in 25 patients with different types of lymphoma at diag-
nosis and relapse.318 The sensitivity of PET was 96% versus
72% for 67Ga. The false-negative 67Ga studies were attributed
to poor detection of low-grade NHL, bone and bone marrow
involvement, and lesions smaller than 12mm in diameter.

The differences in the performance rate of PET, 67Ga, and
CT for staging of HD and NHL were evaluated in 50
patients.319 On a site-based analysis, PET showed superior
values, 82%, as compared with both 67Ga, 69%, and CT, 68%.

Diagnosis of splenic involvement is difficult using nuclear
medicine techniques, because both 67Ga and FDG are physi-
ologically taken up in variable amounts by the normal spleen.
Lymphomatous splenic involvement is, as a rule, diffuse, thus
increasing the diagnostic challenge. The sensitivity, speci-
ficity, and accuracy of PET were 92%, 100%, and 97%, respec-
tively, as compared with 50%, 95%, and 78% for 67Ga320

(Table 33.13).
Buckmann et al.321 found that PET is 10% to 20% more

accurate than CT in detecting and staging of malignant lym-
phoma. They also reported that PET is better than CT in
detecting bone marrow involvement and is useful as a guide
for bone marrow biopsy.

A change in staging is more likely to result in a change in
treatment strategy for lymphoma subtypes in which treat-
ment is given with a curative intent. For example, upstaging
from an early (stage I–II) to an advanced stage (III–IV) in HD

or large cell lymphoma will probably result in the selection
of a longer course of chemotherapy as the exclusive treat-
ment, as opposed to a shorter course of chemotherapy fol-
lowed by radiation therapy (Figure 33.6).

A similar upstaging in patients with follicular lymphoma
will also influence treatment and follow-up of the disease.
Schoder et al.322 demonstrated that PET findings led to a
change in the clinical stage in 44% of 46 patients: in patients
with NHL and HD, 21% were upstaged and 23% were down-
staged. In a recent prospective study of 88 patients with HD,
Naumann et al.323 demonstrated a change in staging in 18
patients (20%).

FDG-PET appears to be a noninvasive, efficient, and cost-
effective whole-body imaging modality with a high sensitiv-
ity, specificity, and accuracy for staging patients with most
histologic types of HD and NHL (Figure 33.7). It is generally
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FIGURE 33.6. Transaxial PET/CT images obtained with FDG in a
patient in the mid-twenties with a new diagnosis of Hodgkin’s lym-
phoma. Intense focal tracer uptake is seen in multiple lymph nodes
in the right neck and axillary region. (A) CT scan. (B) Fused PET/CT
image. (C) Attenuation corrected PET image. (D) Nonattenuation cor-
rected PET image.

TABLE 33.13. Representative recent literature of PET findings in lymphoma.

No. of
Sens Spec

Author Year patients No lesions PET CT 67Ga PET CT 67Ga

Hong et al.313 2003 30 — 93 98 26 100 99 100
Nodal evaluation 88 88 38 100 100 100
Extranodal evaluation

Sasaki et al.314 2002 46 152 92 65 99 99
Wirth et al.319 2002 50 117 82 68 69 — —
Stumpe et al.315 1998 50 86 81 96 41

HD
NHL 89 86 100 67

Shen et al.318 2002 25 111 96 72
Rini et al.320 2003 32 92 50 100 95
(HD + splenic involvement)

HD, Hodgkin’s disease; NHL, non-Hodgkin’s lymphoma.
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FIGURE 33.7. (A) Coronal PET/CT images of a
60+-year-old woman with recurrent follicular non-
Hodgkin’s lymphoma. Intense focal uptake is noted
in the right supraclavicular area that is attributed
to recurrent disease. (B) Coronal PET/CT images of
the patient noted in (A) at 12 weeks after radioim-
munotherapy with Bexxar (131I-tositumomab and
unlabeled tositumomab therapy). The dramatic
decrease in FDG uptake in the right supraclavicu-
lar area indicates an excellent response to therapy.
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TABLE 33.14. Representative literature of PET in monitoring response to treatment of lymphoma.

DFS OS

Authors Year No. of patients Type of disease PPV (%) NPV (%) (-) PET (+) PET (-) PET (+) PET

FDG evaluation after first-line treatment:
Kostakoglu et al.331 2002 30 NHL + HD 83 65 65 17 — —
Spaepen et al.336 2003 93 NHL 100 83 85 4 — —
Weihrauch et al.329 2001 28 HD 60 100 95 40 — —
Spaepen et al.343 2003 60 HD — — 91 4 — —

FDG evaluation during treatment:
Torizuka et al.337 2004 20 (1–2 cycles) NHL + HD 63 100 24–34mo 8–16mo
Zijlstra et al.335 2003 NHL 64 25
Spaepen et al.336 2003 26 (2nd cycle) NHL — — 92 10 100 60

70 (3–4 cycles)

FDG evaluation before stem cell transplantation:
Spaepen et al.343 2003 60 NHL + HD — — 96 23 100 55
Filmont et al.342 2003 43 NHL + HD 92% 88% — — — —
Schot et al.341 2003 46 NHL + HD 62 32 — —

—

Cycles, cycles of chemotherapy.

Mo = months.

accepted today that FDG-PET is a clinically valuable tool that
should be added to conventional staging modalities.329,330

FDG-PET for Predicting Treatment Response

Evaluation of PET for assessment of treatment response has
been studied more extensively in HD and NHL than in 
any other tumor. Differentiation of viable tumor from fibro-
sis in a residual posttreatment mass is a common problem 
in lymphoma that is seen in more than 85% of patients 
with HD and approximately 40% of the patients with 
NHL.

Initial studies have assessed response to treatment in het-
erogeneous populations including both HD and NHL
patients. Cremerius et al.324 reported better specificity and
positive predictive value (PPV) for FDG-PET (92% and 94%,
respectively) as compared with that of CT (17% and 60%) in
27 patients.

Zinzani et al.325 studied 44 patients with HD or aggressive
NHL who had residual abdominal disease and showed that
the 2-year progression-free survival (PFS) rate was 95% for the
PET-negative group and 0% for the PET-positive group.

A PPV of 100% for PET, as compared with 42% for CT,
was found in 54 patients with HD and aggressive NHL
assessed after therapy by Jerusalem et al.326 The negative pre-
dictive values (NPV) of PET (83%) and CT (87%) were not
significantly different. Recurrence was noticed in the same
study, with both positive PET and CT in 26% of patients and
with negative PET and positive CT in only 10%. The PFS 
(2-year) rate with negative PET and negative CT was 87%,
with positive CT and negative PET only 60%, and finally,
with positive PET regardless of the CT, 0%.

Mikhaeel et al.327 also found in 45 patients with aggres-
sive NHL that the relapse rate was 17% for PET-negative
patients and 100% for PET-positive patients compared with
25% for CT-negative patients and 41% for CT-positive
patients. The progression-free survival (PFS ) for 1 year was
83% for PET-positive and 0% for PET-negative patients.

Spaepen et al.328 evaluated 93 patients with NHL and
reported that all patients who had persistent FDG uptake
relapsed, with a 2-year PFS rate of 85% of patients with neg-
ative PET findings. The 2-year PFS rate was 4% in patients
with positive PET findings. Weihrauch et al.329 studied the
predictive value of PET in 28 patients with HD who had
residual masses after treatment. The 1-year PFS was 95% for
the PET-negative group as compared with 40% for the posi-
tive group. Spaepen et al.330 evaluated 60 patients with HD
with or without masses at the end of first-line treatment; the
2-year disease free survival (DFS) rate was 4% for the PET-
positive group and 85% for the PET-negative group.

Kostakoglu et al.331 compared FDG-PET after the first
cycle of chemotherapy and after completion of chemotherapy.
PET had greater sensitivity and PPV for predicting relapse
after the first cycle. PET after the first cycle had a lower false-
negative rate (13%) than the posttherapy PET (35%), possibly
reflecting the presence of a small but still detectable tumor
load of resistant cells early, but not late, in the therapy course
(Table 33.14).

In general, in NHL and high-grade HD, a positive PET at
the end of first-line therapy is highly suggestive of disease and
requires intensive confirmatory investigation. A negative
PET does not exclude the presence of minimal residual
disease or future relapse and requires close follow-up.
However, in early HD, a negative PET can be used to define
complete response (CR) with favorable prognosis, even in 
the presence of residual masses on CT (see Figure 33.7A,B).
A positive PET, especially if located in a site different from
the residual mass, should be assessed with caution, and
benign or inflammatory etiologies should also be considered
in the differential diagnosis of persistent disease.330

Evaluation During Treatment

Many studies have been conducted to evaluate the extent and
time course of changes in FDG metabolism in response 
to chemotherapy. The rapidity of response during treatment



appears to be an accurate predictor of overall response, with
early tumor regression indicating higher cure rates.332 Accu-
rate early assessment of response allows for timely institu-
tion of aggressive second-line protocols. If resistant tumor
burden is identified, additional treatment-related toxicity
might be prevented.

Romer et al.333 found that a single PET study performed
after two cycles of chemotherapy was predictive of long-term
prognosis. Mikhaeel et al.334 reported the results of 23 patients
with NHL who had FDG-PET after two to four cycles of
chemotherapy. No relapse was seen in patients with minimal
or no FDG uptake, whereas 88% of patients who had persis-
tent FDG uptake relapsed. The same group also found that in
23 patients with HD during treatment, the relapse rate was
100% in the PET-positive group and 8% in the PET-negative
group.

Zijlstra et al.335 studied the prognostic value of FDG-PET
in 26 patients with aggressive NHL after two cycles of
chemotherapy. At a median follow-up of 16 months, the PFS
rate was 64% in patients who had negative FDG-PET find-
ings and was 25% in patients who had positive FDG-PET
findings. Spaepen et al.336 evaluated 70 patients with aggres-
sive NHL and found that visual interpretation of FDG-PET,
performed after three to four cycles of first-line chemother-
apy, predicted PFS and OS independently from and better than
the international prognostic index.

Torizuka et al.337 reported that FDG-PET may be predic-
tive of clinical outcome and could differentiate short-term
responders from nonresponders in a group of 17 patients, most
of them with advanced-stage lymphoma.

Prognostic value of FDG-PET Before Stem 
Cell Transplantation

High-dose chemotherapy (HDT) with autologous stem cell
transplantation (ASCT) has been shown to improve survival
in patients with relapsed aggressive NHL or HD.338 A number
of studies indicate that FDG-PET performed during or after
salvage chemotherapy has a high predictive value for relapse
after HDT/ASCT.339,340 Schot et al.341 evaluated 46 patients
with recurrent or persistent NHL/HD lymphoma after
HDT/ASCT. The PFS for 2 years was 62% for PET-negative
studies versus 32% for PET-positive patients.

Filmont et al.342 showed that PPV (92%) and NPV (88%)
in 43 patients with NHL/HD were very similar if the PET
study was obtained 2 to 5 weeks after initiation of salvage
chemotherapy, before ASCT, or within a median interval of
2.4 months. Spaepen et al.343 assessed the prognostic value of
FDG-PET after salvage chemotherapy before HDT/ASCT in
60 patients with NHL and HD. The 2-year PFS and OS rates
for patients with negative FDG-PET scans were 96% and

100%, respectively, as compared with 23% and 55% for those
with positive FDG-PET results.

FDG-PET for the Detection of Recurrence

Although early diagnosis of relapse will lead to early admin-
istration of salvage therapy, the crucial question is whether a
lesion is metabolically active, because two-thirds of patients
with HD present with fibrotic or recurrent mass lesions, and
20% of these relapse.344 Fifty percent of patients with high-
grade NHL present with a mass lesion and only 25% of them
relapse.344 67Ga will not accurately indicate whether a tumor
is metabolically active, and it has limitations in detection of
intraabdominal and low-grade lymphoma.345

False-positive PET studies may be the result of FDG
uptake in a hyperplastic thymus, in the gastrointestinal tract,
or in an inflamed lung lesion.346 False-negative results may
also arise from the absence of an FDG-avid lesion within
small tumor lesions, possibly because of low glucose metab-
olism after therapy or acquisition problems, such as spatial
resolution and partial volume effect.

The value of the sensitivity and specificity of FDG-PET
and CT to predict the relapse of malignant lymphoma were
described in several studies.347,348 Jerusalem et al.349 evaluated
the recurrence rate in 45 NHL/HD patients with residual
tumor masses and positive FDG-PET results, and it was only
26% in patients with residual tumors and negative FDG-PET
results. The 1-year PFS and OS rates were 86% and 92%,
respectively, for the PET-negative group, and only 0% and
55%, respectively, for the PET-positive group.

Guay et al.350 compared the diagnostic accuracy of FDG-
PET and CT in detecting residual disease or relapse during
the posttherapy period in 48 patients with HD. The sensitiv-
ity, specificity, PPV, and NPV of FDG-PET for predicting
relapse were 79%, 97%, 92%, and 92%, respectively. The
accuracy of FDG-PET was 92%, higher than the accuracy of
CT (56%). Freudenberg et al.351 described the advantages of
PET/CT fusion imaging in 27 patients with lymphoma and
evaluated the clinical significance of combined PET/CT and
compared the staging results of PET/CT with those of FDG-
PET and CT alone (Table 33.15).

Summary

FDG-PET provides an excellent tool in the initial staging of
lymphomas, in restaging lymphoma after initial treatment, in
predicting response during and at the end of therapy, and
during follow-up for diagnosis of recurrence.

A pretreatment FDG-PET study is essential for accurate
assessment of residual masses and early monitoring of
response to the treatment. A baseline PET will help detect
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TABLE 33.15. Recent literature of PET findings in recurrence of lymphoma.

Sens Spec PPV NPV ACC

Authors Year No. of patients PET CT PET CT PET CT PET CT PET CT

Freudenberg et al.351 2004 27 86 78 100 54 100 65 87 70 93 67
Guay et al.350 2003 48 79 — 97 — 92 — 92 — 92 56
Filmont et al.342 2003 78 87 94 80 56 95 72 83 67 90 71



relapse or residual disease, because relapse occurs most often
in the region of previous disease.352

Melanoma

Cutaneous melanoma is the seventh most common newly
diagnosed cancer in the United States: 55,100 new cases were
diagnosed in 2004 and 7,910 patients will have died of sys-
temic disease.353 Wahl et al.354 and Kern et al.355 demonstrated
that radiolabeled glucose analogues were preferentially taken
up in murine melanomas and human melanoma xenografts,
establishing the rationale for the potential use of FDG in
patients with melanoma.

There is no defined role for PET in the initial diagnosis of
melanoma, as has been shown by Wagner et al.,356 because the
inherent spatial resolution of PET reduces the sensitivity for
detection of lesions less than 80mm2 and it is unlikely that
this technique (as currently performed) will ever be effective
in the initial diagnosis of small, surgically curable melanoma
in situ.

Initial Staging of Clinically Localized Disease

In intermediate- and high-risk lesions greater than 1mm in
thickness, assessment of the SLN draining the tumor site 
is very important. Rinne et al.357 studied 52 patients with
primary melanoma greater than 1.5mm in depth who had no
evidence of local or distant metastases; they found that the
accuracy of PET for identification of regional or distant
metastases was 95% per lesion and 94% per patient and that
for CT was 68% per lesion and 77% per patient.

Macfarlane et al.358 found that PET accurately predicted
regional nodal status in 88% of 23 patients with primary
melanoma more than 1.5mm thick. Wagner et al.359 per-
formed a large prospective trial containing 70 patients with
primary thick melanoma (more than 1.0mm) and 4 patients
with recurrent melanoma in or adjacent to the surgical scar
who underwent PET and SLN biopsy. They demonstrated a
sensitivity of 11% to 17% (depending on reading threshold)
and a specificity of 94% to 100%. This is one of the first arti-
cles to suggest that PET is not sensitive for staging regional
nodes in patients with newly diagnosed thick melanomas.

Acland et al.360 found that FDG-PET failed to identify all
14 positive SLNs found in 50 patients who underwent sen-
tinel node biopsy for primary melanomas more than 1mm in
thickness. Fink et al.361 found, in 48 patients with stage I or
II disease, that FDG-PET identified only one metastatic node,
and they concluded that this result was likely “due to the
small size of the metastatic deposits in the sentinel node.”

There is now strong evidence that FDG-PET is not useful
in the initial staging of primary melanoma when there is no
clinical evidence of local or distant metastatic spread. This
finding is attributed to the small size of most nodal metas-
tases and the low prevalence of nodal disease in patients with
primary melanoma.

Local Recurrence and Satellite or 
In-Transit Metastases

There are no studies that specifically examine the efficacy of
FDG-PET in the evaluation of patients with locally recurrent

primary melanoma tumors, and there are only two studies
that evaluated satellite and in-transit metastases. Acland et
al.362 studied 9 patients with satellite metastases adjacent to
the primary tumor excision site and found a sensitivity of 
93% and a specificity of 50% for the ability of FDG-PET to
detect locoregional metastatic disease. Stas et al.363 described
a change in clinical management in patients with varying
types of recurrent melanoma with adjacent metastases or
distant in-transit lesions. These findings suggest a possible
role for PET in this population, but very small tumor volume
of disease will not be detected.

The sensitivity of FDG-PET may be low in patients with
small metastases in adjacent lymph nodes,379,380 but patients
with suspected regional metastases based on physical exam-
ination or other imaging modalities may have greater
detectability with PET. The majority of patients (80% or
greater) with clinically localized tumors never develop distant
disease. Blessing et al.364 found a sensitivity of 74% and a
specificity of 93% for the evaluation of 20 clinically suspi-
cious lymph node basins imaged with FDG-PET.

Crippa et al.,365 in a study of 38 patients, found the accu-
racy of FDG PET to be 91% for clinically or radiographically
enlarged lymph nodes. Sensitivity dropped off rapidly for
lymph nodes less than 5mm, but was 100% and 83% for
nodes that were greater than or equal to 10mm and 6 to 
10mm, respectively.

Tyler et al.366 attempted to show the utility of FDG-PET
in a study of 95 patients with clinically evident stage III
lymph node and/or in-transit melanoma. The sensitivity was
87%, the PPV (with the integration of pertinent clinical infor-
mation) was 91%, the specificity was 44% (although few pro-
phylactic lymph node dissections were performed), and the
findings led to a change in clinical management in 15% of
the patients. These findings argue that FDG-PET has a useful
role in the patient with suspected regional lymph node metas-
tases (Table 33.16).

In the case of confirmed lymph node metastases beyond
the SLN, the value of FDG-PET is to localize occult distant
metastases that might be amenable to surgical resection or to
exclude metastatic disease in patients with equivocal findings
on conventional anatomic images. Wagner et al.367 and
Acland et al.362 showed that in this group of patients it 
was unknown distant disease that may have altered patient
management.

Identification of Distant Metastases

FDG-PET can be used in patients with recently diagnosed
melanoma and those who have clinical, laboratory, or radio-
logic evidence of distant metastases, in patients with previ-
ously resected melanoma with findings suspicious for
recurrent disease in the form of distant metastases, and,
finally, in patients with previously treated distant metastases
requiring restaging to plan future surgical or medical man-
agement.

Gritters et al.368 studied 12 patients with various stages 
of melanoma (thick primaries, palpable lymph nodes, or 
presumed metastases on CT), and they found intraabdominal
visceral and lymph node metastases that were not seen on
CT. Steinert et al.369 found a 92% sensitivity for FDG-PET in
33 patients with known metastatic melanoma or high-risk
primaries (greater than 1.5mm).
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Rinne et al.370 examined 48 patients with clinical or CT
findings suggesting local or distant metastatic disease, and
FDG-PET was found to be 92% sensitive, 95% specific, and
93% accurate, compared with 58%, 45%, and 56% for sensi-
tivity, specificity, and accuracy, respectively, for CT.

Eigtved et al.371 confirmed the superiority of FDG-PET in
a study of 38 patients with either local recurrence, in-transit
recurrence, regional lymph node metastases, or distant metas-
tases, with sensitivity and specificity of 97% and 56%,
respectively, compared with 62% and 22% for conventional
imaging.

It is obvious now that PET is indeed superior for local-
ization of distant metastases outside of the lungs and brain,
independent of the particular stage of the high-risk patient.
Swetter et al.,372 in a study of 104 patients, reported a sensi-
tivity and specificity for PET of 84% and 97% and for CT of
58% and 70%, respectively, for the detection of metastatic
disease.

Gulec et al.373 studied 49 patients and found that FDG-
PET identified more metastatic sites in 55% of the patients
and changed the management in 49% of them. Dietlein et
al.374 and Krug et al.375 reported that FDG-PET was inferior in
the detection of pulmonary and liver metastases, but these
studies suffered from various methodologic weaknesses.
Distant metastases can be identified by FDG-PET either in
patients with locoregional disease or in patients with known
distant lesions, and these findings can change their clinical
management.

Response to Therapy

The usefulness of FDG-PET in evaluating response to therapy
was shown by Mercier et al.,376 who studied three patients
who underwent a FDG-PET scan before and 1 month after
treatment (isolated limb perfusion therapy with melphalan)
and found a reduction in the number of lesions and diffuse
radiotracer uptake, most likely because of posttreatment
inflammation.

11C-Methionine,379 125I-alpha-methyl-tyrosine (AMT), 
18F-DOPA,380 18F-FLT,381 11C-N-methylspiperone,382 and radio-
labeled alpha-melanocyte-stimulating hormone383 are some 
of the new promising radiopharamaceuticals in the field of
melanoma.

In conclusion, FDG-PET is the modality of choice for eval-
uating patients who fit in one of these four categories:

1. Individuals at high risk for distant metastases based on
the extent of locoregional disease

2. Patients with findings that are suspicious for distant
metastases

3. Individuals with known distant tumor deposits who still
stand to benefit from customized therapies if new lesions
are discovered or treated lesions regress

4. Patients at high risk for systemic relapse who are consid-
ering aggressive medical therapy
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he term primary central nervous system tumors refers
to a heterogeneous group of tumors characterized by
their location in the central nervous system (CNS).

These tumors exhibit a wide range of clinical behavior from
extremely lethal (e.g., glioblastoma) to potentially curable
(e.g., germ cell tumors and medulloblastomas). The occur-
rence of these tumors has devastating effects on patients, and
their management can be major challenge to physicians. By
virtue of their location, brain tumors cause a disproportionate
amount of disability and pose a threat to a patient’s sense of
self that is unparalleled by any other disease. The currently
available therapies for most primary CNS tumors have limited
activity with significant toxicity. Survivors of these tumors
often have significant residual neurologic and cognitive
deficits that limit their functioning for the rest of their 
lives.

Epidemiology

The incidence of primary CNS tumors is between 4 and 5
cases per 100,000 per year. They represent about 2% of all
cancers, but account for a disproportionate amount of mor-
bidity and mortality. They may occur in any age group from
infancy to old age, with a slight male preponderance. Half of
all CNS tumors are diffuse gliomas. CNS tumors are the third
leading cause of cancer-related death in adolescents and
adults between the ages of 15 and 34 years. The peak age of
incidence is between 60 and 80 years. The incidence appears
to be increasing among the elderly,1 although this finding may
be the result of increased availability of better imaging 
technology.

Etiology of Primary Central Nervous 
System Tumors

Most malignant CNS tumors arise as a consequence of
acquired somatic mutations in genes that are responsible for
control of cell growth and proliferation. Genetic predisposi-
tion to these tumors appears relatively uncommon. Gliomas

are more common in patients with type 1 neurofibromatosis,
Turcot’s syndrome, and Li–Fraumeni syndrome.

Although the etiology of most primary CNS tumors is
unknown, a few environmental factors have been identified
as being important in causation, such as ionizing radiation
and human immunodeficiency virus (HIV) infection. Cur-
rently, the role of several other putative environmental links
(e.g., artificial sweeteners and cell phones) in the causation of
gliomas remains speculative.

Pathology of Primary Central Nervous 
System Tumors

The spectrum of primary CNS tumors includes a wide 
variety of neoplasms and includes tumors of primary neu-
roectodermal derivation and those derived from the support-
ive elements and brain coverings. Classic histopathologic
techniques during the past century have resulted in the accu-
mulation of a large amount of information regarding mor-
phologic characteristics and patterns of growth of a variety of
tumors, which have resulted in the present approach to 
CNS tumor classification and grading. During the past 
15 years, advances in molecular genetics have led to the 
delineation of some of the molecular mechanisms underlying
tumorigenesis and tumor progression. Although histopatho-
logic diagnosis is (and will most likely remain for a long 
time) the gold standard in the approach to classification and
grading of a large variety of CNS tumors, molecular genetics
data are now being added as complementary data to tumor
diagnosis.

Prognostic Factors and Markers

It has been long recognized that several patient-related factors
(age, performance status, disease-related symptoms, and
mental status), tumor variables (histologic tumor type and
grade, contrast enhancement, size, location, and biologic
markers of proliferation rate, apoptosis, and genetic abnor-
malities), and treatment variables (extent of surgical re-
section, radiation dose, and chemotherapy) influence
outcomes.
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Age has been most consistently shown to influence the
survival in multiple studies. Another important factor
appears to be the performance score (PS). In multiple clinical
trial settings, a favorable PS has been shown to positively
influence outcomes. In addition, normal versus abnormal
mental status has been shown to be a significant prognostic.
In nearly all models tested, baseline Mini-Mental Status
Exam (MMSE) score correlated more strongly with both time
to progression and survival than did the performance status,
suggesting that mental status may be a more important deter-
minant of clinical outcome than physical functioning in
patients with high-grade glioma. Some symptoms, specifi-
cally seizures that have occurred for longer than 6 months,
are associated with a favorable survival prognosis.2,3 Abnor-
malities in the epidermal growth factor receptor (EGFR), p53,
and phosphatase and tensin analogue (PTEN, a tumor sup-
pressor gene) have been long recognized as having a patho-
genetic role in astrocytoma. The prognostic value of these
markers is a subject of much ongoing research. In one study,
EGFR amplification was found to be associated with a good
prognosis in one subset of patients [those over age 60 with
glioblastoma multiforme (GBM)]. Several of these markers are
closely linked to several other clinical covariables, making
analyses of benefits of individual effects difficult. Multiple
reports have attested to the association between 1p and 
19q deletions in oligodendrogliomas and responsiveness to
chemotherapy and a better outcome. Analyses of these muta-
tions are now being used to guide therapy.4,5 Evaluation of the
relative expression levels of DNA and RNA of several tumor
suppressor genes and oncogenes (by techniques such as gene
expression analysis and comparative genomic hybridization)
has identified the existence of subgroups of tumors with dis-
tinct clinical behaviors.6,7 Differences in patterns of gene
expression can be found to occur between gliomas of differ-
ent grades, as well as in other tumor types. More interest-
ingly, these analyses can identify subtypes among tumors
within a single diagnostic category that have different out-
comes. Research is currently under way to develop prognos-
tic models and markers that may be clinically useful.

Clinical Presentation of Central Nervous 
System Tumors

Patients with primary CNS tumors can present with a variety
of neurologic symptoms and signs. The clinical symptoma-
tology is variable and depends on a number of patient- and
tumor-related factors, such as age, histology, location, rate of
growth, and presence of cerebral edema (Figure 34.1). The
spectrum of symptoms seen at presentation has changed con-
siderably over the past few decades as advanced imaging tech-
niques have become increasingly available.

The symptoms caused by CNS tumors are typically pro-
gressive, with evolution of newer symptoms over time.
Headaches are the most common symptom of primary brain
tumors in general and have been noted to occur in half of
patients at presentation.8 Over the course of their illness, a
majority of patients have headaches. The features of 
a headache thought to be “classic” for brain tumors (i.e., asso-
ciation with nausea and vomiting and being worse in the
morning) occur only in one-fifth of patients.8 Most com-
monly, headaches have features associated with tension,

migraine, or sinus headaches. Primary brain tumors are the
most feared diagnosis in someone with a new seizure. The
incidence of seizures as a presenting feature appears to depend
upon the rate of growth of the tumor and the location. Mental
status alterations ranging from subtle to severe deficits in 
cognition, personality, and perception commonly occur in
patients with brain tumors. These symptoms may be pre-
sent at diagnosis in 15% to 20% of patients. Patients may
present with several focal neurologic signs such as 
cranial nerve deficits, hormonal deficiencies, visual field
deficits, papilledema, weakness, aphasia, and alterations in
sensation.

Therapy of these symptoms in patients with CNS tumors
presents a challenge. Anticonvulsants can be used to treat
those patients who develop seizures. There is no proven
benefit to using prophylactic anticonvulsant medications in
patients who have not yet had a seizure.9 Cerebral edema
occurs commonly and is treated with steroids. Increases in
intracranial pressure (ICP) necessitate additional measures
such as fluid restriction, use of osmotic agents and diuretics,
hyperventilation, elevation of the head of the bed, and place-
ment of ventriculoperitoneal shunts.

Imaging in CNS Tumors

Patients suspected of having CNS tumors based on symptoms
need imaging studies performed for diagnostic reasons. Over
the past few decades, major advances in diagnostic imaging
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FIGURE 34.1. Head magnetic resonance imaging (MRI) demon-
strates a grade 3 astrocytoma as it appears on T2-weighted images.
Note the presence of a mass effect and edema in the frontal lobe.



technology have taken place. More importantly, this tech-
nology has become widely available. These imaging 
studies provide digital cross-sectional images of the brain and
surrounding structures based on differences in physical prop-
erties between various structures. There are many similari-
ties in the appearance of brain tumors (primary or secondary)
on computed tomography (CT) and magnetic resonance
imaging (MRI), but there are some unique features that can
allow a specific tumor type to be suggested as the likely 
candidate.

Computerized Tomography

On nonenhanced CT, tumors may have intensity similar to
or slightly lower than brain tissue. Some tumors (e.g., metas-
tases and high-grade gliomas) may have gross hemorrhage,
recognized as amorphous moderately hyperdense areas typi-
cally within tumors. The presence of a fluid–fluid level in a
mass may be useful in differentiating benign hemorrhages
from malignant. Calcification occurs in some tumors, and the
pattern can be of diagnostic importance.

Magnetic Resonance Imaging

MRI has been a substantial advance over CT for intracranial
tumors. MRI provides direct multiplanar acquisitions, which
can be useful for differentiating some intra- and extraaxial
masses. However, the biggest advantage is the many different
tissue properties that MRI can identify. Early “sequences”
(images are created by broadcasting sequences of radiofre-
quency pulses into the patients, and then “listening” to how
the hydrogen protons of the patient react) could show the T1

and T2 relaxation properties (so-called T1- and T2-weighted
images) and proton density. MRI imaging studies based on the
flow of blood have also been developed. More recently, tech-
niques for looking at non-water chemicals of the brain (spec-
troscopy), the diffusion of water (diffusion-weighted imaging,
DWI), and perfusion imaging, as well as the ability to sup-
press the signal from specific classes of protons (e.g., fat sup-
pression, magnetization transfer suppression, and bulk water
suppression, known as fluid-attenuated inversion recovery or
FLAIR) have been developed.

Contrast Enhancement

Both CT and MRI have intravenous agents that can demon-
strate blood–brain barrier (BBB) breakdown, which is referred
to as enhancement. Higher-grade tumors enhance whereas
most lower-grade tumors do not. However, there are many 
notable exceptions to this generalization, including menin-
giomas, most metastases, and some low-grade gliomas such
as pilocytic astrocytomas and gangliogliomas (GG). Gener-
ally, MRI has more sensitivity to contrast enhancement.
When CT was the primary evaluation tool, so-called double-
dose delayed scanning was performed to improve the detec-
tion of enhancement. Although sensitivity with MRI is
usually adequate, the use of three times the standard dose
(“triple dose”) has been shown to demonstrate enhancement
when the standard dose does not.

T1-Weighted Imaging

T1-weighted images are bright in areas where the protons
quickly realign with the main magnetic field after being “per-
turbed” by the radiofreqency (RF) pulses. Protons found 
in lipids have this property and are bright, whereas bulk 
water (similar to cerebrospinal fluid, CSF) does not and 
is dark. Gadolinium has paramagnetic properties and 
causes change in the property of water protons, making 
them realign faster and thus become bright. Hemorrhage,
calcium, and protein breakdown products can have a variable
appearance.

T2/Proton Density/Fluid-Attenuated 
Inversion Recovery

T2, proton density (PD), and FLAIR images have a similar
appearance, except for the appearance of bulk water. Bulk
water (e.g., CSF) is bright on T2, similar to white matter on
PD, and dark on FLAIR. Abnormal tissue (tumor, edema,
gliosis, and necrosis) is bright on all three sequences whereas
normal brain is intermediate, with gray matter being brighter
than white matter. Because tumor and edema are bright on
these images, this presents a problem when trying to precisely
demarcate tumor boundary.

Perfusion-Weighted Imaging

Perfusion-weighted imaging (PWI) uses the effect of flow on
MRI signal to measure perfusion of tissue. The most common
clinical tool for this uses a bolus injection of gadolinium,
which produces a reduction in signal on T2-weighted images.
Integrating the signal reduction over the course of the bolus
produces an image that is proportional to the cerebral blood
volume. Areas of treatment-related necrosis tend to have low
blood volume; this may be helpful in differentiating recurrent
tumor from necrosis.10

Magnetic Resonance Spectroscopy

Magnetic resonance spectroscopy (MRS) measures the con-
centration of chemicals other than water. Because water 
is about 10,000 times more concentrated than these 
chemicals, it requires long acquisition time and/or low 
resolution to obtain reasonable spectra. The most prevalent
form of MRS is to select a single sample of tissue that typi-
cally measures about 2cm3. The chemicals of greatest inter-
est for brain tumors are choline, N-acetylaspartate (NAA),
creatine, and lactate. Creatine is not a metabolite specific for
brain tumors, but tends to be fairly constant in concentration
in the brain, and because the other chemicals are typically
not measured as absolute concentrations, they are expressed
as ratios of the creatine concentration. NAA is a chemical
that is quite specific for axons and is highest in areas of
healthy brain. Any process that replaces or destroys axons
reduces NAA levels. Choline is a marker of cell membranes.
It is increased in areas of high membrane activity (such as
tumors) and decreased in areas of necrosis or atrophy.11,12

Lactate is a marker of anaerobic metabolism; as such, it is not
detectable in normal brain (Figure 34.2). It is often elevated
in tumors, particularly the higher-grade tumors, and in
necrotic tissue.
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Special Considerations in Management of 
CNS Tumors

Thromboembolism

Patients with primary CNS tumors (especially gliomas) have
an increased incidence of thromboembolic phenomena.
Several hypotheses have been proposed to explain this pre-
disposition, including elevated prothrombotic clotting factor
levels, presence of a consumptive coagulopathy, and venous
stasis due to paresis of extremities. The incidence of throm-
botic phenomenon in patients undergoing therapy for high-
grade gliomas is 20% to 30%.13 Risk factors for development
of thrombotic events include increased age, previous history
of thromboembolism, higher-grade tumors, hemiparesis, use
of chemotherapy, prolonged neurosurgery, and AB blood
group.14 The recommended therapy for diagnosed venous
thromboembolic in these patients is similar to that in other
situations.

Cognitive Deficiencies in Patients Treated 
for CNS Tumors

The deleterious effect of radiotherapy (RT) on the long-term
cognitive performance of patients with CNS tumors is a major
concern. As more effective treatments for intracranial lesions
have become available and long-term survival has increased in
some diseases, attention has been placed on identifying and
quantifying the adverse effects of RT on cognition and neu-
ropsychiatric functioning. Studies of neurocognitive function
in patients treated for various intracranial tumors are con-
founded by differences in distribution of factors such as age at
therapy, surgery, chemotherapy, tumor characteristics, tumor
progression, concurrent medical illnesses, neurologic comor-
bidity, insensitivity of tools used (e.g., MMSE) and medica-
tions. In several disease states, the risks of neurocognitive

deficits caused by therapy are quite small and are greatly over-
shadowed by deficits caused by the tumor itself. There appears
a clear relationship between age at therapy, dose of radiation,
and the extent of the deficiency.15 The effect of radiation is of
greatest concern in young patients (e.g., medulloblastomas)16,17

and in diseases in which therapy leads to long disease-free sur-
vival. These patients are in their most productive years, and
cognitive deficits that occur have a larger impact on their
capacity to function socially and to be gainfully employed.
Several pharmacologic strategies are currently being studied
to minimize neurocognitive dysfunction associated with
therapy in patients with CNS tumors.18–22

Retrospective studies of patients treated for low-grade
glioma (LGG) with whole-brain radiotherapy (WBRT) have
detected an increased incidence of neurocognitive difficulties
when compared to controls (e.g., those treated with surgery
or focal RT).23 Patients treated with higher doses of WBRT
have greater deficits than those receiving lower doses.24

Patients with high-grade glioma (HGG) have also been found
to have cognitive impairments after completion of therapy in
retrospective studies.25 However, in this particular group 
of patients, the dominant cause of neurocognitive deficits
appears to be largely the effect of the tumor, and not that 
of therapy.26,27 Long-term neurotoxicity remains a major
problem in patients treated for primary CNS lymphoma
(PCNSL), especially in those older than 60 years.

Diffuse Gliomas

Gliomas include a variety of neuroectodermal tumors that
show morphologic and immunohistochemical evidence of
their glial lineage, primarily glial fibrillary acidic protein
(GFAP) positivity. These tumors include astrocytomas, oligo-
dendrogliomas, ependymomas, and tumors with mixed differ-
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FIGURE 34.2. T2 and post-
gadolinium (Gd) images in a
patient with a grade 2 astrocy-
toma. The spectrum shown is
obtained from the region shown
on the post-gadolinium image.
This particular spectrum was
obtained with an echo time of
144 milliseconds (ms), which
inverts the lactate peak, allow-
ing one to be certain that lactate
is present and is not hidden by
other chemical species.



entiation, generally oligoastrocytomas (Table 34.1). A funda-
mental distinction among different glial tumors is based on
their pattern of growth; they can be circumscribed and rela-
tively demarcated from surrounding parenchyma, or diffuse
and widely infiltrative of brain parenchyma. Ependymomas
represent the best example among gliomas of tumors with a
solid, noninfiltrative growth pattern. Infiltration is virtually

absent in intracranial ependymomas. Diffuse gliomas include
diffuse astrocytomas, oligodendrogliomas, and mixed oligoas-
trocytomas. These tumors are characterized by their marked
tendency to grow through preexisting gray and white matter,
resulting in the formation of distinctive “secondary struc-
tures.” These structures include perivascular aggregation,
when neoplastic cells cluster around preexisting small vessels;
perineuronal satellitosis, in which neoplastic cells grow into
cortex surrounding the cell body of cortical neurons; and
subpial aggregation, with neoplastic cells clustering in the
molecular layer just below the pia. Common to diffuse gliomas
is also the tendency to progress into higher grades of malig-
nancy over time. These tumors are classified and graded in the
most recent World Health Organization (WHO) classification
as grade II to IV. Fundamental in distinguishing grade of 
malignancy of diffuse gliomas are histologic features such as
presence of mitotic activity, endothelial vascular changes
(endothelial proliferation), and necrosis with or without pres-
ence of pseudopalisading (Figure 34.3). These same morpho-
logic features may be of no importance in different tumor types
such as pilocytic astrocytoma, hence the absolute necessity of
identifying tumor type before grading them.

High-Grade Diffuse Gliomas

High-grade diffuse glioma refers to a group of diffusely infil-
trative tumors that are characterized by a somewhat variable
but relatively poor prognosis; these include grade 3 and 
4 astrocytomas [anaplastic astrocytoma (AA) and GBM],
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TABLE 34.1. World Health Organization (WHO) classification and
grading of diffuse gliomas.

Tumor type WHO grade

Infiltrating astrocytomas:
Astrocytoma II

Protoplasmic
Fibrillary
Gemistocytic

Anaplastic astrocytoma (AA) III
Glioblastoma multiforme (GBM) IV

Giant cell astrocytoma
Gliosarcoma

Oligodendrogliomas:
Oligodendroglioma II
Anaplastic oligodendroglioma III

Mixed oligoastrocytomas:
Oligoastrocytoma II
Anaplastic oligoastrocytoma III

Pilocytic astrocytoma, pleomorphic xanthoastrocytoma, subependymal giant
cell astrocytoma, and the rare desmoplastic infantile astrocytoma represent 
distinct clinicopathologic entities, distinct from diffuse astrocytomas and 
characterized by a relatively circumscribed pattern of growth and a favorable
prognosis.

FIGURE 34.3. Morphologic features used in the diagnosis and
grading of diffuse/infiltrating astrocytomas include atypia (A),
mitotic activity (B), endothelial proliferation (C), and necrosis (D).

Necrosis may be serpiginous and occur in association with pseudopal-
isading of neoplastic cells (as shown in this picture), or it may involve
large areas of tumor.



anaplastic oligodendroglioma, and anaplastic oligoastrocy-
toma mixed tumors. Because of the infiltrative nature of these
tumors, surgical resection alone is insufficient to cure
patients. These tumors are resistant to radiation and
chemotherapy, and long-term survival is rare. Outcomes are
poor, with median survivals of 1 to 2 years.

Surgery

Surgical resection of hemispheric gliomas is indicated when it
may be performed without significant morbidity, when it will
improve preoperative symptoms such as increased intracranial
pressure and seizures, and when it might improve the long-
term prognosis. The relative indications for resection of
gliomas therefore vary according to tumor location, preopera-
tive symptoms, and the specific histologic diagnosis. The role
of surgical resection in improving prognosis is controversial.28

Radiation

The role of RT in the treatment of newly diagnosed high-grade
gliomas was firmly established by two prospective random-
ized trials conducted in the 1960s and 1970s. Brain Tumor
Study Group (BTSG) 69–01 randomized high-grade glioma
patients in the postoperative setting to supportive care or RT
(60Gy WBRT).29 Median survival was 14 weeks in the sup-
portive care group and significantly improved to 35 weeks in
the RT group. The significant survival benefit of postopera-
tive RT has been confirmed in other studies and in a number
of meta-analyses.30 Unfortunately for the majority of high-
grade glioma patients, the benefit from RT is only temporary,
with eventual tumor recurrence, progression, and ultimately
death. Therefore, a number of studies have prospectively
tested multiple RT parameters (e.g., treatment volume, total
dose, dose fractionation, dose escalation, special radiation
procedures) to further improve the therapeutic ratio for these
patients. Presently, complex radiation treatment plans (e.g.,
three-dimensional conformal RT) deliver high doses of radia-

tion to the tumor volume with margin (e.g., 2-cm margins)
while significantly sparing surrounding normal structures
from these high doses of radiation. This approach is supported
by studies demonstrating that focal RT was not inferior to
WBRT.31,32 This paradigm shift in treatment volumes has
occurred in an effort to reduce acute and late toxicity and the
recognition that the vast majority of tumor progressions recur
locally. Other strategies that have been investigated include
dose escalation, various fractionation schedules, and bra-
chytherapy (Table 34.2). Various modifications that have been
studied include hyperfractionation (delivery of multiple
smaller-sized fractions at shorter intervals), accelerated frac-
tionation (decreases the overall treatment time), brachyther-
apy, radiosurgery, and particle. Each of these strategies has
some theoretical advantage beyond conventional radiation.
Unfortunately, none of these techniques has resulted in an
improvement in the therapeutic ratio compared to standard
conventional focal RT. Elderly patients, especially those with
a poor PS, constitute a subset that may derive benefit even
with a shortened RT course, an important consideration for
patients with a short survival. A number of prospective trials
have shown equivalent results for elderly patients with short-
ened course of RT (e.g., 30Gy in 10 fractions) compared to a
more protracted course of RT (e.g., 60Gy in 30 fractions).33,34

In summary, postoperative RT to 55–60Gy in 1.8- to 2-Gy
fractions results in a significant survival benefit, albeit tem-
porarily, and is the standard of care. To date, radiation dose
escalation has not shown to result in improved outcomes
despite extensive study.

Chemotherapy

Chemotherapy has a limited role in the therapy of high-grade
astrocytomas. One of the earliest trials to test the role of
chemotherapy was a BTSG phase III four-arm randomized
trial comparing best supportive care, BCNU (carmustine)
alone, RT alone, and a combination of BCNU and RT. The
median survival of the patients in the groups was as follows:
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TABLE 34.2. A selected review of randomized radiotherapy (RT) studies in newly diagnosed high-
grade gliomas.

Study and Median survival
reference Therapies tested RT dose (Gy/fr) Chemotherapy (weeks)

Hyperfractionation EBRT Hyperfxn 60/30 BCNU 48.5 (GBM)
Scott (RTOG 72/60 BCNU 44.2 (GBM)
9006)145 P = 0.44
Accelerated RT EBRT Accelerated 59.4/33 ±DFMO 42
Prados146 RT 70.4/44 ±DFMO 41

(1.6Gy BID) P = 0.75
Brachytherapy EBRT 50/25 CCNU at discretion 57.2
Laperriere147 125I + EBRT 60Gy + 50/25 of oncologists 59.8

P = 0.49
Selker148 EBRT 60.2/35 BCNU 58.8

125I + EBRT 60Gy + 60.2 BCNU 68.1
P = 0.10

Radiosurgery EBRT 60/30 BCNU 60.6
Souhami (RTOG EBRT + SRS 60/30 + 15–24 BCNU 58.9
93–05)149 P = 0.53
Particle therapy EBRT 65/33 None 37.0
Griffin (RTOG)150 EBRT + Neut. 50 + 15 None 42.1

NS

RT, radiotherapy; RTOG, Radiation Therapy Oncology Group; GBM, glioblastoma multiforme; Hyperfxn, hyper-
fractionation; EBRT, conventional external-beam radiotherapy; DFMO, difluromethylornithine; BTCG, Brain Tumor
Cooperative Group; SRS, stereotactic radiosurgery; Neut, Neutrons; NS, not statistically significant.



best supportive care, 14 weeks; BCNU alone, 19 weeks; RT
alone, 36 weeks; and combined therapy arm, 35 weeks.
Although survival distribution curves were identical for the
first 12 months from initiation of treatment, there was a
higher survival rate at 18 months among the patients receiv-
ing the combination therapy, with 10% still alive at that
time, as compared to only 4% of patients in the radiation-
alone group.29 Several other studies have been conducted to
address the role of chemotherapy in high-grade gliomas, with
most having failed to demonstrate an advantage of adding
chemotherapy to radiation in the adjuvant setting (Table
34.3). To address this issue further, two meta-analyses have
been performed. Fine et al. evaluated 16 randomized trials 
of patients with high-grade astrocytomas. The estimated
increase in survival for patients treated with combination
radiation and chemotherapy was 10.1% at 1 year and 8.6% at
2 years.35 In another meta-analysis, the use of chemotherapy
(all received a nitrosourea compound, alone or in combina-
tion) was associated with a 15% relative decrease in the risk
of death; this translated into an absolute increase in 1-year
survival of 6%.36 The median survival was prolonged by 2
months with chemotherapy. One potential explanation for
the negative results in several of the clinical trials may be
that they were not adequately powered to detect the benefit
of chemotherapy. More recently, Stupp et al. reported results
of a randomized phase III trial of radiation alone (standard
therapy arm) compared with the combination of temozolo-
mide (75mg/m2/day for 42 days) and concomitant radiation
followed by six additional cycles of temozolomide (150–
200mg/m2/day ¥ 5 days every 28 days). Temozolomide
therapy resulted in an increase in the median survival by 3

months (from 12 to 15 months); the 2-year survival was 26%
in the study arm, which was statistically superior to 8% in
the control arm. Therapy with concomitant temozolomide
and radiation appears to be well tolerated in this setting.37

Consequently, it is appropriate to use either temozolomide 
or BCNU in addition to RT for patients with glioblastoma
multiforme.

Several investigators have evaluated the potential 
benefits of using combinations of drugs over single-agent
chemotherapy (usually BCNU). However, based on the data
available currently, the benefit of using any combination
regimen over single-agent therapy is questionable at this 
time.

Currently available data suggest that, similar to their low-
grade counterparts, high-grade oligodendrogliomas (both pure
and mixed) are relatively chemotherapy sensitive when com-
pared to pure astrocytomas. The use of combination therapy
with PCV (a combination of procarbazine (PCBZ), lomustine
(CCNU) and vincristine) or single agent TMZ appears to lead
to responses in large proportions of patients with progressive
high-grade oligodendroglial tumors, though in some of the
studies, confirmatory biopsies were not obtained at time of
progression.4,38,39 Until recently, there has been a paucity of
randomized trial data on which to base decisions. In June
2004, the first report of R9402 was released. Patients with
anaplastic oligodendroglioma or oligoastrocytoma were ran-
domized to immediate radiation therapy, or four cycles of
PCV, followed by radiation. Although there was no difference
in overall survival in the two groups, disease-free survival was
prolonged in the group receiving chemotherapy. Regardless of
treatment, patients with chromosome 1p and/or 19q deletion
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TABLE 34.3. Important randomized clinical trials testing adjuvant chemotherapy in high-grade gliomas.

Study Concept/therapy tested Conclusions

BTSG trial Compared best supportive care; BCNU alone; BCNU + RT All treatment groups had longer survival than the best 
6901151 and RT alone supportive care group
BTSG trial Compared MeCCNU alone; radiotherapy; BCNU + RT and MeCCNU-alone arm did the worst; RT is an essential 
720129 MeCCNU + RT component of therapy
BTCG trial Compared combination of RT (60Gy) with one of four High-dose steroids-only group had the worst outcome; 
7501152 therapies: BCNU; high-dose steroids; procarbazine; no advantage to adding steroids to BCNU

or BCNU + high-dose steroids
BTCG trial Compared RT + BCNU; RT + streptozocin; hyperfractionated Outcomes similar in all arms; no advantage to using
7702153 RT (twice daily) + BCNU; RT + misonidazole (radiation streptozocin, misonidazole, or hyperfractionation

sensitizer) + BCNU
BTCG trial Compared use of BCNU alone with combinations of BCNU + Combination chemotherapy did not improve survival
800131 procarbazine; BCNU + hydroxyurea; BCNU + procarbazine +

epipodophyllotoxin
BTCG trial Compared IA to IV BCNU, in a four-arm trial that also tested IA BCNU worsened survival in those with AA and was 
8301123 benefit of adding 5-FU to regimens; all patients received RT more toxic; 5-FU did not impact on outcomes
RTOG/ECOG Compared 60Gy RT alone; 60Gy RT followed by a 10-Gy No advantage to using multiagent therapy or RT boost
trial 7401154 boost; 60-Gy RT + BCNU and RT + methyl-CCNU + DTIC
CNS Cancer Comparing BCNU with alternative chemotherapy agent No difference between the two arms
Consortium155 diaziquone (AZQ); all patients received RT
NCCTG156 Compared BCNU with an alternative nitrosourea PCNU; PCNU more toxic and did not improve outcomes

all received RT
ECOG/SWOG157 Pre-RT chemotherapy with three cycles of BCNU and Pre-RT chemotherapy was significantly more toxic 

cisplatin compared with RT + concurrent BCNU; GBM and did not improve outcomes
patients only

BCNU, carmustine; RT, radiation therapy; MeCCNU, semustine; IA, intraarterial; IV, intravenous; Gy, gray; 5-FU, 5-fluorouracil; PCNU, 1-(2-chloroethyl)-3-(2,6-
dioxo-3-piperidyl-1-nitrosourea; GBM, glioblastoma multiforme; DTIC, dacarbazine; BTSG, Brain Tumor Study Group; BTCG, Brain Tumor Cooperative Group;
RTOG, Radiation Therapy Oncology Group; ECOG, Eastern Cooperative Oncology Group; NCCTG, North Central Cancer Treatment Group; SWOG, South West
Oncology Group.



had longer survival. These preliminary data suggest that adju-
vant PCV may be appropriate for patients with anaplastic 
oligodendroglial-containing tumors.40

Therapy for recurrent gliomas remains a challenge in spite
of much research evaluating different agents, combinations,
and strategies (including high-dose chemotherapy with stem
cell rescue). Response rates are generally low (10% to 30%)
and time to progression is short, varying from a few to several
months.41,42 Given the minimal efficacy of standard treat-
ments, investigational therapies are appropriate as initial
treatment for these patients.

Chemotherapy Implants

An approach that has been tested in HGG with some evidence
of benefit is the use of biodegradable BCNU-impregnated
wafers (Gliadel). These wafers are composed of a complex of
BCNU and a polymer. After implantation into a tumor cavity
at the time of surgical resection, the complex degrades over
a period of a few weeks, delivering high local concentrations
of BCNU. Data from trials in both newly diagnosed and recur-
rent GBM patients demonstrated a small but significant
benefit in both these groups.43,44

Low-Grade Diffuse Glioma

Low-grade glioma (LGG) is a term applied to members of a
group of tumors that have a more indolent clinical course
than high-grade astrocytomas (Figure 34.4). The term LGG

encompasses a number of disease entities that are predomi-
nantly characterized by their clinical behavior: slow growth
and tendency for local recurrences. Patients with diffuse infil-
trative LGGs have a median survival of around 5 to 10 years,
depending upon histology.45 These tumors occur in young
adults (twenties and thirties) and typically present with
seizures.46 Favorable prognostic features include oligoden-
droglial histology, younger age at diagnosis, tumor size less
than 5cm, and, possibly, greater extent of tumor resection.
Late recurrences are relatively common, and patients should
be followed lifelong for recurrences. When these tumors do
recur, they may recur either as low-grade or as higher-grade
tumors. Management of these patients includes symptomatic
therapy of symptoms (e.g., seizures). Therapy of the tumors
includes a combination of surgery and radiation. Most of the
data on which to base treatment decisions in LGGs are
derived from retrospective studies; very few prospective ran-
domized trials have been performed in patients with this
disease.

Symptom Control

Deferring therapy until there an unequivocal need for anti-
tumor therapy appears to be a reasonable option in LGGs.
Retrospective47,48 data suggest that patients who have radio-
logically suspected LGGs and are observed have outcomes
similar to those who underwent immediate therapy. This
strategy, which has the advantage of avoiding therapy-related
toxicity, has been supported by the results of a recent ran-
domized prospective study.49

Surgery

Most patients with low-grade gliomas require at least a diag-
nostic brain biopsy. In some cases, more-extensive resections
may be indicated. The surgical decision is guided by the loca-
tion of the tumor, age and the functional status of the patient.
Gliomas that extensively involve eloquent cortex or deep
tracts or nuclei are usually not candidates for a large resec-
tion. Specialized surgical techniques with functional imaging
and awake resections may allow for a greater amount of
tumor resection. The therapeutic benefit of more-aggressive
resection remains controversial.

Radiation Therapy

A prospective randomized trial has shown RT at diagnosis
delays tumor recurrence in comparison to delayed radiation
at the time of tumor progression.49 However, in the absence
of data demonstrating a survival benefit to this approach, it
is acceptable to defer irradiation until there is evidence of
symptomatic tumor growth. The rationale for delaying radi-
ation is to reduce the risk of radiation-induced neurocogni-
tive deficits. Two prospective randomized trials between 
intermediate- and high-dose RT have failed to demonstrate 
a benefit for the higher dose49,50 (Table 34.4). Typically, at 
the present time, doses between 45 and 54Gy delivered in
180- to 200-Gy fractions are considered acceptable.

Chemotherapy

The role of chemotherapy in the therapy of the majority of
adult LGG remains under investigation. Interpretation of data
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FIGURE 34.4. Brain MRI of patient with a low-grade oligoastrocy-
toma in the left temporoparietal region demonstrates area of
enhanced T2 signal. This tumor had decreased T1 intensity and did
not enhance with Gd contrast (not shown). This 31-year-old patient
had stable disease for 2 years before requiring therapy for her tumor.



from retrospective studies on the use of chemotherapy is con-
founded somewhat by the fact that some of the series describe
the use of chemotherapy at the time of recurrence and others
at initial treatment. There are two situations in which
chemotherapy has a role in the therapy of LGG: children and
patients with oligodendroglial components.

Chemotherapy has a definite role in the therapy of children
with LGG. A study testing a combination of carboplatin and
vincristine in children with unresectable low-grade gliomas
demonstrated prolonged periods of progression-free survival
(68% at 3 years). The benefit was far greater in those younger
than 5 years when compared to older patients.51 Similar
encouraging results were seen in a study using single-agent
carboplatin in children with optic pathway tumors.52 Other
studies have confirmed the observation about chemotherapy
responsiveness in children with LGG to some agents.53–55 Areas
of ongoing investigation in children include benefits of mul-
tidrug therapy (as compared to single-agent therapy) and the
role of adjuvant chemotherapy.

Oligodendroglial tumors are chemotherapy sensitive.
Because high-grade oligodendroglial tumors were shown 
to respond to PCV,4,41 several investigators have evaluated the
role of this regimen in LGG with oligodendroglial elements.
The data from these reports are difficult to interpret, as the
patient population tested is heterogeneous. A Phase II trial
that evaluated this combination postoperatively (and before
RT) found that a substantial minority of patients (up to half)
attains objective responses with this regimen.56 Other inves-
tigations into PCV use in oligodendroglial tumors have con-
firmed that there is a definite substantial objective response
rate (~60%), with a median duration of response of approxi-
mately 1 to 1.5 years.57,58 However, PCV has a high rate of
hematologic toxicity, which limits its use. More recent inves-
tigations have demonstrated that temozolomide (TMZ) may
be an active agent in this disease as well.59 A recent European
Phase II trial demonstrated a 52% response rate with a
median duration of response of 13 months.38 Oligodendroglial
tumors that progress after initial therapy with radiation or
PCV seem to maintain responsiveness to other chemothera-
peutic agents (e.g., TMZ).60 The implications of a response to
either of these regimens on overall neurologic status, long-
term disease-free survival, or overall survival remain to be
evaluated. Another area of interest in oligodendroglial tumors
is the correlation between responses and genetic markers (1p
and 19q deletions), which may allow for better patient selec-

tion.56 Other approaches under investigation are the use of
chemotherapy before radiation (in an effort to delay the use
of radiation), based on data that suggest that this may be a
viable strategy.61 The role of adjuvant chemotherapy for these
patients is also under investigation. A Phase III trial of radia-
tion alone compared with radiation followed by procarbazine,
CCNU, and vincristine (PCV) has completed accrual (RTOG-
9802), and outcome results are pending.

At present, the role of chemotherapy in the primary
therapy of adult low-grade gliomas remains to be defined.
There has been only one randomized study to evaluate the
benefit of adding chemotherapy (CCNU) to RT (55Gy) in the
adjuvant setting; this study failed to show any improvements
in the CCNU arm.62 A more-recent Phase II trial testing the
use of TMZ in patients with progressive LGG demonstrated
response rates of 73% in patients with astrocytomas, with
most of these responses lasting more than a year.59 Phase III
trials to test the utility of TMZ are planned and will help
clarify the role of this agent in LGGs.

Circumscribed Astrocytomas

Pilocytic Astrocytoma

Pilocytic astrocytome (PA) is a distinct clinical entity that
occurs generally in children and young adults, hence the old
name of juvenile pilocytic astrocytoma. It represents the most
common childhood glioma, with the cerebellar location being
the most frequent. These tumors have a distinct radiologic
appearance; they are well circumscribed, are frequently cystic,
and enhance significantly with contrast administration (Figure
34.5). Histologically, PA is frequently a biphasic tumor with
densely fibrillated areas rich in Rosenthal fibers and loosely
arranged, often microcystic areas in which eosinophilic gran-
ular bodies can be found. Cellular pleomorphism and hyper-
chromasia can be marked. Therapy is mainly surgical, with
excellent outcomes with a gross total resection (GTR).63

Pleomorphic Xanthoastrocytoma

Pleomorphic xanthoastrocytoma (PXA) is a rare tumor repre-
senting less than 1% of all astrocytic tumors. Its most 
frequent location is the temporal lobe, where it occurs fre-
quently as a cystic lesion with a mural nodule, superficially
located and involving the leptomeninges. PXA is typically a
tumor of children and young adults, who typically present
with seizures. PXA frequently demonstrates immunohisto-
chemical expression of neuronal markers; however, it is fun-
damentally a glial astrocytic tumor.64 Morphologically, PXA
is characterized by marked cellular pleomorphism with fre-
quent presence of giant cells. Xanthic changes with cell vac-
uolation are frequent, but not invariable, as the name would
appear to suggest. This tumor has a relatively favorable prog-
nosis when compared to diffuse astrocytomas. Ability to
achieve a GTR is the stronger predictor of disease-free and
overall survival. Increased mitotic activity and presence of
necrosis have been associated with frequency of recurrence
and survival. In a small proportion of patients, PXAs progress
to higher-grade tumors.64 Factors that underlie such a trans-
formation are unknown.
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TABLE 34.4. Randomized radiotherapy trials for newly diagnosed
low-grade gliomas.

No. Five-year PFS Five-year OS
Study enrolled Therapy (%) (%)

Karim49 290 54Gy 44 63
Observation 37 66

P = 0.02 NS
Karim50 343 45Gy 47 58

59.4Gy 50 59
NS NS

Shaw158 203 50.4Gy 55 72
64.8Gy 52 64

NS NS

PFS, progression-free survival; OS, overall survival; NS, not significant.



Meningioma

Meningiomas are tumors of the meninges that are believed to
arise from the arachnoidal cap cells. According to the most
recent WHO classification (2000), meningiomas are classified
in three grades: grade I (classic), grade II (atypical), and grade
III (anaplastic or malignant). Grade I meningiomas include a
variety of characteristic histomorphologic patterns, but none
of these has prognostic significance. Classic meningiomas,
following GTR, have a very low frequency of recurrence.
Grade II meningiomas (including two morphologic variants,
clear cell and chordoid meningioma) are associated with a
more-aggressive biologic behavior. Atypical meningiomas,
despite GTR, tend to recur at increased frequency, up to 50%
to 60% at 5 years. Atypical tumors are defined by the pres-
ence of an increased mitotic index (more than 4 mitoses/mm2)
and/or at least three among the following criteria: presence of
macronucleoli, pattern-less growth, small cell appearance,
and necrosis. Grade III meningiomas are tumors with a very
high mitotic index (more than 20 mitoses/10 high-power
field, HPF) and/or have a frankly malignant appearance
resembling carcinoma, melanoma, or sarcoma. Independent
of their morphologic appearance, meningiomas may show
invasion of the underlying brain parenchyma.

Although most (90%) meningiomas are slow-growing
low-grade tumors, even low-grade tumors can be “biologically
malignant” if their location makes treatment impossible. In

most cases, the diagnosis can be made using imaging studies
such as CT and MRI (Figure 34.6). Most patients are com-
pletely asymptomatic and are diagnosed incidentally at
autopsy. Asymptomatic meningiomas that are discovered
incidentally can be observed,65,66 as the majority of them do
not require therapy. Patients treated with GTR have longer
disease-free survival.67 Features that have been found to be
associated with postoperative recurrences are: incomplete
resections, age less than 40 years, male sex, and presence of
anaplastic features. Several retrospective reviews have shown
that external-beam and stereotactic radiation can reduce and
delay recurrences in those with residual disease.68–70 Cyto-
toxic chemotherapy and biologic agents (e.g., hydroxyurea,
interferon, and antiprogestational agents) have not been
shown to have any benefit.

Craniopharyngiomas

Craniopharyngiomas are midline tumors that typically arise
in the sellar or suprasellar region from residual nests of
epithelial cells from Rathke’s pouch. They occur most com-
monly in infants and children. They account for 5% to 10%
of all pediatric primary intracranial malignancies and are the
third most common intracranial tumors in children.

The symptoms and signs caused by craniopharyngiomas
can be explained by the displacement of surrounding struc-
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FIGURE 34.5. Typical example of pilocytic astrocytoma. The
tumors typically occur in young adults. The most typical location is
in the cerebellum, frequently in the midline. Pilocytic astrocytomas
may often have a cystic component as demonstrated on the MRI (A).
A strongly enhancing mural nodule is characteristic, which grossly
appears as a well-demarcated, glistening hypervascular nodule. Mor-

phologically, the tumor is characteristically biphasic, with densely
fibrillated areas rich in Rosenthal fibers (C) and loosely arranged
microcystic areas with eosinophilic granular bodies (D). Characteris-
tic long bipolar cells and Rosenthal fibers can often be recognized on
smear preparations (B).



tures, primarily the pituitary gland and optic chiasm. In a
majority of cases the diagnosis can be made by radiologic
studies, such as, CT or MR scanning. The present of a calci-
fied, cystic, suprasellar mass is diagnostic of craniopharyn-
gioma (Figure 34.7). Poor prognostic factors include severe
hydrocephalus, intraoperative adverse events, mucoid epithe-
lial type,71 and young age (less than 5 years).

The optimal goal of treatment is to achieve a total resec-
tion,72 as recurrences are uncommon after complete resec-
tions. No adjuvant therapy is required if a complete resection
is achieved.73,74 However if a complete resection is not tech-
nically feasible, or significant morbidity (e.g., visual loss) is
expected with an aggressive resection, a more-limited debulk-
ing followed by RT is the preferred approach. Patients treated
with postoperative RT after subtotal resections have local
control rates comparable, or superior, to those achieved by
GTR. Other supplemental and sometimes alternative treat-
ment modalities are intracavitary irradiation (with 32P),
stereotactic radiosurgery, and intracystic chemotherapy
(bleomycin).

Ependymoma

Ependymomas are uncommon intracranial tumors that arise
from ependymal cells which line the ventricles in the brain
and spinal cord. They occur primarily in children, with most

patients being less than 5 years of age at diagnosis. The symp-
toms at diagnosis correlate with the location of the tumor. As
these tumors involve the central canal, and interrupt the
normal flow of CSF, patients present with signs of raised
ICP.75 Surgical removal is the preferred initial treatment of
choice for posterior fossa ependymomas in children. The
extent of resection is a significant factor in prognosis; in
several studies the presence of residual tumor was the most
important factor that predicts for relapse.76,77 Although
debulking may extend symptom-free survival, it is clear that
only a GTR confers any chance for a cure.76,78 Therefore,
aggressive surgical strategies are often justified for patients
with this diagnosis. Factors that prevent the GTR of an
ependymoma are adherence to the floor of the fourth ventri-
cle, extension out of the foramina of Luschka, or invasion of
the surrounding brain.79–81 Some subsets of patients may do
well without any additional therapy following surgery.82,83 On
the other hand, radiation (greater than 50Gy) is indicated for
the therapy of patients with residual disease and for those
with posterior fossa tumors. Routine prophylactic radiation
to the entire craniospinal axis is not recommended, as this
strategy does not improve outcomes84,85 and is toxic.

Chemotherapy agents such as carboplatin, vincristine,
and ifosfamide appear to have some activity in children with
ependymoma. A Pediatric Oncology Group (POG) trial in
patients younger than 3 years demonstrated that prolonged
chemotherapy (up to, but not beyond, 1 year) with delayed
radiation was a viable option.
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FIGURE 34.6. Post-Gd enhancing images from a head MRI study of
a patient with a skull base meningioma. This homogeneously
enhancing mass involved the right cavernous sinus, right suprasellar
cistern, medial aspect of the right middle cranial fossa, right prepon-
tine cistern, right petrous ridge, and right tentorium. Therapy was
necessitated by neurologic dysfunction caused by tumor-associated
cerebral edema.

FIGURE 34.7. MRI of head and sella demonstrating a cranio-
pharyngioma. The image demonstrates a large multilobulated mass
in the suprasellar cistern. This 21-year-old patient had stable disease
for many years before requiring surgery.



Primary Central Nervous System Germ 
Cell Tumors

Primary intracranial germ cell tumors (GCTs) occur in the
brain, in the absence of any disease outside the CNS. These
tumors occur predominantly in late childhood, with two-
thirds occurring in the second decade of life, with a slight
male predominance.

Histologically, GCTs are analogous to their extra-CNS
counterparts.86 Histology is the primary determinant of
outcome, with patients with pure germinomas having higher
rates of cure (5-year survival greater than 90%), whereas those
with nongerminomatous components do much worse.82,86–88

These tumors occur predominantly in the midline, with the
most favored location being the pineal gland (Figure 34.8).
The symptoms depend upon location, with the most common
presenting features being nausea, vomiting, pituitary hor-
monal deficiencies, hydrocephalus, and visual disturbances.
Tumor markers [beta-human chorionic gonadotropin (beta-
HCG), alpha fetoprotein (AFP), or lactic dehydrogenase
(LDH)] can be elevated in the CSF and sometimes in the
serum as well.89 The presence of elevated tumor markers is
sufficient to make the diagnosis in the presence of an appro-
priate radiologic image. Cytologic evaluation of the CSF for
malignant cells is an essential part of the initial diagnostic
workup.

The marked efficacy of RT and chemotherapy (with active
agents such as cisplatin, etoposide, bleomycin, and ifosfamide)
has led to the development of multimodality therapy for these
patients. Patients with negative serum and CSF markers
require an open exploration of the mass. If the intraoperative
biopsy is consistent with the diagnosis of germinoma, it is not
necessary or indicated to remove the tumor. Patients with
germinoma achieve excellent results achieved with RT alone,
which can achieve high cure rates (greater than 90%). Because
of concerns about long-term toxicity of RT, attempts are under
way to reduce the toxicity by reducing the radiation dose and
fields88,90–92 and by using neoadjuvant chemotherapy followed
by lower radiation doses.93 Patients with evidence of dissemi-
nated germinoma are treated with craniospinal radiation. 
The standard approach in nongerminomas that cannot be 
completely resected is to administer chemotherapy and to
perform a “second-look” surgery for persistent masses. Resid-
ual masses may consist of benign elements (e.g., mature ter-
atoma) that have not responded to therapy. Trials using
chemotherapy as the sole adjuvant therapy in GCTs have
demonstrated impressive (greater than 75%) response rates to
chemotherapy. However, because most of these patients
relapse, this approach is clearly inadequate.

Medulloblastoma

Medulloblastoma is the most common among the embryonal
tumors (a group that includes supratentorial PNET, ependy-
moblastoma, and medulloepithelioma). They account for
20% to 25% of all childhood tumors. The peak incidence is
between 5 and 9 years, with a second peak in the late teens.
This tumor is rare beyond 40 years of age. Medulloblastomas
occur predominantly in the midline (cerebellar vermis).94

Under the WHO classification, medulloblastomas are listed
as grade IV tumors. Histologically a classic variant of me-
dulloblastoma is described; in addition, there are other 
well-defined morphologic variants that have prognostic sig-
nificance, including desmoplastic medulloblastoma, medul-
loblastoma with extensive nodularity, and large cell
medulloblastoma.

Patients with medulloblastomas typically present because
of symptoms and signs of raised intracranial pressure.
Imaging studies demonstrate midline tumors in the cerebel-
lum that are typically contrast enhancing. The enhancement
can often be heterogeneous, with cysts, hemorrhage, or necro-
sis (Figure 34.9).95 Appropriate staging at diagnosis includes
imaging of the entire neuraxis and CSF sampling. The best
identified prognostic features have been taken into account
in the Chang staging system.96 Outcomes of patients with
medulloblastomas have improved dramatically in the past
few decades.

An attempt at surgical removal of a medulloblastoma is
almost always indicated as the initial therapy; the extent of
surgical resection has prognostic significance.97–101 Medul-
loblastoma is a radioresponsive disease with a propensity for
dissemination throughout the CSF. Hence, craniospinal axis
radiation is a requirement for all patients. Attempts at devel-
oping regimes that exclude radiation have been unsuccessful,
with the majority of patients failing in the CNS.102,103 Cran-
iospinal radiation remains one of the most technical-
ly complex treatments in radiation oncology in spite of
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FIGURE 34.8. Brain MRI study demonstrating a sellar tumor. This
19-year-man presented with hormonal imbalances and was found to
have a germinoma on biopsy. MRI spine (not shown) demonstrated
multiple meningeal metastases. He was cured with multimodality
therapy.



improved technology. Using reduced radiation doses in con-
junction with chemotherapy appears to be a more-promising
strategy.104 The results of these studies are of great importance
for the pediatric population, yet they have little bearing on
the treatment of adults with medulloblastoma because the
concerns for late toxicity are not as great. Therefore, even
with the addition of chemotherapy to the treatment regimen
of adults with medulloblastoma, the craniospinal dose is not
typically lowered.

Prospective randomized trials in children have demon-
strated that delaying RT (until after chemotherapy) is 
detrimental.105,106 Because the majority of failures occur
locally after chemotherapy and craniospinal radiation fol-
lowed by posterior fossa boost, there is growing interest in
boosting only the tumor bed and not the entire posterior
fossa.107

Medulloblastomas are chemotherapy-sensitive tumors,
with the most active regimens containing CCNU (lomus-
tine), vincristine, cyclophosphamide, etoposide, and cisplatin.
Subsequent studies revealed that although adjuvant che-
motherapy (with CCNU and vincristine) did not benefit
patients with medulloblastomas as a group, patients with
high-risk features (i.e., young age, presence of residual disease,
brainstem involvement, and T3–T4 disease) had a survival
advantage.99,108 As noted previously, the use of chemotherapy

may allow for reductions to be made in the dose of RT.104

One recently reported randomized trial testing chemotherapy
in the adjuvant setting found a benefit in event-free 
survival even in average-risk patients; at the same time,
overall survival was not any different between the groups.109

The use of preradiation chemotherapy has some 
theoretical advantages and led to a high proportion of
responses. However, as noted earlier, this strategy leads to
delays in institution of RT, which can be detrimental.106 One
other indication to use chemotherapy may be in the setting
of an autologous stem cell transplant and as a strategy to
avoid radiation in some young children, with some
success.110–112

Outcomes are very poor for patients with recurrent
medulloblastoma, with very few long-term survivors. High-
dose chemotherapy with stem cell rescue (i.e., autologous
stem cell transplant) is currently under investigation for
therapy of relapsed disease.113

Primary Central Nervous System Lymphoma

Primary CNS lymphoma (PCNSL) is a relatively rare 
disorder whose incidence has been increasing. Most 
patients are between 40 and 70 years, with the median age at
diagnosis being 60 years. These tumors remain localized to
the CNS and only rarely metastasize to the outside.
Epstein–Barr virus (EBV) is associated with PCNSL, especially
in immunosuppressed patients The increased incidence
during the past few decades seems to be independent of HIV
disease.114

PCNSL can present in almost any location in the CNS,
including the meninges, vitreous, and the spinal cord. These
tumors appear as hyperintense lesions on T2-weighted MRI
images that enhance with contrast (Figure 34.10). Edema is
usually minimal, and hemorrhage, necrosis, calcification, and
cysts are unusual. Resolution with the use of steroids sug-
gests (but does not confirm) the diagnosis of PCNSL. A biopsy
is required to confirm the diagnosis and to differentiate
PCNSL from metastatic lesions and rule out other etiologies
(e.g., infections in HIV-infected patients).

Untreated patients with PCNSL have a median 
survival of 1.5 months. Therapy with steroids and radiation
improves the quality of life and prolongs survival of 
these patients. The response rate to radiation therapy 
alone is greater than 90%.115 However, prognosis is extremely
poor, with 1-, 2-, and 5-year survival rates being 48%, 28%,
and less than 5%, respectively. Almost all patients have
relapses and eventually die of the disease. The use of combi-
nation chemotherapy regimens leads to high response rates,
with small improvements in survival. However, the benefits
seemed to be limited to those younger than 60 years. In older
patients, the toxicity is significant, with a very high risk of
dementia (greater than 80%).116,117 Currently the most effec-
tive regimens are those that incorporate high-dose systemic
methotrexate (MTX) as initial therapy.118 Response rates
noted have ranged from 80% to 90%,119,120 the median sur-
vival of patients has been between 32 and 54 months, and the
5-year survival has been in the range of 30% to 40%.121,122

Radiation may be used as salvage therapy in those with
relapses.
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FIGURE 34.9. MRI of head of a patient with cerebellar medul-
loblastoma demonstrates a large mass lesion with indistinct borders.
This lesion had a low T1 signal and a high T2 signal with hazy Gd
enhancement. Note areas of necrosis, hemorrhage, and effacement of
the fourth ventricle. At the time of this study, the patient had cere-
bellar tonsillar herniation. This patient was successfully treated with
multimodality therapy.



Novel Therapeutic Approaches

To improve outcomes in patients with high-grade astrocy-
tomas, various novel therapies and drug delivery methods for
conventional therapies have been employed. Some of these
are discussed here.

Intraarterial Chemotherapy

The use of intraarterial (IA) chemotherapy (into the carotid
artery) was first investigated in the 1980s and found to be fea-
sible, albeit with a certain degree of neurotoxicity (ocular
pain, visual impairment, and leukoencephalopathy). A Phase
III randomized trial in patients with high-grade gliomas 
comparing intraarterial and intravenous BCNU123 demon-
strated significant toxicity (ipsilateral visual loss in 15%) and
decreased survival in the patients with AA. A similar high
rate of toxicity was seen with the use of IA cisplatin.124–126

This approach to therapy of CNS tumors using currently
available chemotherapeutic agents is not justified in view of
the excessive neurotoxicity noted in these studies.

Blood–Brain Barrier Disruption

The value of blood–brain disruption (BBB) disruption by
osmotic agents (e.g., mannitol) with chemotherapy to in-

crease drug delivery to gliomas remains under investigation.
In one such study, patients with GBM were treated with IA
mannitol and combination chemotherapy (a regimen of MTX,
cyclophosphamide, and PCBZ). Significant neurotoxicity was
noted, with 3 (of 38) patients experiencing strokelike events
during therapy,127 although survival seemed to be better than
historic controls.

Studies using positron emission tomography (PET) scan-
ning have demonstrated that although IA administration of
mannitol can increase the permeability of the BBB in the
tumor, the increase is even greater (and lasts longer than) in
the normal brain.128 Thus, although BBB disruption can
enhance drug delivery to the tumor, this is accompanied by
an even greater increase in the drug delivered into the normal
brain. These factors may explain the high rate of toxic events.
Based on the toxicity data, and the lack of confirmatory clin-
ical evidence that BBB modification in conjunction with
chemotherapy improves the outcome of patients with glioma,
this approach should be considered investigational at this
time.

Immune Therapies for CNS Tumors

The role of immunologic therapies in CNS tumors is currently
experimental. It is now recognized that GBMs are immuno-
genic and have several tumor-specific antigens [such as inter-
leukin 13 receptor-a-2 chain, PHD finger protein 3, and
glioma-expressed antigen 2 (GLEA2)], which can be exploited
for therapeutic purposes. Several immune-based therapies are
currently being investigated, including tumor vaccines, con-
jugated antibody therapies, adoptive immunotherapy, and
intracavitary cytokine plus antigen therapy.

Ongoing areas of research include attempts at identifying
tumor-specific antigens, mechanisms of immune tolerance,
and appropriate methods to deliver immune effector cells or
antibodies to the tumor. A few early clinical trials have been
reported and have demonstrated the feasibility and safety of
these approaches.129–134

Convection-Enhanced Delivery of Agents 
to Brain Tumors

Convection-enhanced delivery (CED) is a method of deliver-
ing therapeutic agents to the tumor cavity directly using
implantable catheters. Catheters are left in the tumor cavity
at the time of surgery, and therapeutic agents are perfused
into the tumor cavity through the catheter under pressure
using pumps. This technique has the advantage of completely
bypassing the BBB, achieving high volumes of distribution,
and achieving local concentrations of the agent that would 
be impossible to achieve by any other method of delivery.
Various kinds of therapeutic agents are currently being tested
for their safety and utility when administered in this manner;
these include traditional chemotherapeutic agents, anti-
bodies, fusion products of toxins with antibodies, viral
vectors carrying genes, and labeled cytokines.135

Gene Therapy

Gliomas are ideal targets for gene transfer approaches because
of their limited ability to metastasize and have been among
the earliest tumor types to be included in clinical gene trans-
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FIGURE 34.10. Fluid-attenuated inversion-recovery (FLAIR) image
from a head MRI image of a patient with primary central nervous
system (CNS) lymphoma. Note areas of hyperintense signal in the
pons, adjacent to the cerebellum. This patient responded to initial
therapy (with high-dose methotrexate) and recurred, but was suc-
cessfully salvaged by therapy with high-dose therapy and autologous
stem cell rescue. He subsequently relapsed in the vitreous humor
bilaterally.



fer trials. The gene most extensively used in gene therapy of
gliomas is the herpes simplex virus thymidine kinase (HSV-
tk), a gene that does not normally exist in mammalian cells.
Transferring HSV-tk gene into tumor cells renders them able
to phosphorylate ganciclovir into an active form that is lethal
to tumor cells. Several retroviral and adenoviral vectors have
been studied as vehicles for transferring the HSV-tk gene in
gliomas.136,137 A multicenter Phase III trial testing the deliv-
ery of this gene, in conjunction with RT, did not demonstrate
any survival advantage to this therapy over RT alone.138 A dif-
ferent gene transfer approach under investigation consists of
tumor suppressor gene (p53) reconstitution. Early clinical
studies of Adp53 a non-replicating adenoviral vector encod-
ing the p53 gene administration in patients with recurrent
glioma have been conducted and have demonstrated excellent
tolerance.139 Major limitations to the further development of
this strategy include lack of adequate dissemination of the
virus, low expression of viral receptors on tumor cells, lack
of animal models that adequately replicate the behavior of
human tumors, and inability to adequately monitor the
effects of therapy.140

Signal Transduction Inhibitors

During the past few years, research into the biology of CNS
tumors has led the identification of several aberrant signaling
pathways that appear to be important in the causation of, and
in the maintenance of, the malignant phenotype. Several new
agents have been developed designed to target key members
of these pathways. Examples of agents that may potentially
be used in CNS tumor (mainly glioma) patients are EGFR
inhibitors such as ZD1839 (gefitinib, Iressa), OSI-774
(erlotinib, Tarceva), CI-1033 and EKB-569, mTOR inhibitors
(such as rapamycin, RAD-001, and CCI-779), and inhibitors
of platelet-derived growth factor (PDGF) such as imatinib
mesylate (STI-571, Gleevec). Recent released results of clini-
cal trials using CCI-779,141 OSI-774,142,143 and imatinib144 have
demonstrated a small but definite degree of anticancer activ-
ity in high-grade gliomas. Ongoing trials with these agents
will demonstrate if these signal transduction inhibitors have
enough activity to make an impact on the overall outcome of
these patients. However, based on currently available data, it
appears unlikely that signal transduction inhibitors would
have enough anticancer activity on their own to impact the
natural history of these tumors. Combinations of these agents
with other therapies (such as cytotoxic agents or radiation)
need to be investigated.
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Primary Ocular Tumors: Melanoma

Two distinct populations of pigmented cells can be found in
the eye. The pigmented epithelial cells of the iris, ciliary
body, and retina are derived from the neural tube. These cells
undergo reactive hyperplasia in response to a variety of
stimuli, but they only rarely undergo malignant transforma-
tion. The other population consists of the stromal
melanocytes, which can be found in the skin, conjunctiva,
and uveal tract. These are neural crest in origin and do not
undergo reactive hyperplasia, but they are the source of the
most common primary intraocular tumor: uveal melanoma.
The uveal melanocytes are considered the counterpart of
dermal melanocytes, the source of cutaneous melanoma.
(Dermal melanoma is discussed elsewhere in this text. This
chapter focuses on eye-related melanomas.)

Difference From Skin Melanoma

Melanoma of the eye differs from melanoma of the skin 
in several respects. (1) It is much less common, occurring
with an incidence that is approximately one-eighth that 
of skin melanoma.1 (2) As a result of the ocular anatomy, 
the clinical appearance of uveal melanoma is different 
from that of skin melanoma. (3) The genetics, histology, 
and growth pattern of the two tumors are different as 
well.

Uveal melanoma is the most common primary intraocu-
lar malignancy in Caucasians, accounting for nearly 70% of
all primary intraocular tumors.2 Melanomas may occur in the
conjunctiva as well, but these make up only 2% of ocular
melanomas.

The uvea is defined as the vascular layer of the globe and
includes the iris, ciliary body, and choroid. The uveal
melanocytes are distributed within the stroma of this layer.
Pigmented tumors of the iris are usually slow growing and
metastasize infrequently. Melanomas of the ciliary and
choroid are more common, more aggressive, and of greater
concern to the clinician.

Much of the information in this chapter is derived from
the recent Collaborative Ocular Melanoma Study (COMS)
sponsored by the National Eye Institute and National Cancer
Institute. This investigation was a very large study involving
approximately 9,000 patients with choroidal melanomas.3 In

addition to gaining insight into the natural history and iden-
tifying prognostic factors, the COMS evaluated treatment
modalities, its primary focus.

Epidemiology

The Third National Cancer Survey found that melanoma
accounted for 70%, or most, of all primary ocular malignan-
cies, followed by the childhood tumor retinoblastoma.2 The
incidence of ocular melanoma has been reported to be
between 5 and 7.3 cases per 1,000,000 persons.2,4–7 In several
of these studies, the precise site of origin was not identified;
however, melanoma arising from the posterior uveal tract
accounted for the majority.

The incidence of ocular melanoma increases with age and
peaks in the seventh decade; however, the median age at diag-
nosis is 56 years.1,4 Melanoma, in rare instances, does occur
in young persons. In an analysis of the cases seen at the
Armed Forces Institute of Pathology and Wills Eye Hospital,
between 1.08% and 1.59% of uveal melanoma cases were in
patients younger than 20 years old.1

There appears to be no gender predilection;8 however,
there is a large discrepancy among races. In the 3,586 patients
encountered at Wills Eye Hospital, only 0.39% were African-
American.1 In addition, among Caucasians, uveal melanoma
is more prevalent in lightly pigmented individuals with
lightly pigmented irides.9 Other populations in which there
is a greater prevalence include patients with dysplastic 
nevus syndrome, melanosis oculi, and oculodermal
melanocytosis.10–12

Presenting Symptoms

Many uveal melanomas are asymptomatic and are found on
screening examinations, but some patients present with
decreased vision, positive visual phenomena such as flashing
lights, or a red eye with prominent sentinel vessels. Occa-
sionally melanoma presents as a mass visible on the sclera or
in the pupil (Figure 35.1). The latter is much more likely if
the tumor is located anteriorly or reaches a large size. The
mechanisms producing decreased visual acuity or a visual
field defect include localized lens cataract or subluxation
from an anterior ciliary body tumor. Choroidal tumors
produce retinal detachment, bleeding into the vitreous, and
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direct obscuration due to the mass (Figure 35.2). Large tumors
can also present with glaucoma caused by anatomic crowd-
ing of the anterior chamber angle or neovascularization sec-
ondary to ischemia or inflammation induced by the tumor.
There may or may not be associated pain.

Etiology

The genetic basis for uveal melanoma is unknown. The eti-
ology of melanoma, however, involves both genetic predis-
position (described previously) and predisposing environ-
mental stimuli. Cigarette smoking13 and ultraviolet radiation
(UV)14 appear to increase the risk.

Pathology

From the pathologic characteristics of melanoma, including
location, structure, size, and cellular phenotype, much can be
inferred about the prognosis in each case.

METASTASIS

About 2.5% of patients with choroidal and ciliary body
melanomas have metastases at the time of diagnosis.15 Obvi-
ously, if a secondary tumor is found at a distant location, the
patient will have a greatly worsened prognosis. Metastases
result from hematogenous dissemination, and the liver is the
most frequent site of spread. In the large choroidal
melanomas study, the COMS data showed that in tumor-
related death, liver metastases were extremely common
(93%); these were followed in frequency by lung metastases
(24%) and bone metastases (16%).16

EXTRASCLERAL EXTENSION

Extension of the tumor through the outer layer of the eye is
termed extrascleral extension (Figure 35.3). Large extrascleral
extensions (greater than 4mm) drastically worsen the prog-
nosis.3 The overall incidence is 13% in patients with uveal
melanoma.17 It is generally detected anteriorly at the limbus
or posteriorly adjacent to or within the optic nerve. The
tumor spreads typically along the vortex veins and ciliary
vessels or nerves, and extensions occur more frequently in
larger tumors.17 The COMS showed that 55.7% of enucleated
eyes had scleral invasion on histologic examination and 8.2%
had extrascleral extension.18

LOCATION

The location of the tumor within the globe is an important
factor with regard to time of diagnosis. Ciliary body tumors
are often obscured from direct visualization by the irides and
often are not detected until they are quite large. Ciliary body
melanomas occasionally grow in a ringlike fashion to en-
compass the entire 360° of the ciliary body, making tumor
resection impossible. For posterior choroidal tumors, those
adjacent to the optic nerve have a worse prognosis, and there
is a suspicion that proximity to the foveal avascular zone also
worsens prognosis.3
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FIGURE 35.1. Choroidal mass representing choroidal melanoma as
seen on indirect ophthalmoscopy. Edge is marked with arrows.

FIGURE 35.2. Higher-magnification view of choroidal melanoma.
FIGURE 35.3. Extrascleral extension of choroidal melanoma
evident as pigmented mass (arrow) adjacent to the optic nerve.



INTRAOCULAR INVOLVEMENT

Evidence of intraocular spread also worsens the prognosis.
Small melanomas generally begin as discoid lesions and grow
thicker to assume an almond-like shape while progressively
displacing Bruch’s membrane and the retina inward. When
Bruch’s membrane is disrupted, the tumor begins to grow in
the subretinal space and assumes more of a mushroom 
configuration. The portion of the tumor internal to Bruch’s
membrane can be seen to have dilated blood vessels as it is
squeezed by the collar of Bruch’s membrane, limiting outflow
(Figure 35.4). Some tumors extend through the retina and seed
the vitreous. Conversely, other tumors do not follow this
pattern of forming a bulky, clinically obvious mass, but rather
spread within the plane of the uvea diffusely, thickening this
coat and making detection more difficult.

TUMOR SIZE

Size of tumor as it affects prognosis has been studied exten-
sively; tumor size served as the basis for the classification of
patients in the COMS. The dimensions of these categories,
along with the 5-year melanoma-associated mortality rate,
are given in Table 35.1.

TUMOR CELL TYPE

In 1931, Callender recognized certain distinguishing cellular
characteristics of melanomas and found that they correlated
with prognosis after enucleation. These characteristics were
subsequently modified slightly by the Armed Forces Institute
of Pathology (AFIP), but they are still routinely evaluated and
are described in Table 35.2.

Tumors were characterized as spindle cell (A, B, or a com-
bination); mixed (when less than one-half of the tumor is
composed of epithelioid cells); or epithelioid (when greater
than one-half of the tumor is composed of these cells). Spindle
cell tumors carry the best prognosis and epithelioid the worst.
Large tumors and more anterior tumors tend to be of the
epithelioid type more commonly than do smaller tumors.

Other Classification Methods

Folberg and coworkers have extensively studied the vascular
pattern in melanoma. They hypothesized that the blood
vessels within the melanoma may be tumor derived. They
demonstrated that certain vascular patterns have a strong cor-
relation with the presence of metastatic disease.18,19 Sorenson
et al. and Gamel et al. attempted to objectify the histopatho-
logic nuclear characteristics by basing a measurement on the
10 largest nucleoli identified in the tumor.20,21 This, in con-
junction with largest tumor diameter, is among the best
objective cytologic measures of a tumor’s malignant poten-
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FIGURE 35.4. Dilated blood vessels seen in a choroidal melanoma
internal to Bruch’s membrane, secondary to the bottleneck effect of
Bruch’s membrane. 4¥.

TABLE 35.2. Armed Forces Institute of Pathology (AFIP) modification of the Callender classification.

Cell type Size/shape Cytoplasm Nucleus Nucleolus Other

Spindle A Elongated and small with Sparse Elongated, but plumper Not present or Cohesive, mitoses rare
indistinct cell membrane than nevus cells, fine indistinct

chromatin pattern, ± line
in chromatin

Spindle B Plumper spindle with indistinct Relatively Larger and plumper than Sharper definition, Less cohesive, ± fascicular
cell membrane sparse spindle A, more coarse small, round, arrangement, occasional

and clumped chromatin deeply stained, mitosis
eccentric

Epithelioid Larger, polygonal, pleomorphic, Abundant, Largest, round, ± multiple, Largest, multiple, Loss of cohesiveness,
distinct cell border eosinophilic pleomorphic, chromatin eosinophilic, more mitoses

margination central, distinct

Source: Collaborative Ocular Melanoma Study Group,29 by permission of American Journal of Ophthalmology.

TABLE 35.1. Classification of tumor size according to boundary
lines.

Five-year
Type Apical height Basal diameter mortality

Small 1–3mm More than 5mm 1%
Medium 3.1–8mm Less than 16mm 10%
Large More than 8mm More than 16mm 30%–35%

Data from Collaborative Ocular Melanoma Study Group. Mortality in patients
with small choroidal melanoma. COMS report no 4. Arch Ophthalmol
1997;115:886–893; The Collaborative Ocular Melanoma Study Group. The Col-
laborative Ocular Melanoma Study (COMS) randomized trial of iodine-125
brachytherapy for choroidal melanoma. III: Initial mortality findings. COMS
report no. 18. Arch Ophthalmol 2001;119:969–982; Collaborative Ocular
Melanoma Study Group. The Collaborative Ocular Melanomoa Study (COMS)
randomized trial of pre-enucleation radiation of large choroidal melanoma. 
II: Initial mortality findings. COMS report no. 10. Am J Opthalmol
1998;125:779–796.



tial.21 Marcus et al. counted nucleolar organizing regions and
achieved similar results.22 According to Whelchel et al., the
presence of tumor-infiltrating lymphocytes is associated with
death from metastasis.23 On the molecular level, researchers
have shown that metastases are more likely to occur from
growing tumors,24,25 so cell-cycle studies are being per-
formed26 and markers of cell division are being tested. DNA
ploidy analysis is another important way to gather informa-
tion relevant to prognosis.26–28

Diagnosis and Workup

DIFFERENTIAL DIAGNOSIS

Misdiagnoses of melanoma are uncommon in recent years
and are generally less than 2% at most clinical centers in the
United States. The diagnostic accuracy of the COMS study
was 99.7%.29 Nevertheless, the differential diagnosis of uveal
neoplasms must be considered when evaluating a patient
with suspected melanoma.

The differential diagnosis includes retinal detachment,
choroidal detachment, metastatic tumor to the choroid,
exudative age-related macular degeneration, ectopic disci-
form degeneration, localized choroidal hemangioma, large
choroidal nevus, and congenital hypertrophy of the retinal
pigment epithelium (CHRPE). The principal distinguishing
features of melanoma are described next.

CLINICAL EVALUATION AND IMAGING

More than 90% of the time melanoma can be diagnosed by
clinical evaluation and imaging. Indirect ophthalmoscopy is
the most important and widely used diagnostic technique,
allowing a wide field of view and good stereopsis. Oftentimes,
skilled observers can make accurate estimates of the tumor
size and height by visualization; however, the most reliable
measurements are obtained by ultrasound imaging. Exami-
nation of the uninvolved eye may reveal lesions there as well.
Such findings make the likelihood of a primary choroidal
melanoma less likely.

A transilluminatron can be a useful adjunct to indirect
ophthalmoscopy. Solid lesions such as melanoma and orga-
nized hemorrhage do not transilluminate light, whereas
lesions associated with relatively clear fluid such as retinal
detachment and choroidal effusion do.

Lenses with mirrors, or goniolenses, are particularly
helpful in determining the anterior borders of tumors in the
posterior choroid and in visualizing the far periphery of the
retina, the ciliary body, and the anterior chamber angle.
Melanoma appears on ophthalmoscopy or gonioscopy most
often as a fairly well circumscribed, brownish-gray, elevated
subretinal mass. It is important to remember, however, that
approximately 25% of melanomas are relatively amelanotic.
Oftentimes there is associated pathology of the overlying
retina, such as a detachment or a retinopathy producing
orange lipofuscin exudates.

Choroidal nevi, in contrast to most melanomas, are flat,
being rarely greater than 3mm in height and infrequently
greater than 10mm in basal diameter. The overlying subreti-
nal fluid, orange pigment, and clinical symptoms associated
with melanomas are not normally present with nevi. Metas-
tases to the choroid differ from melanomas in that there are
often multiple foci metastases and they tend to be flat with
indistinct margins. CHRPE is generally not difficult to dis-

tinguish from melanoma because it is flat and darker black
in color. The borders of CHRPE are distinct, and nonpig-
mented spots or lacunae are often seen centrally. Advanced
age-related macular degeneration (ARMD) can produce
lesions with characteristics similar to melanoma. These
lesions tend to be symmetric and occur in the known setting
of ARMD. Also, there is a much greater tendency to have
associated subretinal hemorrhage with ARMD.

ULTRASOUND IMAGING

Different types of tissue have characteristic reflectivities on
ultrasound. The A mode is used to distinguish melanoma
from other tumors that can be very similar in ophthalmo-
scope appearance, such as choroidal hemangioma. The A
mode can also be used to measure tumor height. The B mode
generates an image of the globe and is therefore helpful in
measuring the greatest basal diameter as well as tumor height
(Figure 35.5). It can also be used to look for an underlying
tumor in the setting of a retinal detachment or cloudy media.
Finally, B mode ultrasonography is used to look for evidence
of extrascleral extension.

FLUORESCEIN ANGIOGRAPHY

Fundus fluorescein angiography has limited usefulness in the
diagnosis of uveal melanomas because there is no diagnostic
staining pattern for these tumors. Typically there is mottled
hyperfluorescence with “hot spots” and a double circulation.
A clinical situation in which angiography may be helpful is
when attempting to differentiate a choroidal melanoma,
which will show mottled fluorescence with late staining,
from exudative ARMD with hemorrhage, which would block
fluorescence.

PHOTOGRAPHY

Serial clinical photographs are a standard method for follow-
ing the growth of a melanoma and are useful for distinguish-
ing it from other suspicious lesions. The photographs allow
for observation of the lesion over time and for documenting
growth. Fundus photography is also useful for monitoring the
tumor during and after therapeutic intervention.
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FIGURE 35.5. B-scan ultrasound of a choroidal melanoma (arrows).



CHEST RADIOGRAPHY/COMPUTED TOMOGRAPHY

(CT)/MAGNETIC RESONANCE IMAGING (MRI)
These modalities are used to rule out potential primary
tumors such as carcinomas of the lung and breast if a sec-
ondary eye metastasis is a concern. Imaging studies, particu-
larly of the liver, help to determine whether distant
metastases are present in a patient with known uveal
melanoma. When there is clinical suspicion of extrascleral
extension, MRI imaging of the orbits may also be of benefit;
this is particularly true as current imaging sequences allow a
detailed view of anatomy.

BLOOD TESTING

Liver enzymes are monitored to help detect hepatic metas-
tases. Immunologic testing is not yet reliable. Folberg showed
that 78% of patients with melanoma tested positive for
tumor-associated antibodies (TAA), but 24% of controls
tested positive as well.

Treatment and Prognosis

The management of uveal melanoma has long been the
subject of considerable controversy, and enucleation of any
tumor was the accepted therapy in all cases for many years.
This choice was the result of two factors: (1) the data regard-
ing the natural history of these tumors were (and remain)
limited; and (2) there was a lack of an organized, reliable clini-
cal trial. The aforementioned COMS trial is the largest of its
type and has set the treatment standards of today.

There are certain variables a clinician must consider
before generating a treatment protocol: these are (1) size, loca-
tion, and extent of tumor; (2) visual status of the affected and
fellow eye; and (3) age and general health of the patient. The
ultimate goal should be to destroy or inactivate the neoplasm,
to maintain useful vision in the involved eye, to employ a
treatment with as few side effects as possible, and, most
importantly, to provide the patient with the best prognosis
and quality of life. The different modalities are discussed in
the following section with the general indications for each.

OBSERVATION

Serial observation is acceptable if the tumor is small and
dormant, if the patient is seriously ill or elderly, or if the
tumor is in the patient’s only useful eye and is growing
slowly. Appropriate observations consist of ophthalmoscopic
examination with ultrasound measurements with or without
photographic documentation every 3 months.

The COMS study found growth in 21% of small tumors
at 3 years and 31% at 5 years. Because of the positive corre-
lation between tumor size and occurrence of metastases, the
risk factors for growth were identified by several different
researchers, and these were formalized into an algorithm by
Shields and colleagues. The five risk factors predictive of
growth are tumors with thicknesses greater than 2mm, pos-
terior tumor margin touching the optic disc, visual symp-
toms, orange pigment, and subretinal fluid. Shields and
colleagues, in the same paper, suggest “timely treatment” of
some small melanomas that show substantial risk of
growth.30

PHOTOCOAGULATION

Photocoagulation has been employed in the treatment of
small melanomas. Its effectiveness has been debated. It uses

laser energy to destroy the lesion. The criteria for selecting
patients with melanoma for photocoagulation were suggested
by Meyer-Schwickerath and Vogel31,32 and were adapted by
Shields:33

1. The diagnosis of melanoma and evidence of growth
should be documented thoroughly.

2. The tumor should not be greater than 5 diopters in ele-
vation and 6 disc diameters in greatest diameter.

3. It must be possible to completely surround the tumor
without damage to the fovea or optic disc.

4. There must be sufficient mydriasis and clear ocular media
for the procedure.

5. The tumor surface should not have large retinal vessels.

In a 54-patient series by Vogel at 20 years, 63% of patients
treated with photocoagulation were alive, although not all
these patients were considered cured by photocoagulation.32,33

Transpupillary thermotherapy (TTT) is a related tech-
nique and consists of delivering heat to the tumor via infrared
light; this is intended to induce necrosis of the tumor tissues.
Shields et al. had a 14-month follow-up of 100 patients, and
in 94% there was local tumor control. There was, however,
worsening of visual acuity in 42%.34 A longer follow-up is
necessary to properly assess this modality.

EPISCLERAL RADIOACTIVE PLAQUE

This highly specialized multidisciplinary approach is much
more widely available than charged-particle therapy (dis-
cussed later). Based on preoperative tumor measurements,
tumor shape, and tumor location, a concave plaque housing
several small radioactive beads is fashioned to fit over the
tumor while avoiding treatment of uninvolved areas.
Although iodine-125 is the most commonly used isotope,
ruthenium-106 is used frequently in Europe, and other iso-
topes such as palladium-103 are being tried.35,36

Under general or retrobulbar anesthesia, this plaque is
sutured onto the sclera overlying the tumor. The tumor loca-
tion and plaque placement are confirmed by transillumina-
tion, ophthalmoscopic observation, and intraoperative
ultrasonography. This plaque remains in place 2 to 5 days and
is then removed.

The COMS study specifically evaluated iodine-125 
plaque therapy versus enucleation for 1,317 medium-sized
melanomas. The outcome was no difference between the 
two modalities in survival at 5 and 12 years.37 Of the patients
who received plaque therapy, 50% lost substantial vision 
in 3 years.

CHARGED-PARTICLE BEAM THERAPY

Cyclotrons and synchrotrons produce hydrogen or helium ion
beams that have been successfully used to treat ocular
melanomas. Only a handful of centers have these capabilities,
and this is a comparatively costly form of treatment.38 Wilson
and Hungerford found no better local tumor control with
proton beam as compared to iodine-125 brachytherapy.
Tumor recurrences at 5 years were 5% and 4%, respectively.39

In addition, although the procedure involves sophisticated
planning techniques and precise tumor mapping, damage to
the adjacent retina and optic nerve are still problematic.
Finger et al. reported that 32% of patients maintained visual
acuity better than 20/100.36
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ENUCLEATION

Enucleation or resection of the globe and proximal optic nerve
continues to be recommended in selected cases. Current indi-
cations include large ciliary body or choroidal melanomas,
melanoma associated with significant visual loss or sec-
ondary glaucoma, and any melanoma invading the optic
nerve.40

In the COMS medium-size tumor trial,37 patients with
medium-size tumors were given the option of enucleation. It
was found in 1,317 patients randomized to enucleation or
iodine-125 brachytherapy that neither mortality rates at 12
years nor quality of life differed between the two groups.41,42

For the 1,003 large-melanoma patients enrolled in the
COMS, there was another query, whether preenucleation
radiation of 2,000cGy was associated with a more favorable
outcome. It was determined that such treatment neither
favorably nor unfavorably influenced outcomes in terms of 5-
year survival or local orbital complications. Thus, enucle-
ation should not normally be preceded by radiation.43,44

LOCAL SURGICAL EXCISION

Sclerouvectomy, developed by Peyman et al.,45 is a surgical
excision of the melanoma in which the tumor is approached
from the scleral surface. Normally this surgery follows mul-
tiple sessions of photocoagulation therapy. This treatment
has limited usefulness due to the concern of incomplete
resection. Damato and Foulds46 found that residual tumor was
seen in a significant number of cases. This rate appears to be
reduced by the use of adjunctive brachytherapy.

Still in an experimental stage is a procedure called trans-
vitreal endoresection. In this technique, the tumor is
approached from the retina. Obviously, this technique carries
risk of tumor dissemination and incomplete resection.3

Primary Ocular Tumors: Retinoblastoma

Epidemiology

Retinoblastoma is the most common primary malignant
intraocular tumor of infancy and early childhood. It is the
third most common intraocular malignancy, second to
choroidal melanoma and metastases. Retinoblastoma has an
incidence of from 1 in 14,000 to 1 in 20,000 live births, there-
fore affecting approximately 350 children each year in the
United States. It is responsible for approximately 1% of all
cancer deaths under the age of 15.47,48 Its distribution is world-
wide; however, there is a higher incidence in Haiti, Jamaica,
Nigeria, South Africa, Africa, Asia, and parts of Latin
America.49 There is no gender predilection. Retinoblastoma is
one of the most common congenital tumors, and approxi-
mately 90% present before age 3. Retinoblastoma affects each
eye equally. Sixty percent to 70% of cases are unilateral, with
mean age at diagnosis being 24 months. Thirty percent to
40% are bilateral, with mean age at diagnosis of 14 months.
For small tumors, there are some potentially vision-sparing
treatments, including radiation therapy, photocoagulation,
and cryotherapy. With larger tumors, treatment includes
chemoreduction and/or enucleation. It was formerly consid-
ered fatal when it spread beyond the eye and optic nerve.
However, with recent advances in combined chemotherapy,
there are reports of cure even with distant spread.50

Presenting Symptoms

Presenting signs include leukocoria (56.2%); strabismus
(23.6%); poor vision (7.7%); and family history of retinoblas-
toma (6.8%). Leukocoria has been found to correlate to
advanced disease, and strabismus is associated with macular
disease51 (Figure 35.6). Less frequently, children may have a
wide variety of presentations: pain, hypopyon, hyphema, 
heterochromia, spontaneous globe perforation, proptosis,
cataract, glaucoma, nystagmus, tearing, or anisocoria.

Basic Science: Genetics

Retinoblastoma arises from defects in the retinoblastoma
gene at the Rb 1 locus located at the q14 band of chromosome
13.52 The gene is large, containing 180kb DNA. The initial
mutation of the gene inactivates one copy of the gene. This
initial mutation can be of any size, even as small as a point
mutation. It should be noted that all retinoblastoma tumors
have other mutational events, and additional unknown sto-
chastic events may be required for full malignant transfor-
mation. Both hereditary and sporadic forms of retinoblastoma
arise as a consequence of mutations in both alleles at the Rb1
locus. In other words, to give rise to retinoblastoma, a second
mutation is required in the second, homologous copy of the
Rb gene so that no functional gene product is produced.53,54

The loss of the second copy of the gene is always somatic.
There is a high rate of spontaneous mutation at this locus,
and 94% of all cases are considered sporadic. Only 6% have
a positive family history, but 30% to 40% of cases are hered-
itary. The differences between hereditary and nonhereditary
retinoblastoma are of great importance for prognosis and
genetic counseling for family members because there is an
increased risk of second malignancies with the hereditary
form.
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FIGURE 35.6. Leukocoria in the right eye of patient with 
retinoblastoma.



If the initial mutation occurs in a germ-line cell, the
patient has hereditary retinoblastoma. Each tumor arises
from a distinct retinal cell that independently loses the
second copy of the retinoblastoma gene through a deletion or
mutation. In this instance, the mutation is transmitted as a
dominant trait with virtually complete penetrance; carriers
are at high risk (greater than 90%) of developing retinoblas-
toma in childhood and other primary cancers such as
osteosarcoma later in life.55,56 The cumulative risk of devel-
oping a second primary malignancy is 1% per year; this risk
is increased in patients treated with radiation.55 In addition,
other family members may be at high risk. Forty percent of
retinoblastoma cases are hereditary; the majority of patients
with hereditary retinoblastoma have bilateral disease.56

Almost every case with multifocal disease is hereditary, and
approximately 10% to 20% of unilateral cases are hereditary.
Most patients have a new germ-line mutation and therefore
have no previous family history of retinoblastoma. These
patients may also have multifocal, unilateral, or unifocal
retinoblastoma associated with additional independently
arising tumors, trilateral retinoblastoma, in the central
nervous system (pineal gland or in the supersellar/parasellar
region). There are still a small number of carriers that remain
unaffected. Carriers may be unaffected for a variety of
reasons, including incomplete penetrance, balanced carriers,
and 13q14 trisomics.

If the mutation occurs in a somatic cell, the patient has
nonhereditary retinoblastoma, and relatives are not at an
increased risk for developing retinoblastoma. Sixty percent of
retinoblastoma cases are nonhereditary. Almost all cases of
nonhereditary retinoblastoma have a single primary tumor in
only one eye. These patients are not at increased risk of
developing other cancers later in life.

Pathology

LOCATION AND GROWTH PATTERN

The origin of retinoblastoma has been widely debated. The
most widely accepted view is that retinoblastoma arises from
a multipotential precursor cell that may develop into nearly
any type of inner or outer retinal cell.47 As a result, there is
heterogeneity of the histopathologic, ultrastructural, and
immunohistochemical features.

Spread of the tumor into the vitreous (vitreous “seeds”)
can give rise to viable tumor implants throughout the eye.
Tumor cells may disseminate through the choroidal vascula-
ture, spread extraocularly through the substance of the optic
nerve, and grow into the orbit in advanced cases. The tumor
may also extend into the subarachnoid space and gain access
to the cerebrospinal fluid. Following overt extraocular exten-
sion, there are frequently palpable preauricular and cervical
lymph nodes. In advanced cases, there may be distant
metastatic spread to the central nervous system, skull and
distal bones, and lymph nodes.48

There are two main patterns of growth of retinoblastoma
tumors: endophytic and exophytic. Endophytic retinoblas-
tomas tend to originate on the inner surface of the retina (and
accordingly can be viewed directly with ophthalmoscopy) and
grow toward the vitreous (Figure 35.7). Exophytic retinoblas-
tomas originate from the outer retinal surface and grow
toward the choroid, producing elevation of the retina and 
possibly retinal detachment (Figure 35.8). Most commonly,

the two types of growth patterns coexist in the same eye.
Characteristically, retinoblastoma outgrows its blood 
supply, leading to ischemic coagulative necrosis and marked
apoptosis.

HISTOLOGIC FEATURES

Retinoblastomas are typically nodular masses with frequent
satellite seedings. On macroscopic view, smaller tumors
appear as translucent, gray to white intraretinal tumors that
are fed and drained by dilated tortuous retinal vessels. More-
advanced tumors appear chalky white and can fill a large
portion of the eye (Figure 35.9). On light microscopic exami-
nation, there may be areas of undifferentiated tumor together
with tumor containing differentiated structures. Undifferen-
tiated areas are composed of cells resembling embryonic
retinoblasts, small round cells with large hyperchromatic
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FIGURE 35.7. Endophytic retinoblastoma replacing retina with
invasion of vitreous. 1¥.

FIGURE 35.8. Exophytic retinoblastoma limited to the subretinal
space. Retina marked with arrow. 1¥.



nuclei and scant cytoplasm. Differentiated structures include
Flexner–Wintersteiner rosettes, Homer–Wright rosettes, and
fleurettes (Figure 35.10).

Flexner–Wintersteiner rosettes are the most common dis-
tinguishing feature and are specific for retinoblastoma. They
consist of clusters of cuboidal or short columnar cells with
peripherally displaced nuclei surrounding a central lumen.
The lumen has a limiting membrane, resembling the ex-
ternal limiting membrane of the retina, through which 
photoreceptor-like elements protrude; some photoreceptor
elements taper into fine filaments.

Less common are Homer–Wright rosettes, which have
radially arranged cells around the central tangle of fibrils.
These are also seen in neuroblastoma and medulloblastoma.
The fleurette is present in a small percentage of tumors. 
It represents the tumor cells’ attempt at photoreceptor 
differentiation.

REGRESSION

Retinoblastoma is unusual in that it may undergo sponta-
neous necrosis or regression; this has been estimated to occur
in about 1 of 100 tumors. The mechanism is unknown. Eyes
with tumors that undergo spontaneous necrosis may develop
phthisis marked by calcification and severe inflammation.
Histologically, the eyes are filled with islands of calcified cells
embedded in a mass of fibroconnective tissue. There also may
be proliferation of retinal pigment epithelium.

STAGING AND PROGNOSTIC INDICATORS

The Reese–Ellsworth classification system47 (Table 35.3) is
the most frequently employed method of staging retinoblas-
toma. It classifies the tumors into five groups based on tumor
size and location and predicts the likelihood of local tumor
control and preservation of vision. In general, group I is con-
sidered very favorable whereas group V is considered very
unfavorable. There are new international classification crite-
ria for intraocular retinoblastoma (Table 35.4).

The more numerous and highly differentiated the
rosettes, the better the prognosis. Smaller tumors have a
better prognosis, and they are more likely to have a greater
concentration of well-formed rosettes than are larger, more-
advanced tumors. Larger tumors, especially those with
extraocular extension, tend to have smaller, less-differenti-
ated rosettes. The most important prognostic indicator is
optic nerve invasion.47,49

RELATION TO RETINOCYTOMA

Retinocytoma, also called retinoma, is clinically indistin-
guishable from retinoblastoma; however, retinoblastoma is
histologically malignant whereas retinocytoma is histologi-
cally benign. Retinoblastoma cells are histologically different
from retinocytoma cells. They are larger, with scanty cyto-
plasm and more hyperchromatic nuclei with frequent mitotic
figures and necrosis with calcification. Retinocytoma cells, in
contrast, are smaller, with abundant cytoplasm and intercel-
lular matrix and more evenly displaced nuclear chromatin
with no evidence of mitotic figures, and although there may
be some calcification, there is no necrosis in retinoma.
Retinocytomas have numerous fleurettes admixed with indi-
vidual cells that demonstrate varying degrees of photorecep-
tor differentiation. Histologically, the fleurette is composed

eye ,  orbit , and adnexal  structures 5 1 3

FIGURE 35.9. Retinoblastoma filling almost the entire vitreous
cavity. Extensive calcification contributes to the chalky-white
appearance.

FIGURE 35.10. Retinoblastoma histology with Flexner–Winterstein
rosettes (arrows). 20¥.

TABLE 35.3. The Reese–Ellsworth system of predicting success by
external-beam radiation therapy.

Group Criteria

I a. Solitary tumor less than 4dd, at or behind the equator
b. Multiple tumors, none larger than 4dd, all at or 

behind equator
II a. Solitary tumor 4–10dd, at or behind the equator

b. Multiple tumors, 4–10dd, at or behind the equator
III a. Any lesion anterior to the equator

b. Solitary tumor larger than 10dd, at or behind the 
equator

IV a. Multiple tumors, some larger than 10dd
b. Any lesion extending anterior to the ora serrata

V a. Massive tumors involving more than half the retina
b. Vitreous seeding

dd, disc diameter (1dd @ 1.5mm).

Source: Sahel,47 by permission of W.B. Saunders.



of cells with prominent eosinophilic cellular processes that
are filled with mitochondria.

Clinical characteristics of retinocytomas include a func-
tional eye with clear media and no evidence of retinal detach-
ment. There is proliferation and migration of retinal pigment
epithelial cells. Retinocytomas have a cottage-cheese appear-
ance: opaque with white calcified flecks. They are also com-
paratively small, homogeneous, translucent, gray, slightly
elevated placoid masses that have functional retinal blood
vessels looping into the mass. Although histologically benign,
retinocytomas can be locally invasive. Typically, retinocy-
tomas are found admixed with retinoblastomas, although
there may be cases of pure retinocytoma. In contrast to
retinoblastomas, retinocytomas are radioresistant.

Diagnostic Workup

The differential diagnosis of retinoblastoma is essentially the
differential diagnosis of leukocoria and includes persistent
hyperplastic primary vitreous, cataract, retinopathy or pre-
maturity, toxocariasis, colobomas of choroid and disc, uveitis,
Coats’ disease, vitreous hemorrhage, retinal dysplasia, retinal
detachment, Norrie’s disease, and other tumors.59

A patient who has any of the aforementioned presenting
signs needs prompt workup for possible retinoblastoma. It is
extremely important for any child with strabismus to have a
dilated fundoscopic examination. It is important to get a
careful family history, specifically asking about family
history of retinoblastoma, eye tumors, childhood cancer, or
history of enucleations. Further workup entails documenting
the existence of retinoblastoma and determining if there is
any evidence of metastasis. A complete eye examination,
including dilated fundus examination bilaterally, is per-
formed. Frequently an examination under anesthesia needs to

be performed if the child is over 2 months of age. Fundus pho-
tographs and detailed retinal drawings should be made to help
follow the effects of treatment. Ultrasonography may help
distinguish retinoblastomas from other noncancerous
tumors.58,59 Orbital CT and ultrasound may reveal character-
istic calcific densities within the tumor (Figure 35.11).

Several methods are employed to determine if metastases
are present. Computed tomography (CT) and magnetic reso-
nance imaging (MRI) are used to evaluate orbital and central
nervous systems (CNS) anatomy for extraocular disease. Head
CT may reveal an early pinealoblastoma,60 and this may help
to provide more treatment options. CT generally does not
reveal optic nerve spread because this is usually infiltrative
and does not enlarge the nerve. Consultation with a pediatric
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TABLE 35.4. International classification of intraocular retinoblastoma.

Group Criteria

A Small intraretinal tumors away from foveola and disc
• All tumors are 3mm or smaller in greatest dimension, confined to the retina
• All tumors are located farther than 3mm from the foveola and 1.5mm from the optic disc

B All remaining discrete tumors confined to the retina
• All tumors confined to the retina not in group A
• Tumor-associated subretinal fluid less than 3mm from the tumor with no subretinal 

seeding
C Discrete local disease with minimal subretinal or vitreous seeding

• Tumor(s) are discrete
• Subretinal fluid, present or past, without seeding, involving up to one-fourth of retina
• Local subretinal seeding, less than 3mm (2dd) from the tumor
• Local fine vitreous seeding close to discrete tumor

D Diffuse disease with significant vitreous or subretinal seeding
• Tumor(s) may be massive or diffuse.
• Subretinal fluid, present or past, without seeding, involving up to total retinal detachment
• Diffuse subretinal seeding; may include subretinal plaques or tumor nodules
• Diffuse or massive vitreous disease may include “greasy” seeds or avascular tumor masses

E Presence of any one or more of these poor prognosis features
• Tumor touching the lens
• Neovascular glaucoma
• Tumor anterior to anterior vitreous face involving ciliary body or anterior segment
• Diffuse, infiltrating retinoblastoma
• Opaque media from hemorrhage
• Tumor necrosis with aseptic orbital cellulitis
• Phthisis bulbi

Source: http://eyecancer.com/Organizations/RBinternational.html, by permission.

FIGURE 35.11. Calcification in retinoblastoma (arrow) seen on
computerized tomography scan.



oncologist affords bone marrow aspiration and biopsy along
with lumbar puncture for the evaluation of tumor cells. With
smaller tumors, the need for the routine use of these methods
has been questioned.61 Bone marrow biopsy and lumbar punc-
ture are often reserved for patients with neurologic abnor-
malities or evidence of extraocular extension. Given the
possible hereditary component, parents and siblings should
obtain DNA analysis to assist in genetic counseling. It is rec-
ommended that children at risk for familial hereditary
retinoblastoma be screened until age 4 years to detect early
disease.62

Therapy, Prognosis, and Complications

The goal of treatment is complete control of the tumor while
preserving useful vision. Although enucleation was at one
time extensively employed, recent advances in other treat-
ment options yielding globe salvage rates of 66% to 78% have
been reported.63–65 Currently, the mainstays of treatment are
enucleation, laser therapy, cryogenics, radiation therapy, and
chemotherapy. The visual prognosis is excellent in most
cases. A study by Abramson and associates in children with
bilateral retinoblastoma revealed visual acuity of 20/20 to
20/40 in 58%, visual acuity of 20/50 to 20/400 in 31%, and
visual acuity worse than 20/400 in only 9%.66 Five-year sur-
vival is greater than 90% after successful treatment of ocular
disease when there is no evidence of metastasis.67 If there is
metastatic disease, the prognosis is quite poor.68

ENUCLEATION

Enucleation is the treatment of choice only when the eye
cannot be salvaged by other means of treatment. It is consid-
ered appropriate in eyes with large tumors (involving more
than 50% of the globe); where there is no expectation for
useful vision; and where long-standing retinal detachment,
neovascular glaucoma, pars plana tumor seeding, anterior
chamber or choroidal involvement, and optic nerve or orbital
tumor extension exist.69,70 Care must be taken during the 
procedure to avoid penetrating the globe and to resect 
the greatest amount of optic nerve possible (usually more
than 10mm).

CHEMOREDUCTION WITH LOCAL TUMOR ABLATION

Local/systemic chemotherapy is used to reduce tumor
volume to allow for more focused (and less-damaging) con-
solidative ablative therapies such as laser, cryotherapy, or
radiotherapy in an effort to avoid enucleation and external-
beam radiation therapy (EBRT). The appropriate regimen is
debated; however, the current standard includes carboplatin,
either etopside or teniposide, and vincristine with or without
cyclosporine. Chemoreduction has improved the ocular
salvage rate. At 5-year follow-up, the globe salvage rate is 85%
for Reese–Ellsworth groups I through IV and 47% for group
V.71 More recent studies prove chemoreduction to be suc-
cessful in treatment and avoidance of enucleation or EBRT
without significant systemic toxicity in Reese–Ellsworth eye
groups I, II, and III.72 More-effective methods of treatment are
required for groups IV and V. Chemotherapy produces a mean
decrease in tumor base by 35% and a nearly 50% decrease in
thickness.73 Although chemotherapy is effective at reducing
tumor volume, it is not curative. Focal therapy is necessary
for complete eradication.70 It is extremely important to note

that all these chemicals are mutagenic and may contribute to
the development of second tumors in patients with heredi-
tary retinoblastoma.

LASER PHOTOCOAGULATIVE ABLATION

Laser therapy is used for small, posteriorly located tumors
that are less than 4.5mm in basal diameter and less than 
2.5mm in thickness. The current method employs direct con-
fluent treatment with argon or xenon lasers over the entire
tumor to coagulate the entire blood supply. There is a 70%
tumor control rate and a 30% recurrence rate.69 Complica-
tions include retinal vascular occlusions, retinal traction,
retinal hole formation, and preretinal fibrosis.

CRYOTHERAPY

Similar to laser therapy, cryotherapy is used to treat small
tumors that are less than 3.5mm in basal diameter and less
than 2.0mm in thickness.69 It uses a triple freeze-thaw tech-
nique under direct visualization. Most commonly, it is
administered before chemotherapy to enhance the likelihood
of cure. This procedure may be associated with rhegmatoge-
nous retinal detachment.70

THERMOTHERAPY AND CHEMOTHERMOTHERAPY

The use of heat alone for treatment of retinoblastoma is con-
troversial. Heat has been found to have a synergistic effect
with chemotherapy and radiation therapy.69 It is useful for
tumors in the posterior pole, within 6mm of the fovea or
optic disc, that are 6mm or less in basal diameter and 3mm
or less in thickness.69 Complete tumor regression is found 
in 86%; predictors of local tumor recurrence were male sex
and previous use of chemoreduction (and therefore larger
tumor).74 Complications include focal iris atrophy, peripheral
focal lens opacity, retinal traction, retinal vascular occlusion,
and transient localized serous retinal detachment.74

BRACHYTHERAPY (PLAQUE RADIOTHERAPY)
Brachytherapy is typically used for small-to-medium-sized
tumors (less than 16mm basal diameter and less than 8mm
in thickness) and also as a salvage therapy when the other
globe-conserving strategies have failed. The use of intraoper-
ative ultrasound can enhance local tumor control.
Brachytherapy involves the placement of a radioactive
implant over the base of the tumor to irradiate transclerally.
The average length of treatment is 2 to 4 days. Overall, there
is approximately 90% tumor control.75 Given that the plaque
therapy limits the radiation dose to periocular structures, the
incidence of secondary radiation-induced malignancies may
be lower than with EBRT. However, there is a higher inci-
dence of radiation optic neuropathy and retinopathy. Visual
outcome varies with tumor size and location, but it is con-
sidered good in 62% (visual acuity of 20/20 to 20/30 in more
than half of the cases).76

EXTERNAL-BEAM RADIATION THERAPY

Retinoblastoma tumors are responsive to radiation. The
current standard of treatment for groups I, II, and III is
chemotherapy plus local therapy as described previously.
Groups IV and V require EBRT or enucleation. Current tech-
niques involve megavoltage radiation treatments, often lens
sparing, with 4,000 to 4,500cGy over 4 to 6 weeks. The ocular
salvage rate depends on the stage of the disease. The
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Reese–Ellsworth criteria are employed to help determine the
success of therapy based on the stage of the tumor (see Table
35.3). Group I has a very favorable prognosis of eye preserva-
tion when treated with external beam radiation, whereas
group V has a very unfavorable prognosis. Nearly all children
in groups I through IV will be cured of retinoblastoma using
this technique; in group V, the cure rate is 85% to 90%.77

Recurrence continues to be problematic; retinoblastoma 
typically recurs within the first 1 to 2 years after treatment.
The potential side effects of radiation that limit its use are
increased risk of secondary or independent primary malig-
nancies in a population with germ-line alterations of a tumor
suppressor gene in addition to radiation-induced cataracts,
optic neuropathy, and vasculopathy or hypoplasia of bone and
soft tissues. Overall, 58% of patients with hereditary disease
receiving EBRT developed second malignancies compared to
only 27% in the group not treated with radiation.55 There is
controversy over the role of prophylactic radiation in children
with heritable retinoblastoma.69

CHEMOTHERAPY

The role of systemic chemotherapy as monotherapy is con-
troversial. Although systemic chemotherapy has not been
successful in treating intraocular retinoblastoma, there has
been some success in treating metastatic disease.78–80 Sys-
temic chemotherapy may be considered when there is
metastatic disease or extension into the optic nerve, choroid,
or orbit. Concern exists over the leukemogenic and muta-
genic effects of chemotherapy.

Metastatic Tumors of the Eye

Metastatic cancers of the eye and adnexa are now being rec-
ognized with much greater frequency as a result of earlier
detection of malignancies and increasing patient survival. In
fact, metastatic tumors are the most common malignancies
to involve the eye and orbit.81–84

It is therefore imperative that oncologists keep this diag-
nosis in mind when considering eye symptoms that may be
experienced by their patients. Metastatic hematopoietic
tumors that also commonly affect the eye are discussed in a
subsequent chapter.

Epidemiology

In patients with known malignancy, 4.7% to 12% have been
shown at autopsy to have involvement of the eye or orbit.83,85

Shields et al., in a study of 520 eyes, found that there is a
gender difference in the incidence of ocular metastases.
Women are affected two times as often as men.86 After the
identification of a metastatic tumor in the uvea or orbit, the
prognosis for survival is uniformly bad, and few patients
survive more than 1 year.81

Location

The most frequent site of metastases in the eye, orbit, and
adnexa is the uveal tract, specifically the choroid, with the
orbit being the second most frequent site. In children this is
reversed, with the orbit the most common site. Freedman and
Folk87 reviewed 112 patients presenting with ocular and

orbital metastases who were evaluated clinically with
modern methods and found that 56 had choroidal involve-
ment, 49 had orbital involvement, and 5 had involvement of
both sites. The remaining 2 patients had lesions involving the
optic nerve and retina.

Tumor Type

In a large study performed by the Shields and their associates,
the site or origin of globe metastases was evaluated. Breast
(47%) and lung (21%) represented more than two-thirds of the
primary tumor sites. There was a gender difference in tumor
type. The three most common primary tumors in women
were breast (68%), lung (12%), and gastrointestinal tract (2%).
In men, 40% of primary sites were lung, followed by (and to
a much lesser extent) gastrointestinal tract and kidney. In
breast carcinoma metastases to the eye, 90% of the patients
had a known history of breast cancer.86 The figure was less
than this for lung and renal tumors.

Presenting Symptoms

CHOROIDAL METASTASIS

According to Stephens and Shields, choroidal metastases
most often present with blurry vision (80%); pain (14%); pho-
topsias or flashes of light (13%); red eye (6%); floaters (6%);
and visual field defects (3%).84 Most often the tumors are flat,
creamy, yellow choroidal lesions with overlying retinal
pigment epithelial changes, specifically with breast metas-
tases having a peau d’orange pattern of pigmentary
changes.86,88,89 Oftentimes a small lesion can be associated
with a relatively large serous retinal detachment. Multiple
foci in one eye occur in approximately 20% of patients, and
20% to 40% of cases are bilateral.90 Metastatic carcinomas
grow rapidly and spread quickly. Often tumors develop in the
second eye within 1 month after the diagnosis of a clinically
unilateral tumor.91

ORBITAL METASTASIS

Orbital metastases may present with unilateral or bilateral
symptoms of pain, periocular redness, double vision, or eyelid
malposition. In addition, the patient or the patient’s family
might note a progressive bulging or sinking in of the eye.
Examination of patients with orbital metastases may reveal
periorbital inflammation, restricted extraocular movements,
ptosis, lid retraction, exophthalmos, or enophthalmos.

Diagnosis and Workup

Workup of patients with suspected ocular or orbital metas-
tases includes a detailed clinical history, review of systems,
and physical examination. In addition, to further support the
diagnosis of ocular metastases, fluoroscein angiography can
be employed. The typical staining pattern for choroidal
metastases includes early hypofluorescence, followed by
mottled fluorescence with pinpoint foci, and increasing
hyperfluorescence late in the study.88 Other useful imaging
methods are ultrasonography (A scan and B scan) and MRI to
look for transscleral extension or optic nerve involvement.
Transocular fine-needle aspiration and wedge biopsy may be
performed when noninvasive methods have failed to estab-
lish the diagnosis.
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In a patient with suspected orbital metastasis, imaging
studies and history alone can sometimes establish the diag-
nosis. For example, it may be unnecessary to perform a biopsy
in a patient with known metastatic breast cancer who devel-
ops enophthalmos and has findings consistent with metasta-
tic orbital carcinoma on MRI. In many situations, however,
an orbitotomy with biopsy may be necessary to determine the
site of the primary or determine the presence or absence of
receptor sites or other features pertinent to decisions regard-
ing therapy.

Pathology

The pathologic descriptions of primary tumors are provided
elsewhere in this text. In general, metastatic lesions usually
appear more anaplastic than the primary tumor. Oftentimes
the tumor is so anaplastic that special immunohistochemical
staining and/or electron microscopy is required to reach a
diagnosis when the primary is undetected.

Treatment

A multidisciplinary team approach is required in the treat-
ment of metastases to the eye. The ophthalmologist or ocu-
loplastic surgeon is involved in identifying the tumor by
examination or biopsy, defining the extent of the tumor, and
monitoring its activity. In addition, the ophthalmologist can
monitor changes in visual acuity, visual field, or orbital symp-
toms. Observation is acceptable for small, peripheral ocular
lesions or lesions in terminally ill patients.88 External-beam
radiation is the most common method of treating uveal and
orbital metastases.92,93 Many times this is combined with 
systemic chemotherapy, although both can be used alone as
well. Other modes of treatment for choroidal metastases are
brachytherapy, laser photocoagulation, local excision, and
enucleation.

Visual acuity may remain quite good. Even in cases of
vision loss, most patients show complete (26% to 50%) or
partial (33% to 67%) return of their visual signs and symp-
toms.94 Unfortunately, the prognosis for survival is very poor.
The mean survival period is approximately 8 months.84,87,90–92

This period is increasing for breast cancer and now is reported
to be 31 months.90

The Phakomatoses

The term phakomatosis was originally described by Brouwer
in 1917 and van der Hoeve in 1923 to classify hereditary dis-
eases with tumorous growths arising in disparate organ
systems, some of which have the potential for malignant
transformation. The tumorous growths are classified as
hamartomas, an abnormal proliferation of tissue normally
present in the involved site, and choristomas, an abnormal
proliferation of tissue not normally present at the involved
site. The original three disorders characterized as phako-
matoses include von Recklinghausen’s neurofibromatosis;
tuberous sclerosis (Bourneville’s syndrome); and von
Hippel–Lindau disease (cerebellar-retinal angiomatosis). All
the original phakomatoses are inherited in an autosomal
dominant fashion and have been linked to mutations in reces-
sive tumor suppressor genes. Brouwer and Van der Hoeve

added a fourth disorder, Sturge–Weber syndrome, to the
phakomatoses in 1937. Sturge–Weber syndrome, unlike the
primary phakomatoses, has no established pattern of inheri-
tance and can occur sporadically. There are several other dis-
orders that have occasionally been included in the
classification of phakomatoses: Wyburn–Mason syndrome;
ataxia telangiectasia (Louis–Bar syndrome); linear nevus seba-
ceous syndrome; Klippel–Trenaunay–Weber syndrome; and
encephalooculoangiomatosis.95

Neurofibromatosis 1

Neurofibromatosis type 1 (NF-1), also known as von Reck-
linghausen disease or peripheral neurofibromatosis, is an
inherited disorder of the neuroectoderm resulting in hamar-
tomas of the skin, eyes, central nervous system, and viscera.
These hamartomas increase in both size and number through-
out life. Inheritance is autosomal dominant, with nearly
100% penetrance, with highly variable expressivity even
among affected siblings.96,97 NF-1 occurs in approximately 1
in 3,000 to 5,000 of the population with no predilection for
race or sex. The NF-1 gene has been mapped to the long arm
of chromosome 17 (17q11.2).98 The gene is large (more than
300 kilobases, kb) and therefore has a high rate of mutation,
approximately 1 in 10,000 live births.96,97 Approximately 30%
to 50% of cases arise from new mutations, typically paternal
in origin.99

The diagnosis of NF-1 is made when two or more of the
following seven criteria established by the NIH are met:100

1. Six or more café-au-lait spots greater than 5mm in diam-
eter in prepubescents or greater than 15mm in diameter
in postpubescents

2. Two or more neurofibromas of any type or one plexiform
neurofibroma

3. Freckling of axillary, inguinal, or other intertriginous
areas

4. Optic nerve glioma
5. Two or more Lisch nodules of the iris
6. A distinctive osseous lesion, such as sphenoid bone dys-

plasia or thinning of the long-bone cortex, with or without
pseudarthrosis

7. A first-degree relative with NF-1 according to the preced-
ing criteria

There are many abnormalities associated with NF-1: 
café-au-lait spots; axillary/inguinal freckling; pigmented iris
nodules (Lisch nodules) (Figure 35.12); fibroma molluscum
(nodular cutaneous/subcutaneous neurofibromas); plexiform
neurofibromas of eyelid and orbit resulting in a characteris-
tic S-shaped lid fissure; retinal and optic nerve gliomas; con-
genital glaucoma; and dysplasia of orbital bones resulting in
pulsating exophthalmos. Mild mental retardation is present
in approximately 45%.101 Café-au-lait spots, axillary freck-
ling, and Lisch nodules are all melanocytic in origin, whereas
neurofibromas are derived from Schwann cells.97 There are
also many hamartomas present in the central and peripheral
nervous system and the gastrointestinal (GI) tract.101 It is
important to note that malignant transformation is possible.
There is a 3% to 15% lifetime risk of malignancy; these 
are most commonly neurofibrosarcoma and optic nerve
gliomas.102,103
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The most common presenting sign is the café-au-lait spot,
a flat, hyperpigmented macule, which is present in 94% to
100% of affected adults.104 Typically, a few lesions are present
at birth, and they increase in size and number during the first
decade of life. Histologically, there is hyperpigmentation 
of the basal cell layer secondary to a nonspecific increase in
the number of dopa-positive melanocytes.105,106 On electron
microscopy, giant pigment granules in the melanocytes
known as macromelanosomes are found; this finding,
however, is not specific for NF-1.107 Axillary/intertriginous
freckling is frequently seen and is relatively unique to NF-1.
Although freckling is common in the general population, in
contrast to NF-1, it does not occur in areas of skin apposition.
The freckles seen in NF-1 generally appear in late childhood
and are approximately 1 to 3mm in diameter. The freckles
are histologically similar to café-au-lait spots. Neither freck-
les nor café-au-lait spots have malignant potential.105 Neu-
rofibromas, in contrast, do have malignant potential.

There are three types of neurofibromas in NF-1: dermal
neurofibromas (fibroma molluscum); nodular neurofibromas;
and plexiform neurofibromas. Dermal neurofibromas can be
widely distributed throughout the body and appear as pedun-
culated pigmented nodules. Histologically, they are composed
of enlarged cutaneous nerves surrounded by a proliferation of
Schwann cells and connective tissue101 (Figure 35.13). Appear-
ing in late childhood and increasing in number throughout
adulthood, they are present in nearly all patients with NF-1
and can cause severe disfigurement.97 Nodular neurofibromas
are similar to dermal neurofibromas, but they are only present
in approximately 5% of patients with NF-1 and can occur in
patients without the disease. They are firmer lesions with
better defined margins located along deeper peripheral nerves.
Plexiform neurofibromas occur in approximately 10% of
patients and are pathognomonic for NF-1. They are extensive
subcutaneous swellings of prominently enlarged nerves in

deeper nerve trunks. Plexiform neurofibromas are diffuse
masses with indistinct borders that have extensive interdigi-
tations and occasionally feel like a “bag of worms.” They are
associated with surrounding hyperpigmentation and hyper-
trophy of underlying soft tissues and bone, leading to regional
gigantism.97 Gross pathology reveals a myxoid gelatinous
appearance. Histologically, there is a thickened perineural
sheath surrounding each enlarged nerve. Plexiform neurofi-
bromas are often present at birth. They may develop in
infancy or early childhood and may enlarge significantly over
time, causing severe disfigurement. The upper eyelid exhibits
a characteristic S shape when affected by a plexiform neu-
rofibroma, and 25% of eyelid plexiform neurofibromas extend
to involve the orbit.97 When there is a neurofibroma of the
upper lid in association with ipsilateral hemifacial hypertro-
phy, there may also be obstruction of the channels for
aqueous outflow; approximately 50% of patients with plexi-
form neurofibromas develop glaucoma in the ipsilateral
eye.97,101,108 Other mechanisms of congenital glaucoma in
patients with neurofibromatosis include infiltration of the
angle by a neurofibroma; closure of the angle secondary to
neurofibromas thickening the ciliary body and choroid; and
secondary fibrovascularization and synechial closure of the
angle.108 Nodular and plexiform neurofibromas in 1% to 4%
of patients may undergo malignant degeneration with devel-
opment of a neurofibrosarcoma.109 This transformation is fre-
quently accompanied by rapid tumor growth and pain.103

Optic nerve gliomas are low-grade pilocytic astrocytomas
typically presenting in the first decade of life. They occur in
approximately 15% of NF-1 patients but are only sympto-
matic in 1% to 5%.97,110 Although usually considered to be
benign tumors, optic nerve gliomas can behave as low-grade
malignancies (Figure 35.14). If the glioma involves the optic
chiasm, mortality is at least 50%. On CT or MRI imaging,
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FIGURE 35.12. Lisch nodules on iris of patient with neurofibro-
motosis type 1. Limbus indicated by the arrow.

FIGURE 35.13. Enlarged cutaneous nerves (arrowhead) in a fibrous
matrix (arrow) of a neurofibroma. 20¥.



optic nerve gliomas appear as cylindrical or fusiform enlarge-
ments of the optic nerve97 (Figure 35.15). In general, because
the great majority of optic nerve gliomas are self-limited with
slow growth, the recommendation is for observation. If there
is evidence of rapid progression, various treatment methods
may be used, including surgical excision, radiotherapy, or
chemotherapy.

Lisch nodules are the most common ocular finding (see
Figure 35.12). Rarely present earlier than the age of 3 years,
Lisch nodules occur in nearly 100% of affected adults. The
number of nodules per iris increases with age.96 The presence
of Lisch nodules in a patient with café-au-lait spots confirms
the presence of NF-1. Lisch nodules are melanocytic hamar-
tomas of the iris pigment epithelium presenting as sharply
demarcated, elevated, dome-shaped lesions with a gelatinous

appearance.97 They typically arise from the anterior border of
the iris and protrude into the anterior chamber, but they may
also be located deep in the stroma.101 Histologically, they
consist of uniform, spindle-shaped melanin-containing cells
within the anterior layers of iris stroma and are similar to iris
nevi.97,111

Choroidal lesions are present in 30% to 50% of
adults.112,113 These are flat, hyperpigmented, avascular prolif-
erations with indistinct borders and are located in the poste-
rior pole.97 There may be single or multiple lesions.
Histologically, these are composed of melanocytic and neu-
ronal elements. A characteristic finding is layers of prolifer-
ated Schwann cell processes arranged in contact with axons
(the ovoid body).114,115 The various ocular lesions of NF-1 typ-
ically do not produce symptoms or affect vision.

Less-common manifestations of NF-1 include enlarged
corneal nerves (6%–22%);112,113 seizure disorder
(3%–13%);97,116 scoliosis (10%); pseudoarthroses; and mild
intellectual impairment. Of great concern is the association
of NF-1 with certain malignant tumors: neurofibrosarcoma,
optic pathway gliomas, Wilms’ tumor, rhabdomyosarcoma,
pheochromocytoma (5%),101 astrocytomas, and several types
of leukemia.97 There is also an association with juvenile xan-
thogranuloma and capillary hemangiomas. Patients with 
NF-1 have been stated to have an increased risk of uveal
melanoma.117

Treatment of lid and orbital neurofibromas is surgical
excision because the tumors are radioresistant. Surgical treat-
ment improves cosmesis, but the lesions tend to recur.89 Life
expectancy is substantially reduced in patients with NF-1 
secondary to systemic hypertension, expansive growth of
intracranial neoplasms and associated cancers, sarcomas,
leukemias, and lymphomas.111

Neurofibromatosis 2

Neurofibromatosis type 2 (NF-2), or central neurofibromato-
sis, is an inherited disorder clinically distinct from NF-1,
characterized by bilateral schwannomas of the eighth cranial
nerve (frequently termed acoustic neuromas). The mode of
inheritance is autosomal dominant with high penetrance,
although it can occur sporadically.101,118 NF-2 is much less
common than NF-1, occurring in approximately 1 in 50,000
live births.119 The gene has been mapped to an area near the
center of the long arm of chromosome 22 and encodes for a
cytoskeletal protein and a tumor suppressor gene.120 Patients
with NF-2 typically present in their teens to early adulthood
with decreased hearing or tinnitus secondary to acoustic 
neuromas.

The characteristic acoustic neuromas become sympto-
matic with tinnitus, hearing loss, and balance problems
around the second or third decade of life. There is a high rate
of CNS spinal cord gliomas (67.4%); meningiomas (49.2%);
and neurofibromas of the vestibular (98.4%) or optic nerve
roots (4.8%).118 The gliomas are typically low-grade astrocy-
tomas with little malignant potential, but they can result in
disabling pain and neurologic deficits. The relentless pro-
gression of these gliomas can lead to loss of vision, paresis,
and even death secondary to brainstem compression.119 Pre-
senile cataracts are present in 67% to 85%; the majority are
posterior subcapsular cataracts or cortical cataracts occurring
before age 30.118,121 Other findings in NF-2 are optic nerve
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FIGURE 35.14. Proptosis and conjunctival chemosis secondary to
optic nerve glioma.

FIGURE 35.15. Computerized tomography scan of optic nerve
glioma (arrow) in patient in Figure 35.14.



meningioma (4.8%);118,119 epiretinal membranes;122 and retinal
hamartomas (9%–21%)118 in the form of combined hamar-
tomas of retinal pigment epithelium and retina123 or bilateral
retinal hamartomas.124

Treatment options for vestibular schwannomas include
surgical excision (total or subtotal), irradiation, and observa-
tion. Surgical excision is the preferred treatment, but it may
be associated with perioperative complications, including
loss of hearing in the operated ear, air embolism, intracranial
hemorrhage, and stroke. Radiotherapy is reserved for patients
unable or unwilling to undergo surgical excision.125 As with
NF-1, patients with NF-2 also have substantially reduced life
expectancy secondary to growth of the CNS neoplasms.111

Tuberous Sclerosis

Tuberous sclerosis (TS) is also an autosomal dominant disor-
der. It has been mapped to chromosome 9q34 and 16p13.3.
Inheritance is autosomal dominant, with high penetrance but
variable expressivity. However, at least two-thirds of cases
occur as a result of new mutations.126 Prevalence estimates
range from 1 in 6,000 to 1 in 100,000. There is no racial or
sex predilection. TS is characterized by benign tumor growth
in multiple organ systems, specifically skin, brain, eye, heart,
and kidney.

Gomez established criteria for the diagnosis of TS in 1979.
This scheme included primary and secondary criteria. Diag-
nosis was made on the presence of one primary criterion 
or two secondary criteria. The primary criteria included 
facial angiofibromas, ungual fibromas, cortical “tubers,”
subependymal hamartomas, and multiple retinal hamar-
tomas. The secondary criteria included infantile spasms,
hypopigmented macules, shagreen patches, single retinal
hamartoma, bilateral renal angiomyolipomas or cysts, cardiac
rhabdomyoma, or a first-degree relative with a primary diag-
nosis of TS.127 The criteria for diagnosis of TS were updated
in 1998. Currently, diagnosis of TS requires the presence of
two major criteria or one major criterion along with two
minor criteria. The major diagnostic criteria for TS include
facial angiofibroma, nontraumatic ungual fibromas, three or
more hypomelanotic macules, shagreen patch, multiple
retinal nodular hamartomas, cortical tubers, subependymal
nodules, cardiac rhabdomyoma, lymphangiomyomatosis, and
renal angiomyolipomas. Minor criteria include multiple
dental pits, hamartomatous rectal polyps, bone cysts, cerebral
white matter radial migration lines, gingival fibromas, non-
renal hamartomas, retinal achromic patch, “confetti” skin
lesions, and multiple renal cysts.128,129 The classic triad of TS
(the Vogt triad) consists of epilepsy, mental retardation, and
adenoma sebaceum (angiofibromas of the face). However, the
Vogt triad is only present in about 30% of cases.130

The most common neurologic symptom of TS is seizures,
which are present in approximately 85% of patients. The
seizures of patients with TS are usually infantile spasms or
partial seizures with rapid secondary generalization. Mental
retardation and autism are also common, affecting 50% to
60% of TS patients. Seizures and mental retardation are asso-
ciated with benign periventricular brain tumors, astrocytic
hamartomas, and “tuber”-like areas of sclerosis in the
brain.128

Adenoma sebaceum is one of the hallmarks of TS. Present
in approximately 50% to 80% of cases, this is a reddish-brown

papular rash on the malar region of the face and on the
chin.127,128 Frequently mistaken for acne, these lesions are
actually angiofibromas that first appear in childhood and
increase in number with age.131 The earliest skin finding is an
“ash leaf” spot, a hypopigmented macule present in at least
90% of TS patients at birth or in early infancy.127 This lesion
is sharply demarcated in the shape of an ash leaf. Histologi-
cally, the spots have normal numbers of melanosomes, but
they are smaller with decreased melanin. UV light may help
to visualize the spots in lightly pigmented individuals.
Another classic lesion is a shagreen patch, or collagenoma.
Shagreen patches occur in about 20% to 35% of cases.127 They
are thickened, yellowish plaques of skin that typically appear
in the lumbosacral area. Less common are café-au-lait spots,
nevi, and fibromas.

Retinal phakomas are present in 50% of cases.132 These
lesions are bilateral in 30% to 50%. Arising from the inner-
most layer of the retina, they are composed of nerve fibers
and undifferentiated cells that appear glial in origin and are
frequently referred to as astrocytic hamartomas. Phakomas
rarely affect vision significantly. There are three distinct
forms of retinal phakomas. One type occurs in young chil-
dren and is translucent, gray-white in color, with a flat,
smooth surface with indistinct margins in the nerve fiber
layer. It is not calcified. The more common retinal hamar-
toma is calcified, giving the lesion a yellow-white, glistening
appearance (Figure 35.16). The lesion is elevated, with sharply
demarcated borders and an irregular surface, giving rise to the
classic mulberry appearance. This type of lesion is occasion-
ally referred to as giant drusen because it is located on or near
the optic disc. A third type is intermediate between the first
two, with a plaque-like appearance. Histologically, the retinal
phakomas consist of elongated, fibrous astrocytes with small
oval nuclei and long processes forming a meshwork and con-
taining relatively large blood vessels.95 The giant drusen may
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FIGURE 35.16. Retinal hamartoma as seen on indirect 
ophthalmoscopy.



contain hyaline and calcium deposits (Figure 35.17). The
retinal phakomatoses can be confused with retinoblastoma or
a retinal detachment.

Currently, treatment is merely symptomatic. Patients
undergo periodic physical examinations along with imaging
modalities to identify potentially treatable conditions such as
cardiac rhabdomyosarcomas, enlarging astrocytomas, or renal
tumors. Life expectancy is substantially reduced in patients
with TS, most commonly secondary to renal failure or prob-
lems from enlarging CNS tumors such as obstructive hydro-
cephalus.111 Approximately 2% of patients with TS develop
renal cell carcinoma.109 Less-common causes of mortality
include cardiac conduction defects, heart failure from cardiac
rhabdomyoma, or pulmonary insufficiency from lymphangi-
oleiomyomatosis of the lung.111

von Hippel–Lindau Disease

von Hippel–Lindau (VHL) disease, also known as retinal
angiomatosis, is an autosomal dominant disorder with irreg-
ular penetrance caused by germ-line mutations in the von
Hippel–Lindau tumor suppressor gene, located on chromo-
some 3p25; 20% to 25% are familial cases. Incidence is
approximately 1 in 36,000. There is no sex or racial predilec-
tion.111 VHL disease is associated with multiple benign and
malignant tumors of many organ systems: the central nervous
system, eyes, kidneys (renal cell carcinoma), pancreas, liver,
epididymis, and adrenal glands (pheochromocytoma). The
origin of the lesions is primarily from the mesoderm, unlike
TS and NF, which arise from the ectoderm.

The diagnosis of VHL was originally made only in indi-
viduals with both retinal and cerebellar hemangioblastomas,
or with either entity alone if the patient had a positive family
history. Melmon and Rosen expanded the diagnostic criteria
in 1964 to include patients with any single manifestation of
the syndrome complex, provided that a CNS hemangioblas-
toma had been proved in the family.133

VHL is characterized by hemangioblastomas of the central
nervous system, cerebellum, and retina. Hemangioblastomas
are tumors composed of capillaries and lipidized stromal

cells. The most common abnormality is the Lindau tumor, a
cerebellar hemangioblastoma. It is present in approximately
60% of cases; the majority are cystic, and 20% are solid.134

Patients typically develop symptoms, typically headache or
signs of cerebellar dysfunction, in their mid-thirties. The
tumors are typically located in the lateral and posterior cere-
bellum and are clearly demarcated from surrounding normal
tissue, making complete surgical removal possible. Twenty-
five percent of patients develop renal cell carcinoma, and 75%
of cases are bilateral: 5% by age 30, and more than 40% by
age 60.134–136 The diagnosis of renal cell carcinoma associated
with VHL occurs in the fifth decade of life, earlier than the
sporadic form, which is diagnosed typically in the sixth
decade of life. Three percent to 10% of patients develop
pheochromocytomas, which are often bilateral. However, it
appears pheochromocytomas are present only within certain
families because these cases are typically clustered within
few family groups. On electron microscopy, pheochromocy-
tomas have predominantly norepinephrine granules with
characteristic eccentrically located electron-dense cores. 
This histology differs from pheochromocytomas present in
patients with multiple endocrine neoplasia 2 (MEN-2) syn-
drome, which have both epinephrine and norepinephrine
secretory granules.137 There are many other visceral disease
manifestations: renal cysts or adenomas, pancreatic cysts,
epididymal adenomas or cysts, hepatic cysts, or cystic lesions
of the lung, adrenals, bone, omentum, and mesocolon.134,138

Unlike the other phakomatoses, VHL rarely has cutaneous
manifestations, although café-au-lait spots, melanocytic nevi,
and port-wine stains (nevus flammeus) can occur.

Ocular involvement occurs in nearly all cases of VHL.
Ocular lesions are typically among the first VHL lesions to
be diagnosed, occurring about 10 years before the cerebellar
disease. Fifty percent to 60% develop retinal capillary heman-
giomas.133 These retinal angiomas are typically located in the
peripheral fundus; they may be present at birth but are often
not detected until the second or third decade of life. Thirty
percent of cases have multiple tumors in one eye and 50%
have lesions bilaterally.139 Initially, the retinal lesions are
focal collections of capillaries that appear clinically as small,
reddish nodules that are flat or slightly elevated and associ-
ated with normal-sized vessels. They enlarge to form mature
pink globular masses that are each characteristically supplied
by a single, markedly dilated and tortuous artery and a
similar-appearing venule running between the lesion and the
optic disc. Histologically, retinal angiomas consist of rela-
tively well-formed, thin-walled capillaries forming an anas-
tomosing pattern that are separated by large nodules of plump
vacuolated cells which contain birefringent material.101

Although these capillaries histologically appear well formed,
they are leaky and lead to lipid accumulation in the subreti-
nal space and retinal detachments. As a result, vision may be
lost, and there may be secondary degenerative changes,
including glaucoma or cataracts.

Early diagnosis and treatment are crucial for the preser-
vation of vision, although there have been occasional reports
of spontaneous regression of tumors that were left untreated.
The typical course of untreated tumors is continued exuda-
tion beneath the retina, which leads to extensive retinal
detachment along with neovascularization of the retina and
iris, peripheral anterior synechiae, intractable secondary glau-
coma, and phthisis.101
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FIGURE 35.17. Giant drusen adjacent to optic nerve seen in retinal
phakomas. 20¥.



Treatment includes surrounding the angiomas with pho-
tocoagulation or cryotherapy.101 It is extremely important to
examine all family members. The median age of death is 45
to 50 years of age secondary to associated renal and intracra-
nial tumors.140

Sturge–Weber Syndrome

Sturge–Weber syndrome (SWS), also known as encephalofa-
cial or encephalotrigeminal angiomatosis, involves lesions of
the eye, skin, and brain that are always present at birth.111

Unlike the primary phakomatoses, SWS occurs sporadically.
How often the entire triad of symptoms involving the skin,
brain, and eye occurs in more than one family member is still
unknown.101 SWS is apparently not familial and does not
follow a clear pattern of genetic inheritance. In the few famil-
ial clusters described, patients do not have clear-cut autoso-
mal inheritance as is seen in NF, TS, and VHL. The lesions
of SWS result from an abnormality of the primordial vascu-
lar system during early embryogenesis, likely at 4 to 8 weeks,
involving the development of the cephalic neuroectoderm, a
neural crest derivative.141 The prevalence is unknown, and
there is no racial or sex predilection.

The diagnosis of SWS established by Reese involves at
least two of the following: facial hemangioma (port-wine
stain) with ipsilateral intracranial hemangioma, ipsilateral
choroidal hemangioma, or congenital glaucoma. The ipsilat-
eral leptomeningeal vascular malformations result in 
multiple abnormalities: cerebral calcification, seizures,
hemianopia, hemiparesis, or mental retardation.142

The port-wine stain of SWS can be very disfiguring. It is
well demarcated and consists of an abnormally large number
of dilated, well-formed capillaries in the dermis. The lesion
is deep purple in color and partially blanches with pressure.
It typically follows the distribution of the first and second
divisions of the trigeminal nerve and is located in the fore-
head and upper eyelid; it may also involve the lower eyelid
and maxillary/mandibular regions143 (Figure 35.18). If the
lesion does not extend to the supraorbital portion of the face,
there is no associated epilepsy or intracranial calcification.115

There may be hypertrophy of the underlying soft tissues and
bone along with thickening of the affected skin. Histologi-
cally, the dermal angioma is composed of a flat to moderately
thick zone of dilated, telangiectatic, cutaneous capillaries
lined by a single layer of endothelial cells.143

Leptomeningeal hemangiomas occur ipsilateral to the
facial angiomas in the parieto-occipital region. They consist
of a cluster of small, uniform-caliber venules. There is pro-
gressive calcification of cerebral blood vessels and cortical
gyri. The characteristic calcium deposits in the brain
parenchyma form after birth and are evident by skull radi-
ographs at age 1, and also by CT scan, by the “railroad-track
sign,” a curvilinear, double-contoured density that parallels
cerebral convolutions that are most prominent in the occipi-
tal and temporal lobes. Mental retardation occurs in 50% of
SWS patients with leptomeningeal hemangiomas and is 
secondary to maldevelopment and/or brain atrophy. Lep-
tomeningeal angiomas are also associated with seizure 
disorders in approximately 83% percent of SWS patients.144

The seizures are typically Jacksonian type on the side con-
tralateral to the angiomas, and they frequently begin in
infancy.145 The seizures typically generalize with age, and

patients may develop transient or permanent hemianopia or
hemiparesis.146

Choroidal hemangiomas located ipsilaterally to the facial
angioma are present in 40% to 50% of SWS patients. They
consist of increased numbers of well-formed choroidal vessels
yielding a deep red coloration to the retina, called a “tomato
catsup” fundus.147 Histologically, choroidal hemangiomas
consist of numerous large, thin-walled vascular channels that
are lined by a flat layer of endothelial cells and divided 
by thin intervascular septa (Figure 35.19). This choroidal
angiomatosis is typically asymptomatic in childhood.
However, the choroid can become quite thick as the lesion
enlarges, producing visual symptoms in adulthood. There is
frequently progressive hyperopia as the lesion enlarges. Long-
standing lesions cause destruction of the overlying chorio-
capillaris, degeneration of the retinal pigment epithelium
with loss of photoreceptors, and cystoid degeneration of the
outer surface of the retina with gliosis. A serous retinal
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FIGURE 35.18. Port wine stain representing cavernous heman-
gioma involving the lower lid of a patient with Sturge–Weber 
syndrome.

FIGURE 35.19. Choroidal hemangioma causing thickening of
choroid (arrows) in a patient with Sturge–Weber syndrome. 10¥.



detachment may occur and progress to total exudative retinal
detachment, which can lead to severe secondary glaucoma.

Glaucoma occurs frequently, in 30% to 70% of cases, and
is usually congenital, unilateral, and ipsilateral to facial
angioma.143,148 Patients whose hemangiomas affect the upper
eyelid are particularly susceptible to the development of 
glaucoma.149 Of the patients with glaucoma, 60% develop
buphthalmos (ocular enlargement) as a result of increased
intraocular pressure. Forty percent of patients do not develop
glaucoma until later in childhood and therefore do not exhibit
buphthalmos. The typical mechanisms for glaucoma devel-
opment are (1) occlusion of the anterior chamber angle by
peripheral anterior synechiae (PAS), which frequently devel-
ops secondary to iris neovascularization in patients with
retinal detachment, or (2) malformation of the anterior
chamber angle, which leads to obstruction of aqueous humor
outflow.101 Of note, some patients who develop glaucoma do
not have either PAS or a malformed anterior chamber angle.
Other ocular findings include a pinkish discoloration of the
conjunctiva secondary to increased conjunctival vascularity,
heterochromia iridis with the darker iris ipsilateral to facial
angioma, and arteriovenous communications within the
retina.

Treatment is generally symptomatic. Facial nevus flam-
mus may be treated with laser therapy to improve cosmesis.
Occasionally, intractable seizures are treated surgically with
subtotal hemispherectomy.150 Life expectancy is reduced in
patients with SWS. Most early deaths occur in patients 
with severe forms of the disease, including profound mental
retardation and intractable seizures.

Ataxia-Telangiectasia and Wyburn–Mason
Syndrome

Ataxia-telangiectasia and Wyburn–Mason syndrome are fre-
quently considered among the phakomatoses, although they
do not fit the original description. Ataxia-telangiectasia (AT)
is characterized by cerebellar ataxia, telangiectasias, immune
deficiency, and propensity to develop neoplasms. Its inheri-
tance is autosomal recessive. Homozygous patients present
in early childhood with symptoms of cerebellar ataxia that
are progressive.149 Neoplasms associated with AT include
lymphocytic leukemia,151 medulloblastomas, and gliomas.152

Of note, patients who are heterozygous for AT also have an
increased risk of cancer.153

Wyburn–Mason syndrome (WMS) is characterized by arte-
riovenous malformations that are not distinct tumors, and
the condition is therefore not a true phakomatosis. The
retinal and ipsilateral CNS arteriovenous malformations
(AVM) of WMS are congenital and progress with age.154 There
is no established hereditary pattern and no sex or racial
predilection. No effective treatment is currently available for
retinal AVMs. CNS AVMs can be managed with surgery or
radiation.95 Life expectancy is reduced secondary to intra-
cranial bleeds from the AVMs and strokes related to their
treatment.111

Systemic Malignancies

It is important for the oncologist to be familiar with poten-
tial ocular complications associated with systemic malig-
nancies. Patients may be referred from the ophthalmologist

for a systemic workup, or they may present to their oncolo-
gist with ocular symptoms that warrant a referral to an oph-
thalmologist. This section reviews the common and distinct
ocular signs and symptoms associated with systemic 
malignancy.

There are two main mechanisms by which systemic
malignancy can have ocular manifestations. (1) Certain
genetic syndromes, such as Wilms’ tumor, are associated with
neoplasia and have eye findings. (2) Remote malignancies can
produce paraneoplastic effects in the eye.

Aniridia

Although the term implies an absence of iris tissue, affected
patients most commonly have some iris tissue. The amount
of iris varies widely from minimal tissue present to minor
defects in an otherwise normal iris. Aniridia is associated
with Wilms’ tumor in the “WAGR syndrome.” Genitourinary
abnormalities and mental retardation are the other compo-
nents in the pneumonic WAGR. The syndrome is caused by
an autosomal dominant mutation on chromosome 11p13,155

the proximity of the WT-1 gene and the AN2 gene being
responsible for the constellation of findings.156 The AN2 
gene is also responsible for other elements of ocular histoge-
nesis, which explains the higher incidence of additional
ocular findings such as peripheral corneal pannus, cataract,
lens dislocation, foveal dysplasia, and optic nerve hypopla-
sia.157,158 Photophobia and nystagmus can also occur in Wilms’
tumor patients.159,160 Glaucoma is present in 50% to 75% of
patients with the autosomal dominant WAGR syndrome, but
it does not normally appear until late childhood.161 In pati-
ents with sporadic aniridia, 25% to 33% develop Wilms’
tumor.162–164

Atypical Congenital Hypertrophy of the Retinal
Pigment Epithelium (RPE)

Inclusion of the term atypical is used to distinguish this
entity from the more common congenital hypertrophy of the
retinal pigment epithelium (CHRPE). In contrast to the latter,
atypical congenital hypertrophy is typically bilateral. Multi-
ple lesions are present, with larger lesions in the periphery
and smaller lesions near the posterior pole of the eye. These
areas of hypertrophy are typically black, but they can be non-
pigmented and their shape can be round, oval, kidney shaped,
or pisiform. From 1 to 30 lesions are seen per fundus quad-
rant.165,166 The areas of RPE hypertrophy are usually present
at birth and are often the first manifestation of patients with
the autosomal dominant syndromes familial adenomatous
polyposis (FAP) and Gardner’s syndrome.167 These are syn-
dromes in which thousands of precancerous colonic polyps
develop at a young age. Please see elsewhere in this text for
more details regarding these entities. There is a high concor-
dance between the presence of these lesions and the devel-
opment of Gardner’s syndrome. Traboulsi and associates
found atypical RPE hypertrophy in 90.2% of patients with
Gardner’s syndrome.168 Further strengthening this connection
is a study by Olea et al., which found that 100% of patients
with a family history of FAP and five or more bilateral retinal
lesions developed adenomatous polyposis.169 For more 
information on FAP/Gardner’s syndrome, please see the 
discussions elsewhere in this text.
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Hyperplastic Corneal Nerves

Hyperplastic corneal nerves are observed with the biomicro-
scope as long, thin, linear opacities, running in various 
directions through the corneal stroma. They are a consistent
finding in multiple endocrine neoplasias (MEN) type 2B;170

however, they have also been described in 57% of patients
with MEN type 2A.171 MEN syndromes develop as the result
of a mutation of the RET gene on chromosome 10.172 The
other ocular findings in MEN 2B include thickening and ever-
sion of the upper eyelid margin and visible tarsal plates, large
and prominent eyebrows, and neuromas of the eyelids and the
conjunctiva.170 MEN syndromes are discussed in detail else-
where in this text.

Bilateral Diffuse Uveal Melanocytic Proliferation

Bilateral diffuse uveal melanocytic proliferation (BDUMP) is
a rare paraneoplastic syndrome consisting of two striking
findings in the eye: (1) multiple red patches in the posterior
fundus that exhibit striking areas of hyperfluorescence on flu-
orescein angiography, and (2) multiple, slightly elevated uveal
melanocytic tumors associated with diffuse thickening of 
the uveal tract.173 These changes can produce vision loss, but
when associated with retinal detachment or rapid cataract
progression they produce a more swift and profound visual
decline.

Machemer in 1966 reported the first case of a patient with
bilateral uveal melanoma and pancreatic carcinoma.174 The
syndrome may occur slightly more frequently in females. Sys-
temic tumors commonly associated with BDUMP are most
commonly ovarian cancer in women and lung cancer in men.
Multiple other malignancies, however, have also been asso-
ciated with BDUMP, such as cancers of the colon, pancreas,
gallbladder, breast, and esophagus.175–182 No treatment has
succeeded in arresting the visual field loss associated with
BDUMP. Aggressive treatment of the underlying systemic
malignancy offers the best hope for the patient’s survival but
may not prevent further visual loss.

Cancer-Associated Retinopathy

Cancer-associated retinopathy (CAR) is a retinal degenera-
tion experienced by patients with systemic carcinomas. The
visual decline can progress to complete blindness and may be
rapid or prolonged over several years. Frequently, the visual
symptoms of blurred vision, visual field defects, and impaired
color vision are manifest before any cancer is diagnosed.

This syndrome has been most frequently recognized in
association with small cell lung carcinoma, but it has also
been observed with other types of cancer, including uterine
cervical cancer, non-small cell carcinoma of the lung, infil-
trating ductal adenocarcinoma of the breast, and undifferen-
tiated endometrial carcinoma.183,184

Funduscopic examination typically reveals narrowing of
the arterioles, changes in the retinal pigment epithelium, and
inflammatory cells in the vitreous. The electroretinogram is
markedly diminished in all cases.183,184 Autoantibodies against
recoverin, a 23-kDa calcium-binding protein expressed in rod
and cone photoreceptors, are responsible for the changes seen
in CAR. The gene for recoverin is located in close proximity
to p53, and some tumors with elevated p53 expression might
aberrantly express recoverin and induce the production of

antirecoverin antibodies as well as the activation of antire-
coverin-specific T cells.185–187

Melanoma-Associated Retinopathy

Melanoma-associated retinopathy (MAR) has been seen in 17
patients with cutaneous melanomas.188–198 MAR is a retinal
degenerative paraneoplastic syndrome that affects the bipolar
cells of the retina, thus reducing the B wave on elec-
troretinography.199–203 The symptoms are normally less severe
than those of CAR and include mild visual loss, night blind-
ness, and shimmering or flickering light sensations.188 Only
one patient developed severe visual loss.188 The B-wave reduc-
tion in the electroretinogram of MAR patients is most com-
patible with disorders in the neuronal transmission pathways
beyond photoreceptor cells.

Ocular Flutter

Ocular flutter consists of episodic horizontal rapid eye move-
ments without evidence of a slow phase. Each burst lasts only
slightly longer than 1 second. It can coexist with saccadic 
dysmetria (inaccurate saccades) and opsoclonus (described 
in the next section). This eye movement abnormality, in 
the absence of known toxic-metabolic encephalopathy or
encephalitis, should warrant workup, including cerebrospinal
fluid analysis, MRI, and comprehensive search for occult
malignancy.

Opsoclonus

Opsoclonus is defined as involuntary, arrhythmic, chaotic,
irregular eye movements that are predominantly horizontal
but can have vertical or oblique components. In children,
opsoclonus can be related to neuroblastoma. In adults most
commonly, opsoclonus is simply the sequela of a viral infec-
tion, but it has also been observed as part of a neoplastic
process. Fourteen cases of adult opsoclonus associated with
systemic carcinoma have been reported.204

Various types of cancer have been associated with opso-
clonus, including undifferentiated lung carcinoma, oat cell
carcinoma of the lung, uterine cancer, adenocarcinoma of the
breast, and infiltrating ductal breast carcinoma.204 There is no
sex predilection, and generally there is no prodromal illness.
Removal or treatment of the primary tumor has resulted in
improvement.205

Histopathologic analysis of some cases at autopsy has
demonstrated a loss of cerebellar Purkinje’s cells, and blood
samples from patients with this syndrome have contained
anti-Purkinje cell antibodies. Although opsoclonus can be
associated with a variety of disease processes, it can herald
the onset of an occult malignant tumor, and an extensive
evaluation (including anti-Ri and ANNA-2 antibodies) must
be made when it is observed in an older individual.

Eyelid Malignancies and Other Malignancies

Basal Cell Carcinoma

Basal cell carcinomas (BCCs) are tumors derived from a
pleuripotent stem cell within the basal epithelium that rests
on the basement membrane separating the epidermis from
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the dermis. This type of tumor is also discussed in the chapter
on skin disease. BCCs are the most common eyelid malig-
nancy, accounting for 85% to 90% of malignant eyelid
tumors.206 These most often occur in fair-skinned individu-
als; more than 99% of those affected are Caucasian.207 BCCs
typically occur in older adults around the age of 60 but can
occur in younger individuals as well. They have a predilec-
tion for males (2 :1). BCCs arise in areas of sun-exposed skin,
and the proposed etiology is actinic damage from ultraviolet
light. In the area around the eye, they most commonly occur
on the lower lid (50%–60%) followed by the medial canthus
(25%–30%), upper lid (15%), and lateral canthus (5%).208

Their clinical appearance is that of a firm, raised, pink-
pearly papule with a rolled translucent pearly border as the
lesion increases in size. There are associated telangiectatic
vessels, loss of lashes, and chronic conjunctivitis.

There are two major types of basal cell carcinomas: undif-
ferentiated and differentiated. The subtypes of undifferenti-
ated BCC include noduloulcerative, pigmented, morpheaform
or fibrosing, superficial, and fibroepithelioma. The differ-
entiated type of BCC includes adenoid (adenocystic) and
basosquamous (metatypical). The most common form of BCC
is the nodular type, accounting for 75% of all tumors. This

type is the classic pink-pearly papule that has overlying
telangiectasia and develops a translucent rolled border as it
increases in size (Figure 35.20). The pigmented form is similar
to the nodular form, but the pigment results in a bluish,
black, or brown discoloration. The pigmented BCC may be
confused clinically with malignant melanoma. The mor-
pheaform or sclerosing type, accounting for 15% of all BCCs,
is aggressive and can invade deep into the dermis, paranasal
sinuses, and orbit. Clinically, it is a poorly defined, pale, 
yellowish-pink, flat plaque with induration. The superficial
and fibroepithelioma forms arise more frequently on the
trunk than on the eyelids. The superficial form has an ery-
thematous, scaly patch with raised pearly borders. Fibroep-
ithelioma BCC is a smooth, pink nodule that is pedunculated
or sessile.

The basic pathology of undifferentiated BCC includes
nests, lobules, and cords with peripheral palisading and
stromal retraction (Figure 35.21). The tumor cells have small,
hypochromatic cells of uniform size with scanty cytoplasm
yielding a characteristically high nuclear-to-cytoplasm ratio.
Unlike the other undifferentiated forms, the morpheaform
BCC does not typically have peripheral palisading. This type
is characterized by intense stromal fibrous proliferation with
tumor cells in narrow cords that are only one to two cell
layers thick (see Figure 35.21). The differentiated types have
a glandular structure with mucinous stroma and a histopatho-
logic appearance somewhere between basal cell carcinoma
and squamous cell carcinoma.

Diagnosis is made based on the clinical appearance and 
is confirmed by histopathologic examination of a biopsy. 
The differential diagnosis includes malignant melanoma,
sebaceous cell carcinoma, squamous cell carcinoma, 
squamous cell carcinoma in situ, actinic keratosis, keratoa-
canthoma, seborrheic keratosis, papillomatous lesions, and
blepharitis.209

The most effective method of treatment is Mohs’ micro-
graphic surgery. With this method, the lesion is excised in
layers and mapped three-dimensionally.210 The margins are
carefully examined for residual tumor using frozen sections.
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FIGURE 35.20. Basal cell carcinoma with typical pearly edges and
excavated center occurring on lower lid.

FIGURE 35.21. (A) Nodular basal cell carcinoma with characteristic dermal invasion. 2¥. (B) Peripheral palisading of nuclei (arrows). 20¥.



Areas of residual tumor are identified, and the map is used to
locate the areas for further excision until all the margins are
free of tumor. One may also use a non-Mohs’ technique 
of excision, also employing frozen section examination of
margins to ensure that the tumor is completely excised.
There are several other methods of treatment available, but
they are generally not recommended for the periorbital
region; these include radiation therapy, cryotherapy, chemo-
therapy, and photodynamic therapy.

Complete surgical excision of basal cell carcinoma is
thought to be curative because the lesions rarely metastasize.
Rates of metastasis vary from 0.028% to 0.55%,211 and, in
fact, many pathologists believe that if metastases occur, then
the primary tumor was not basal cell. Death secondary to
basal cell carcinoma is very rare, but it can occur with direct
orbital and intracranial extension.

There are a few associated systemic syndromes. The most
common syndrome, occurring in less than 1% of individuals
with BCC, is basal cell nevus syndrome, also known as
Gorlin–Goltz syndrome. This syndrome is characterized by
multiple BCCs, jaw cysts, plantar/palmar pits, skeletal abnor-
malities, neurologic abnormalities, and endocrine disorders.
Other rare syndromes include albinism and xeroderma pig-
mentosa, which are inherited autosomal recessive disorders,
along with nevus sebaceous, Bazex’s syndrome, linear unilat-
eral basal cell nevus, and Rombo syndrome.209

Squamous Cell Carcinoma

Squamous cell carcinoma (SCC) is another malignant tumor
that commonly affects the eyelids. Although SCC is approx-

imately 40 times less common than BCC, it is more common
on the upper eyelid and lateral canthus than basal cell 
carcinoma.211 Unlike BCC, SCC has a greater potential for
metastatic spread. SCCs typically arise from actinic damage,
but they can arise de novo. Risk factors for developing SCC
include ultraviolet light, ionizing radiation, human papillo-
mavirus, and arsenic ingestion. Systemic conditions with a
propensity to develop SCC include xeroderma pigmentosa
and oculocutaneous albinism, both inherited autosomal
recessive disorders.

Clinical presentation reveals an erythematous, indurated,
hyperkeratotic plaque or nodule that has irregular margins
(Figure 35.22). The lesions typically ulcerate. As noted, SCC
commonly affects the upper and lower eyelid margins as well
as the medial and lateral canthi.

Histopathologic examination of SCC reveals polygonal
cells with abundant eosinophilic cytoplasm and hyperchro-
matic nuclei with mitotic figures (Figure 35.23A). There may
also be evidence of dyskeratosis (Figure 35.23B), keratin
pearls, and intercellular bridges.212

Diagnosis is made based on clinical appearance and con-
firmed by histopathologic examination of a biopsy. Differen-
tial diagnosis includes basal cell carcinoma, sebaceous cell
carcinoma, squamous cell carcinoma in situ, actinic kerato-
sis, keratoacanthoma, inverted follicular keratosis, seborrheic
keratosis, verruca vulgaris, and papillomatous lesions.209
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FIGURE 35.22. Hyperkeratotic plaque of squamous cell carcinoma
involving the medial canthus. Note the erythema and irregular
margins of the lesion.

FIGURE 35.23. (A) Dermal invasion by squamous cell carcinoma.
4¥. (B) Dyskeratosis in squamous cell carcinoma. 40¥.



Treatment for SCC is similar to treatment for BCC. SCC
is more aggressive and invasive, but SCC lesions of the eyelid
rarely metastasize. Methods of treatment include Mohs’
micrographic surgery, irradiation, and cryotherapy. More-
extensive surgery may be needed for local control, such as
orbital exenteration, if the tumor is deeply invasive.

As with BCC of the eyelid, SCC of the eyelid treated with
wide local surgical excision is considered curative; however,
metastasis can occur to the preauricular or submandibular
lymph nodes, which would yield a guarded prognosis. For
further discussion of SCC, including Broder’s grading scale,
see Chapter 60.

Sebaceous Gland Carcinoma

Sebaceous gland carcinoma (SGC) arises most commonly
from the meibomian glands and less frequently from the
glands of Zeis and the sebaceous glands of the caruncle and
eyebrow. This is a highly malignant, aggressive tumor that
has a high rate of metastasis, a high recurrence rate, and a rel-
atively high mortality rate. It is the third most common
eyelid malignancy after BCC and SCC but accounts for only
1% to 5.5% of all eyelid malignancies.213–215 It occurs more
frequently in women. Typically presenting in the sixth to
seventh decade of life, it can also occur in younger individu-
als. The etiology is currently unknown. SGC most frequently
affects the upper eyelid, with this being the site in approxi-
mately two-thirds of all cases. Nonetheless, it can occur in
any periocular site. SGC invades overlying epithelium. In
about 50% of cases, it may display pagetoid spread, forming
nests of cancer cells. It may behave as an intraepithelial car-
cinoma with diffuse spreading and replacement of the con-
junctiva.209 The primary lesion may spread to other periocular
structures, including the conjunctiva, cornea, lacrimal
system, or nasal cavity.

The clinical appearance is often that of a firm, yellow
nodule similar to a chalazion with possible thickening of the
tarsal plate, destruction of meibomian gland orifices, and loss
of eyelashes. It is considered to be one of the “masquerade
syndromes” because it may mimic chalazion, meibomianitis,
or chronic blepharoconjunctivitis, which are refractory to
usual therapy.

Because it is uncommon and mimics many other condi-
tions, SGC may be difficult to diagnose. A high index of sus-
picion is required when lesions do not respond to standard
therapies. Diagnosis is confirmed by full-thickness wedge
biopsy of the eyelid. Evaluation of the extent of spread may
require a sampling of other local structures, given the propen-
sity of this cancer for multicentric spread. Fresh tissue should
be submitted for special lipid staining.211

Histologically, SGC has highly pleomorphic cells in irreg-
ular lobules or nests with hyperchromatic nuclei and a char-
acteristic vacuolated (frothy) cytoplasm secondary to the high
lipid content within the cell (Figure 35.24). There are four his-
tologic variants: lobular, comedocarcinoma, papillary, and
mixed. On staining for lipids, the cells are found to have fine
lipid globules.209 Given that SGC may exhibit pagetoid spread
of malignant cells, the histologic differential diagnosis
includes clear cell carcinoma, squamous cell carcinoma,
malignant melanoma, and extramammary Paget’s disease.216

Diagnosis is made on the basis of clinical suspicion con-
firmed by histopathologic examination of a biopsy. Differen-

tial diagnosis includes basal cell carcinoma, squamous cell
carcinoma, papillomatous lesions, blepharitis, conjunctivitis,
and superior limbic keratoconjunctivitis.209

Treatment for SGC is similar to treatment for BCC and
SCC with Mohs’ micrographic surgery; this consists of wide
excision with microscopic monitoring of the margins.
However, given the likelihood of multicentric spread, this
treatment is not always successful. If the tumor is large or
involves deep orbital tissues, or if there is evidence of metas-
tasis, a more-complex treatment plan is needed with possible
orbital exenteration and radiation. The rate of mortality is 0%
to 15% with no evidence of metastasis; with distant metas-
tasis, the mortality rate rises to 50% to 67% at 5 years.132

Although traditionally considered to be radioresistant with
radiation reserved only for palliation, there has been some
recent success reported with radiation therapy of greater than
55Gy.216,217

Melanoma and Other Eyelid Malignancies

Briefly, malignant melanoma is more common in fair-skinned
individuals. The major risk factor for developing malignant
melanoma is a history of severe sunburns. Other risk factors
include family history, Caucasian race, age over 20 years, con-
genital/dysplastic nevi, changing moles, or excessive sun
exposure/sun sensitivity.218 It causes only 1% of eyelid malig-
nancies; however, it is responsible for two-thirds of all tumor-
related deaths from skin cancers.209 Pathology reveals diffuse
hyperplasia of atypical melanocytes throughout the basal cell
layer; there may be a mixture of epithelioid, spindle, and
nevus-like cells. Treatment involves wide surgical excision
leaving a 1-cm tumor-free margin. Metastatic evaluation
should be performed if the tumor is greater than 1.5mm in
depth or shows evidence of lymphatic/vascular spread. For a
more complete discussion, including staging, course, and
outcome, see Chapter 59.

Other eyelid malignancies, which are quite uncommon,
include Kaposi’s sarcoma, Merkel cell tumor, mucinous
sweat gland adenocarcinoma, adenocarcinoma of the gland of
Moll, and metastasis.
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FIGURE 35.24. Sebaceous cell carcinoma with frothy cytoplasm
(arrows) of tumor cells. 40¥.
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Head and Neck Cancer
Ezra E.W. Cohen, Kerstin M. Stenson, 
Michael Milano, and Everett E. Vokes

ancers of the head and neck include a variety of
tumors of different histology and behavior. The dif-
ferent subtypes represented by these tumors include

squamous cell cancers, paranasal sinus cancers, nasopharyn-
geal carcinomas, salivary gland cancers, thyroid gland malig-
nancies, melanomas, sarcomas, small cell neuroendocrine
carcinoma, and lymphomas. By far the most commonly
encountered cancers in this group, accounting for more than
90% of tumors, are the squamous cell carcinomas of the 
oral cavity, oropharynx, hypopharynx, larynx, and paranasal
sinuses. This chapter concentrates on squamous cell carci-
noma of the head and neck (SCCHN), nasopharyngeal carci-
noma (NPC), and cancers of the salivary glands.

The annual worldwide incidence of head and neck cancer
is approximately 500,000, whereas, in the United States,
approximately 40,000 new cases are diagnosed annually.1,2

Cancer of the head and neck accounts for 3% of all cancers
in incidence in the United States and is the eighth most
prevalent and deadly malignancy worldwide.1,3 SCCHN is
more common in individuals over the age of 60, in males, and
in lower socioeconomic groups. These differences likely par-
allel the most common environmental risk factors (see fol-
lowing). Despite progress in diagnosis, staging, and therapy of
these cancers over the past several decades, the 5-year overall
survival rate remains essentially unchanged at 50%. These
mortality rates are influenced by competing causes such as
cardiac and respiratory disease and second primary tumors to
which these individuals can be susceptible.4,5 Nevertheless,
significant developments have occurred on many fronts in the
management of head and neck cancer, driven by evidence
from laboratory-based and clinical research.

Squamous Cell Carcinoma

Etiology and Epidemiology

Environmental Risk Factors

There are well-recognized risk factors for SCCHN (Table
36.1), with tobacco and alcohol being the two most signifi-
cant. In fact the use of these agents parallels endemic areas
of SCCHN incidence such as France, Southeast Asia, and 
the Indian subcontinent.6 The form of tobacco use varies with
culture, but all have been associated with a higher risk of
developing SCCHN. The relative risk does increase with the
quantity and time of tobacco exposure, with rough estimates

of 10 to 20 times greater relative risk.7–9 In addition, although
SCCHN is associated with heavy alcohol consumption
without concurrent tobacco use (approximately 5 times
greater risk), the dual exposure seems to increase risk syner-
gistically up to 100 times compared with nonexposed indi-
viduals.10 It is unclear whether second-hand smoke increases
risk, although some studies have reported a 2- to 3-fold
increased risk.11

Betel quid or areca nut chewing is practiced in many parts
of Asia, although the habit is becoming less common. There
are several variations of the habit depending on region, but
overall, it does appear to increase risk of SCCHN, especially
of the oral cavity, although odds ratios vary widely 
with the population studied.12 The combination of tobacco
smoking, alcohol, and betel quid chewing is especially dan-
gerous and can increase risk of oral cancer significantly.12

Field Cancerization

The concept of field cancerization is an important one in
SCCHN as the foremost risk factor for the disease, tobacco,
results in exposure of the entire upper aerodigestive tract. The
hypothesis, first described in 1953,13 contends that environ-
mentally related malignancies develop in a tissue that is
exposed to the implicating carcinogen. Because the entire
tissue is exposed, metachronous or simultaneous cancers can
develop in different parts of the tissue. The upper aerodiges-
tive tract serves as a model for this hypothesis, as evidenced
by molecular derangements found in normal-appearing
mucosa of SCCHN patients, the high incidence of second
SCCHN primary tumors, and the high incidence of lung 
and upper esophageal malignancies in these patients. In 
fact, investigators have been able to establish clonality
between second lung or esophageal tumors and the original
SCCHN.14,15 The occurrence of second cancers in this patient
population accounts for a significant cause of mortality, with
annual incidence rates of approximately 5%.

Viral Agents

Despite the strong association of tobacco and alcohol con-
sumption with SCCHN, approximately 25% of patients have
had no significant exposure to these carcinogens. The human
papillomavirus (HPV) has been implicated in cancer of other
sites including the uterine cervix, and in the early 1980s
pathologists began noting morphologic changes in SCCHN
that were reminiscent of HPV exposure.16 Thus, it was
hypothesized that HPV may play an etiologic role in a subset
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of SCCHN patients. Several reports have now confirmed the
presence of HPV DNA in SCCHN tissue samples,17 and a
recent meta-analysis examining 94 studies including 4,680
specimens revealed that, compared to normal oral mucosa,
HPV was 2 to 3 times more likely to be detected in precan-
cerous mucosa and 4.7 times more likely to be detected in
oral carcinoma.18 Although there are more than 100 known
types of the virus, HPV 16 has been most consistently linked
with SCCHN.19

Studies have begun to define a subset of SCCHN patients
in whom HPV may be the etiologic agent.17,20 This subset is
composed of oropharangeal cancers, specifically palatine and
lingual tonsil and base of tongue, younger patients, non-
smokers, and nondrinkers. The molecular biology of these
cancers appears also to be different in that they are less likely
to contain inactivating mutations of p5317,20,21; this may be
due to the ability of the HPV E6 gene to inactivate p53, a 
necessary step during infection and propagation of the virus.
In addition, several reports have also suggested that HPV-
positive tumors tend to have a better prognosis compared to
their non-HPV-containing counterparts.17 To date there are
few data supporting an etiologic role of other viruses in
SCCHN, with the exception of Epstein–Barr virus (EBV) and
NPC (see following).

Molecular Biology

Studies have shown that SCCHN harbors common molecu-
lar derangements including chromosomal, epigenetic, and
specific protein alterations. Deletion of specific chromosome
arms is often found including loss of 3p, 5q, 8p, 9p, 17p, 18q,
and 21q.22,23 Chromosomal deletions that appear to be partic-
ularly common, especially in precancerous lesions, are 9p21,
3p21, and 17p13. Genes of interest in these areas include p16
(9p21), FHIT and RASSF1A (3p21), and p53 (17p13).24–30 Mean-
while, by using comparative genomic hybridization investi-
gators have commonly observed amplification of 3q, 5p,
11q13, and 19q.31–33 Of these, 11q13 contains a number of
oncogenes including cyclin D1, which has been shown to be
overexpressed in 40% to 60% of SCCHN.34,35

High expression levels of the epidermal growth factor
receptor (EGFR) and its primary ligand, transforming growth
factor-alpha (TGF-a), have also been observed in SCCHN and
form an autocrine loop spurring tumor growth and sur-
vival.36,37 Expression of EGFR has been linked with poorer sur-
vival in patients undergoing surgery or radiation.36,38 There is
also evidence that the EGFR pathway contributes to angio-
genesis and metastasis of SCCHN tumors.39,40 Other onco-
genes that have been linked with worse outcome in SCCHN

include the eukaryotic initiation factor 4E (eIF4E),41 cyclooxy-
genase 2,42 and p63.43 Hypermethylation, the addition of
methyl groups to CpG islands in the promoter region of a
gene, is commonly observed in the context of specific genes
in SCCHN,44 including p16,29,45,46 E-cadherin,47 O-6-methyl-
guanine-DNA-methyltransferase (MGMT),45,47 and death-
associated protein (DAP) kinase,45,47 resulting in their
silencing.

By comparing the pattern of gene expression in normal,
precancerous, and cancerous tissue, investigators have
created an hypothetical model of SCCHN tumorigenesis.48 It
appears that deletion of 3p and 9p are relatively early events,
followed by deletion of 17p, inactivation of p16, and overex-
pression of cyclin D1. Mutation of p53, deletion of 10q, 13q,
and 18q, and other aberrations occur later in the progression
model. It is important to note that the exact sequence of
events is not universal or necessary and that any lesion
causing genetic instability is more likely to progress to the
malignant state.

Recent evidence highlights the significance of genetic
instability in SCCHN development. DNA aneuploidy, even
more than grade of dysplasia, appears to be a reliable predic-
tor of subsequent development of carcinomas in lesions of the
oral cavity including leukoplakias and erythroplakias.49–51 In
fact, lesions with aneuploid DNA predicted a higher recur-
rence rate and mortality rate from SCCHN.

Although not associated with a single molecular event,
angiogenesis is implicated in the development of every solid
tumor and SCCHN is not excepted. Several proangiogenic
factors including interleukin 8,52 basic fibroblast growth
factor,53 platelet-derived growth factor,54 and vascular endo-
thelial growth factor (VEGF)55,56 are secreted in SCCHN.
Angiogenesis has been shown to be essential to development
of early lesions and is often associated with a higher recur-
rence rates, distant failure, and poor survival.

Diagnosis

The great majority of SCCHN patients are diagnosed with
locoregional disease, whereas only 10% of patients present
with metastatic disease, usually to the lungs or bone.57 The
initial spread of SCCHN is to regional lymph nodes and is
usually predictable based on anatomic drainage patterns
(Figure 36.1). Patients often present with local symptoms
including pain, dysphagia, and odynophagia. Specific symp-
toms depend on the location of the primary tumor and lymph
node metastases and can include otalgia, loose teeth, poor
tongue mobility, speech impairment, and hoarseness. Cranial
nerve deficits are uncommon in locoregionally advanced
SCCHN, with the exception of NPC and salivary gland
tumors.

Clinical suspicion is confirmed by pathologic examina-
tion, which includes grading of the tumor as well-, moderately,
or poorly differentiated carcinoma. Although this descriptive
system is applied to almost all cases of SCCHN, tumor grade
has little influence on prognosis and management.

The diagnostic evaluation also includes radiologic
imaging of the head and neck, usually by computed tomog-
raphy (CT) scanning. Additional studies can include
panoramic radiographs if mandibular invasion is suspected
and magnetic resonance imaging if CT scanning is inade-
quate, although these studies are often complementary. A

TABLE 36.1. Risk factors for squamous cell carcinoma of the head
and neck (SCCHN).

Environmental Tobacco (smoking, chewing)
Alcohol
Betel quid chewing

Infectious Human papilloma virus (oropharynx)
Epstein–Barr virus (nasopharynx)
Candida albicans

Genetic (e.g., Fanconi anemia, Li–Fraumeni syndrome)
Ultraviolet or ionizing radiation
Poor oral health



determination of baseline swallowing function is usually 
performed by videofluoroscopy.58 CT scanning of the chest 
is often also performed, especially if advanced neck nodal
spread is encountered. This practice, however, has not been
tested in clinical trials, although it appears prudent to exclude
metastatic disease in stage III, IVa, and IVb patients.

A subset of patients, approximately 2% to 9% of SCCHN
cases, present with an expanding cervical lymph node metas-
tasis without an obvious primary tumor.59 When a primary
site is found it is often of the oropharynx, especially the tonsil
and base to tongue, likely secondary to the extensive lym-
phatic supply to this region, allowing early nodal spread.
Often a careful clinical examination followed by radiographic
tests reveals the location of the primary tumor. Occasionally
patients require random biopsies of the base of tongue, pyri-
form sinus, and nasopharynx, or bilateral tonsillectomy
depending on the location of cervical nodes. The availability
of fluorodeoxyglucose positron emission tomography (FDG-
PET) scanning does not appear to aid significantly in the diag-
nostic evaluation, allowing detection of the primary tumor in
a small minority of cases.60 For patients in whom the primary
tumor is never found, the approach to treatment in these
instances varies and randomized trials are lacking.61 Neck dis-
section followed by extensive radiation including bilateral
neck and mucosa appears to reduce local recurrence and
improve survival, especially in advanced nodal disease (N2 or
higher).61

Staging

Staging of SCCHN is based on the tumor-node-metastasis
(TNM) system, which forms the single most important deter-
minant of therapy and prognosis, making accuracy para-
mount. Specific staging varies with location of the primary
tumor; however, some generalizations can be made across
disease sites with NPC being the notable exception (see fol-
lowing). T4 implies that the primary tumor has invaded adja-
cent soft tissue or bony structures. Nodal staging is classified
by the size and of involved lymph nodes, and N2 stage is
further divided into N2a (one lymph node between 3 and 

6cm in diameter), N2b (two or more ipsilateral lymph nodes
less than 6cm in diameter), and N2c (contralateral lymph
nodes less than 6cm in diameter). Of note in the staging
system is that stage IV does not necessarily imply distant
disease. In fact, stages IVa and IVb are still confined to locore-
gional involvement and only stage IVc indicates metastatic
disease. Across tumor sites, T4 tumors tend to have higher
local failure rates whereas N2 and N3 tumors are prone to
distant failure.

Therapy

Modalities

SURGERY

The Role of Endoscopy Patients with head and neck
cancer are more likely to develop second primary cancers
than any other group of patients with malignancies. In addi-
tion, the development of second primary tumors is the most
common cause of posttreatment failure after 3 years, with an
annual rate of development of 2.7% to 4 % per year.5 Panen-
doscopy (laryngoscopy, esophagoscopy, bronchoscopy) is typ-
ically completed during primary site tumor staging and has
been appraised by many surgeons in terms of its ability to
detect second primaries. The overall second primary inci-
dence ranges from 13.5% to 16.2% (2.6%–6.4% synchronous
and 8%–9.8% metachronous).62,63 Lung and head and neck
were the most common sites of second primary tumor, fol-
lowed by esophageal primary. The role of prospective panen-
doscopy, as a means to detect second primaries at an earlier
stage, has also been studied.64 A 2.5-fold-improved yield of
metachronous tumors was seen for patients undergoing
prospective panendoscopy. Routine panendoscopy remains
controversial in terms of cost-effectiveness. Nonetheless,
many head and neck surgeons view panendoscopy as a 
low-risk procedure that may greatly influence treatment 
decisions.

Control of Primary Site Control of the primary tumor
site, regardless of modality or stage, is paramount. Local
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FIGURE 36.1. Cervical lymph node drainage
of the head and neck. (Adapted from Cummings
et al.,172 by permission of Otolaryngology—
Head & Neck Surgery.)



primary site failure is highly correlated with ultimate treat-
ment failure and decreased survival. Complete wide surgical
resection with adequate margins is critical when surgery is
employed as primary therapy. Resected tumors with margins
less than 5mm are as likely to locally recur as a frankly pos-
itive margin.63 Intraoperative methods to assess margin status
have received attention recently. Portugal et al. prospectively
studied 50 consecutive patients undergoing surgical resection
of various head and neck primaries.65 The authors applied
toluidine blue, a dye that binds to nuclear material of early
malignant lesions, to the remaining in situ mucosa. The tolu-
idine blue identified a positive margin in 3 cases, which was
confirmed by frozen and permanent pathologic analysis. In
addition, three cases of second primary tumors were identi-
fied with this staining technique.

Postoperative techniques of assessing surgical margins
have focused on application of immunostaining to paraffin-
embedded mucosal margins. Ball et al. immunostained surgi-
cal margins from 24 patients with oral cavity/oropharyngeal
carcinomas for abnormal p53 (tumor suppressor gene)
protein.66 There was a 5.33-fold-higher chance of local recur-
rence with at least one surgical margin p53 positive by sample
odds ratio test. Nathan et al. evaluated the histologically free
tumor margins of 52 tumor specimens for presence or absence
of eIF4E, p53, and MMP-9.67 The authors found that overex-
pression of eIF4E occurred in 98% of tumors and that eIF4E
was a significant predictor of recurrence and disease-free
interval.

The head and neck surgeon may find that the measured
in situ margin differs from that reported by histopathologic
measurement. Johnson et al. quantified the change in muscle
and mucosal margins after resection, fixation, and slide prepa-
ration of simulated mucosal tumors in 10 mongrel dogs.65

They found that mucosal and muscle margins shrunk signif-
icantly, 30% to 47%. The greatest proportion of shrinkage
occurred immediately after resection. To obtain a 5-mm
margin, the surgeon must have an in situ margin of at least
8 to 10mm.

THE CLINICALLY NEGATIVE NECK

The hallmark of advanced (stage III or IV) head and neck
cancer when associated with a small (T1 or T2) primary is the
presence of a metastatic cervical node. Although there are
several radiographic methods of detecting carcinoma in a cer-
vical node, none can currently identify microscopic or occult
nodal disease. The negative impact of nodal status on survival
is well known and introduces the controversies surrounding
the treatment of the N0 neck. The possibility of carcinoma
in the cervical lymphatics, the uncertainty over who will
develop clinical disease if left untreated, and the choice of
modality to most effectively detect, prevent, and treat occult
nodal disease are areas of fervent debate. Complete discussion
of these issues extends beyond the scope of this section.
However, several recent studies could help clarify the ongoing
uncertainties.

Treatment recommendations for the N0 neck can be 
analyzed on a site-by-site basis.68 There is a significant inci-
dence of occult nodal disease in all but the earliest and most 
superficial carcinomas of the oral cavity, oropharynx, 
larynx, and hypopharynx. Expectant management of the 
neck is not recommended given the observation that neck
failures after observation tend to be high stage and portend a

poor prognosis.68 Therefore, most surgeons support the fol-
lowing management philosophy: if the risk of occult metasta-
tic disease exceeds 15%, the neck should be electively
treated. If surgery is chosen for the primary tumor, elective
selective neck dissection is advised. Alternatively, if the
primary tumor is to be irradiated, the neck should be elec-
tively irradiated.

Functional neck surgery represents a shift in the surgical
management of occult cervical metastatic disease. By saving
important anatomic structures that were routinely sacrificed
in the classic radical neck dissection, the selective neck dis-
section produces less functional morbidity and aesthetic
defects than the radical neck dissection.

Several authors have studied the utility of selective neck
dissection in patients with a clinically and radiographically
N0 neck.69 Selective neck dissection was found to be as effec-
tive as a comprehensive neck dissection, and recurrences
outside the dissected levels in the selective neck dissection
group were not significant. The authors strongly advocate
elective neck dissection in patients with N0 disease, as this
is the most accurate method available to diagnose occult
metastatic disease. The prognostic information obtained from
the pathologic specimen is invaluable in terms of staging
accuracy and in identifying high-risk patients who would
benefit from postoperative therapy.

SENTINEL LYMPH NODE BIOPSY

Sentinel lymph node mapping was originally developed as a
means to stage the first-echelon lymphatics of cutaneous
melanoma. Recent literature has supported its application 
in mucosal head and neck squamous cell carcinoma.70

Researchers have found that the technique is minimally inva-
sive, technically feasible, and predictive of cervical metasta-
tic disease. This method is currently under investigation at
several institutions and promises to further refine the assess-
ment of occult regional metastases.

RADIOTHERAPY

For early-stage cancer, surgery or radiotherapy alone is effec-
tive. Radiotherapy can be delivered via external beam and/or
interstitial brachytherapy (where radioactive sources are
inserted into needles that are placed into the tumor). For
intermediate- and advanced-stage cancer, surgery and radia-
tion or definitive radiation alone is effective. Unresectable
cancers, particularly most early-stage nasopharyngeal
cancers, can be cured by radiation alone.

Radiation Therapy Techniques Radiation is delivered to
the primary site, including involved lymph nodes, as well as
lymph nodes at risk for occult, microscopic disease. Hence,
radiation planning requires a thorough understanding of the
risk of clinical lymph node involvement, the risk of patho-
logic, occult lymph node involvement, and the patterns of
nodal failure; these vary by the site of the primary and stage
of disease.71,72 Knowledge of subclinical spread at the primary
site is also important.

Traditionally radiation has been delivered to the primary
site and upper cervical lymph nodes with opposed lateral (OL)
fields, with the dose prescribed to midplane. A supraclavicu-
lar is delivered with an anteroposterior (AP) field, matched 
to the opposed lateral field. A block on either the OL or AP
field protects the spinal cord at the match line, although it is
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important that this block not traverse through gross tumor.
Periodic field shifts at the match line (termed feathering)
allow for any radiation hot spots to be better distributed. After
spinal cord tolerance has been reached (~45Gy), the opposed
lateral fields are modified such that an anterior opposed
lateral field is matched to a posterior electron field; because
electrons are less penetrating, the spinal cord does not receive
any further dose.

Three-dimensional (3-D) planning necessitates a CT scan
during planning and provides detailed dose–volume informa-
tion on the target as well as normal structures. Modification
of the fields with either multiple segmented fields or variable
weighting of fields can improve the homogeneity of the dose
distribution. Intensity-modulated radiation therapy (IMRT) is
a form of 3-D planning that allows more conformal radiation
delivery by varying the radiation beams spatially and/or tem-
porally.72–74 Hence, IMRT allows for greater sparing of normal
structures such as salivary glands, esophagus, optic nerves,
brainstem, and spinal cord.75,76 IMRT avoids the limitations
of tumor boost doses, eliminates the need for posterior neck
electron therapy, and enables simultaneous boosting, a tech-
nique that allows for higher doses to be delivered to regions
at higher risk for failure (such as gross disease), with lower
doses prescribed to areas of microscopic disease.77

IMRT is readily applied to head and neck cancer as the
region is readily immobilized and gross disease will often be
adjacent to critical normal tissue. Patients who are most likely
to benefit, therefore, are those in whom the tumor volume may
be compromised to spare normal tissue or where standard
radiotherapy fields would encompass the salivary glands. Thus
far randomized trials comparing IMRT with standard radio-
therapy have not been completed. However, failures that have
been observed on Phase I and II IMRT trials have been noted
within high-dose regions, suggesting inherent tumor resis-
tance rather than underdosing of subclinical disease.78,79

Postoperative Radiation Therapy Radiation is delivered
post-operatively (PORT) to patients with locoregionally
advanced disease. M.D. Anderson Cancer Center (MDACC)
conducted a randomized trial comparing 57.6Gy versus 63Gy
PORT in low-risk patients and 63.0 versus 68.4Gy in high-
risk patients, with patients stratified by stage, margin status,
perineural invasion, extracapsular extension (ECE), number of
lymph nodes, and size of lymph nodes.80 The higher-dose
arms did not afford any benefit in outcome. Performance
status and radiation delay resulted in a worse prognosis.
Adverse tumor-related factors included ECE and/or two or
more of oral cavity primary site, positive margins, perineural
invasion, more than two lymph nodes, and lymph nodes
greater than 3cm. In a follow-up study by MDACC, patients
were stratified by risk factors.81 Low-risk patients had no
adverse tumor-related factors and therefore received no
PORT. Intermediate-risk patients had one adverse risk factor,
except ECE; these patients received 57.6Gy PORT. High-risk
patients were defined as having ECE and/or two or more other
adverse risk factors. Five-year locoregional control in these
groups was 90%, 94%, and 68%, respectively; 5-year overall
survival was 83%, 66%, and 42%, respectively. The MDACC
experience provides a guide to which patients may benefit
from PORT and the doses to administer.

The Role of Edoscopy Conventional radiation fractiona-
tion (CF) implies daily radiation delivered 5 days a week.
Altered fractionation is a variation of this. Important tempo-

ral variables include the repair of sublethal damage, reassort-
ment of cells within the cell cycle, repopulation, and reoxy-
genation. Ideally, radiation is delivered in such a manner to
maximize damage to cancerous cells while minimizing
normal tissue damage. Altered fractionation schemes should
be delivered such that they provide a biologically equivalent
(or greater) dose than conventional fractionation. Hyperfrac-
tionation (HF) entails an increased number of fractions, with
a decreased fraction dose, but unchanged overall treatment
time. Accelerated fractionation (AF) implies the same number
of fractions, same total dose, but delivered over shorter time
duration.

Several randomized trials comparing CF to AF have
shown no survival or tumor control benefit, and worse toxi-
city with AF.82–84 The CHART trial compared 66Gy in 2-Gy
fractions to continuous delivery of 54Gy in 1.5, three-times-
daily fractions. Severe mucositis was worse in the CHART
arm. Two randomized trials have shown improved outcomes
with HF regimens delivering radiation in six or seven daily
treatments per week.85,86 Skladowski et al. showed improved
overall survival and locoregional control with a 7-day-per-
week versus a 5-day-per-week radiation regimen.86 A Norwe-
gian trial has shown improved locoregional control and
disease-free survival with a 6-day-per-week versus 5-day-per-
week radiation regimen, although overall survival was not
significantly impacted.85

The RTOG conducted a randomized trial with four arms:
(1) CF 70Gy in 2-Gy daily fractions; (2) HF 81.6Gy in 1.2-Gy
twice-daily fractions; (3) AF split (2-week break) 67.2Gy in
1.6-Gy twice-daily fractions; and (4) 32.4Gy in 1.8-Gy daily
fractions followed by twice-daily radiation, with 1.8Gy to
delivered to a large field and 1.5Gy to the boost field (63Gy
total). The HF arm and simultaneous boost arm yielded the
best locoregional control and disease-free survival, whereas
overall survival was similar in all arms.

CHEMOTHERAPY

Traditionally, chemotherapy had been reserved for patients
with incurable SCCHN, usually as a palliative measure.
Several randomized trials have now clearly demonstrated that
chemotherapy as part of a multimodality approach that
includes surgery and radiotherapy does improve survival and
allow for organ preservation in almost every setting (see fol-
lowing).87 There are a number of chemotherapy agents that are
active in SCCHN (Table 36.2), with platinum compounds
being the mainstay of most chemotherapeutic regimens.88 Cis-
platin appears to be superior to carboplatin, as demonstrated
by at least two randomized trials.89,90 Antimetabolites are 
also active in SCCHN, with 5-fluorouracil commonly used in
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TABLE 36.2. Active agents in SCCHN.

Agent Relative risk (RR) Reference

Methotrexate 6%–10%a 90, 187
5-Fluorouracil 13%a 188
Cisplatin 14%–17%a 187–189
Paclitaxel 40% 190
Docetaxel 20%–42% 191–193
Ifosfamide 4%–42% 194–197
Vinorelbine 8%–14% 198, 199
Gemcitabine 0%–13% 200, 201
a These response rates are based on Phase III randomized trials.



combination with cisplatin, and capecitabine more recently
introduced. In addition, taxanes (paclitaxel and docetaxel),
vinorelbine, gemcitabine, bleomycin, and mitomycin C also
have single-agent activity in this disease.88

Stage-Specific Therapy

EARLY STAGE

In general, patients with early-stage carcinomas of the upper
aerodigestive tract enjoy an overall good prognosis when
treated with a single curative-intent modality. Radiothera-
peutic or surgical approaches are chosen based on anatomic
location, surgical access, functional outcome, and long-term
consequences of radiation. The following discussion focuses
on operative management of early-stage head and neck cancer
and highlights issues surrounding the choice of radiation
versus surgery.

Oral Cavity The oral cavity includes the lip, anterior
tongue, floor of mouth, hard palate, alveolar ridge, retromo-
lar trigone, and buccal mucosa. Because of the permanent dry
mouth that invariably develops from radiation to these areas,
wide local excision is the preferred management of these
early-stage patients. The resections are by nature both organ-
and function preserving. Achieving negative margins is criti-
cal.91,92 The lymphatics in the oral cavity are rich and often
bilateral. In addition, occult cervical metastatic disease is
highly correlated with tumor thickness.93 Hence, the surgeon
strongly considers selective neck dissection(s) for all but the
most superficial carcinomas, as curative salvage neck surgery
is associated with poor outcomes.94 Rim mandibulectomy is
performed for those tumors adjacent to or inseparable from
the mandible, ascertaining that at least 10mm of inferior rim
remains to prevent fracture.95 Early-stage hard palate malig-
nancies are resected en masse with palatal bone, preserving
the underlying nasal mucosa if possible, or reconstruction
with local flaps.96

There are many options for reconstruction of the surgical
defect. Tongue, floor of mouth, and buccal defects can be left
to granulate or grafted with split-thickness skin. The buccal
myomucosal flap has been a very reliable and technically easy
method to reconstruct a myriad of other oral cavity defects
in many surgeons’ hands.97

Oropharynx Carcinomas of the tongue base, soft palate,
and tonsil areas have been historically and preferentially
treated with radiotherapy because of difficult surgical access
and reported poor functional outcomes with resection.98 Cur-
rently, there are numerous acceptable treatments for carcino-
mas of the oropharynx, reflecting advances in imaging and
operative and cytoreductive techniques.99–101 Recent analyses
of tongue base treatments have found that similar dysfunc-
tions of the tongue remain after either surgical or nonopera-
tive therapy.102 More surgeons are performing a transhyoid
pharyngotomy as a means for surgical access to the orophar-
ynx.100,103 This approach provides wide exposure and avoids the
potential morbidity of lateral or paramedian mandibular
osteotomy. Steiner et al. have popularized transoral laser
microsurgery, which represents a recent innovation in the
treatment of tongue base cancers.104 This organ-preserving
resection has exceptional functional and oncologic results for
early-stage tongue base cancers. In addition, most surgeons
would perform staging-selective neck dissection(s) for these
lesions.

Hypopharynx Early-stage cancers of the piriform sinus,
posterior pharyngeal wall, and postcricoid areas are fairly rare.
Even small lesions often present with cervical and/or distant
metastatic disease.105 Although radiation offers similar sur-
vival rates for T1–T2 lesions, proponents of surgical therapy
believe that salvage surgery for radiation failures yields
dismal results. In addition, surgeons found that patients who
underwent larger resections (laryngectomy or pharyngolaryn-
gectomy) had significantly better survival than those who
underwent partial pharyngectomy.106 Fortunately, surgeons
have pioneered resection and reconstructive techniques that
permit organ and function preservation.

Lesions of the posterior pharyngeal wall can be accessed
via a transhyoid pharyngotomy, resected with laryngeal
preservation, and functionally reconstructed with free 
tissue transfer.107 A technique called supracricoid hemilaryn-
gopharyngectomy has gained recognition as a means to
perform oncologically sound resection and tracheotomy
decannulation while preserving phonation and swallowing.108

Moreover, endoscopic laser microsurgery for piriform sinus
carcinomas has resulted in preservation of function and high
recurrence-free survival.109 These state-of-art methods chal-
lenge the historical dogma of laryngopharyngectomy and may
progress the standard of care for early-stage hypopharyngeal
carcinoma.

Larynx Both radiation and surgery offer high survival
rates for patients with early glottic and supraglottic carci-
noma. Treatment recommendations are based upon careful
radiologic and clinical staging, appropriate patient selection,
methods available to the radiation oncologist, and expertise
of the surgeon.

Glottis Endoscopic laser microresection has emerged as
an oncologically sound, cost-effective, and voice-preserving
modality for many patients with T1–T2 carcinoma of the
vocal cords, including the anterior commissure.110–114 The
use of the operating microscope enhances the surgeon’s detec-
tion of dysplastic versus normal wound architecture and ulti-
mately enables simultaneous staging and definitive treatment
in one setting. The neck is typically observed in early glottic
cancers, due to the sparse lymphatics draining this region.
Vertical hemilaryngectomy remains a viable option for
selected patients, but unlike laser resection, requires laryn-
geal framework disassembly and reconstruction. More sur-
geons are reserving hemilaryngectomy for local radiation
failures.

Supraglottis Supraglottic laryngectomy is the time-
honored method for controlling early cancers of the supra-
glottic structures.115,116 Temporary pulmonary aspiration
frequently results from this voice-sparing surgery. Therefore,
patients must preoperatively demonstrate adequate pul-
monary reserve. Transoral laser resection limits much of the
morbidity of open/transcervical surgery and is evolving 
into an important technique that provides oncologic, 
functional, and cost-effective results.117 Unlike the glottic
larynx, the supraglottic structures have rich, bilateral 
lymphatic drainage, which dictates bilateral selective neck
dissections.

INTERMEDIATE STAGE

Intermediate-stage tumors usually consist of stage III tumors
and selected stage II malignancies, such as those arising from
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the base of the tongue or pyriform sinus. The term charac-
terizes malignancies that are too advanced to be readily
curable by a single-modality therapy such as surgery or radi-
ation therapy yet carry a more-favorable prognosis than stage
IV (M0) cancers, with cure rates ranging from 40% to 60%.
Historically, treatment for this group of patients has consisted
of surgery with postoperative radiation therapy.

The use of postoperative concurrent chemoradiotherapy
has been of more interest. Initial pilot studies combining
surgery with postoperative radiation and simultaneous cis-
platin chemotherapy were promising. Recently, two large 
randomized trials investigating postoperative concurrent
chemoradiotherapy have been reported. First was a trial con-
ducted by the EORTC that compared postoperative radiation
therapy with postoperative radiation (66Gy) given with con-
current cisplatin administered 100mg/m2 on days 1, 22, and
43.118 Eligible patients included “high-risk” resected patients
defined by pathologic criteria such as positive surgical
margins, involvement of two or more cervical lymph nodes,
or extracapsular spread. The results of this trial were favor-
able and supported the administration of concomitant
chemoradiotherapy. Progression-free survival (47% versus
36%; P = 0.04) and overall survival (53% versus 40%; P = 0.02)
at 5 years were significantly in favor of the chemoradiother-
apy arm. This result was attributed to the effect of combined
treatment on locoregional control with 5-year locoregional
relapse rates of 31% for radiotherapy and 18% for chemora-
diotherapy (P = 0.007). A similar trial was conducted by the
RTOG, comparing postoperative radiotherapy to 60Gy with
or without three doses of cisplatin on days 21, 42, and 63.119

Again, locoregional control was improved with combination
therapy (82% versus 72% at 2 years; P = 0.01). In addition,
disease-free survival (hazard ratio, 0.78; P = 0.04), but not
overall survival (hazard ratio, 0.84; P = 0.19), was also
improved. With two positive trials showing similar findings,
it can be argued that the combined evidence of these studies
supports the administration of concomitant chemoradiother-
apy in the postoperative setting.

Another recent randomized study with a focus on inter-
mediate-state disease was the Larynx Intergroup Trial.120

This trial followed up on the previous observations in the 
Veterans Administration laryngeal preservation trial that had
compared surgery and postoperative radiotherapy with three
cycles of induction chemotherapy followed by radiotherapy
and surgical salvage.121 That trial showed no difference in sur-
vival in patients treated on either arm of the study but con-
firmed a larynx preservation rate of 64% in patients receiving
chemotherapy. Subsequently, the Intergroup conducted a
three-arm trial comparing the induction chemotherapy arm
as defined by the VA Larynx Trial with either radiation alone
or radiotherapy with concomitant cisplatin.120 Eligible
patients included those with stage III and IV laryngeal cancer.
However, patients with advanced T4 lesions characterized by
invasion of the thyroid cartilage were excluded. Thus, this
trial can be considered as applying to intermediate-stage
patients. There was no difference in survival between the
three arms. However, the larynx preservation rate was
highest (85%) in patients receiving concurrent chemoradio-
therapy. Similarly the proportion of patients alive with a
functioning larynx was highest on the concurrent chemo-
radiotherapy arm (45% at 5 years versus 41% for patients
treated with induction chemotherapy and 37% for the radio-

therapy-alone group). Thus, concomitant chemoradiotherapy
(with surgical salvage for patients with residual disease fol-
lowing completion of therapy or with later local recurrence)
is the current standard therapy for patients with intermedi-
ate-stage larynx cancer.

Finally, pilot trials investigating concomitant chemora-
diotherapy with surgical salvage for a broad group of patients
with stages II and III head and neck cancer have been con-
ducted. Haraf et al. from the University of Chicago reported
on a Phase II trial in which patients received concurrent
chemoradiotherapy utilizing fluorouracil (5-FU) and 
hydroxyurea administered with concurrent hyperfractionated
radiation therapy every other week.122 In this phase II trial,
the 5-year disease-specific survival was 82%, with 86% of
patients achieving long-term locoregional control, whereas
the overall 3- and 5-year survival rates were 74% and 65%,
respectively. These data suggested that concurrent chemora-
diotherapy is a highly efficacious approach for intermediate-
stage head and neck cancer and, similar to the
aforementioned larynx Intergroup trial, suggest that most
patients do not need to be exposed to a surgical approach as
a first treatment option.

LOCALLY ADVANCED HEAD AND NECK CANCER

Patients with locoregionally advanced head and neck cancer
have traditionally been treated with surgery and PORT or
radiotherapy alone for patients with unresectable disease. As
overall survival rates following this approach were low and
significant functional and psychologic sequelae frequent,
combined modality therapies have been investigated. Ini-
tially, strategies focused on the use of induction chemother-
apy. Although regimens such as the combination of cisplatin
and 5-FU were shown to be active, resulting in overall
response rates exceeding 80% and complete response rates 
of approximately 50%,121,123 most subsequent randomized
trials demonstrated no significant effect on survival.87 Meta-
analyses evaluating the impact of chemotherapy on survival
rates of advanced head and neck cancer also suggested no
benefit from the use of induction chemotherapy.124 Only an
analysis of those trials specifically utilizing the combination
of cisplatin and 5-FU suggested a small impact of approxi-
mately 5% on 5-year survival rates. However, despite the pos-
itive impact of induction therapy on distant failure, at this
time there is no convincing evidence justifying the use of
induction chemotherapy outside of a well-designed clinical
trial in patients with SCCHN.

At the same time, several trials were initiated investigat-
ing the concurrent administration of chemotherapy and radi-
ation. Because many patients with head and neck cancer fail
locoregionally, the radiosensitizing effects of chemotherapy
appear of particular importance. Early trials utilized single
agents such as methotrexate,125 bleomycin,126 mitomycin-
C,127 or cisplatin128 and were usually conducted in patients
with unresectable disease. Many of these trials were in them-
selves inconclusive. However, a meta-analysis confirmed an
8% increase in absolute 5-year overall survival rate favoring
concurrent chemoradiotherapy compared with radiotherapy
alone.124 This finding suggested that, for unresectable disease
at least, concurrent chemoradiotherapy might be a more suc-
cessful approach.

In recent years, several larger randomized trials compar-
ing multiagent concurrent chemoradiotherapy (such as cis-
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platin and 5-FU) with radiation therapy alone have confirmed
this prior observation.87 Studies conducted both in the United
States and Europe have demonstrated an increase of up to
20% in 3-year absolute survival rates for patients treated on
the concurrent chemoradiotherapy arm.

Additional trials have utilized concurrent chemoradio-
therapy as a definitive treatment strategy hoping for organ
preservation in addition to increasing survival rates. Pilot
trials conducted by the RTOG,129 investigators at the Uni-
versity of Chicago,130,131 and the Cleveland Clinic132 have all
suggested that high survival rates exceeding 50% can be
achieved for patients with locoregionally advanced disease
even when omitting surgery. For example, a study at the Uni-
versity of Chicago treating patients with a combination of
paclitaxel, 5-fluorouracil, hydroxyurea, and twice-daily radi-
ation therapy administered every other week, to a total radi-
ation dose of 75Gy, demonstrated a 3-year survival rate of
60% in patients with stage IV regionally advanced disease.131

Of note, when evaluating the pattern of failure in patients
with regionally advanced disease treated with concurrent
chemoradiotherapy alone, it became clear that a higher pro-
portion of patients were failing distantly than were failing
locally. This finding represents a reversal of the failure pattern
observed in patients treated with surgery and/or radiotherapy
and has led to recent interest in studies combining both
induction chemotherapy (for better distant disease control)
and concurrent chemoradiotherapy (for improved locore-
gional control). Pilot trials from the University of
Chicago133,134 as well as the University of Pennsylvania135 have
indicated that this approach is feasible and highly active.
Randomized evaluation of the use of induction chemother-
apy with concurrent chemoradiotherapy is planned for the
near future.

SURGERY AND RECONSTRUCTION IN THE PATIENT WHO HAS

UNDERGONE MULTIMODALITY THERAPY

The goals of multimodality strategies for patients with
advanced head and neck cancer encompass organ preservation
through less-radical surgery and improved survival. As multi-
modality organ preservation strategies are becoming more
successful, the role of surgery is being redefined. Individual-
ized treatment, with attention to important perioperative
factors and utilization of vascularized tissue, is critical. These
treatment approaches may help prevent surgical complica-
tions as well as help resolve the complications of multi-
modality therapy for these challenging patients. It is a general
dogma held by most surgeons that performing surgery upon
a patient who has previously undergone radiation or chemora-
diation (CRT) is a challenging task. The surgery may not only
be technically difficult but may be associated with a higher
incidence of complications such as wound healing problems
and infection.

Type of Neck Dissection The patient should undergo
biopsy of the primary tumor site with frozen-section patho-
logic analysis. If the biopsy is negative for carcinoma, a selec-
tive neck dissection is completed at the same sitting as the
biopsy. If the biopsy is indeterminate or positive, neck dissec-
tion is deferred until permanent pathology is available. In this
manner, the primary tumor site and the neck may be operated
at the same time if there is viable cancer at the primary site.
The patient is consented to reflect these scenarios.

The selective type of dissection preserves the sternoclei-
domastoid muscle (SCM), internal jugular vein, and accessory
nerve.136 A supraomohyoid (levels 1–3) or lateral (levels 2–4)
neck dissection is most often performed. If the SCM must 
be sacrificed (e.g., for gross tumor in SCM in salvage neck 
dissection), one should strongly consider placement of a 
pectoralis myofascial flap (PMMF) for vessel coverage and to
provide the patient with a more aesthetic neck contour.137

These flaps are straightforward, efficient to elevate, and can
prevent the potentially catastrophic complication of carotid
exposure and rupture.

Primary Site Recurrence In general, resection of primary
site recurrences transgress the pharyngeal barrier and are
prone to fistula and wound breakdown. Use of vascularized
tissue and prolonged use of large suction drains has improved
our wound management strategies.138

Larynx It is imperative that a patient requiring laryngec-
tomy be evaluated by the Speech and Swallowing Pathologist
before surgery. Patients who require laryngectomies for recur-
rence also undergo bilateral selective neck dissections if feasi-
ble and undergo G-tube placement before or at the same sitting
as the laryngectomy. A Provox or other tracheoesophageal
prosthesis is placed.139 A “prophylactic” PMMF is placed over
the suture line to prevent fistula and/or to hasten healing if a
fistula should form. For laryngectomy defects that require
resection of a large portion of pharynx (leaving 2cm or less of
pharyngeal wall), one should also consider use of free radial
forearm. Large-bore drains are placed and remain for 10 days
to 3 weeks to manage potential fistulas.

Tongue Hemitongue defects can be managed with radial
forearm flap reconstruction.140 The more-radical total glos-
sectomy defects are better managed with the more bulky
rectus free flap.141 One should strongly consider laryngeal
preservation in the young motivated patient with adequate
pulmonary reserve. The bulk of the rectus flap allows control
of oral secretions as well as understandable speech.

Composite Defects Patients who are edentulous and
who have low-volume posterolateral jaw defects without 
significant soft tissue loss may heal and function well 
with PMMF. The bulk of the PMMF will prevent significant
“drift” of this nonreconstructed edentulous mandible.
Mandible–floor of mouth–tongue defects in the chemoradi-
ated patient are best managed with vascularized bone flaps
such as the fibula free flap with or without a radial forearm
free flap. Often, external as well as internal coverage is pro-
vided with the fibula flap alone. A portion of the skin paddle
is deepithelialized so that vascularized skin bridges both
intraoral and skin defects.

RECURRENT OR METASTATIC DISEASE

Patients who fail therapy or present with metastatic disease
are usually treated with palliative intent to preserve comfort
and quality of life. Notwithstanding, there are occasional
patients with only local recurrence who can be offered surgi-
cal salvage (see foregoing discussion). Reports of case series
have suggested 15% long-term survival in these selected
patients. Nevertheless, for the majority of patients with
recurrent disease or for those with metastatic foci, the main-
stay of treatment is systemic chemotherapy. These patients
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have expected median survivals of 6 to 8 months and 1-year
survival rates of 20% to 30%.87

Randomized clinical trials would suggest that combina-
tion chemotherapy with two agents, compared with single
agents, yields superior response rates in the range of 30% to
40% (Table 36.3). However, combination chemotherapy has
not proven superior with respect to overall survival compared
to single agents and has never been tested against best sup-
portive care. Despite this, it is common practice to treat
patients in this setting with combination chemotherapy,
usually consisting of cisplatin with 5-FU or a taxane. In the
only randomized trials comparing cisplatin with carboplatin,
the agents were combined with 5-FU, revealing an improved
response rate in the cisplatin-treated patients.89,90 The possi-
ble superiority of cisplatin, however, must be tempered by its
toxicity, and carboplatin continues to be commonly admin-
istered, especially with a taxane.

The lack of a demonstrated survival advantage to cyto-
toxic chemotherapy and the poor survival of these patients
have opened the door to testing targeted agents in this disease.
The first class of agents to undergo testing in this setting is
the EGFR inhibitors. The agents in clinical use include two
small molecule inhibitors, gefitinib and erlotinib, and a mon-
oclonal antibody, cetuximab. Both gefitinib and erlotinib have
been tested in the Phase II setting, demonstrating 11%142 and
4%143 response rates, respectively. Cetuximab has undergone
testing in a Phase III trial in combination with cisplatin com-
pared to placebo.144 This trial, enrolling 123 patients, revealed
an improved response rate in the cisplatin/cetuximab arm,
but no differences were observed in progression-free survival,
the primary endpoint, or overall survival.

Chemoprevention

The concept of chemoprevention asserts that medical therapy
has the ability to interrupt or delay the progression of pre-
malignant lesions. The rationale behind chemoprevention
strategies applied in SCCHN is based on knowledge of fun-
damental molecular derangements in its carcinogenesis (see
foregoing), the ability to identify a group of patients at rela-
tively high risk of developing cancer, and lesions that are clin-
ically apparent (oral leukoplakia or erythroplakia). Although
it is clear that the majority of leukoplastic and erythroplastic
lesions do not progress to malignancy and that histology is a
poor predictor of outcome,145 this model has been the most
commonly employed in early pilot trials. Recent work sug-
gests that molecular markers such as aneuploidy are much
better prognostic markers.49–51

The retinoic acid receptor (RAR) has been a subject of
intensive research in chemoprevention as stimulation of the
receptor is an integral part of mucosal differentiation and
influences expression of several other key genes. Further-
more, RAR-b expression is reduced in premalignant lesions
and can be restored by retinoic acid (RA) therapy
(isotretinoin).146 Early randomized trials employing high-dose
13-cis RA demonstrated efficacy in reversing premalignant
lesions or fewer second malignancies147,148; however, this
therapy was associated with unacceptable mucocutaneous
toxicity and relapses once therapy was discontinued. Thus
far, low-dose RA therapy, although tolerable, has not been
efficacious.149,150 A strategy of combination “bioadjuvant”
therapy combining interferon-a, a-tocopherol, and 13-cis RA
has shown promising results151,152 and is currently being eval-
uated in a Phase III trial versus observation alone in stage III
or IV patients with previously treated SCCHN.

More-recent chemopreventative approaches have
employed virally delivered gene therapy,153 cyclooxygenase 2
COX-2 inhibition,154 and Bowan–Birk inhibitor concen-
trate.155 Clearly, future success in this area will hinge on
improved definition of high-risk molecular markers and an
understanding of the molecular mechanism of action of any
therapy. In addition, it will be necessary for any agent to
either possess the ability to eliminate the genetically altered
clones or be administered for prolonged periods of time to 
otherwise healthy individuals.

Nasopharyngeal Carcinoma

Nasopharyngeal carcinoma (NPC) is a well-defined subset of
head and neck cancer that requires separate discussion with
respect to its pathology, epidemiology, and treatment options.
Etiologically, nasopharyngeal cancer is linked to Epstein–Barr
virus (EBV) exposure. Evidence of persistent EBV latency in
nasopharyngeal cancer cells is present in the majority of
cases.156 Patients with nasopharyngeal cancer are also known
to have high EBV antibody titers, which appear to correlate
with tumor burden.157 Measurement of serum EBV DNA has
been used to predict clinical treatment outcome.158 Addi-
tional factors contributing to carcinogenesis in the nasophar-
ynx have been implied, such as high-temperature indoor
cooking, consumption of salted preserved fish,159 or, in the
United States and Western Europe, more traditional risk
factors including smoking and alcohol exposure.

The epidemiology of NPC is highly distinct from that 
of other head and neck cancers. The disease occurs in 
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TABLE 36.3. Randomized trials in recurrent and/or metastatic
SCCHN.

Regimens RR (%) Reference

CDDP/5-FU 11 187
CDDP/MTX 12
MTX 6
CDDP 14
CDDP/5-FU 32 188
CDDP 17
5-FU 13
CDDP/5-FU 32 90
CBDCA/5-FU 21
MTX 10
CDDP/MTX/BLEO/VCR 34 189
CDDP/5-FU 31
CDDP 15
CDDP/5-FU/IFN-a2b 47 202
CDDP/5-FU 38
CDDP/PAC (high dose) 35 203
CDDP/PAC (low dose) 36
CDDP/5-FU 22 204
CDDP/PAC 28

CDDP = cisplatin CBDCA = carboplatin IFN-a2b = interferon a2b

5-FU = 5-fluorouracil BLEO = bleomycin PAC = paclitaxel

MTX = methotrexate VCR = vincristine



an endemic form in the Far East and the Mediterranean 
countries.160 In addition, clustering in families has been
observed.161,162 These observations suggest the presence of
genetic susceptibility as a cofactor with latent EBV infection
as well as additional aforementioned factors.

The pathology of NPC has been defined by the World
Health Organization.163 Generally, three types of malignancy
are identified; these include the most frequent undifferenti-
ated form of NPC (type III) frequently also referred to as 
lymphoepithelioma. This is the form associated with the
endemicity. Types I and II represent less-common forms of ker-
atinizing (type I) and nonkeratinizing (type II) squamous cell
cancers. Lymphomas and plasmacytomas are also observed.

Clinical Presentation

The clinical presentation of NPC can be quite succinct.
Patients can present with epistaxis, stuffy nose, uni- or bilat-
eral otitis media caused by blockage of the eustachian tube,
or headaches and visual problems related to skull base inva-
sion or cranial nerve involvement. Because of the rich perfu-
sion of the nasopharynx by lymphatic and blood vessels, early
spread to lymph nodes is frequently seen. As a consequence,
patients can present with massive bilateral lymphadenopathy
including lymph nodes in the posterior cervical chains.164

Similarly, systemic dissemination to lungs, bones, and liver
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TABLE 36.4. Definition of nasopharyngeal cancer (NPC) TNM.

Tumor
T1 Tumor confined to the nasopharynx
T2 Tumor extends to soft tissues
T2a Tumor extends to the oropharynx and/or nasal cavity 

without parapharyngeal extensiona

T2b Any tumor with parapharyngeal extensiona

T3 Tumor involves bony structures and/or paranasal sinuses
T4 Tumor with intracranial extension and/or involvement of 

cranial nerves, infratemporal fossa, hypopharynx, orbit, or 
masticator space

Regional lymph nodes
NX Regional lymph nodes cannot be assessed
N0 No regional lymph node metastasis
N1 Unilateral metastasis in lymph node(s), 6cm or less in 

greatest dimension, above the supraclavicular fossab

N2 Bilateral metastasis in lymph node(s), 6cm or less in 
greatest dimension, above the supraclavicular fossab

N3 Metastasis in a lymph node(s)b more than 6cm and/or to
supraclavicular fossa

N3a Greater than 6cm in dimension
N3b Extension to the supraclavicular fossac

a Parapharyngeal extension denotes posterolateral infiltration of tumor beyond
the pharyngobasilar fascia.
b Midline nodes are considered ipsilateral nodes.
c Supraclavicular zone or fossa is relevant to the staging of nasopharyngeal car-
cinoma and is the triangular region originally described by Ho. It is defined by
three points: (1) the superior margin of the sternal end of the clavicle, (2) the
superior margin of the lateral end of the clavicle, and (3) the point where 
the neck meets the shoulder. Note that this would include caudal portions of
levels IV and V. All cases with lymph nodes (whole or part) in the fossa are 
considered N3b.

Source: Used with the permission of the American Joint
Committee on Cancer (AJCC), Chicago, Illinois. The original
source for this material is the AJCC Cancer Staging Manual, sixth
edition (2002), published by Springer-Verlag New York,
www.springer-ny.com.

TABLE 36.5. Stage grouping of NPC.

Stage T N M

Stage 0 Tis N0 M0
Stage I T1 N0 M0
Stage IIA T2a N0 M0
Stage IIB T1 N1 M0

T2 N1 M0
T2a N1 M0
T2b N0 M0
T2b N1 M0

Stage III T1 N2 M0
T2a N2 M0
T2b N2 M0
T2b N2 M0
T3 N0 M0
T3 N1 M0
T3 N2 M0

Stage IVA T4 N0 M0
T4 N1 M0
T4 N2 M0

Stage IVB Any T N3 M0
Stage IVC Any T Any N M1

Source: Used with the permission of the American Joint Committee on Cancer
(AJCC), Chicago, Illinois. The original source for this material is the AJCC
Cancer Staging Manual, sixth edition (2002), published by Springer-Verlag New
York, www.springer-ny.com.

occurs more frequently and earlier than seen in other malig-
nancies arising from head and neck mucosal tissues.164

The staging of NPC also differs from that of the other head
and neck malignancies. Criteria for T stage are displayed in
Tables 36.4 and 36.5. Similarly, the staging of lymph node
involvement is different from that of other head and neck
malignancies. In particular, the specific location of involved
lymph nodes in the neck area plays a more important part.
Involvement of low cervical or supraclavicular lymph nodes
has clearly been identified as negative prognostic factors. The
definition of lymph node staging and TNM classification for
overall stage classification are shown in Table 36.5.

Therapy

The therapy of nasopharyngeal cancer has largely been
defined by randomized trials conducted exclusively in
patients with this disease. Many of these originate in Europe
and the Far East, consistent with the higher incidence in
those regions. As a rule, NPC is considered unresectable, and
as a consequence the primary treatment modality has been
radiotherapy. Single-modality radiotherapy can be curative,
particularly when administered in high doses. Combined
modality therapies have been evaluated.165,166 In the United
States, a randomized trial investigated the use of concomitant
cisplatin followed by two cycles of adjuvant cisplatin and 5-
FU.165 It demonstrated a clear superiority in survival when
compared with radiation therapy alone (3-year survival, 47%
versus 78%; P = 0.005). This trial, Intergroup 0099, included
a histologic mix of World Health Organization (WHO) types
I, II, and III patients. In addition, the control arm of patients
treated with radiotherapy alone did quite poorly. It has there-
fore been questioned whether these results could be applied
to NPC in endemic areas. However, because NPC is rare in
this country and the combined modality arm resulted in a sig-
nificant survival advantage, it has been considered to provide
sufficient evidence to adopt concurrent chemoradiotherapy as



a current standard. Concomitant chemoradiotherapy has also
been shown to be of benefit in meta-analyses.167

Studies conducted in the Far East have been less conclu-
sive. However, at least one study from Taiwan demonstrated
an advantage for the concurrent administration of chemo-
radiotherapy with respect to progression-free and overall 
survival.166 Another study, by Chan et al., showed a trend
favoring concurrent chemoradiotherapy for progression-free
survival that was statistically significant in patients with T3
and T4 disease.168

Investigations of sequential combined modality therapy
(induction or adjuvant chemotherapy) have not succeeded 
at increasing survival rates in randomized settings,169,170

although decreased systemic and local failure rates have been
demonstrated.171 It has been argued that induction
chemotherapy can reasonably be offered to patients with very
bulky primary tumors extending into the brain or in close
proximity to the optic chiasm and/or brainstem. Given the
sensitivity of these structures to high-dose radiation, such
tumors would not be readily amenable to curative intent
radiotherapy. Initial tumor shrinkage with chemotherapy
thus might benefit overall treatment outcomes in these cases.

Parotid Malignancies

The majority of parotid neoplasms are benign, have a pre-
dictable clinical course, and are treated successfully with
superficial or partial parotidectomy. Parotid malignancies, on
the other hand, are variable in clinical behavior. Accurate
pathologic diagnosis has critical implications for appropriate
surgical and postoperative therapy.

Pathology

Pathologists have classified salivary gland malignancies into
two groups, based on the historical correlation of histopathol-
ogy with biologic/clinical behavior.172 Low-grade malignan-
cies include low-grade mucoepidermoid carcinoma and acinic
cell carcinoma. High-grade malignancies consist of high-
grade mucoepidermoid carcinoma, adenoid cystic carcinoma,
adenocarcinoma, squamous cell carcinoma, carcinoma ex-
pleomorphic adenoma, and the rare malignant mixed tumor.
Mucoepidermoid carcinomas are the most common parotid
gland malignancies.

Occult cervical nodal disease is frequently seen in high-
grade malignancies. Other predictors of nodal involvement
are facial nerve involvement, extraglandular tumor extension,
T stage, and severe desmoplasia.173–175 In fact, the absence of
histopathologic adenopathy has been found to be the major
predictor of disease-free survival.174

Diagnosis

Patients commonly present with an asymptomatic mass in the
preauricular or mandibular angle regions. Rapid growth in a
long-standing parotid mass is a classic sign of carcinoma 
ex-pleomorphic adenoma. Pain has been considered by some
to be more frequently associated with malignancy.172 Paresis
or paralysis of facial nerve branches or palpable lym-
phadenopathy represent indisputable signs of malignancy. The
clinician should perform a careful head and neck history and

examination for these and other symptoms and signs. The
parotid gland holds the first-echelon nodes for the surround-
ing scalp and auricular carcinomas. Therefore, a history of skin
malignancy in the periparotid region dictates a thorough exam-
ination for detection of metastatic disease to the parotid gland.

Testing and Staging

Although not uniformly utilized, many surgeons have found
that fine-needle aspiration of the parotid mass is a very useful
diagnostic adjunct.176 Preoperative recognition of malignancy
facilitates therapeutic planning and helps prepare both the
surgeon and patient for the planned procedures. CT scans are
also useful in determining subclinical or metastatic disease.177

Primary parotid malignancies are staged as shown in Table
36.6.178

Treatment

Low-grade T1–T2 malignancies (acinic cell and low-grade
mucoepidermoid carcinoma) are sufficiently treated by per-
forming nerve-sparing parotidectomy with clear margins. No
adjuvant therapy is indicated because of the indolent biologic
and clinical behavior of these neoplasms. All high-grade 
and larger low-grade malignancies are treated with total
parotidectomy and dissection of node-positive necks. Sur-
geons should strongly consider performing selective poste-
rior-lateral (levels II–V) neck dissection for high-grade tumors
because of the high incidence of occult metastatic disease.
Postoperative radiation and/or chemotherapy may improve
survival.174

Electromyogram (EMG)-based continuous intraoperative
facial nerve monitoring is utilized by many surgeons but is
not considered the standard of care. Temporary nerve weak-
ness was found to be decreased in monitored cases versus
unmonitored parotid surgeries. However, the incidence of
permanent paralysis (4% or less) is similar.179,180 The facial
nerve is preserved unless directly involved with tumor. Inten-
tional or inadvertent transection of nerve branches dictates
immediate intraoperative neurorrhaphy. There are numerous
cervical sensory nerves that can be harvested individually or
as a plexus. Composite facial nerve trunk grafting of cervical
plexus to individual distal branches will provide tone and
even voluntary facial movement over 12 to 18 months.181
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TABLE 36.6. Staging of parotid gland.

TX Primary tumor cannot be assessed
T0 No evidence of primary tumor
T1 Tumor 2cm or less in greatest dimension without 

extraparenchymal extension
T2 Tumor more than 2cm but not more than 4cm without 

extraparenchymal extension
T3 Tumor more than 4cm and/or having extraparenchymal 

extension
T4a Tumor invades skin, mandible, ear canal, and/or facial 

nerve
T4b Tumor invades skull base, pterygoid plates, or encases 

carotid artery

Source: Used with the permission of the American Joint Committee on Cancer
(AJCC), Chicago, Illinois. The original source for this material is the AJCC
Cancer Staging Manual, sixth edition (2002), published by Springer-Verlag New
York, www.springer-ny.com.



Frey’s syndrome (gustatory sweating) can be prevented 
by placing acellular dermis between the parotid defect and the
external skin.182 In addition, symptomatic postoperative
Frey’s syndrome is treated successfully with botulinum
toxin.183–186 Many patients with parotid malignancy receive
postoperative radiotherapy, virtually eliminating the chance
of gustatory sweating. If patients are expected to endure 
long-term paralysis, strong consideration should be given to
surgical rehabilitation. Gold weight implantation, lower lid
shortening, temporalis muscle transfer (to oral commissure),
and lip-switch operations all provide cosmetic facial 
symmetry.
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Etiology

Lung cancer is the leading cause of cancer death in the United
States and throughout the world.1 In the United States, the
manufactured cigarette emerged as the tobacco product of
choice shortly after the turn of the 20th century. Lung cancer
surfaced after years of inhalation of cigarette smoke, first
among men and then among women. From 1995 to 1999, 
cigarette smoking and exposure to environmental tobacco
smoke (ETS) accounted for approximately 160,000 annual
deaths in the United States. Each year, 127,813 Americans die
from smoking-attributable lung cancer deaths.

Smoking

Active Cigarette Smoking

Worldwide, approximately 4 million people die annually 
of tobacco-attributable diseases; the number of tobacco-
attributable deaths is projected to rise to 8.4 million by 2020.
China, with 20% of the world’s population, smokes 30% of
the world’s cigarettes. Men smoke more than women, and the
proportion of male deaths at ages 35 to 69 years attributable
to tobacco has been predicted to rise over the next few
decades from 13% (in 1988) to about 33%.2 In Hong Kong,
cigarette consumption reached its peak 20 years earlier than
in mainland China. In the general population of Hong Kong,
in 1988, tobacco caused about 33% of all male deaths at ages
35 to 69, plus 5% of all female deaths, and hence 25% of all
deaths at these ages.2

A highly significant trend of increasing lung cancer mor-
tality has been observed with increasing cigarette consump-
tion. Smoking was considered causally related to cancers of
the trachea, lung and bronchus, larynx, and lip by the first
Surgeon General’s Report in 1964.3 In studies conducted
through the 1960s, cigarette smoking was strongly associated
with squamous and small cell cancers of the lung, but less so
with adenocarcinoma. However, during the past two decades,
there has been a noticeable shift in lung cancer histology pat-
terns. The relative frequency of squamous cell carcinoma has
decreased, whereas that of adenocarcinomas, often of periph-
eral origin, is clearly increasing. This shift has been attributed
to changing cigarette design, in which filters removed much
of the tar from inhaled tobacco smoke. The tar fraction con-
tains most of the polycyclic aromatic hydrocarbons (PAH),
including numerous carcinogens known to produce squa-
mous cell lung cancer in animals. However, filters also retain

some nicotine. As the use of filtered cigarettes has become
predominant, smokers have inhaled more deeply and have
retained smoke longer in the deep lung to satisfy nicotine
craving.4

The mainstream smoke emerging from the mouthpiece of
a cigarette is an aerosol containing about 1,010 particles/mL
and 4,800 compounds. Experimentally, vapor-phase compo-
nents of the smoke can be separated from the particulate
phase by a glass fiber filter. The vapor-phase comprises more
than 90% of the mainstream smoke weight. Potentially car-
cinogenic vapor-phase compounds include nitrogen oxides,
isoprene, butadiene (BD), benzene, styrene, formaldehyde,
acetaldehyde, acrolein, and furan. The particulate phase con-
tains at least 3,500 compounds and many carcinogens includ-
ing PAH, N-nitrosamines, aromatic amines, and metals.5,6 A
key aspect of the link between cigarette smoke and lung
cancer is the chronic exposure of DNA to multiple metabol-
ically activated carcinogens, leading to multiple DNA
adducts and mutations (Figure 37.1).

PAH and other aromatics are also found in ambient and
indoor air and in the diet. PAH, a major class of carcinogens
present in ETS, leads to the formation of DNA adducts, which
cause mutagenic events involving chromosomal aberrations,
DNA strand breaks, oncogene activation, and tumor sup-
pressor gene inactivation. Several epidemiologic and experi-
mental studies have shown a good correlation between PAH
and aromatic DNA adducts in blood and lung tissue from the
same subjects. Genetic susceptibility plays an important role
in the risk of developing lung cancer, and at present there are
multiple biomarker assays to predict exposure risk7 (Table
37.1).

Passive Smoking/Environmental Tobacco Smoke

Active cigarette smoking, passive smoking, various occupa-
tional exposures, and carcinogens in heavily polluted air 
are causally related to lung cancer. Environmental tobacco
smoke (ETS) is a form of indoor air pollution resulting from
the mixture of sidestream smoke, emitted from the smolder-
ing of the distal part of the cigarette in between puff drawing,
and the portion of mainstream smoke that is released into
ambient air by actively smoking individuals. Most epidemi-
ologic studies support the view that exposure to ETS involves
a carcinogenic risk to humans. In rats treated with very high
doses of a mixture of sidestream smoke and mainstream
smoke, mimicking exposure to ETS, the formation of DNA
adducts was observed in different organs and tissues.8 The
poor persistence of smoke-related adducts in the lung sug-
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gests that a continuative exposure is needed for fixation of
DNA damage. It has been demonstrated that spending an
average period of 3 hours in a smoky pub results in a consid-
erably high exposure to carcinogenic ETS.

In one study, the mean ambient air concentration of
benzo[a]pyrene, a widely known representative of carcino-
genic PAH, was 6.3ng/m3. The mean concentrations of this
compound in smoking and nonsmoking homes were 1.0 and
0.4ng/m3, respectively. The values in commercial buildings
were 1.07ng/m3 for smoking zones and 0.39ng/m3 for 
nonsmoking zones. In the ambient air of Silesia, Poland, a
highly polluted industrial city, the mean concentrations of
benzo[a]pyrene were 60 to 90ng/m3 in winter and 5 to 
20mg/m3 in summer.9

Significantly, formation of DNA adducts was observed in
the induced sputum of 3 of 15 healthy nonsmokers conse-
quent to ETS exposure, establishing a plausible link between
ETS and lung cancer.9 The hypothesis that ETS is more potent

than mainstream tobacco smoke as a lung carcinogen is sup-
ported by observations that cigarette sidestream smoke con-
densate is more carcinogenic in skin painting studies than
full-smoke condensate. ETS-induced lung tumor risk in A/J
mice occurs by a predominantly genotoxic mechanism of
action, which may be suppressed partially by sustained high-
level ETS exposure.

Trends in Lung Cancer Risk After
Smoking Cessation

In both men and women, the age-related increase in lung
cancer risk is lowest in people who have never smoked, inter-
mediate in those who have quit at various ages, and highest
in those who continue smoking. Among former smokers, the
age-related increase is smaller the earlier the age of quitting.3

Widespread cessation of smoking in the United Kingdom has
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FIGURE 37.1. Genotoxicity of tobacco smoke.

TABLE 37.1. Classification and examples of biomarkers for lung cancer.

Category Examples

External exposure Questionnaire data, Federal Trade Commission (FTC) yield
Biomarker of exposure Polycyclic aromatic hydrocarbon in lung tissue

Urinary measurement of tobacco constituent or metabolite, exhaled CO; carboxyhemoglobin, urinary
mutagenicity

Biologically effective dose Carcinogen–DNA adducts in human lung tissue
Carcinogen–DNA hemoglobin adducts, chromosomal aberrations in cultured lymphocytes, lipid peroxidation

Biomarker of harm Changes in RNA or protein expression, somatic mutations and LOH in normally or abnormally appearing
tissue; change in methylation or gene control; mitochondrial mutations, mRNA expression arrays or
proteomics

Osteoporosis, hypertension, hyperplasia, dysplasia, lipids, blood coagulant pathways, mRNA expression arrays
or proteomics

Leukocytosis, hprt mutations, mRNA or protein expression via microarrays in cultured blood cells
Effect modifiers Genetic polymorphisms for genes involved in disease pathways

Enzyme induction of metabolizing enzymes

LOH, loss of heterozygosity.



approximately halved the lung cancer mortality that would
have been expected if former smokers had continued to
smoke.10 However, for some individuals, such as those of
advanced age and heavy smoking exposure, the risk of lung
cancer may exceed 10% within 10 years even if they stop
smoking.11 The risk for lung cancer is increased for both
current and former female smokers compared with female
nonsmokers and declines for former smokers with increasing
duration of abstinence.12

Occupational Exposure and Polluted Air

Workers in graphite-electrode manufacturing, as well as in
coke-oven plants, are exposed to PAH by inhalation of volatile
PAH and PAH bound to respiratory particulate matter. Mean
8-oxo-7,8-dihydro-2¢-deoxyguanosine in white blood cells of
exposed workers was between 1.38 and 2.15 times higher than
levels found in control samples. An alkaline single-cell gel
electrophoresis (Comet assay) was used to study DNA strand
breaks that were found in exposed workers. These bio-
markers may be appropriate for surveillance of workers
exposed to PAH13 (see Table 37.1).

Vehicles powered by diesel engines are a major source of
suspended particulate matter, which is a suspected cause 
of lung cancer and allergic respiratory disease, including
bronchial asthma. Diesel exhaust contains potent carcino-
gens and mutagens, such as PAH and nitrated PAH. PAH
released from diesel exhaust particulates also generate DNA
adducts that cause mutations in oncogenes and tumor sup-
pressor genes and act as initiators of carcinogenesis. DNA
adducts were identified in rats after both short-term (12
weeks) and long-term (30 months) exposure to diesel exhaust,
and the level of DNA adducts was shown to be higher in lung
tumor tissues than in normal tissues after chronic exposure.14

Formation of DNA adducts is catalyzed by CYP1A1 and
CYP1A2, which are inducible by PAH. CYPs oxidize PAH to
reactive electrophilic metabolites, which bind to DNA bases
to form DNA adducts. The level of cytochrome P-450 1A1
mRNA was shown by Northern blot analysis to be signifi-
cantly increased in the lungs of rats exposed to 6mg/m3 of
diesel exhaust.14

1,3-BD is a major commodity chemical used in the man-
ufacture of synthetic rubber and various plastics.15 Global
consumption of BD was 6.1 million metric tons in 1995, with
consumption expected to rise to more than 7.5 million metric
tons in the year 2000. BD is also a common air contaminant
found in auto emissions and cigarette smoke. It is a compo-
nent of automotive exhaust and of the vapor phase of envi-
ronmental smoke (~400mg/cigarette). BD is carcinogenic 
in rodent bioassays, and exposure of mice to BD at 20 parts
per million for 4 days induced mutations in spleen lympho-
cytes at the hypoxanthine-guanine phosphoribosyl trans-
ferase (HPRT) locus.

Coexposure to cadmium, cobalt, lead, and other heavy
metals occurs in many occupational settings, such as pigment
and batteries production, galvanization, and recycling of elec-
tric tools.16 The lifetime excess lung cancer risk for cadmium
fumes of 100mg/m3 was estimated to be approximately 50 to
111 lung cancer deaths per 1,000 workers exposed to
cadmium for 45 years. The principal mechanisms of cadmium
genotoxicity, mutagenicity, and carcinogenicity are genera-
tion of reactive oxygen species, inhibition of DNA repair,

depletion of glutathione, and possibly also suppression of
apoptosis.

Diet and Lung Cancer Risk

Numerous epidemiologic studies have demonstrated a pro-
tective effect of vegetable or fruit consumption on cancer
risk.17–22 Statistically significant inverse associations were
found with total vegetables and most vegetable groups in a
Netherlands study.17 The strongest effect was found for veg-
etables from the Brassica group (Brussels sprouts, cauliflower,
cabbage, kale). Based on the results, it was calculated that a
male current smoker who smoked 25 cigarettes per day for
40 years has a risk of lung cancer that is 18 times higher than
that of a never-smoker. By eating 286 g vegetables per day,
instead of 103 grams, he may reduce his risk by 29%.17 The
mechanisms underlying a cancer protection by fruit and veg-
etables are still uncertain. The possible protective compounds
in vegetables and fruits include a wide variety of phyto-
chemicals. Among them are the carotenoids, colorful com-
pounds that are abundant as pigments in plants. The main
carotenoids are a-carotene, b-carotene, lutein, zeaxanthin, b-
cryptoxanthin, and lycopene. They are potent quenchers of
free radicals, which are by-products of metabolic processes
originating from environmental pollutants such as cigarette
smoke.23

Blood levels of micronutrients and vitamins including
beta-carotene have been inversely correlated with lung cancer
risk.24 However, large intervention studies with b-carotene
supplementation found no clear protection against cancer or
cardiovascular disease, and two studies were terminated
because mortality or lung cancer incidence increased in the
supplemented group.25–27 Subsequent analyses suggested that
the deleterious effect might occur primarily among heavy
current smokers and/or alcohol drinkers and asbestos-
exposed subjects.28 It has been speculated that this represents
a pro-oxidant interaction effect of b-carotene with such expo-
sures or that it could be related to a high supplementation
dose and unnaturally high serum levels.

Lung Cancer Susceptibility

Gender

It has been stated that females are more susceptible than
males to tobacco carcinogenesis. Activation of gastrin-
releasing peptide receptor (GRPR) in airways has been related
to a proliferative response of bronchial cells to gastrin-
releasing peptide and to long-term tobacco exposure. The
GRPR gene is located on the X chromosome and escapes X-
chromosome inactivation, which occurs in females. GRPR
mRNA expression was detected in airway cells and tissues of
more female than male nonsmokers and short-term smokers.
Female smokers showed expression of GRPR mRNA at a
lower mean pack-year (number of packs of cigarettes smoked
per day multiplied by number of years of smoking) exposure
than male smokers. These findings indicate that women may
have a higher risk of developing lung cancer than men.29

However, in a different study, the risk of lung cancer was
comparable in women and men.30

Estrogen and progesterone receptors have been found to
be present in resected lung cancers, regardless of the sex of
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the patient, although a female patient with squamous cell car-
cinoma showed an estrogen receptor level of 301fmol/mg.31

Catechol estrogens may act as carcinogens either by forming
DNA adducts or by acting as oxidative intermediates. The
CYP1B1*3 polymorphism, which can cause enhanced con-
version of estradiol to 4-hydroxy-estrogen and its catechol
estrogen metabolite, was found frequently among 203 lung
cancer cases in comparison with 205 controls (odds ratio, 2.6).
Gene–gene interactive associations were observed among
females, but not among males, with the CYP1B1*3 allele,
including increased adjusted odds ratios for coinheritance of
at least one copy of the CYP1B1*3 allele and the DNA repair
enzyme XPD exon 23 (Gln) allele (odds ratio, 5.7), or for coin-
heritance of CYP1B1*3 and the high or intermediate activity
alleles of epoxide hydrolase (odds ratio, 9.1). The microsomal
epoxide hydrolase enzyme could activate catechol estrogens
to reactive intermediate.32

Lung cancer is the leading cause of cancer death in 
Taiwanese women, although less than 10% of female lung
cancer patients are smokers. Half of the 141 lung tumors in
these patients had human papillomavirus 16/18, compared
with 26% of 60 noncancer control subjects. It is thought that
the human papillomavirus infection is related to lung cancer
development in nonsmoking females.33

An aggregation of lung cancer was seen in first-degree rel-
atives of more than 800 lung cancer probands, and a signifi-
cantly lower intake of dietary folate, critical for maintaining
DNA integrity and synthesis, was observed in lung cancer
cases compared with controls.34

Genetic

ALTERATIONS IN MINISATELLITES AND

VARIABLE NUMBER OF TANDEM REPEATS

Microsatellite instability, defined as changes in the number
of short tandem DNA repeats in microsatellites, mainly asso-
ciated with CA dinucleotides, has been reported in non-small
cell lung cancer (NSCLC).35 Genetic susceptibility to lung
cancer is multifactorial, including alterations in minisatel-
lites and variable number of tandem repeats (VNTR). The
HRAS1 VNTR region, which maps 1 kb downstream from the
canonical polyadenylation signal of the human proto-
oncogene H-ras-1, consists of four common progenitor alleles,
in addition to several rare variants that are thought to derive
from germ-line mutations of the nearest common alleles. A
higher percentage of rare HRAS1 VNTR alleles was found in
lung cancer patients than in controls,36 and a meta-analysis37

showed suggestive but not statistically significant association
for these alleles with lung cancer. Minisatellite alterations
may cause dysregulation of gene expression. HRAS1 VNTR
binds at members of the NF-kB family of transcriptional reg-
ulatory factors, and some HRAS1 VNTR alleles show a ten-
dency to bind more avidly to transcriptional regulatory
factors. Frequent allele loss for the marker HRAS on chro-
mosome 11p (deleted region designated LOH11B) has been
associated with cigarette consumption and gender. None of
the nonsmokers had allele loss, as compared with 28% of the
patients with low and 43% of those with high cigarette con-
sumption. Allele loss was also more frequent in men (43%)
than in women (11%). Median survival was lower for patients
with allele loss.38

ADDUCTS

DNA adducts are markers not only of exposure but also of
risk for cancer development. Healthy current smokers who
had elevated levels of DNA adducts in leukocytes were
approximately three times more likely to be diagnosed with
lung cancer 1 to 13 years later than current smokers with
lower adduct concentrations.39 A recent meta-analysis found
an overall 83% excess of adducts in cases compared to con-
trols in current smokers.40

DNA adducts have been found to be higher in women
than in men with the same level of smoking.

S-TRANSFERASE

Glutathione S-transferase (GST) M1 is deleted in about half
of Caucasians, and a GSTP1 polymorphism at codon 105 
(Ile to Val) has been identified. The combined GSTM1
null/GSTP1 Val genotypes were associated with lung cancer
before and after adjusting for adducts.41 In addition, a meta-
analysis of 43 published case-control studies including more
than 18,000 subjects found a slight excess risk for lung cancer
in individuals with the GSTM1 null genotype.42

INSULIN-LIKE GROWTH FACTOR

A case-control analysis of plasma insulin-like growth factor
(IGF) levels from lung cancer patients revealed that elevated
plasma IGF-I was associated with an increased risk of lung
cancer. An increased risk of lung cancer was also associated
with reduced levels of IGF-binding protein (IGFBP)-3, which
moderates the effect of IGF-I but also inhibits all growth and
induces apoptosis.43 Elevated levels of IGF-II are associated
with a poor prognosis in human lung adenocarcinoma. Trans-
genic overexpression of IGF-II in lung epithelium induces
lung tumors in mice. These tumors display morphologic char-
acteristics of human pulmonary adenocarcinomas, such as
expression of prosurfactant protein C, surfactant protein B,
and thyroid transcription factor 1. Moreover, IGF-II induced
proliferation and CREB phosphorylation in human lung
cancer cell lines.44

POLYMORPHISMS IN DNA REPAIR CAPACITY (DRC) GENES

Host-specific factors modulate susceptibility to tobacco car-
cinogenesis, including variations in DNA repair, which may
influence the rate of removal of DNA damage and of fixation
of mutations. In a seminal study, DRC was measured in
peripheral blood lymphocytes by means of the host-cell reac-
tivation assay, which measured cellular reactivation of a
reporter gene damaged by exposure to 75mM benzo[a]pyrene
diol epoxide. The mean level of DRC in lung cancer cases
(3.3%) was significantly lower than in controls (5.1%).
Younger cases (less than 65 years) and smokers were more
likely than controls to have reduced DRC.45 This finding was
confirmed in a case-control study of 316 newly diagnosed
lung cancer patients and 316 cancer-free controls. Case
patients who were younger at diagnosis, female, or lighter
smokers, or who reported a family history of cancer, exhib-
ited the lowest DRC, suggesting that these subgroups may be
especially susceptible to lung cancer.46 Reduced DRC and
increased DNA adduct levels are associated with increased
risk of lung cancer.

Nucleotide excision repair (NER) is one of the principal
pathways for repair of DNA adducts induced by smoking-
related carcinogens. NER is also the main mechanism for
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removing cisplatin adducts.47 The NER molecular machinery
includes proteins that are mutated in xeroderma pigmento-
sum (XP) and Cockayne syndrome (CS) patients. In the global
genome repair pathway, the protein complex XPC-HHR23B,
which appears to be essential for the recruitment of all sub-
sequent NER factors in the preincision complex, binds to
damaged DNA. Then, the multicomponent transcription
factor TFIIH, which is responsible for unwinding the damaged
region of the DNA, is recruited. Next, XPG nuclease cleaves
the DNA on the 3¢-end. Following cleavage on the DNA,
XPA/RPA proteins join the complex and recruit the ERCC1-
XPF complex, which cleaves the 5¢-end.47,48

Polymorphisms of a number of DNA repair genes in-
volved in the NER pathway have the potential to affect
protein function and subsequently DRC. In lung cancer
patients, reduced expression levels of XPG and CSB have been
observed in peripheral lymphocytes.49 Moreover, ERCC1 and
XPD mRNA levels in lymphocytes have been shown to cor-
relate with DRC and could thus be useful surrogates of
DRC.50 A reduction in DRC was more significant in lung
cancer patients who were homozygous for two XPD (also
known as ERCC2) polymorphisms (Asp312Asn at exon 10
and Lys751Gln at exon 23) (-12.3% and -18.3%, respectively)
than in controls (-3.3% and -5.4%, respectively). Lung cancer
patients who were homozygous for XPD Asn312Asn or
Gln751Gln had an increased risk of suboptimal DRC (odds
ratios, 1.57 and 3.50, respectively), compared to those who
were wild-type homozygous.51 The intron 9 polymorphism of
XPC [an 83-bp poly(AT) insertion] has also been correlated
with DRC. XPC PAT+/+ homozygous subjects exhibited
lower DRC than those with other XPC PAT genotypes, sug-
gesting that XPC PAT+/+ is an adverse genotype.52 A common
single-nucleotide polymorphism (A to G) in the 5¢-noncoding
region of the XPA gene has been related to lung cancer. The
presence of one or two copies of the G allele was associated
with a reduced lung cancer risk. Control subjects with one or
two copies of the G allele demonstrated more efficient DRC
than those homozygous for the A allele.48

Polymorphisms in other pathways have been identified
also. The XRCC3 (belonging to the homologous recombina-
tion repair pathway) Thr241Met at exon 7 and the XRCC1
(belonging to the base excision repair pathway) Arg399Gln at
exon 10 have been related to lung cancer. The XRCC3 241Met
allele was associated with higher DNA adduct levels, while

the XRCC1 399Gln allele was associated with higher DNA
adduct levels only in nonsmokers.53 Gene–smoking interac-
tion associations have been found for the XPD Asp312Asn
and Lys751Gln and for the XRCC1 Arg399Gln polymor-
phisms. The odds ratios decreased as pack-years increased.
For nonsmokers, the adjusted odds ratio was 2.4, whereas for
heavy smokers (more than 55 pack-years), the odds ratio
decreased to 0.5. When the three polymorphisms were eval-
uated together, the adjusted odds ratios for individuals with
five or six variant alleles versus individuals with no variant
alleles were 5.2 for nonsmokers and 0.3 for heavy smokers.54

Basic Science

Lung cancers are believed to arise after a series of progressive
pathologic changes (preneoplastic lesions). Many of these pre-
neoplastic changes are frequently detected in the respiratory
mucosa of smokers. The molecular abnormalities involved in
the multistep pathogenesis of lung carcinomas have been
examined in lung cancer cell lines, microdissected primary
lung tumors, respiratory epithelium from patients with lung
cancer, and respiratory epithelium from nonsmokers55 (Figure
37.2). Historically, the carcinogenesis sequence for squamous
cell carcinomas shows that invasive lung cancer develops
through a series of stages from mild, moderate, and severe
atypia, carcinoma in situ, and then invasive cancer. The
genetic changes of preneoplastic lesions can be analyzed 
in cytologic specimens, including sputum samples, bronchial
brushes and bronchoalveolar lavage fluids (BAL) from
smokers.

Atypical adenomatous hyperplasia (AAH) is considered to
be the preinvasive lesion of adenocarcinoma. AAH is valued
as a good target for delineating the timing and sequence of
genetic alterations in the development of lung adenocarcino-
mas. Activation of the K-ras oncogene seems to be an early
event involved in the initiation of AAH. Progression of AAH
through increasing degrees of morphologic dysplasia requires
the silencing of key tumor suppressor genes, such as p16.
Ultimately, activation of telomerase and inactivation of the
p53 tumor suppressor gene appear to be important in trigger-
ing invasive tumor growth.

Importantly, as discussed later, alterations of LKB1 func-
tion may represent one of the critical steps in the transition
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from a benign to a potentially malignant proliferation of
pneumocytes. Loss of LKB1 expression was more frequent
(21%) in the high-grade AAH lesions (severe atypia) than in
low-grade lesions (5%). Therefore, loss of LKB1 expression is
associated with severe dysplasia.56

Genetic

Oncogenes and Tumor Suppressor Genes

In general, mutations follow a sequence. Allelic losses at
chromosomes 3p, 9p, and 8p occur relatively early. Losses and
inactivation of the retinoblastoma and p53 genes are inter-
mediate, and losses at 5q are late events.55 The losses at 3p
are progressive, and advanced lesions and tumors have often
lost most of the arm or the entire arm, whereas early lesions
have more focal lesions.57 In contrast, loss of heterozygosity
(LOH) at 5q21 (APC-MMC region) and K-ras mutations are
detected at the carcinoma in situ stage.55 Some of the genetic
changes involved in the pathogenesis of lung cancer are
depicted in Table 37.2.

Mutations of the K-ras proto-oncogene are found in about
20% of the tumors with a mutation hot spot at codon 12.
However, the mutation frequencies are significantly different
among histologic subtypes of lung cancer. Most K-ras muta-
tions are detected in lung adenocarcinoma.58,59 ras mutations
are not observed in small cell lung cancer (SCLC).60 K-ras
mutations are not correlated with sex of the patient, tumor
extent, or prior therapy status.60

The p53 tumor suppressor gene is inactivated by muta-
tions in more than 50% of NSCLC patients and in 90% of
SCLC patients. p53 gene mutations in NSCLC cell lines with
ras mutations tended to cluster at exon 8.61

Epidermal Growth Factor Pathway

Overexpression and/or hyperactivity of the epidermal growth
factor receptor (EGFR) has been shown to play a causal role
in the progression of lung tumors. EGFR is activated by the
binding of ligands to its extracellular domain, which leads to
receptor homodimerization or heterodimerization with any 
of the other three members of this family of transmembrane
tyrosine kinases: HER2 (erbB2), HER3, and HER4. This
results in the binding of adenosine triphosphate (ATP) to the

receptor’s catalytic site, activation of the receptor’s tyrosine
kinase, and autophosphorylation of C-terminal tyrosine
residues, which in turn recruit several cytoplasmic signal
transducers. These effector molecules include Ras-MEK-
MAPK, phosphatidylinositol-3 kinase (PI3K) and its target
Akt, p70S6 kinase, Src, and STATs, among others. Active Akt
phosphorylates a number of substrates involved in apoptosis,
cell-cycle regulation, protein synthesis, and glycogen metab-
olism, which include the Bcl-2 family member Bad, forkhead
transcription factors, caspase 9, IKB kinase, p21, p27, mTOR,
and nitric oxide synthase. Akt activity has been shown to be
upregulated by loss of function of the phosphatase and tensin
homologue (PTEN) phosphatase.62 In addition, the activation
of receptor tyrosine kinases and Src also leads to activation
of the signal transducers and activators of the transcription
(STAT) pathway.

Tyrosine kinase growth factor receptors are overexpressed
in a large number of human lung cancers, with NSCLCs
demonstrating overexpression of EGFR and its ligands EGF,
amphiregulin, and tumor necrosis factor-alpha (TGF-a),
whereas some SCLCs demonstrate c-Kit overexpression.
STAT activation leads to increased transcription of cyclin,
D1, and Myc. In NSCLC cells, Stat3 DNA-binding capacity
is upregulated by EGF, interleukin 6 (IL-6), and the hepato-
cyte growth factor (HGF).63 A model proposed in NSCLC is
that either EGF, IL-6, or the HGF-Src-Stat3 signaling cascade
may protect lung cancer cells from death signals through the
upregulation of Stat3 activity. Interestingly, no constitutive
Stat3 activity was found in a human lung carcinoma cell line
that had constitutive Akt activity. Therefore, Stat3 signaling
may be dispensable for tumors that have upregulated other
survival signals such as Akt.63 An increased understanding of
molecular biology is necessary to piece together all the criti-
cal factors in lung cancer cell growth.

Angiogenesis

Angiogenesis is essential for tumor growth in vivo. Cytokines
and growth factors, such as TGF-b, TGF-a, platelet-derived
growth factor, basic fibroblast growth factor, and vascular
endothelial growth factor (VEGF), are known to promote
angiogenesis. VEGF expression is induced in cancer cells as a
result of hypoxia and multiple genetic alterations, including
p53 and PTEN loss-of-function, RAS and SRC gain-of-
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TABLE 37.2. Summary of the histopathologic and molecular abnormalities of the major types of lung cancer.

Abnormality
histopathology Small cell lung cancer (SCLC) Squamous cell carcinoma Adenocarcinoma

Precursor Unknown Known Probable
Lesion Normal epithelium and hyperplasia Squamous dysplasia and CIS Adenomatous atypical hyperplasia (AAH)
Theory of development Parallel Sequential Probably sequential
Molecular
Gene abnormalities myc overexpression TP53 LOH and TP53 LOH and mutation K-ras mutation

mutation
LOH High Intermediate Low
Frequency 90% 54% 10%
Chromosomal regions 5q21, 8p21–23, 9p21, 17p/TP53 8p21–23, 9p21, 17p/TP53 9p21, 17p/TP53
Genetic instability High Intermediate Low
Frequency 68% 10% 13%



function and autocrine tyrosine kinase signaling pathways
involving EGFR, HER-2/neu, and insulin growth factor 1
receptor (IGF-1R). In each case, VEGF expression is activated
by hypoxia inducible factor 1 (HIF-1).64 Cyclooxygenase
(COX)-2, a catalyst in prostaglandin synthesis from arachi-
donic acid, also increases VEGF expression. Another angio-
genesis modulator, nitric oxide synthase (NOS-2), stimulates
VEGF as well. Immunohistochemical protein expression
levels of COX-2, NOS-2, and VEGF correlated with microves-
sel density at the tumor-stromal interphase. NOS-2 and 
COX-2 levels correlated positively with VEGF status.65

Gene and Protein Expression Patterns

Comprehensive analysis of gene expression patterns could
provide detailed molecular portraits including differences in
gene expression profiles among lung adenocarcinomas.
Thyroid transcription factor 1, as well as several surfactant-
related genes, was identified as one of the genes whose expres-
sion is primarily restricted to lung adenocarcinomas.66–69

High-resolution two-dimensional polyacrylamide gel
electrophoresis (2-D PAGE) analysis allows the simultaneous
assessment of hundreds of known and unknown polypeptides.
Protein expression profiles (proteomic analysis) of lung ade-
nocarcinomas identified triosephosphate isomerase, a key
component of the glycolytic pathway that converts dihy-
droxyacetone phosphate to glyceraldehyde 3-phosphate, to be
significantly elevated in more advanced lung adenocar-
cinomas.70 A glucose-regulated (GRP58) protein that was
increased in tumors with K-ras mutations was also ele-
vated.70,71 Proteomic profiling of tumor tissue has the poten-
tial to uncover aberrantly expressed proteins resulting, in
part, from numerous posttranslational modifications that
may be altered in lung cancer.

Aberrant Methylation

To determine the extent of RASSF1A promoter methylation,
sputum samples from lung cancer patients and from current
and former smokers were examined using the common pro-
cedure of methylation-specific PCR. Fifty percent of SCLC
and 21% of NSCLC patients had RASSF1A methylation,
whereas 1 of 2 former smokers and 4 of 13 current smokers
showed RASSF1A methylation in sputum. Furthermore, 2 
of the 4 current smokers and 1 former smoker showing
RASSF1A methylation in their sputum developed lung cancer
within 12 to 14 months of bronchoscopy.72

Methylation status of p16, DAPK, and GSTP1 has been
studied in bronchial brush samples from former smokers.73 A
total of 32% of the samples had methylation in at least one
of the three genes tested.73 Interestingly, in a study where
DNA was isolated from sputum, bilateral BAL, and brushing
taken at bronchoscopy, p16 promoter methylation and p53
mutations were observed in chronic smokers before any clin-
ical evidence of neoplasia. However, K-ras mutations were
exclusively seen in lung cancer patients.74

Genetic Alterations in Serum/Plasma

Elevated levels of free DNA in the serum of lung cancer
patients were reported more than 25 years ago.75 The cancer
fingerprint in the form of microsatellite alterations in plasma
DNA was found in 50% of SCLC patients. A microsatellite

alteration was present in 76% of SCLC tumors and in 71%
of plasma samples.76 Microsatellite alterations, either as a
shift (changes in the size of the microsatellite sequence),
LOH, or both, have been found in tumor and serum/plasma
DNA paired samples in NSCLC, using microsatellite markers
at chromosome 3p.77,78

Intriguingly, plasma DNA abnormalities were found in
45% of tumors up to 2 cm in maximum diameter.78 Similarly,
findings indicate that quantification and molecular charac-
terization of plasma DNA in lung cancer patients are valu-
able noninvasive tools for discriminating patients from
unaffected individuals and for detecting early recurrence
during follow-up.79 LOH in plasma samples also predated a
diagnosis of lung cancer by several months.80 Other studies
have reported p53 and K-ras mutations in serum DNA. Aber-
rant methylation of at least one of p16, DAPK, GSTP1, or
MGMT was noted in 15 of 22 (68%) NSCLC tumors but not
in any paired normal lung tissue. In these primary tumors
with methylation, 11 of 15 (73%) samples also had abnormal
methylated DNA in the matched serum samples.81 Other
genes are also methylated in primary tumors and paired pre-
operative serum samples from lung cancer patients.

Genetic and Molecular Alterations in Sputum

Sputum is the most commonly utilized biologic material to
detect lung cancer cells in a noninvasive manner. Cancer cells
harboring point mutations of oncogenes such as K-ras82 and
p53 might be detected in sputum of patients with early-stage
lung cancer. Bronchoalveolar lavage has also been used as bio-
logic material for the detection of lung cancer.83 Microsatel-
lite alterations might be detectable in cytologically negative
sputum from patients with lung cancer.82 In lung cancer, aber-
rant promoter methylation is frequently found in tumor sup-
pressor genes.84,85 Aberrant methylation of the p16 and/or
O-6-methyl-guanine-DNA methyltransferase (MGMT) pro-
moter can be found in 100% of patients with squamous cell
lung carcinoma up to 3 years before clinical diagnosis.86 Aber-
rant promoter methylation of p16 has also been seen in
normal bronchial epithelium.87

Pathology

Premalignant Lesions

Bronchial preneoplastic lesions may be divided into three
broad categories: reactive changes (histologically normal
epithelium, hyperplasia, and metaplasia) having no increased
risk other than smoke exposure; intermediate changes (mild
and moderate dysplasia) having moderately increased risk;
and high-risk lesions (severe dysplasia and carcinoma in situ)
having considerably increased risk. The proportion of indi-
viduals with mild, moderate, or severe sputum cell atypia
who will develop invasive lung cancer within 10 years was
found to be 4%, 10%, and 40%, respectively.88

In a study of high-risk subjects enrolled because of a cig-
arette-smoking history of at least 30 pack-years, an airflow
obstruction, and either an abnormal sputum cytology or a pre-
vious or suspected lung cancer, laser-induced fluorescence
endoscopy (LIFE) was more sensitive than white-light 
bronchoscopy (WLB) in detecting preneoplastic bronchial
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changes.89 LIFE was also better at identifying angiogenic squa-
mous dysplasia (ASD) lesions than WLB. ASD is a unique
lesion consisting of capillary blood vessels closely juxtaposed
to and projecting into metaplastic or dysplastic squamous
bronchial epithelium. ASD represents a qualitatively distinct
from of angiogenesis in which there is architectural rearrange-
ment of the capillary microvasculature. LOH at chromosome
3p was observed in 53% of ASD lesions. ASD was described
in 34% of high-risk smokers without carcinoma and in 6 of
10 patients with squamous cell carcinoma who underwent
LIFE.90

Atypical adenomatous hyperplasia (AAH) is considered to
be the preinvasive lesion of adenocarcinoma. These lesions
are usually less than 7mm in diameter and are detected on
computed tomography (CT) scan as small, ground-glass den-
sities. In resected lungs, the incidence of AAH was estimated
to be 9% to 21% in patients with primary lung cancer and
4% to 10% in patients without lung cancer.88 The mere pres-
ence of AAH does not necessarily indicate sure and unremit-
ting progression to adenocarcinoma.

Lung cancer is classified into two major clinicopathologic
groups: small cell lung carcinoma (SCLC) and non-small cell
lung carcinoma (NSCLC). Squamous cell carcinoma (SCC),
adenocarcinoma, and large cell carcinoma are the major his-
tologic types of NSCLC.

Non-Small Cell Lung Cancer (NSCLC)

Squamous Cell Carcinoma (SCC)

SCC (epidermoid carcinoma) of the lung is a malignant
epithelial tumor with the differentiating features of squa-
mous epithelium: keratinization, intercellular bridges, or
both. SCC varies from small endobronchial obstructive
tumors to large cavitated masses that can replace an entire
lung. The masses are gray-white or yellowish, often with 
a dry flaky appearance that reflects the keratinization. 
Necrosis and hemorrhage are common; cavitation is seen 
in one-third of cases. Secondary infections may occur in 
cavitated masses. SCC of the lung may be divided into well-
differentiated, moderately differentiated, and poorly differen-
tiated subtypes depending on the degree of squamous
differentiation present. Intercellular bridges and keratiniza-
tion are most marked in well-differentiated tumors. SCCs
tend to grow as nests of cells with surrounding stroma that
may be desmoplastic and infiltrated by acute or chronic
inflammatory cells. The nuclei are hyperchromatic, some-
times with prominent nucleoli and thick chromatin conden-
sation along the nuclear membrane. SCC typically stains for
both high and low molecular weight keratins. Other inter-
mediate filaments may also be present, including vimentin
and synaptophysin. SCC may also stain positively for epithe-
lial membrane antigen (EMA), human milk fat globule
(HMFG-2), S-100 protein, Leu-M1, and carcinoembryonic
antigen (CEA).91

Adenocarcinoma

Adenocarcinoma of the lung is a glandular epithelial malig-
nancy manifesting tubular, papillary, or acinar growth pat-
terns or a solid growth pattern with mucin production.
Unusual patterns include signet-ring adenocarcinoma,
spindle cell adenocarcinoma, and adenocarcinoma showing

hepatoid differentiation. Adenocarcinomas are generally
peripheral, well-circumscribed masses often associated with
overlying pleural fibrosis or puckering. On cut section, they
are gray-white, sometimes lobulated, and often have central
scarring that may contain anthracotic pigment. The cells
comprising adenocarcinoma are large, cuboidal, columnar, or
polygonal with large vesicular nuclei and prominent nucle-
oli. Solid adenocarcinomas may be virtually indistinguishable
from large cell carcinomas except for the mucin production.
Mucin stains (mucicarmine, periodic acid–Schiff diastase,
Alcian blue) are required for diagnosis. Mucin production
varies from occasional positive cells to large pools containing
nests of tumor cells. Some pleomorphic adenocarcinomas
have foci of spindle cells. Pulmonary adenocarcinomas may
be positive for a number of neuroendocrine markers.91

Bronchoalveolar Carcinoma

Bronchoalveolar carcinoma (BAC), also called alveolar cell
carcinoma or bronchoalveolar tumor, is a subset of pul-
monary adenocarcinoma in which cylindrical tumor cells
grow upon the walls of preexisting alveoli. The key feature is
the preservation of the underlying architecture of the lung.
BACs are separated into two major subtypes: nonmucinous,
comprising two-thirds of cases, and mucinous, comprising
most of the remainder. Nonmucinous BACs are composed of
cells with Clara cell or type 2 cell differentiation or both.
Mucinous BACs are composed of goblet or mucin-producing
cells and are usually very well differentiated.91

Large Cell Carcinoma

Large cell carcinoma, also called large cell anaplastic carci-
noma and large cell undifferentiated carcinoma, is defined as
a malignant epithelial tumor with large nuclei, prominent
nucleoli, and usually well-defined cell borders without the
characteristic features of SCC, small cell, or adenocarcinoma.
This definition is one of exclusion and is dependent on exten-
sive sampling of a given tumor.91

Small Cell Lung Cancer

The International Association for the Study of Lung Cancer
(IASLC) proposed that small cell carcinoma be divided into
three categories: small cell carcinoma; mixed small cell/large
cell carcinoma; and combined small cell carcinoma, which
also has components of squamous cell and/or adenocarci-
noma.92 Small cell carcinoma is composed of small tumor
cells with a round to fusiform shape, scant cytoplasm, finely
granular nuclear chromatin, and absent or inconspicuous
nucleoli. The tumor has a very hyperchromatic appearance
because the cells have little cytoplasm and are situated very
close to each other. Nuclear molding may be conspicuous but
is more difficult to visualize in histologic sections than in
cytologic preparations. Mitotic rates are characteristically
high, sometimes exceeding 10 per single high-power field.91

Neuroendocrine Tumors

SCLC and large cell neuroendocrine (NE) carcinomas are
high-grade NE tumors, whereas typical carcinoid and atypi-
cal carcinoid are low and intermediate grade, respectively.
Large cell NE carcinoma is defined as a tumor with NE mor-
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phology, including organoid nesting, palisading, trabecular
pattern, and rosette-like structures. A mitotic count of 11 or
more mitoses per 2mm2 is the main criterion for separating
large cell NE carcinoma and SCLC from atypical carcinoid.
Large cell NE carcinoma and SCLC usually have very high
mitotic rates, with an average of 70 to 80 per 2mm2. Large
cell NE carcinoma and SCLC also generally have more exten-
sive necrosis than atypical carcinoid. Large cell NE carcinoma
is separated from SCLC using a constellation of criteria,
which include larger cell size, abundant cytoplasm, promi-
nent nucleoli, vesicular or coarse chromatin, polygonal 
rather than fusiform shape, less-prominent nuclear molding,
and less-conspicuous DNA encrustation of blood vessel
walls.93

Clinically, approximately 20% to 40% of patients with
both typical and atypical carcinoids are nonsmokers, whereas
virtually all patients with SCLC and large cell NE carcinoma
are cigarette smokers. In contrast to SCLC and large cell NE
carcinoma, both typical and atypical carcinoids can occur in
patients with multiple endocrine neoplasia (MEN) type I. 
Histology heterogeneity with other major histologic types of
lung carcinoma (squamous cell carcinoma, adenocarcinoma)
occurs with both SCLC and large cell NE carcinoma but not
with typical or atypical carcinoids. Furthermore, large cell NE
carcinomas and SCLC have a high frequency of retinoblas-
toma direct inactivation related to retinoblastoma loss of
protein expression. However, the typical carcinoids remain
the only tumor type in the spectrum of neuroendocrine
tumors that retain an intact retinoblastoma pathway. More-
over, p53 mutations leading to immunohistochemical aber-
rant overexpression of p53 protein are observed in 60% of
large cell NE carcinomas and SCLC, in 20% of atypical car-
cinoids, and in no typical carcinoids. E2F1 regulated by p53-
retinoblastoma pathways is overexpressed, as well as all its
transcriptional target genes, in the majority of SCLC and large
cell NE carcinomas, but not in carcinoids.94

Biologic Differences Between Histologic Subtypes

EGFR expression varies according to histologic subtypes.
Squamous cell carcinoma expressed EGFR in 84% of tumors,
adenocarcinoma in 65%, large cell carcinoma in 68%, and
SCLC in 0%. Interestingly, a study of a small number of
patients with bronchioloalveolar carcinoma (BAC) found that
the large majority had either intermediate or high expression
of EGFR by immunostaining. There was also a significant cor-
relation between nonmucinous BAC and EGFR expression,
while mucinous BAC histology was more frequently related
to HER2 overexpression.95

In addition to differences in K-ras and p53 mutation fre-
quencies between SCLC and NSCLC, there are other signi-
ficant genetic distinctions. RASSF1A is inactivated by 
promoter methylation in more than 90% of SCLCs and in
40% of NSCLCs. Retinoblastoma is inactivated in more than
90% of SCLCs but only 15% of NSCLCs. p16 is almost never
abnormal in SCLCs but is inactivated in more than 50% of
NSCLCs. A study of hypermethylation in lung cancer for
eight genes (p16, APC, CDH13, GSTP1, MGMT, RARb,
CDH1, RASSF1A) revealed that the profile of methylated
genes in SCLC was different from that of NSCLC.84 Further
details on methylation, including FHIT and DAPK, have been
reviewed elsewhere.85

Prognostic Factors

Clinical

In a retrospective analysis of 2,531 NSCLC patients treated
in the Southwest Oncology Group (SWOG) with extensive
disease defined either as distant metastases or locoregional
recurrence after definitive radiotherapy, a Cox modeling 
and recursive partitioning and amalgamation (RPA) was 
performed to determine independent predictive factors of
outcome.96 Patients were treated between 1974 and 1988. Per-
formance status (PS) was defined as good (SWOG 0–1, no
symptoms or with symptoms but fully ambulatory) or poor
(SWOG 2–4, nonambulatory). Good performance status (PS),
female sex, and age greater than 70 years were significant
independent predictors. In a second Cox model for patients
with good PS, hemoglobin levels above 11g/dL, normal
calcium, and a single metastatic site were significant favor-
able factors. The use of cisplatin was an additional indepen-
dent predictor of improved outcome. An RPA performed in
904 patients from more-recent SWOG trials, almost all of
whom were treated with cisplatin, revealed three distinct
subsets based on PS, age, hemoglobin, and lactate dehydroge-
nase (LDH); 1-year survivals were 27%, 16%, and 6%, respec-
tively. Until 1980, additional variables, such as weight loss
(less than 10 or more than 10 pounds), were not included. In
the multivariate survival analyses by prognostic variables and
therapy discriminants, significant favorable SWOG factors
were PS 0 to 1, female sex, age greater than 70 years, and then
greater than 45 years in females, single metastatic lesion, less
than 10 pounds of weight loss, normal LDH, normal alkaline
phosphatase, and hemoglobin above 11g/dL. Median survival
was 1 to 3 months better for the good PS, female, single-
lesion, and cisplatin-based therapy categories.96 Intriguingly,
LDH was important in the poor PS subset; patients with a
normal LDH level and poor PS had a survival outcome similar
to other subsets with a good PS.96

In the analysis of 1,052 patients included in clinical trials
conducted by the European Lung Cancer Working Party
(ELCWP), a Cox regression model found the following vari-
ables: Karnofsky PS (greater than 80 = SWOG 0–1; less than
70 = SWOG 2–4), neutrophil counts, metastatic involvement
of skin, serum calcium level, age, and gender, as well as
disease extent, because patients with stages I to III were
included in the analysis. According to an RPA model, the best
subgroup of patients was defined as female with limited
disease and Karnofsky PS above 80.97 In a third, smaller analy-
sis including a homogenous group of stage III unresectable or
inoperable patients receiving cisplatin 120mg/m2 plus vinca
alkaloid combination chemotherapy, a multivariate analysis
disclosed the following parameters associated with outcome:
initial PS, with patients having a good PS displaying an
increased objective response and survival; bone metastases,
which were adversely predictive of response rate and survival;
elevated LDH and male sex, both of which were associated
with shortened survival; and the presence of two or more
extrathoracic metastatic organ sites, which was associated
with shortened survival.98 When objective response with
chemotherapy was included in the analysis, it was also
strongly associated with longer survival.98

In a prospective Spanish Lung Cancer Group (SLCG)
study99 including 557 cisplatin combination-treated NSCLC
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patients, PS, gender, and weight loss were significant prog-
nostic factors. Second, weight loss in lung cancer patients is
associated with both impaired therapy outcome and reduced
survival.97

In studies of multimodality treatment in stage IIIA (N2)
and IIIB NSCLC, the SWOG study of concurrent cisplatin
plus etoposide and chest radiotherapy followed by surgery
observed that the strongest predictor of long-term survival
after thoracotomy was absence of tumor in the mediastinal
lymph nodes at surgery (median survivals, 30 versus 10
months and 3-year survival rates, 44% versus 18%).100

Some of these predictive markers of survival, such as PS,
hemoglobin level, and bone, liver, or skin metastases, are
understandable; however, why gender, LDH, or weight loss
influence survival remains unclear. New pieces of informa-
tion should shed light on these prognostic factors. First, there
are interindividual differences in DRC that are accentuated
according to age and gender, with females having a reduced
DRC.46 Based on this difference in DRC, females would have
greater chemosensitivity than males. In vitro intrinsic cis-
platin resistance was associated with elevated DRC in
NSCLC cells.101 DRC is a surrogate of the NER pathway,
which eliminates cisplatin adducts,47,50 and it has been
demonstrated that NSCLC patients with effective systemic
(host) DRC have poorer survival than patients with subopti-
mal DRC.102 Patients who were in the top DRC quartile of
the group (DRC greater than 9.2%) had a risk of death more
than two times that of patients in the bottom quartile (DRC
less than 5.8%). Median survival was 8.9 months for patients
in the top DRC quartile, compared with 15.8 months for
those in the bottom quartile (P = 0.04).102

Earlier findings suggest that the formation and persistence
of cisplatin or carboplatin adducts in buccal cells or in leuko-
cytes predict better response.103,104 Cisplatin DNA adducts in
nuclei of buccal cells were studied in a small group of patients
who received radical radiotherapy and daily administration of
low-dose cisplatin for inoperable NSCLC.105 Nuclear staining
was performed in buccal cells collected 1 hour after cisplatin
on the fifth treatment day (after five daily doses of cisplatin
6mg/m2). Cisplatin DNA adduct staining remained a signifi-
cant independent predictor of survival. Patients with low
levels of induced DNA adducts in buccal cells showed a
meager median survival of 5 months, in contrast with 30
months for patients with elevated DNA adduct levels.106

Beyond the stratification for gender in future clinical trials,
measuring DRC by functional assays or surrogates such as
ERCC1 or XPD mRNA in peripheral lymphocytes50 could
help to predict responders.98

Metabolism

In contrast to normal mammalian cells, which use oxygen to
generate energy, cancer cells rely on glycolysis for energy.
Lung cancer patients with weight loss have elevated 3-
phosphoglycerate and phosphoenolpyruvate, components of
the glycolysis pathway107 (Figure 37.3). Furthermore, c-Myc
and HIF-1 overexpression deregulate glycolysis through the
activation of the glucose metabolic pathway, which regulates
lactate dehydrogenase and induces lactate overproduction108

(Figure 37.3). Elevated serum LDH was associated with short-
ened survival and remission duration.98 Elevated mRNA
levels of phosphofructokinase, glyceraldehyde-3-phosphate

dehydrogenase, phosphoglycerate kinase, and enolase were
also reported.108 Systematic identification of lung adenocarci-
noma proteins using 2-D PAGE and mass spectrometry found
that at least four proteins (phosphoglycerate kinase 1, phos-
phoglycerate mutase, alpha enolase, and pyruvate kinase M1),
all of which are components of the glycolysis pathway (see
Figure 37.3), were increased in expression and associated with
poor survival in resected lung adenocarcinoma.109 Expression
of phosphoglycerate kinase 1, the sixth enzyme of the gly-
colytic pathway (Figure 37.3), reflects increased glycolysis in
the tumor cells and is related to the induction of a multidrug
resistant phenotype distinct from MDR1. The hypoxic nature
of solid tumor triggers VEGF expression, which stimulates
angiogenesis and glycolytic enzymes, including phosphoglyc-
erate kinase, which facilitates anaerobic production of ATP.110

A surrogate of the cancer glycolytic pathway could be
positron emission tomography (PET) reflecting the biochem-
ical and physiologic processes occurring in the tissues being
imaged. The most frequently used positron-emitting radio-
pharmaceutical is 18-fluor, labeled 2-deoxy-d-glucose (18F-
FDG), a radioactively labeled glucose analogue. The clinical
use of 18F-FDG-PET is based on the premise that cancer cells
exhibit a higher glycolytic rate than do nonneoplastic cells.
It is reasonable to speculate that a higher tumor uptake of the
radiolabeled glucose analogue could be a surrogate of the gly-
colytic pathway. PET imaging has been used to assess changes
in tumor glucose use during chemotherapy. In NSCLC,
median time to progression and overall survival were signif-
icantly longer for 18FDG-6-PET metabolic responders in the
interval before and after the first chemotherapy cycle.111

Overexpression of ERCC1 mRNA and Other 
NER Genes

Moving toward a new prognostic classification, overexpres-
sion of ERCC1 mRNA and other NER genes has been 
associated with repair of cisplatin-induced DNA damage 
and clinical resistance to cisplatin. In a small study of 
cisplatin/gemcitabine-treated metastatic NSCLC patients,
performance status, weight loss and low ERCC1 mRNA
expression were independent prognostic factors. ERCC1
mRNA levels were even more significant than that of per-
formance status.112 Median survival for patients with low
ERCC1 expression was 15 months in contrast to only 5
months for those harboring high expression.

M2 Subunit of Ribonucleotide Reductase

Also to be considered as a potential new predictive and prog-
nostic marker is the ribonucleotide reductase activity, which
is increased in cancer cells. The subunit M2 (or RRM2) is
directly involved in a number of signaling pathways.113

Among other drugs, gemcitabine decreases ribonucleotide
reductase activity. In a retrospective analysis, better time to
progression and survival were observed in gemcitabine/
cisplatin-treated metastatic NSCLC patients who had low
ribonucleotide reductase subunit M1 (or RRM1) mRNA
expression.114 Interestingly, retinoblastoma is sequentially
phosphorylated by cyclin D-CDK4/6 and cyclin E/CDK2
during G1/S cell-cycle transition. This modification leads 
to the dissociation of retinoblastoma from E2F/DP het-
erodimers, leaving them in a transcriptionally active state
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that regulates several DNA synthesis enzymes also involved
in chemotherapy response, such as dihydrofolate reductase
(DHFR), thymidylate synthase (TS), and ribonucleotide reduc-
tase.115 In SCLC and NSCLC, p16/INK4A and retinoblastoma
are reciprocally inactivated, resulting in the inactivation of
the same p16/INK4A/RB pathway.116 Therefore, in pro-
spective studies the predictive and/or prognostic value of
certain transcripts should be kept in mind. For example, in
ribonucleotide-dependent chemotherapy combinations, the
role of RRM1 and TS mRNA levels could influence response
and survival, as proposed in the model in Figure 37.4.

Genetic

Since the first article describing K-ras mutations in lung ade-
nocarcinomas,51 a continual list of new genetic markers has
been described, predicting disease-free survival and overall
survival, mainly in surgically resected stage I NSCLC (Table
37.3). Tumors with K-ras mutations tend to be smaller and
less differentiated than those without. The normal DNA
sequence GGT at codon 12 is commonly switched to TGT.52

K-ras mutations in NSCLC cell lines were related to poor sur-
vival in stage IIIB–IV.117 Numerous reports have pointed out
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TABLE 37.3. Genetic markers in resected non-small cell lung cancer (NSCLC).

No. of
Biomarker patients NSCLC Survivala P

K-ras mutation53 19 Adenocarcinoma ª18 months NR 0.002
wt 50
RAR-b mRNA124 High 45 Stage I Worse 0.045

Low 115
COX-2125,126 High 57 Stage I 66% 0.034

Low 24 88%
DAPK127 Methyl 59 Stage I 46% 0.007b

Unmethyl 76 68%
RASSF1A128 Methyl 32 Stage I 37 months 0.046b

Unmethyl 75 49 months
CRMP-1 mRNA130 Low 40 Stage I 28 months leveled 0.016

Normal 40 off at 52%
IL-8 mRNA131 High 61 Stage I Shorter <0.001

Normal 61 Longer
IL-10132 Low 44 SCC 40.9% 0.080

High 94 56%
MIF mRNA133 Low 4 SCC Longer

High 6 Shorter
RANTES134 Low 36 Stage I Shorter 0.002

High 27 Longer
IGFBP-3135 Methyl 51 Stage I 53% 0.006

Unmethyl 32 86%
11p15.5 LOH136 Present 26 Stage I 24.9 months 0.038

Absent 50 36 months
ERCC1 mRNA137 Low NS Stage I 35.5 months 0.010

High 94.6 months
128-gene set138 With NS Adenocarcinoma Shorter 0.009

wt, wild-type; NS, not specified; SCC, squamous cell carcinoma; NR, not reached.
a Percentages indicate 5-year survival rates; months indicate median survival.
b Another study found no survival differences according to methylation patterns.
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FIGURE 37.4. Factors associated with impaired therapy outcome
and reduced survival.

ras mutations had a median survival of almost 42 months,
whereas for those with mutations, median survival bottomed
out at nearly 25 months (P = 0.09; risk ratio = 0.59).121 Such
differences were not seen in patients who did not receive
adjuvant chemotherapy. In a randomized neoadjuvant trial, K-
ras mutations were more often found in the surgery-alone
arm than in the neoadjuvant arm.122 In a small neoadjuvant
chemotherapy study of stage III NSCLC, the presence of K-
ras mutations in the surgical specimens was a significant pre-
dictor of poor disease-free survival.123

Retinoic Acid Receptor and COX-2

In several retrospectively analyzed surgical series, high
retinoic acid receptor-b mRNA levels by in situ hybridization
correlated with poor survival in stage I NSCLC.124 A signifi-
cant relationship between elevated expression of cyclooxyge-
nase 2 (COX-2) and worse survival has also been observed in
stage I disease.125,126

Aberrant Methylation

Hypermethylation of death-associated protein kinase (DAPK)
was found in 44% of tumors and linked to significantly poorer
survival.127 Similarly, hypermethylation of RASSF1A was
linked to worse survival.128 However, in a recent study,
neither DAPK nor RASSF1A methylation in tumor or 

the prognostic value of K-ras codon 12 mutations in stage I
NSCLC.52,118–120 However, in a recent report, neither K-ras nor
p53 mutations influenced survival in all patients, although in
patients receiving adjuvant chemotherapy, those without K-



serum influenced survival in surgically resected NSCLC
patients.129

Real-time (RT)-PCR of lung cancer specimens showed
that reduced expression of collapsin response mediator
protein 1 was statistically significantly associated with
advanced disease, lymph node metastases, early postoperative
relapse, and shorter survival.130 Interleukin (IL)-8 mRNA 
overexpression was also associated with advanced disease,
lymph node metastases, early relapse, and shorter survival.131

Intriguingly, immunohistochemical analysis showed that
patients whose tumors lacked IL-10 had worse survival than
those whose tumors retained IL-10 expression.132 Along the
same lines, using RT-PCR, overexpression of macrophage
migration inhibitory factor was associated with poor sur-
vival.133 Regulated upon activation, normal T-cell-expressed
and -secreted (RANTES) overexpression was a predictor of sig-
nificantly better survival in stage I lung adenocarcinoma.134

Also in stage I disease, patients with hypermethylated
insulin-like growth factor-binding protein 3 (IGFBP-3) had a
significantly lower disease-free and overall survival than
those without IGFBP-3 methylation.135 LOH on chromosome
segment 11p15.5, which includes the gene for ribonucleotide
reductase, confers poor survival in patients with stage I
NSCLC.136 Stage I patients with high ERCC1 mRNA expres-
sion also had significantly better survival than those with low
ERCC1 expression, who could potentially benefit from adju-
vant chemotherapy.137 However, patients with efficient DNA
repair mechanisms (high ERCC1 expression or without LOH
on 11p15.5) could be chemoresistant and may not require
adjuvant chemotherapy.

Proteomic and Gene Expression Signatures

Using microarray platforms, metastases-associated gene-
expression signature has been identified. There were no sur-
vival differences in lung adenocarcinoma according to 9,248
highly varying genes; however, survival differences surfaced
when using 128 metastases-associated genes.138 Interestingly,
these differences were also evident with the use of only 17
genes (8 upregulated and 9 downregulated genes). This signa-
ture, taken as a whole, seems to contain predictive informa-
tion. Intriguingly, the gene-expression signature associated
with metastases arises from both malignant and stromal ele-
ments in primary tumors, indicating that the large stromal
component of the signature would have been missed had only
malignant epithelial cells been isolated by laser capture
microdissection.138 Moreover, the use of mRNA-based gene
expression profiles predicted survival in surgically resected
NSCLC.68,139 Interestingly, increased phosphoglycerate kinase
1 mRNA was significantly associated with poor survival in
lung adenocarcinoma and mRNA levels correlated with 
the expression of the phosphoglycerate kinase 1 protein
isoform.109,139 Upregulation of genes in the pathway involving
glycolysis and the Krebs cycle has been demonstrated in
mesotheliomas with significant increases of glyceraldehyde-
3-phosphate dehydrogenase, LDH, and phosphoglycerate
kinase 1140 (see Figure 37.3). Proteomic patterns could be used
to accurately classify surgically resected NSCLC and identify
individual protein isoforms that become tumor markers.141

This knowledge opens the doors to the assessment of HIF-1
levels as a putative prognostic marker, because the upregula-
tion of each HIF-1 in cancer functions as a key transcrip-

tion factor that potentially regulates 9 of the 11 glycolytic
enzymes (see Figure 37.3). Table 37.3 summarizes some
genetic markers that have been identified as prognostic and
predictive markers in stage I NSCLC.

Microvessel Density

A meta-analysis of more than 4,400 surgically resected
NSCLC patients analyzed the microvessel count assessed on
surgical samples by immunohistochemistry using factor VIII,
CD34, and CD31. A high microvessel count in the primary
lung tumor was a statistically significant poor prognostic
factor for survival, regardless of the marker used.142 A strong
correlation between IL-8 mRNA expression and microvessel
counts or macrophage counts has also been observed.143

Higher IL-8 mRNA levels and higher macrophage counts were
associated with lower survival. In addition, VEGF expression
was positively related to microvessel density and negatively
related to the degree of dendritic cell infiltration.144 A multi-
variate analysis showed VEGF expression, microvessel
density, and dendritic cell infiltration to be independent prog-
nostic factors. The patient group with both high VEGF expres-
sion and low dendritic cell infiltration showed a worse
prognosis. Angiopoietin 2 expression was significantly cor-
related with higher CD105-stained microvessel density 
in NSCLC.145 CD105 is a proliferation-related endothelial
antigen that is more selective than CD34, which is a 
pan-endothelial antigen reacting not only with newly 
forming vessels but also with stable vessels just trapped in
tumors. Five-year survival for resected NSCLC patients 
was 71% when VEGF was low and angiopoietin was negative
and 41% when angiopoietin was positive and VEGF was 
high.

Screening of Lung Cancer

Lung cancer screening is controversial. A number of studies
have been performed using all three methods for the evalua-
tion of screening tests, including randomized trials of screen-
ing, population-based studies of screening, and observation
studies of screening in select cohorts. For lung cancer screen-
ing to be accepted as beneficial, it must unequivocably
prolong life expectancy by detecting the disease at a time
when its course will be altered with the institution of therapy.
Moreover, the screening test should be specific enough not to
create an inordinate number of false-positive exams that
could do psychologic or physical harm to the participants
through anxiety or through the advocacy of potentially
harmful tests. Finally, the use of a screening test must be cost-
effective and conform to an accepted standard for cost/lives
saved.

To validate the utility of lung cancer screening, choices
must be made that focus these efforts to enrich for those at
highest risk. These choices include proper target (i.e., high-
risk population), the choice of central or peripheral screening,
the appropriate algorithm for patient follow-up once an abnor-
mality has been detected, and the timing and magnitude 
of the intervention to prove that the detected abnormality 
is a life-threatening abnormality. Once confirmed as a life-
threatening lung cancer, the management of the disease must
conform to present standards of care until well-conducted
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studies prove that these treatment standards are excessive for
these newly detected abnormalities.

Randomized Trials of Lung Cancer Screening

The earliest randomized trial for lung cancer screening started
in 1960 with a randomization of 55,034 London men to either
chest X-ray every 6 months for 3 years or to chest X-ray at
the beginning and the end of the 3-year period. The detection
rate and the number of respectable cancers was higher in the
screened group, but there was no difference in lung cancer
mortality.146,147 In the 1970s and 1980s, the National Cancer
Institute sponsored a study of 10,000 high-risk volunteers at
Sloan Kettering,148 Johns Hopkins,149 and another 10,000 high-
risk volunteers at the Mayo Clinic.150–152 These trials, whose
participants were all male smokers over 45 years of age who
had a smoking history of at least 1 pack per day, were designed
to investigate the efficacy of lung cancer screening using a
combination of chest X-ray and conventional sputum cytol-
ogy. A fourth study similar to the Mayo Clinic study was 
performed in Czechoslovakia.153–155 In the Johns Hopkins and
Memorial Sloan-Kettering trials, both experimental and
control participants had annual screening chest radiography,
and the experimental arm had sputum cytology every 4
months to address the incremental benefit of sputum cytol-
ogy analysis rather than chest radiographs per se. Although
they found that sputum analysis did not favorably influence
outcome, these studies achieved survival rates among all
groups three times higher than predicted by epidemiologic
data.

A prevalence screening with chest X-ray and sputum
cytology was performed in all individuals in the Mayo Lung
Trial followed by randomization to radiographs and sputum
cytology every 4 months or the recommendation to have
these annually. The Czechoslovakian study, a 3-year study
with 3-year follow-up, also began with a prevalence screen,
then randomization to a screened or control group, and the
control group was told not to get either radiograph or cytol-
ogy during the 3-year study period. In both the Mayo and
Czech studies, more lung cancers were found in the screened
group, and there was a tendency toward earlier stage at diag-
nosis, resectability, and survival for the screened group. Five-
year survival for the control group in the Mayo Study was
15% compared to 33% in the screened group.151 Both studies
demonstrated increases in cumulative lung cancer incidence
in the experimental group above that of control groups,
demonstrating significant improvements for the experimen-
tal groups in case fatality (number of cancer deaths/number
of individuals with cancer) but not in significant reductions
in lung cancer mortality (number of cancer deaths/number of
individuals screened).

Lead-time bias, length bias, and overdiagnosis have been
used to potentially explain the differences between lung
cancer mortality and earlier stage at diagnosis, improved
resectability, and survival of the screened.156–159 Lead-time
bias operates when the timing of diagnosis between screen-
ing and nonscreening cases is not adjusted; that is, earlier
detection may result in longer survival from the time of diag-
nosis even if death is not delayed. Length bias occurs when
conditions are not adjusted for the rate of cancer progression
and the screening examination purportedly detects slow-
growing cancers. In other words, the slower the growth of the

neoplasm, the longer it is present without symptoms, and the
greater the likelihood of detection. Overdiagnosis bias refers
to the phenomenon of detecting a lung cancer that would 
otherwise have remained subclinical before death from 
other causes.

Supporters of the concept of lung cancer screening have
argued that these original trials were flawed.160 Arguments
include the observations that (1) they did not include a 
“no-screening” study arm and thus no determination of true
efficacy could be made; and (2) the sample size of these
studies was inadequate, because both the Mayo Lung Project
and the Czechoslovakian studies were powered to detect a
50% reduction in lung cancer mortality in the screened 
group compared with the control group, and the power to
detect a smaller 10% reduction in mortality, which is still
clinically significant, was much lower (only 0.21 and 0.16,
respectively).161,162

High-Risk Populations: Smokers 
and Nonsmokers

The risk of lung cancer is influenced by duration of smoking,
the number of cigarettes smoked per day, and the age at which
a smoker stopped smoking; that is, the longer one lives after
cessation of smoking, the greater the risk for developing lung
cancer. The greater the consumption of tobacco as measured
by pack-years, the greater the risk that one will develop lung
cancer. Lung cancer prevalence is also influenced by the pres-
ence of airway obstruction. For individuals smoking 30 to 40
pack-years or more with airflow obstruction, defined by
FEV1/FVC less than 70% and an FEV1 less than 70% pre-
dicted, the risk of lung cancer is three to four times higher
than those individuals with normal airflow.163 Individuals
with previously surgically treated stage 1 NSCLC or head and
neck primary neoplasms are also at increased risk for the
development of a new lung primary cancer for up to 20 years,
at an approximate rate of 1% to 2% per patient per year.164

Occult lung cancers detected by sputum cytology also have
an especially high rate of metachronous tumors, approaching
11% at 5 years with an incidence per patient-year of surveil-
lance of 2.2%.165 The incidence of a second primary tumor in
patients treated for squamous cell carcinoma of the aerodi-
gestive tract can be as high as 16.2%, with 6.4% being syn-
chronous and 9.8% being metachronous.166 Metachronous
tumors are most likely in the lung (57%), placing these
patients in one of the highest risk categories for the develop-
ment of lung cancer.

Present Screening Efforts

There has been a realization by the medical community that
the efficacy of lung cancer screening should now be investi-
gated in a research setting using newer computed tomo-
graphic techniques. Moreover, individual centers as well as
lung specialized program of research excellence (SPORES)
have enrolled patients on either radiographic, sputum-based,
or combination programs for lung cancer screening to develop
potential molecular markers. All lung cancer screening pro-
grams are based on the premise that high-risk populations
must be chosen to have any hope of cost-effectiveness, and,
in addition to the technologic evolution alluded to above,
there has been a greater refining of the demographics of the
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individual at high risk for lung cancer who may be a candi-
date for enrolling in lung cancer screening programs.

Chest X-Ray

The National Cancer Institute initiated a large randomized
controlled screening trial using chest radiographs for lung
cancer screening as part of the Prostate-Lung-Colorectal-
Ovarian (PLCO) trial. One of the objectives of the trial, which
is ongoing, was to determine whether screening reduces 
lung cancer-specific mortality by at least 10% relative to
unscreened groups.167 This trial remains under analysis at this
writing.

Low-Dose Helical CT Scanning of the Chest

NONRANDOMIZED APPROACHES

The Japanese Anti-Lung Cancer Association screened approx-
imately 26,000 male smokers over 50 years of age from 1975
to 1993 with chest radiography and sputum cytology, and
added spiral CT scanning to the regimen in 1993.168 Signifi-
cantly more cancers were detected in the CT era (36 over 5
years) compared to the pre-CT era (43 over 18 years), and 81%
of the CT screened lung cancers were stage IA compared to
42% in the pre-CT era. There was a striking increase in the
5-year survival, from 48% to 82%. Single-spiral CT preva-
lence scanning was performed by another Japanese group in
3,967 of 5,483 persons aged 40 to 74 years, individuals who
had previously been screened with yearly chest X-rays and
sputum cytologic screening. Of the 223 individuals with
abnormal findings, 19 cancers were detected, and 84% of
these were found to be stage I;169,170 the addition of CT scan-
ning increased the rate of lung cancer diagnosis by approxi-
mately 12 fold.

The Early Lung Cancer Action Project (ELCAP) was ini-
tiated in the United States in 1993 to define the frequency
with which malignancy was found in screen-detected nodules
and the frequency with which malignant nodules were
curable. A cohort of 1,000 high-risk persons was experimen-
tally screened using a noncomparative design in which a
single cohort was recruited for baseline and annual repeat CT
screening.170,171 The medically fit volunteers were aged 60
years or older, with at least 10 pack-years of cigarette smoking
and no previous cancer.

Chest radiographs and low-dose CT were done for each
participant, with the diagnostic/interventional investigation
of screen-detected noncalcified pulmonary nodules by short-
term high-resolution CT follow-up dictated primarily by size
of the nodule. Noncalcified nodules were detected in 233
[23%; 95% confidence interval (CI), 21–26] participants by
low-dose CT at baseline, compared with 68 (7%; 95% CI, 5–9)
by chest radiography. Malignant disease was detected in 27
(2.7%; 95% CI, 1.8–3.8) by CT and 7 (0.7%; 95% CI, 0.3–1.3])
by chest radiography, and stage I malignant disease in 23
(2.3%; 95% CI, 1.5–3.3]) and 4 (0.4%; 95% CI, 0.1–0.9]),
respectively. Of the 27 CT-detected cancers, 26 were
respectable. Biopsies were done on 28 of the 233 participants
with noncalcified nodules; 27 had malignant noncalcified
nodules and 1 had a benign nodule. Another 3 individuals
underwent biopsy against the ELCAP recommendations; all
had benign noncalcified nodules. No participant had thora-
cotomy for a benign nodule.171

A follow-up report concentrating on 1,184 annual repeat
screenings defined a positive result from the screening test as
a newly detected nodule or one to six noncalcified pulmonary
nodules with interim growth. Of the 1,184 repeat CT screen-
ings, the test result was positive in 30 (2.5%). In 2 of these 30
cases, the individual died (of an unrelated cause) before diag-
nostic workup, and the nodule(s) resolved in another 12 indi-
viduals. In the remaining 16 individuals, the absence of
further growth was documented by repeat CT in 8 individu-
als and further growth was documented in the remaining 8
individuals. All 8 individuals with further nodular growth
underwent biopsy, and malignancy was diagnosed in 7. Six of
these 7 malignancies were non-small cell carcinomas (5 of
which were stage IA and 1 of which was stage IIIA), and the
1 small cell carcinoma was found to be of limited stage. The
median size dimension of these malignancies was 8mm. In
another 2 subjects, symptoms prompted the interim diagno-
sis of lung carcinoma. Neither of these malignancies was
nodule associated but rather was endobronchial; 1 was a stage
IIB non-small cell carcinoma and the other was a small cell
carcinoma of limited stage. The data from the ELCAP expe-
rience will be pooled with that of two initiatives, which are
outgrowths of the original ELCAP, the New York ELCAP (NY-
ELCAP) and the International Early Lung Cancer Action
Program (I-ELCAP). These efforts share the same set of prin-
ciples and protocol as well as the ELCAP web-based manage-
ment and data-recording system and its associated teaching
files.172

The Mayo Clinic also evaluated CT-based lung screening
in a prospective cohort study of 1,520 individuals aged 50
years or older who had smoked 20 pack-years or more.173 Par-
ticipants underwent three annual low-dose CT examinations
of the chest and upper abdomen. Two years after baseline CT
scanning, 2,832 uncalcified pulmonary nodules were identi-
fied in 1,049 participants (69%). Forty cases of lung cancer
were diagnosed: 26 at baseline (prevalence) CT examinations
and 10 at subsequent annual (incidence) CT examinations.
CT alone depicted 36 cases, and sputum cytologic examina-
tion alone, 2. There were 2 interval cancers. The mean size
of the non-small cell cancers detected at CT was 15.0mm.
The stages were as follows: IA, 22; IB, 3; IIA, 4; IIB, 1; IIIA, 5;
IV, 1; limited small cell tumor, 4. Twenty-one (60%) of the 
35 non-small cell cancers detected at CT were stage IA at
diagnosis.

PRESENT RANDOMIZED STUDIES

The National Cancer Institute and the American College of
Radiology Intervention Network is sponsoring a multicenter,
randomized controlled trial of 88,000 individuals at high risk
of developing lung cancer to see whether screening with low-
dose helical CT can reduce lung cancer-specific mortality rel-
ative to chest radiographs. High risk is defined by age 55 to
74 years with a current or previous heavy smoking history
equaling at least 30 pack-years; former smokers must have
quit within the preceding 15 years. The experimental group
will undergo screening with low-dose helical CT, and the
control group will undergo screening with chest radiographs.
Both groups will be screened annually for at least two inci-
dence screens, and both groups will complete quality of life
questionnaires. The primary endpoint of the trial is lung
cancer-specific mortality. Intermediate endpoints include all-
cause mortality; surgical stage at diagnosis; medical resource
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utilization; the impact of screening on quality of life and psy-
chologic effects; and the economic consequences of helical
CT screening.

SPUTUM CYTOLOGY SCREENING

Sputum cytology studies for lung cancer screening require
huge numbers of subjects and are less attractive because of
the low sensitivity (65%) of sputum analysis, as well as the
inability to detect peripheral cancers with the same sensitiv-
ity as central tumors.174 To be successful as a population-
screening tool, sputum cytology sensitivity must be improved
using such approaches as (1) immunostaining of abnormal
epithelial cells, (2) computer-assisted image analysis of exfo-
liated sputum cells, (3) PCR-based assays to detect changes in
dominant and recessive oncogenes, and (4) genetic epidemi-
ology markers to more precisely define at-risk populations of
current and former smokers.175 Tockman has reported that 
an antibody to heterogeneous nuclear ribonucleoprotein
(hnRNP) may improve the accuracy of preclinical lung cancer
detection. HnRNP is overexpressed in exfoliated airway cells
as a prelude to the development of lung cancer.163,176,177 In a
background of normal-appearing airway cells, abnormal stain-
ing for hnRNP with the antibody can be performed by quan-
titative densitometry of immunostained slides. In separate,
ongoing prospective studies, sputum has been collected annu-
ally from stage I resected non-small cell lung cancer patients
at high risk of developing a second primary lung cancer and
Yunnan tin miners at high risk of primary lung cancer. These
two prospective studies accurately predicted that 67% and
69% of those with hnRNP upregulation in their sputum
would develop lung cancer in the first year of follow-up.
Other investigators are quantitating malignancy-associated
changes by computer-assisted image analysis to report
nuclear distribution of DNA in histologically normal cells
adjacent to preinvasive or invasive cancers. In a retrospective
analysis, malignancy-associated changes in sputum cytology
were able to correctly identify 74% of subjects who later
developed lung cancer.178 Other molecular markers that are
being examined in sputum include microsatellite alter-
ations,179 methylation changes,180 and point mutations in p53
and ras genes.181–183

The detection of sputum atypia and subsequent identifi-
cation of the source of cells demands improvements in endo-
scopic visualization. Only 30% to 40% of carcinoma in situ
are visible to an experienced endoscopist on conventional
bronchoscopy. Autofluorescence bronchoscopy is now being
used with greater frequency as a complementary technology
to sputum screening to provide targeted biopsies of dysplas-
tic lesions.184 The technique is based on the observation that
when the bronchial surface is illuminated by a blue light
(405–442nm), such as light from a helium-cadmium laser,
there is a progressive reduction in the fluorescence intensity
as the tissue becomes more abnormal, especially in the green
wavelength band of the autofluorescence spectrum. The
marked reduction in fluorescence intensity (up to 10-fold
decrease in the green and about 5-fold in the red) in precan-
cerous and cancerous tissue is thought to be caused by the
combination of an increase in the thickness of the bronchial
epithelium, a very slight increase in blood content in the area
of the submucosa of the lesion, and a loss of fluorophore con-
centration or fluorescence quantum yield.185 A multicenter
clinical trial in 173 subjects with known or suspected lung

cancer was performed in which conventional bronchoscopy
was followed by fluorescence examination. The relative 
sensitivity of both examinations versus conventional bron-
choscopy alone was 6.3 for intraepithelial neoplastic lesions
and 2.71 when invasive carcinomas were also included.186

Staging

TNM Staging Classification

Staging of lung cancer (Table 37.4) uses the TNM staging
system and was most recently revised in 1997.187

Mediastinal Staging

Staging of the mediastinum by either invasive or noninvasive
techniques should efficiently and accurately determine
whether patients are candidates for a potentially curative 
surgical resection, or for protocols involving multimodality
approaches before or instead of attempted surgical resection.
The most confounding aspect of the surgical staging of lung
cancer involves accurate assessment of the mediastinum,
which ideally should define (1) mediastinal lymph node status
and (2) mediastinal invasion.

Mediastinal Involvement: Lymph Nodes

Approximately 26% to 44% of patients with newly diagnosed
lung cancer have mediastinal lymph node involvement.
Adverse prognostic factors associated with positive mediasti-
nal nodes include extracapsular spread of tumor, multiple
levels of involved lymph nodes, bulky enlarged nodes, and 
the size of the primary tumor.188–191 Multiple studies have
found that metastatic disease to the subcarinal lymph nodes
adversely affected prognosis compared to other lymph
nodes.192–198 It is generally believed than multistation nodal
disease has a somewhat worse prognosis than single-station
disease, but the location of metastatic disease to a single
nodal station probably has no significant effect.

The poor survival rates with surgery alone in N2 disease,
without significant survival benefit for adjuvant postopera-
tive radiotherapy,199–201 has led to designing protocols that use
nonsurgical (radiotherapy and/or chemotherapy) therapy first,
often to convert the “unresectable” tumor to resectable, to
improve long-term survival.202 In general, patients with
lymph nodes greater than 2cm in short-axis diameter mea-
sured by CT, who have extranodal involvement, and multi-
station disease along with groups of multiple involved
smaller lymph nodes, are considered to have bulky, unre-
sectable disease. These patients are referred for protocols
involving chemoradiation if they are functionally fit to toler-
ate the therapy. The heterogeneity of N2 prognostic cate-
gories can certainly confound ongoing prospective trials
attempting to define good-risk candidates for multimodality
therapy. The heterogeneity phenomenon of mediastinal
lymph node involvement has been reviewed by Andre et al.
in 702 consecutive patients having surgical resection of N2
non-small cell lung cancer.203 A multivariable analysis using
Cox regression identified four negative prognostic factors:
clinically apparent N2 disease; the involvement of multiple
lymph node stations; either pathologic stage T3 or T4 status;
or no preoperative chemotherapy. For patients having primary
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surgery, the 5-year survivals varied according to N2 charac-
teristics: one-level involvement with microscopic disease
(34%); multiple level lymph nodes with microscopic disease
(11%); single-level clinically apparent disease (8%); and mul-
tilevel clinically apparent disease (3%). For patients with
single-level microscopic disease, there was no difference in
survival between different lymph node stations.

It is just as important to determine whether the extent of
mediastinal involvement is T3 (nontransmural involvement
of the pericardium, involvement of the phrenic nerve focally,
or extrapericardial involvement of the pulmonary artery or
veins) or T4 (involvement of the superior vena cava, aorta,
main pulmonary artery, esophagus).204 Extension of tumor
into these structures radically alters the T status of the tumor
and influences surgical decision making toward primary
resection or protocol-directed induction therapy with later
surgical consideration. The limited studies that deal with T3
involvement of the mediastinum report a 5-year survival
approaching 25% if the mediastinal lymph nodes are not
involved.205 However, with T4 involvement of the superior
vena cava, main pulmonary artery, or aorta, the 5-year sur-
vival rate in very limited series is approximately 15%, with
the best survivals (30%) reported in patients with localized
superior vena caval involvement.205

Noninvasive Staging Modalities

COMPUTED TOMOGRAPHY

A recent review of 20 studies published since 1993 with a
cohort of 3,438 patients evaluated the accuracy of CT scan-

ning for the mediastinal staging of lung cancer.204,206 There
was marked heterogeneity for the sensitivity (pooled value =
0.57) and specificity (pooled value = 0.82), with positive pre-
dictive value of 0.56 and negative predictive value of 0.83.
These data reinforce that findings on a CT scan cannot be
used solely to determine mediastinal lymph node status and
reveal that the accuracy of CT scanning of the mediastinum
has not changed despite improvements in technology.
Obstructive pneumonitis with resulting enlarged lymph
nodes can account for the fact that 40% of lymph nodes
thought, on CT scan, to be malignant were actually benign,
and microscopic involvement of lymph nodes is encountered
in up to 15% of patients having a complete mediastinal
lymph node dissection for presumed stage I disease. The
obvious conclusion for the standard of care in 2004 is that CT
scanning findings of the mediastinum, when using the 1-cm
cutoff limit, must be supplemented by other noninvasive and
invasive techniques to have a higher confidence that abnor-
mally enlarged lymph nodes truly represent IIIA or IIIB
disease.

MAGNETIC RESONANCE IMAGING

Magnetic resonance imaging (MRI) currently has a limited
role in the noninvasive staging of bronchogenic carcinoma
but may be used to evaluate for vascular or vertebral body
invasion with suspected T4 tumors or to assess the integrity
of the brachial plexus in patients with a Pancoast tumor.207

Due to poorer spatial resolution and motion artifact, it is less
sensitive in evaluation of the pulmonary parenchyma.
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TABLE 37.4. Stage Grouping: TNM subsets.

Stage TNM subset TNM descriptors

0 Carcinoma in situ
IA T1N0M0 T1 Tumor 3cm or less in greatest dimension, surrounded by lung or visceral pleura, without 

bronchoscopic evidence of invasion more proximal than the lobar bronchus* (i.e., not in 
the main bronchus)

IB T2N0M0 T2 Tumor with any of the following features of size or extent: More than 3cm in greatest 
dimension; involves main bronchus, 2cm or more distal to the carina; invades the 
visceral pleura; associated with atelectasis or obstructive pnuemonitis that extends to 
the hilar region but does not involve the entire lung.

IIA T1N1M0 T3 Tumor of any size that directly invades any of the following: chest wall (including 
superior sulcus tumors), diaphragm, mediastinal pleura, parietal pericardium; or tumor 
in the main bronchus less than 2cm distal to the carina, but without involvement of 
the carina; or associated atelectasis or obstructive pneumonitis of the entire lung.

IIB T2N1M0 T4 Tumor of any size that invades any of the following: mediastinum, heart, great vessels,
T3N0M0 trachea, esophagus, vertebral body, carina; or separate tumor nodules in the same lobe; 

or tumor with malignant pleural effusion.**
IIIA T3N1M0 N0 No nodal involvement

T1N2M0 N1 involving ipsilateral hilar or bronchial nodes
T2N2M0
T3N2M0

IIIB T4 any N, M0 N2 involving ipsilateral mediastinal nodes
Any T, N3, M0 N3 involving contralateral nodes or scalene nodes

IV Any T, Any N M1 M0 no distant metastases
M1 distant metastases present

*Note: The uncommon superficial tumor of any size with its invasive component limited to the bronchial wall, which may extend proximal to the main bronchus,
is also classified T1.

**Note: Most pleural effusions associated with lung cancer are caused by tumor. However, there are a few patients in whom multiple cytopathologic examina-
tions of pleural fluid are negative for tumor. In these cases, fluid is nonbloody and is not an exudate. Such patients may be further evaluated by video thoracoscopy
and direct pleural biopsies. When these elements and clinical judgment dictate that the effusion is not related to the tumor, the effusion should be excluded as a
staging element and the patient should be staged T1, T2, or T3.

Source: Used with the permission of the American Joint Committee on Cancer (AJCC), Chicago, Illinois. The original source for this material is the AJCC Cancer
Staging Manual, Sixth Edition (2002), published by Springer-Verlag New York, www.springer-ny.com.



NONINVASIVE STAGING BEYOND CT: POSITRON

EMISSION TOMOGRAPHY

Positron emission tomography (PET) scanning has become an
ideal supplement to CT scanning because of its higher sensi-
tivity and specificity for the evaluation of mediastinal lymph
nodes. Toloza et al.206 evaluated PET scanning for mediasti-
nal staging in 1,111 patients from 29 reports in the literature,
finding a pooled sensitivity of 0.85 and a pooled specificity of
0.88. The overall positive predictive value and negative pre-
dictive value were superior to CT scanning (0.78 and 0.93,
respectively). Other reports have noted that the use of PET
scanning can change decision strategies for patients in 10%
to 20% of instances.208 PET scanning, however, is limited in
its anatomic interpretation and sensitivity when analyzing
lesions less than 1.2cm. Lymph node stations can be accu-
rately identified when PET images and CT images are fused
or interpreted simultaneously, but the volume or number of
involved lymph nodes cannot be determined with present
PET technology. The size limitations for sensitivity may not
only have to do with spatial resolution software but with the
type of lesion that is being visualized, as the PET intensity is
known to be lower in bronchoalveolar lung cancer compared
to other histologies.209

Surgical Staging

MINIMALLY INVASIVE TECHNIQUES FOR MEDIASTINAL STAGING

Bronchoscopic Techniques Including Transbronchial
Needle Aspiration Biopsy Bronchoscopy can play a key role
in the staging of lung cancer. Carinal biopsy alone in the pres-
ence of an endobronchial tumor can have a yield as high as
5%,210 and bronchoscopy may also detect other lesions unsus-
pected in the airway. Fluorescence bronchoscopy is being
evaluated not only for finding occult lesions but also to define
margins of resection of the bronchus that could influence
stage, that is, proximity to the carina.211 The yield for trans-
bronchial needle aspiration (TBNA) varies widely in the lit-
erature (20% to 89%) and seems to be related to the size and
location of the lesion as well as operator experience.204 In a
recent review regarding the accuracy of TBNA of the medi-
astinum in patients with lung cancer, the sensitivity was
determined to be 76% with a specificity of 96%.204 The
problem with TBNA is that the false-negative rate can be as
high as 30%, and the yield is reported to improve with at least
seven passes with the TBNA needle.

Endobronchial Ultrasound Biopsy (EBUS) Endobron-
chial ultrasound allows visualization of the tracheobronchial
and peribronchial lesions, mediastinal lymph nodes, and adja-
cent vascular structures as well as peripheral pulmonary
tumors, but studies of its efficacy are limited because of its
limited use by specialty centers. In 207 of 242 patients inves-
tigated using EBUS, the lymph nodes were successfully
sampled (86%), and a diagnosis or cancer stage could be
obtained in 172 patients (72%).212

Endoesophageal Ultrasound Fine-Needle Aspiration
(EUS-FNA) Because the esophagus lies posteriorly and to
the left of the trachea and is in proximity to the lymph nodes
between these two structures, lymph node levels 5, 7, 8, and
possibly 9 are accessible by endoesophageal ultrasound fine
needle. Right-sided levels 2, 4, and the pretracheal space are
not accessible with EUS-FNA. EUS-FNA is usually performed

in the outpatient setting with conscious sedation. Wiersema
et al.213 reported that EUS-FNA was superior to TBNA in the
diagnosis of mediastinal metastases in NSCLC. When per-
formed in patients with enlarged lymph nodes, EUS-FNA has
a high sensitivity and sensitivity (0.88 and 0.91, respectively),
with an overall positive predictive value of 98% and negative
predictive value of 77%.214 EUS-FNA can also detect malig-
nancy in normal-sized lymph nodes, and when successful has
altered the staging of patients with normal-size lymph nodes
from 18% to 42%. The sensitivity and specificity are low,
however, with normal-sized lymph nodes due to the neces-
sity to perform many aspirations of different sites to increase
the yield.214

Transbronchial and Transesophageal Needle Biopsy: 
Recommendations These techniques are most useful for
patients who have documented enlarged, nondiscrete lymph
nodes with extensive mediastinal infiltration (clinical/radi-
ographic evidence of N2/N3 disease). In this situation TBNA
and EUS-NA provide the best chance for obtaining a diagno-
sis with the least morbidity. Multiple aspirates should be per-
formed to avoid sampling error.

INVASIVE SURGICAL STAGING OF THE MEDIASTINUM

Based on the relationship between prognosis and the level of
lymph node involvement, Naruke and colleagues developed
a thoracic lymph node map that illustrates the location of
various lymph nodes.215 This map has been most recently
revised in 1997 by Mountain and Dresler.216 Each lymph node
is assigned to a specific nodal station (N0, N1, N2, or N3) rep-
resenting a prognostic subgroup or stage. In 1986 and subse-
quently in 1997, Mountain introduced and modified a new
international staging system in which the extent of nodal
spread serves as the principal prognostic determinant,187,217

and multiple reports have validated the prognostic value of
this staging system.

The method by which the mediastinum is explored
depends on the site of the lesion. Cervical mediastinoscopy
involves an initial digital exploration palpating suspicious
nodes followed by placement of the scope to visualize and
biopsy the appropriate lymph nodes. The N2 (levels 4, 7) and
N3 nodal stations (2, scalenus/supraclavicular) with the
exception of the aortic nodes (levels 5 and 6), the inferior pul-
monary ligament nodes (level 9), and the paraesophageal
nodes (level 8), are accessible for biopsy using this technique.
Ginsberg has emphasized the importance of combining 
standard cervical mediastinoscopy with exploration of the
scalenus fat pad218 in patients with central nonsquamous
tumors. Extended cervical mediastinoscopy is a technique
that combines cervical mediastinoscopy with medi-
astinoscopic evaluation of the subaortic space as a single pro-
cedure.219 More commonly, the subaortic space is approached
using the Chamberlain procedure, which permits the surgeon
to directly palpate the subaortic extrapleural space and biopsy
the lymph nodes in this region.220 Some surgeons prefer to use
a mediastinoscope through a small anterior incision in the
left chest and not remove the costal cartilage to perform a
Chamberlain procedure.

Video-assisted thoracoscopic surgery (VATS), a minimally
invasive surgical technique, is an alternative method to assess
levels 5 and 6 as well as the paraesophageal (level 8) and pul-
monary ligament (level 9) nodes.221 Whether a surgeon surgi-
cally stages the ipsilateral and the contralateral mediastinal
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nodes in a lung cancer patient is being increasingly dictated
by the use of PET scanning, although there are recommenda-
tions in the absence of PET scan findings (see following). In
the absence of PET scanning availability, staging of the con-
tralateral side usually is defined by nodal size on computer-
ized tomography.

Mediastinoscopy or Mediastinotomy Mediastinal nodal
enlargement by CT is an absolute indication for medi-
astinoscopy. For patients with mediastinal nodes of any size,
the documentation of metabolic activity within single nodes
or in multiple nodal basins in an individual with suspected
lung cancer is also an indication for surgical staging of the
suspicious mediastinum. For patients whose eligibility crite-
ria require documentation of mediastinal disease, as in ran-
domized or nonrandomized trials of induction therapy for
locoregional lung cancer, mediastinal biopsy is mandated. A
large mass or a lesion of any size located within the inner one-
third of the lung field, especially if it is an adenocarcinoma
or large cell carcinoma, correlates with an increased incidence
of N2 nodal spread despite the finding of a normal medi-
astinum on CT scan.222 Left-sided lung cancers also merit
mediastinoscopy at certain centers. Because of the tendency
for left lower lobe lesions to spread contralaterally, some
centers recommend biopsy of bilateral mediastinal nodes,
using mediastinoscopy to sample anterior 7, 2R, 4R, 2L, and
4L, and extended mediastinoscopy, mediastinotomy, or EUS-
NA to sample 5L and 6L. Mediastinoscopy evaluation is 
also warranted for left upper lobe lesions to sample the level
4l nodes.223

In a review of more than 5,687 patients undergoing medi-
astinoscopy between 1983 and 1999, the overall sensitivity 
of standard cervical mediastinoscopy was 81%, with a nega-
tive predictive value of 91%.204 Extended cervical medi-
astinoscopy used in combination with standard cervical
mediastinoscopy will increase the overall sensitivity by 17%
to 44% and improve negative predictive value by 10% to 20%
when compared directly to standard mediastinoscopy.219 The
Chamberlain procedure or anterior mediastinotomy has a
sensitivity of 63% to 86%, and its negative predictive value
remains high whether it is performed alone (89% to 100%) or
in combination with standard cervical mediastinoscopy (89%
to 92%).204

Video-Assisted Thoracic Surgery and Mediastinal Staging
Thoracoscopy has been used to not only assess left-sided
lymph node stations not accessible by standard medi-
astinoscopy and for the inferior pulmonary ligament and
paraesophageal lymph nodes, but also in very limited series
to assess systematic nodal dissection for right-sided tumors.
There are few series, however, describing the surgical tech-
nique in its entirety, and most operations involve the use of
a 4.5- to 5-cm anterior incision that enhances visibility, yet
in expert hands subcarinal lymph node dissection is possi-
ble.224 It is generally concluded that VATS is used by a small
group of surgeons in lung cancer mediastinal staging, and its
chief use involves the assessment of pleural effusions associ-
ated with lung cancer adenopathy and the documentation of
discontinuous pleural disease by direct visualization and
roentgenographically negative pleural involvement.

Intraoperative Staging at the Time of Resection There
is controversy whether complete ipsilateral mediastinal nodal

dissection as opposed to minimal or more-extensive hilar and
mediastinal lymph nodes sampling has greater efficacy in
determining intraoperative stage and whether the degree of
the dissection influences prognosis. A number of investiga-
tors have evaluated the extent of mediastinal biopsy neces-
sary to obtain accurate staging information. Bollen et al.
found that systematic sampling of mediastinal lymph nodes
was as successful as mediastinal lymph node dissection in
identifying N2 disease (discovery ratio, 2.7; CI, 1.04–4.2).225

Bollen described more injuries to the recurrent nerve with
lymph node dissection when compared to historic controls
and that lymph node dissection lengthens the operation.
Izbicki et al.226 conducted a randomized prospective trial with
182 patients comparing systematic mediastinal lymph node
sampling to mediastinal lymph node dissection, and found
that the number of N2 positive levels was greater in the
patients who underwent complete dissection, although the
percentage of patients found to have N1 or N2 disease was
not significantly different between the two study arms; there
was no difference in blood loss or blood replacement.226 A
similar study was conducted by Sugi et al. in 115 patients
with clinical T1N0 tumors that were less than 2cm in diam-
eter; mediastinal metastases were found in 13% of each
group.227 From these data, it appears that systematic lymph
node dissection is no more accurate than mediastinal dissec-
tion for staging NSCLC.

Whether regional lymph node sampling or complete ipsi-
lateral lymphadenectomy affects long-term survival is
unclear. There has been no long-term study of the effects of
a complete mediastinal lymphadenectomy. However, the 
retrospective study by Funatsu et al. has shown that 5-year
survival was significantly better in 64 patients who under-
went a lymph node sampling, when compared to 61 patients
who underwent a radical mediastinal lymphadenectomy.228

Conversely, in a series of 151 patients at Memorial Sloan-
Kettering Cancer Center who had positive mediastinal lymph
nodes, a 30% 5-year survival was observed as one of the
highest in the literature today with mediastinal lym-
phadenectomy.229 In Izbicki’s randomized trial comparing
mediastinal node sampling with mediastinal lymphadenec-
tomy, no increase in morbidity or mortality was noted for
lymphadenectomy, and there were no differences in survival.
This trial, however, was underpowered to show differences in
locoregional recurrence or survival.226

The Intergroup Trial 0115 of adjuvant therapy in patients
with completely resected stages II and IIIA NSCLC had the
patients stratified by the type of lymph node dissection before
participation (dissection versus sampling). Of 373 eligible
patients accrued to the study, 187 underwent sampling and
186 had dissection. Although no significant difference in
stage distribution was observed between the two surgical pro-
cedures, complete dissection identified significantly more
levels of N2 disease and was associated with improved 
survival with right-sided NSCLC compared to systematic
sampling.230

Wu et al. recently presented the results of the largest ran-
domized trial to date that compared the two techniques.231 In
this study of 471 eligible patients with stages I to IIIA NSCLC
followed up for up to 10 years after resection, complete dis-
section was associated with significant improvement in 
survival: 59 months versus 34 months median survival. 
Significant differences in survival were present for all patho-
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logic stages of disease and, on multivariate analysis, the type
of lymph node dissection was found to be an independent pre-
dictor of survival.

Sentinel Lymph Node Mapping and Mediastinal Staging
The first draining node from a primary lesion is known as the
sentinel node, and determination of the sentinel node (SN)
has been used to individualize lymph node dissection for
melanoma and breast cancer, as well as to target those nodes
for which thin-section immunohistochemical analysis of
micrometastases is warranted. For patients with lung cancer
with small tumors and clinically negative lymph nodes, SN
mapping could be most beneficial because this group has a
15% and 20% incidence of occult nodal metastatic disease.
The safety and efficacy of the SN technique have already been
documented in patients with lung cancer. Liptay et al.232,233

established the feasibility of this technique by defining the
SN in 82% of patients with lung cancer intraoperatively with
technetium colloid, reporting that upstaging from NO to 
N1 could occur in as high as 7% of patients. Schmidt,234

Nomori,235 and Sugi236 achieved an identification rate for sen-
tinel lymph nodes of more than 80%, 87%, and 63%, respec-
tively. Although most of the SN were identified at station 12,
the rate of mediastinal sentinel lymph nodes (skip metas-
tases) was 20% to 35%. These detection rates had a false-
negative rate of 2% to 5%, and may be influenced by the
degree of the patient’s chronic obstructive pulmonary disease
with loss of lymphatic channels due to emphysema and/or
the presence of large necrotic tumors.

The implications and utility of SN mapping will become
more clear as greater experience with the technique is pub-
lished to determine the appropriate isotope, timing, and intra-
operative or preoperative injection, as well as the ability to
intraoperatively determine nodal status using molecular tech-
niques. By selecting only those lymph nodes with a high prob-
ability of metastases, molecular or protein identification of
these occult metastases could radically stage shift these
patients and have implications for therapy, either intraopera-
tively or postoperatively.

Restaging of the Mediastinum After Induction Therapy
Patients with documented mediastinal lymph node disease
will be found at surgery after multimodality therapy to be
downstaged to N0 in approximately 45% of the cases,237–239

and a recent report using docetaxel-cisplatinum induction
therapy described mediastinal nodal sterilization in 65% of
patients.240 Mediastinal clearance and complete resection of
disease in these patients has been associated with 3-year sur-
vival of 53% to 61%, compared to 11% to 18% for those
without mediastinal clearance. These studies suggest that
surgical resection should be avoided in patients after induc-
tion therapy who have definite, biopsy-proven residual tumor
in the mediastinal nodes.

As mediastinal status after therapy appears to be a strong
predictor of survival, the ability to restage the mediastinum
in the least invasive fashion could guide therapeutic decisions
with regard to (1) feasibility of surgical resection and (2) 
modification of nonsurgical strategies such as changing
chemotherapy regimens if a response is not being achieved.
Radiographic techniques are not reliable in the restaging of
the mediastinum unless there is a complete disappearance of
disease [potential complete response (CR)] or if the disease is
obviously progressing.202 Hence, one should histologically

define the status of treated mediastinal adenopathy using
less-invasive techniques than thoracotomy, with mediastinal
lymph node dissection and intraoperative frozen section
assessment of mediastinal disease clearance. There are con-
troversial data to suggest that remediastinoscopy is feasible
and may supply information in selected populations of
patients. In a study by Mateu-Navarro et al.,241 24 patients
underwent remediastinoscopy after receiving neoadjuvant
chemotherapy with mitomycin, iphosphamide, and cisplatin
or cisplatin and gemcitabine. In 12 (50%), remediastinoscopy
was positive. The 12 remaining patients were operated on,
and residual disease in mediastinal lymph nodes was detected
in 5 patients (pN2) and hilar lymph nodes in 1 patient (pN1).
The other 6 patients were free of nodal disease. The sensitiv-
ity, specificity, and accuracy of remediastinoscopy were 0.7%,
1%, and 0.8%, respectively. In a similar study by Van Schil
et al., 27 of 31 identified candidates had remediastino-
scopy without major technical difficulties after neoadjuvant
therapy.242 Remediastinoscopy was positive in 11 patients
(40.7%) and negative in 16 (59.3%). Of these 16, 4 turned out
to be false negatives, for a sensitivity of 71%, specificity of
100%, and accuracy of 84%. These data, although promising,
do not establish remediastinoscopy as the gold standard for
histologic verification of mediastinal restaging and do not
address the issues that may occur with remediastinoscopy
after induction chemoradiotherapy.

PET Scanning After Induction Chemo/Radiotherapy
The role of PET scanning after both induction chemotherapy
and chemoradiotherapy with regard to the status of the medi-
astinum has been reported by various groups with mixed
degrees of enthusiasm, and there are recent reports that FDG-
PET scanning can be performed as early as 4 to 12 weeks after
radiotherapy with or without chemotherapy and is a better
predictor of survival in these patients than CT.243 In addition,
survival and time to progression in Stage IIIb and IV are longer
in patients who have a 46% to 60% reduction in standard
uptake value (SUV) as early as 21 days after commencing
therapy. Nevertheless, these studies do not involve surgical
verification of the lymphadenopathy after therapy, and do 
not comment on nodal basin SUV as a separate region of 
interest.

One of the initial reports evaluating PET after induction
therapy involved 15 surgically staged N2-NSCLC patients
who underwent a first PET before three cycles of platinum-
based induction chemotherapy.244 After induction, a second
PET was performed and locoregional therapy consolidated
with surgery in 9 and radiotherapy in 6. Correlation with
pathology of the 9 resection specimens revealed that the accu-
racy of PET in predicting mediastinal lymph node downstag-
ing was 100% (6 true negatives; 3 true positives). Survival was
significantly better in patients with mediastinal clearance (P
= 0.01) or with a greater than 50% decrease in the SUV of the
primary tumor (P = 0.03) after induction chemotherapy. A
study from the Massachusetts General Hospital245 investi-
gated PET restaging in 26 patients with histologically con-
firmed stage III NSCLC [21 with stage IIIA (N2) NSCLC 
and 5 patients with a highly selected subset of stage IIIB] 
who were treated with preoperative chemoradiotherapy. All
patients had an initial FDG-PET and another performed 2
weeks after completion of preoperative therapy. The FDG-
PET images were evaluated qualitatively for uptake at the
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primary tumor sites and mediastinal lymph nodes. When a
value of 3.0 was used as the SUV cutoff, sensitivity and speci-
ficity were 88% and 67%, respectively, for the primary tumor
site restaging. The sensitivity and specificity of FDG-PET for
mediastinal restaging were 58.0% and 93.0%. These results
indicated that FDG-PET may be useful for monitoring the
therapeutic effect of neoadjuvant chemoradiotherapy in
patients with stage III NSCLC. For the primary lesions, SUV-
based analysis has high sensitivity but limited specificity for
detecting residual tumor. In contrast, for restaging of medi-
astinal lymph nodes, FDG-PET is highly specific but has
limited sensitivity. In a study from Memorial Sloan Kettering
Cancer Center,246 FDG-PET was accurate in the detection of
the presence or absence of disease in the primary site (posi-
tive and negative predictive values of the FDG scan were 98%
and 29%, respectively) of 56 patients restaged postinduction
therapy with FDG-PET. Most of the errors in tumor staging
were related to understaging T4 disease. In predicting the
presence of residual mediastinal nodal disease, however, the
positive predictive value, the negative predictive value, sen-
sitivity, and specificity for PET in all assessable patients were
46%, 79%, 67%, and 61%, respectively. This study, however,
was limited by the absence of a majority of preinduction
FDG-PET scans. More promising data for regional accuracy
of lymph node prediction was reported by Cerfolio et al.247

in a small group of 11 patients with N2 disease in whom
repeat FDG-PET scans correctly predicted the absence or 
presence of cancer in all the N2 paratracheal lymph nodes 
in all patients. FDG-PET scanning was not as accurate in 
the other N2 stations, however, including levels 5, 6, 
and 7.

Future prospective trials of the utility of FDG-PET scan-
ning to predict nodal clearance after induction therapy must
be validated by histologic confirmation of disease either 
by intraoperative mediastinal dissection or by combining 
PET scanning with targeted positive nodes for remedi-
astinoscopy248 or EUS.249

Preoperative Evaluation

Based on the literature for more than 14,000 patients reported,
the operative mortality rates for resection of lung cancer
average 4% (lobectomy, 3%; pneumonectomy, 7%–9%), and
the most common causes of death include pneumonia 
and respiratory failure (41%), myocardial infarction (14%),
empyema and bronchopleural fistula (11%), hemorrhage
(7%), and pulmonary embolus (6%).250 Surgical selection
should be defined by correlation of the functional cardiopul-
monary reserve with the age of the patient instead of the
chronologic age alone. In a recent review of the literature, the
mortality of pulmonary resection for lung cancer in patients
70 to 79 years or more than 80 years was 6% and 8%, respec-
tively.250 For patients in their seventh decade or older, the
mortality for lobectomy is 4% to 7%, and for pneumonec-
tomy it is approximately 14% to 16%.251 These rates may be
more a function of comorbidity than age alone.

In a literature review of more than 9,000 patients, the
overall operative morbidity for patients having lung cancer
surgery is 34%, with the leading causes of major morbidity
being pneumonia (6%), respiratory failure (5%), empyema/
bronchopleural fistula (4%), cardiac failure (4%), hemorrhage

(2%), myocardial infarction (1%), and pulmonary embolus
(1%).250 The most common minor morbidity is supraventric-
ular tachyarrhythmia (12%).

Preoperative Pulmonary Assessment

The major parameters that have been used to predict postop-
erative mortality on preoperative studies include blood gas
studies while breathing ambient air, and the forced expiratory
volume in 1 second as an absolute number or as a percentage
of predicted value. Preoperative arterial oxygen saturation
less than 90% has been associated with an increased risk of
postoperative complications.252 Hypercapnea (PaCO2 greater
than 45mmHg) cannot be used as an independent risk factor
for increased complications but does call for further eval-
uation of pulmonary reserve.253,254 The generally accepted
guidelines for preoperative FEV1 for lobectomy and 
pneumonectomy are values greater than 1.5 and 2L, respec-
tively, and in all cases the maximum voluntary ventilation
(MVV) should be greater than 50% of predicted.255 Preopera-
tive diffusing capacity of the lung for carbon monoxide
(DLCO) has also been linked to postresection morbidity and
mortality. For pneumonectomy and lobectomy, a preopera-
tive DLCO of greater than 60% and 50% are recommended
for pneumonectomy and lobectomy, respectively. The risk 
of pulmonary complications also increases if the DLCO% 
is less than 80%.256 In general, patients with an FEV1

more than 80% predicted, a DLCO more than 80% predicted,
and no significant cardiac history are suitable for 
pneumonectomy.253

Postoperative Prediction of Lung Function

The prediction of postoperative lung function after resection
by using nuclear medicine perfusion scans and recently quan-
titative CT further defines pulmonary risk. A quantitative
radionuclide perfusion scan measures the relative function of
each lung.257–259 In general, the threshold for postoperative
FEV1 for surgical resection is between 0.7 and 0.8L.260,261 It is
difficult to predict the absolute cutoff for surgical resection
and predicted postoperative FEV1 by percent of normal, but a
group of studies have suggested increased morbidity with a
postoperative FEV1 that is less than 40% of normal.258,262

Moreover, a predicted postoperative DLCO less than 40% is
also associated with increased morbidity.258,263,264

Exercise Testing

Stair climbing has been used historically to gauge an indi-
vidual’s cardiopulmonary conditioning. In general, lobectomy
candidates were expected to climb three flights of stairs, and
indeed this correlates with an FEV1 greater than 1.7L. Pneu-
monectomy patients who could climb five flights of stairs
have an FEV1 above 2L.265,266

Formal cardiopulmonary exercise testing (CPET) with 
the measurement of oxygen consumption has also been 
used to stratify for the risk of perioperative complications.
Patients with a preoperative oxygen consumption greater
than 20mL/kg/min are not at increased risk of compli-
cations or death,255,267,268 whereas those with measurements
less than 10mL/kg/min are at high risk for postoperative
complications.267,269,270
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Specific Management of Lung Cancer Stages

Screen-Detected Central NSCLC

Occult lung cancers (those without radiographic or broncho-
scopic findings) are usually detected in sputum screening pro-
grams of high-risk asymptomatic individuals and in patients
who have had a previous aerodigestive malignancy. The
majority of these sputum detected lesions are squamous cell
carcinomas, and synchronous lung cancers occur in 7% to
10% and as high as 22% in some studies.221 Occult lung
cancers are usually carcinoma in situ or microinvasive cancer,
and the “gold standard” for these lesions is pulmonary lobec-
tomy. The use of autofluorescence bronchoscopic techniques
has improved the detection of these occult lesions,270,271 and
5-year survival with surgery approaches 90%.272,273

The depth of invasion of these lesions and the risk of lym-
phatic permeation can be derived from bronchoscopic evalu-
ation of their size and shape (i.e., less than 10mm, superficial
lesions have invasion in only 5% or less, whereas those that
are polypoid lesions invade up to 27% of the time).274 For the
smaller lesions with less of a chance of invasion and for
patients who will not tolerate a pulmonary resection, lung-
preserving endobronchial therapies may be considered includ-
ing photodynamic therapy, brachytherapy, electrocautery,
cryotherapy, and neodymium-yttrium-garnet (Nd-Yag) laser
therapy.275,276,277 Photodynamic therapy of lesions less than 
1cm can ablate these lesions in 75% of the cases with a recur-
rence rate of approximately 30%.276 Similar results are
achieved with electrocautery,278 endobronchial iridium-based
brachytherapy,277 and, most recently, cryotherapy.279

Stage I Lung Cancer (T1, T2N0M0)

Patients who are medically fit for surgery with lung cancers
limited to the hemithorax without lymph node involvement,
and with tumor extension no further than the visceral pleura
(stage IA and B), should have complete surgical excision by a
Board-certified general thoracic surgeon. In the event of pos-
itive pathologic margins, additional local therapies should be
considered, including reoperation or radiation therapy. The
use of adjuvant and induction therapies, specifically for the
T2 subset, is discussed in another section of this chapter.

The 5-year survival rates of pathologic stage IA and IB
disease after surgical resection are 70% and 55%, respec-

tively, independent of the histology of the tumor.280,281 The T
status of the tumor is clearly important in the prognosis. A
literature review of more than 1,600 cT1 tumors versus 1,800
cT2 tumors revealed a 5-year survival of 70% versus 47%,282

while a review of more than 11,000 pT1 and pT1 tumors
revealed survival differences of 71% and 55%, respectively.
On average, about a third of the patients with stage I lung
cancer will recur, with two-thirds of these recurrences being
systemic and one-third local. Approximately 5% of patients
with stage I lung cancer will develop a second primary at the
rate of 2% per year.282

Primary Radiation Versus Surgery for 
Stage I NSCLC

There have been no randomized trials of surgery versus
primary radiation therapy for stage I non-small cell lung
cancer. In general, however, radiation therapy is only deliv-
ered to early-stage patients who refuse surgical management
or who are deemed physiologically unable to undergo resec-
tion. A review of 978 patients from various studies of patients
with poor performance statuses varying from 0% to 16% and
radiation doses ranging from 50 to 80Gy reveals a cancer-
specific survival of 23% for clinical stage I non-small cell lung
cancer (versus the generally accepted 5-year survival of 51%
for surgically resected clinical stage I lung cancer).283–289 A
meta-analysis evaluating the role of primary radiation therapy
in stage I NSCLC patients receiving at least 40Gy in 20 frac-
tions over 4 weeks revealed a cancer-specific survival of 13%
to 39% at 5 years.290

Limited Resection and Early Lung Cancer

The controversies regarding the surgical management of stage
IA and IB lung cancer include whether an anatomic resection
should be preferred as opposed to wedge resection or less than
a lobar anatomic resection, that is, segmentectomy, and the
role of lymphadenectomy at the time of resection. Limited
resection as a compromise procedure in patients with poor
pulmonary reserve has a 5-year survival of 50%.282 A 6% to
24% risk of local recurrence has been reported in earlier
studies using wedge or segmental resection for stage I non-
small cell lung cancer along with a 5-year survival of 55% to
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TABLE 37.5. Lobectomy versus limited resection for lung cancer: nonrandomized trials.

Author Year Lobectomies (n) Limited resections (n) Survival (5 year) Recurrence rates Comments

Read661 1990 131 113 Same = 51%
Pastorino662 1991 411 61 49% vs. 55% 38% vs. 36%
Warren663 1994 68 105 Equal for tumors 5% vs. 23% Lobe for tumors >3cm

<3cm
Martini291 1995 511 62 77 vs. 59 vs. 35 50% for SW

(LSW)
Landreneu294 1997 117 102 70% vs. 61% Open or VATS wedge
Kodama293 1997 77 63 Same = 93%
Okada664 2001 139 70 87% vs. 87% No difference All tumors <2cm
Miller295 2002 75 25 71% vs. 33% 15% vs. 28% All tumors <1cm
Koike666 2003 159 74 90% vs. 89% 9/159 vs. 5/74 Tumors <2cm

L, lobectomy; S, segmentectomy; W, wedge resection; VATS, video-assisted thoracic surgery.



93% when performed in noncompromised individuals.291–295

In more-recent studies that compare efficacy in single insti-
tutional series of lobectomy versus limited resection (Table
37.5), lobectomies were generally similar, especially for
smaller lesions, yet the risk of recurrence was significantly
increased for lesser resections. There has been one random-
ized prospective trial comparing limited resection to lobec-
tomy for T1-2NO non-small cell lung cancer. The study,
performed by the Lung Cancer Study Group with 247 patients
assigned either lesser resection or lobectomy, revealed that
the lung cancer recurrence rate was 75% greater in the
limited resection due to a tripling of local tumor recurrence
and that there was a 50% increase in cancer death.296

One must conclude at present that survival is better after
lobectomy than after limited resection, and there is a two- to
fourfold-higher local recurrence rate in limited resection.
Nevertheless, the role of limited resection for lesions less
than 1cm and for lesions that are part solid or nonsolid (i.e.,
ground-glass opacities) remains under investigation.

The issues regarding mediastinal node dissection and
nodal sampling have been described in the “staging” portion
of this chapter. Table 37.6 reviews the issue of node positiv-
ity as a function of lesion size, showing that even small
lesions less than 1cm can have lymph node metastases if they
are adenocarcinomas.

Stage II Lung Cancer

T1–T2N1M0

The majority of patients with pathologic stage II lung cancers
(80%) have N1 disease involvement whereas the rest have
T3N0 disease.280,281 N1 nodal disease refers to involvement
either by metastasis or direct extension to the subsegmental,
segment, and lobar lymph nodes (stations 14, 13, 12) or to the
interlobar (11) and hilar lymph nodes (10). The 5-year survival
of patients with pathologic stage II (N1) disease is 40%, and
the survival of T1N1 disease is approximately 15% higher
than that for T2N1 patients.189,297–300 Squamous stage II lung

cancers have improved 5-year survival compared to adeno-
carcinoma,298 and the site of recurrence in all N1 is usually
systemic rather than local sites.306 Although evaluated in few
studies,298,301,302 involvement of lobar lymph nodes has approx-
imately a 15% survival advantage over the involvement of
extralobar/hilar lymph nodes.

The major surgical issues regarding management of N1
disease involve whether sleeve resections (preservation of
lung tissue using bronchoplastic reconstruction techniques)
are as efficacious as pneumonectomies and the role of induc-
tion/neoadjuvant therapy. The risk of recurrence as well as
the operative mortalities are equivalent for the two opera-
tions in the setting of sleeve lobectomy for NSCLC (Table
37.7). There are really no data that suggest that pneumonec-
tomy for N1 disease is superior to sleeve resection in terms
of survival.303 The theoretic advantages of sleeve resection
also include lung preservation in anticipation of a second
primary lung cancer, as well as the increased risk of a 
cardiopulmonary death with pneumonectomy. The role of
induction and postoperative adjuvant therapy for N1 involved
patients is discussed elsewhere in this chapter.

Treatment of Stage II NSCLC: T3 Category

T3 tumors usually present without lymph node involvement,
and this subset represents approximately 10% of all resected
non-small cell lung cancers or 5% of all NSCLC.281,282 T3
tumors invade the chest wall or diaphragm, the mediastinum
(mediastinal pleura, pericardium, phrenic nerve, azygous
vein, or right or left pulmonary artery), or have proximity (less
than 2cm) to the carina and involve the mainstem bronchus.
Mediastinoscopy should be performed in patients with T3
central tumors before resection for reasons of occult N2
metastases, and the survival of T3N2 NSCLC with a primary
surgical resection is low.

Chest Wall T3 Disease

Chest wall muscle, involvement of the parietal pleura, or rib
invasion constitute 40% of T3 tumors, and with a complete
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TABLE 37.6. Lymph node involvement versus lesion size.

Author N Node positive (%) N1 positive (%) N2 positive (%) Size

Konaka,667 1998 171 30 (14%) 10 20 <2cm
Koike,668 1998 157 27 (17%) 11 16 <2cm
Sugi,227 1998 115 22 (19%) 7 15 <2cm
Kawahara,669 2000 49 14 (29%) NA NA <2cm
Watanabe,670 2001 225 38 (17%) NA NA <2cm (only adeno with positive nodes)
Miller,665 2002 100 7 (7%) 5 2 <1cm

TABLE 37.7. Sleeve resections versus pneumonectomies.

Sleeve lobectomies vs. Five-year Operative
Author pneumonectomies (n) survival Recurrence mortality

Gaissert671 72 vs. 72 42% vs. 44% 14% vs. NA 4% vs. 9%
Okada318 60 vs. 60 48% vs. 29% 8% vs. 10% 2%
Suen672 58 vs. 142 38% vs. 35% NA 5.2 vs. 4.9



resection, the 5-year survival is approximately 50% to 60%.
The prognosis of resected chest wall T3 disease depends on
completeness of resection, nodal involvement, and depth of
invasion.304,305 If on exploration of the chest, the tumor is
found to invade the parietal pleura or deeper, an en bloc resec-
tion of the tumor with chest wall with a minimum of 2cm
of normal chest wall in all directions beyond the tumor is 
the preferred surgical technique, and the morbidity of en 
bloc resection is similar to that of operations where an
extrapleural resection is performed.304,306,307 The decision to
reconstruct the chest wall with prosthetic material will
depend on the location of the tumor, the preoperative pul-
monary status of the patient, and the extent of the resection.
The few studies that address postoperative radiotherapy in
patients who have undergone either a complete or an incom-
plete resection of T3 (chest wall) NSCLC have not identified
a survival advantage.305,308

Pancoast (Superior Sulcus) Tumors

The symptoms arising from a tumor in the apex of the lung,
with invasion of the first rib and associated involvement of
the brachial plexus and stellate ganglion, create the classic
Pancoast syndrome (rib erosion, shoulder pain radiating down
the arm, Horner’s syndrome). These are usually adenocarci-
nomas, and fine-needle aspiration has greater than 90%
success rate in establishing a diagnosis. Poor prognostic
factors for a superior sulcus tumor include mediastinal nodal
involvement, the presence of a Horner’s syndrome, vertebral
body invasion, and great vessel involvement (T4 involve-
ment). In the absence of mediastinal nodal involvement, the
overwhelming problem with these tumors is local control.
Preoperative radiation therapy of 3,000 to 4,500cGy followed
by en bloc resection of the involved lung, chest wall, and fre-
quently the T1 nerve root has been the standard of care until
recently, resulting in complete resection in approximately
66% of patients and a 5-year survival for completely resected
patients of 40%. A minority of patients in the surgical series
have mediastinal nodal involvement or have evidence of T4
disease.309 Approximately 45% of resected patients recur
locally, and another 25% recur systemically, chiefly in the
brain.

The new standard of care for Pancoast tumors involves
concurrent chemoradiation therapy followed by surgical
resection. Initial results for 95 patients eligible for surgery in
the Southwest Oncology Group Trial 9416 (Intergroup Trial
0160) using this approach revealed an operative mortality of
2.4% and a 92% complete resection rate. A pathologic com-
plete response or minimal microscopic disease was seen in
65% of thoracotomy specimens. The 2-year survival was 55%
for all eligible patients and 70% for patients who had a com-
plete resection.310 Presently a Phase II trial that evaluates the
role of consolidation chemotherapy after this regimen is
under way.

Mediastinal T3 Disease

If mediastinal invasion of the pleura, pericardium, or fat 
seen by an en bloc resection of the mediastinal tissue is 
over a small area and discovered only at the time of surgery,
resection can usually be accomplished. The average 5-year
survival of such patients is 25%.205 The patients with 

mediastinal invasion usually have other major structures
involved or concomitant mediastinal lymph node
disease.311,312

Proximal Airway Involvement T3 Disease

Tumors within 2cm of the carina can be resected by pneu-
monectomy, but in most of the series reported, especially
with those tumors arising from the upper lobes and extend-
ing into the main bronchus, a sleeve resection is performed
with preservation of the normal distal lung. In fact, patients
with mainstem bronchial involvement are usually reported
in series of sleeve resections, often mixed in with other 
stages (Table 37.7). The range of 5-year survival in reported
series varies from 12% to 40%.313–316 No randomized trials
comparing sleeve lobectomy with pneumonectomy have
been reported in the literature. In single-institution reports
comparing pneumonectomy with sleeve resection, the com-
plication rate and mortalities were increased in the pneu-
monectomy patients, but survival of the two techniques was
equivalent. The survival of patients with proximal airway
disease is influence by the ability to perform a complete 
resection (35% 5-year survival versus 18%, complete versus
incomplete resection) and the presence of mediastinal nodal
involvement (45% 5 year survival for N0 versus 37% for N1
and 0% for N2).205,317,318 Although these studies are limited by
their retrospective method and small numbers of patients, the
authors agree with the conclusions of these articles that
sleeve lobectomy is preferred over pneumonectomy when-
ever a complete pathologic resection can be obtained using
bronchoplastic techniques.

Locally Advanced Lung Cancer: Stages IIIA and B

Stage IIIA (N2) Disease

Stage IIIA disease includes a T3N1 tumor or N2 nodal spread.
The 5-year survival of T3N1 patients is approximately 22%,
and the finding of T3N1 (4% of all lung cancers) disease is
usually confirmed after resection of suspected T3N0 disease.

The role of surgery for N2 disease is much more compli-
cated because of the heterogeneity of N2 scenarios in clinical
presentation, treatment, and prognosis.

Surgery for Incidental N2 Disease

Despite careful preoperative staging including CT scan, PET,
and mediastinoscopy, as many as 25% of patients will be
found at thoracotomy to have metastases to mediastinal 
N2 lymph nodes, either intraoperatively or on the final 
pathologic examination of the surgical specimen. In others,
metastases will be found intraoperatively at the time of a 
thoracotomy with frozen section examination of unsus-
pected, enlarged mediastinal nodes. In patients with an occult
single-station mediastinal node metastasis that is recognized
at thoracotomy and when a complete resection of the nodes
and primary tumor is technically possible, most thoracic sur-
geons will proceed with the planned lung resection and a
mediastinal lymphadenectomy. This is the best possible prog-
nostic category for these patients because they are classified
as clinical N0, microsopic N2, single station, and, according
to Andre et al., have 5-year survivals of approximately 35%
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to 40%.203 If a complete resection is not possible or there 
is multistation or bulky, unresectable extracapsular nodal
disease, then the planned lung resection should be aborted as
the 5-year survival rate in this situation is only 5% to 10%.
These patients can then be considered for induction therapies
and potentially reexploration at the conclusion of their
chemotherapy with or without radiation therapy. Although
incomplete resection rarely results in long-term survival, col-
lected results of surgery alone in stage IIIA (N2 disease) 
provides a 14% to 30% 5-year survival, with the best sur-
vival seen in cases with minimal N2 disease and complete
resection.191,192,194,195,215,319–321 However, if before thoraco-
tomy metastatic disease is found in the N2 nodes at medi-
astinoscopy, further surgery at that time should be avoided.322

If appropriate, induction therapy first is more advantageous
(see later), followed later in selected patients by definitive sur-
gical resection of the primary lung cancer along with as com-
plete a mediastinal lymphadenectomy as possible.

Prognostic Factors Related to N2 Disease

Extracapsular tumor spread, multiple levels of involved
lymph nodes, bulky enlarged nodes, and the size of the
primary tumor have negative prognostic significance in stage
III A disease.188–192 Metastatic disease to the subcarinal lymph
nodes adversely affects prognosis compared to other lymph
nodes192–198 and, as mentioned earlier, multistation nodal
disease has a somewhat worse prognosis than single-station
disease.

Potentially Resectable N2 Disease

The poor survival rate with surgery alone in N2 disease, even
with adjuvant postoperative chemotherapy or radiotherapy,
has led to efforts at giving initial nonsurgical (radiotherapy
and/or chemotherapy) therapy first, often to convert the 
unresectable tumor to resectable and, as well, to improve
long-term survival. Patients considered for such approaches
include those with enlarged (more than 1.0-cm short-axis
diameter) N2 nodes (IIIA) on chest CT. Tissue confirmation
of nodal involvement must be performed in this setting 
to document that these nodes actually contain metastatic
tumor, as approximately 40% of moderately enlarged nodes
may be benign, especially if there is an associated recent
pneumonitis.

Preoperative Chemotherapy in Early-Stage NSCLC

There remains a significant chance for recurrence in patients
having surgery for Stage IB–IIB. Due to the feasibility and
potential efficacy of induction therapy seen in a small series
of randomized trial of IIIA disease, Phase II and III trials have
explored the use of induction therapy before surgery in
earlier-stage lung cancer patients. One of the first large
studies to demonstrate data supporting the use of induction
therapy (also discussed later in this chapter) came from a
subset analysis of a trial that randomized over 300 patients
with stages IB, II (188 patients), and IIIA to receive induction
chemotherapy with mitomycin, ifosfamide, and cisplatin
before surgery compared to surgery alone.323 The survival
benefit was primarily for patients with stages I and II, with
an estimated 4-year survival of 44% for the induction group
compared to 35% for the surgery-alone arm. There was a sig-

nificant decrease in distant metastases and an increase in the
length of disease-free survival for the patients treated with
chemotherapy. Postoperative morbidity was increased in the
combined modality treatment arm (6.7% versus 4.5% for
surgery alone). There was no statistically significant benefit
in the stage III subgroup.

A randomized study of 212 patients with stage I–IIIA from
Shanghai, China, has been reported in abstract form only.324

One hundred and three patients were randomized to one to
two cycles of preoperative cisplatin based chemotherapy and
108 to immediate surgery. A response rate of 50% was seen
following preoperative chemotherapy, but no survival benefit
was found at 5 years (32% chemotherapy arm versus 37%
surgery arm). In fact, the 5-year survival rates were signifi-
cantly worse in stage II patients (20% versus 65%; P = 0.042).
Further comments regarding this study will have to await the
full publication.

The Phase II BLOT (Bimodality Lung Oncology Team)
trial that evaluated preoperative paclitaxel and carboplatin
established the feasibility and safety of this approach with
encouraging survival.325–327 Eligible patients had stage T2N0,
T1N1, T2N1, and T3N0-1 NSCLC. This population was
selected for study based on poor survival despite operability
and resection (5-year survival rates, 38%–9%).327 The study
had two cohorts: 94 patients who received two induction 
and three postoperative paclitaxel/carboplatin cycles327 and a
second cohort of 39 patients who were treated with three
induction and two postoperative cycles.325 The response rate
for the induction chemotherapy was 56%, and 94% of the
patients underwent resection (86% had a complete resection).
The pathologic CR rate was only 6% and the 5-year survival
was 46%. An update on the BLOT trial that includes 40 addi-
tional patients reveals a 3-year survival of 63%. As seen with
many adjuvant lung cancer studies, only 45% of the patients
received the postoperative treatment. Forty-six percent of
patients had relapsed at the time of the last analysis. The
majority of these were distant (44%), with 13 (21%) occurring
in the brain only. A combination of local and distant failure
was seen in 18%, and 15% recurred locally only. This pattern
of failure did not differ from historical controls.

The promising survival from this Phase II trial led to the
development of the Phase III North American Intergroup trial
S9900. This Southwest Oncology Group (SWOG)-led trial was
a prospective, randomized trial that compared three cycles of
induction chemotherapy with paclitaxel and carboplatin 
followed by surgery to surgical resection alone in patients
with early-stage NSCLC. However, with the announcement
of marked survival advantage to adjuvant chemotherapy as
previously described in this chapter, the surgery-alone arm
was no longer acceptable as the control, and S9900 was closed
to accrual as of July 2004. Nevertheless, all the approximately
350 patients randomized to that point will be followed and
the study will still yield valuable information.

The concern that induction chemotherapy given to
patients with early-stage disease may increase operative mor-
bidity and mortality328 should be diminished by data from
large surgical series as well as the trials already reviewed here.
For example, at the M.D. Anderson Cancer Center, no sig-
nificant increases in operative morbidity or mortality were
found based on clinical stage, pathologic stage, extent of
resection, or protocol enrollment. Investigators at Memorial
Sloan-Kettering Cancer Center reported similar findings, with
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the exception that patients undergoing right pneumonectomy
following induction therapy had increased operative risk.329

Other international investigators also examined operative
morbidity and mortality rates and found them acceptable fol-
lowing preoperative chemotherapy.330,331

Ongoing Early-Stage Induction Trials

Currently, there are randomized trials that compare preoper-
ative chemotherapy to surgery alone in early-stage NSCLC
ongoing in Europe. The NATCH trial in Spain is a three-
arm study comparing three cycles of paclitaxel/carboplatin
chemotherapy given before surgery or after surgery to surgery
alone, and data should soon be available from this trial. In
Italy, the CHEST study is comparing three cycles of gem-
citabine/cisplatin chemotherapy before surgery to a surgery-
alone control arm. The LU22 study in Great Britain compares
three cycles of platin-based induction chemotherapy to a
surgery-only control arm. Finally, the current French study
administers chemotherapy to all early-stage NSCLC patients,
with randomization to one of two different chemotherapy 
regimens (gemcitabine/cisplatin or paclitaxel/carboplatin).

Induction Chemotherapy and/or Radiotherapy in
Stage IIIA

The modern era of induction regimens for higher-stage
NSCLC began with a series of first-generation Phase II 
trials conducted utilizing cisplatin-based chemotherapy with
or without radiotherapy as induction treatment before
surgery.332–336 Response rates from the induction therapy were
39% to 82%, resection rates (percent of original number
accrued) were 14% to 88%, and the survival rates were highly
variable. Staging and volume of tumor differences within
these trials preclude conclusions about efficacy or compar-
isons across trials; however, these pivotal studies demon-

strated the general safety of surgery after induction therapy
and, in some instances, provided intriguing survival data and
leading to a series of second-generation induction chemo-
therapy studies.337–341 Although all second-generation studies
required pathologic documentation of N2 disease, tumors
with a wide range of disease bulk were accrued. Moreover,
radiotherapy was variably given (intraoperative, postopera-
tive, or not at all), and information on why radiotherapy was
either given or withheld was not provided in detail for some
of the studies. Thus, lack of concordance on the disease bulk
and radiotherapy utilization variables makes comparison 
of results among the studies difficult. Resection rates for
second-generation studies were 51% to 68%, and postopera-
tive mortality, predominantly from pulmonary or cardiopul-
monary toxicities, ranged from 0% to 18%.

The other major category of second-generation induction
studies utilized concurrent chemoradiotherapy (chemoRT)
induction therapy (Table 37.8.237,342–345 The RT varied in sched-
ule, all induction chemotherapy was cisplatin based, but the
treatment prescribed after surgical resection was not uniform
among these five studies. Biopsy documentation of N2
disease or T4 status (see later) was required only in the
SWOG, Lung Cancer Study Group (LCSG), and Cancer and
Leukemia Group B (CALGB) trials, and stage IIIA (N2)
accounted for 47% to 87% of patients per trial. Two studies
included T3N0 or T3N1 (21% and 20% in the Rush Presby-
terian and CALGB studies, respectively), whereas all patients
with stage IIIA disease in the SWOG 8805, LCSG 852, and
Tufts trials had N2 nodal involvement. The stage IIIB subsets
of T4 and/or N3 were allowed in all trials except the CALGB
study and accounted for 6% to 53% of patients per trial.

Response or “response plus stable” (one study) rates were
56% to 92%, and 52% to 76% of the total number of patients
accrued to each study had a complete resection at thoraco-
tomy. The pathologic complete response (pCR) rates were
16%, 21%, and 27% in the LCSG, SWOG, and Rush Presby-
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TABLE 37.8. Second-generation Phase II studies of induction chemoradiotherapy before surgery.

T3N0– Complete Treatment-
IIIA 1/T4 Response resection related Operative

Disease (N2) or N3 rate rate mortality Mortality pCR pCR in
Investigators N burden (%) (%) Treatment schema (%)a (%)a (%)a (%)b (%)a N2 (%)a

SWOG 8805237 126 High 60 0/40 EP ¥ 2 + 45Gy Æ 59 71 10 8 15 38
volume Surgery Æ EP ¥ 2

+ 14Gy if persistent
N2 /incomplete
resection

LCSG 852342 85 High 85 0/13 PF ¥ 2 + 30Gy Æ 56 52 8 7 9 Not stated
volume Surgery

Rush— 85 Mixed 73 21/6 PF or PEF + 40Gy 92a 71 3.5 5 20 26
volume (Split course) Æ

Presbyterian343 Surgery
CALGB I344 41 Mixed 80 20/0 PVF ¥ 2 + 30Gy Æ 64+ 61 15 10 17 Not stated

volume Surgery Æ PVF ¥ 1
+ 30Gy

Tufts345 42 High 66 2/45 EP ¥ 2 + 59.4GyÆ 69a 79 0 0 21 59
volume surgery Æ PE ¥ 4

or Carbo T ¥ 4

SWOG, Southwest Oncology Group; LCSG, Lung Cancer Study Group; CALGB, Cancer and Leukemia Group B; E, etoposide; P, cisplatin; F, 5-fluorouracil; V, 
vinblastine; Carbo, carboplatin; T, paclitaxel; Gy, gray.
a Percent of original number.
b Percent of patients subjected to surgery.
c Includes stable disease.



terian trials, respectively.237,342,343 Postinduction assessment of
nonresponse by CT scan was often misleading, because 46%
of the 26 patients with resectable stable disease in the SWOG
study had pCR or only rare microscopic foci.237

The operative mortalities were predominantly pulmonary
related, as observed in the induction chemotherapy trials. The
cause of death often resembled the adult respiratory distress
syndrome (ARDS).

Long-term survival data were reported in several of the
trials of induction chemotherapy and induction chemoRT
(Table 37.9). Long-term follow-up of several of the trials sug-
gested that a plateau emerged on the tails of the survival
curves, and 5- to 7-year survivals of 17% to 34% were
reported. Favorable outcome predictors included postinduc-
tion pCR, complete resection, T3N0 or T3N1 disease, T4N0
or N1 disease, and pathologic clearance of initial N2 or N3
involvement (nodal downstaging). The SWOG 8805 trial
analysis showing that nodal downstaging was an independent
favorable prognostic impact of intermediate (2- to 3-year) sur-
vival is of interest, and was the only significant factor in a
multivariate model that included complete resection rate,
pCR, and multiple other factors.237 This variable was also the
most important univariate discriminant of 6-year survival,
although complete resection emerged as a long-term survival
predictor as well.346 The survival rates 3 and 6 years after tho-
racotomy for patients with uninvolved nodes at surgery were
41% and 33%, respectively, versus only 11% and 11% if there
was persistent mediastinal disease.

Following on the aforementioned chemoRT trials came
three Phase II induction trials [Massachusetts General Hos-
pital (MGH), West German Cancer Center (WGCC), and the
German Lung Cancer Cooperative Group (GLCCG)] using
platinum-based chemotherapy and hyperfractionated radio-
therapy either with a planned break (1) or with radiation
intensification by delivering it in an accelerated fashion
(2)347–349 (Table 37.10). Treatment-related mortality was 7%,
6%, and 9% and postoperative mortality 5%, 7%, and 8% (of
patients who underwent thoracotomy) in the MGH, WGCC,
and GLCCG trials, respectively. The main perioperative 

complication seen in both WGCC and GLCCG trials was
bronchial stump insufficiency, most often after right-sided
resections. After both groups started reinforcing bronchial
stumps with tissue later in each trial, the incidence of this
problem dropped to zero. A complete resection with negative
margins was accomplished in 81% of all patients in the MGH
trial, and the median survival was 25 months with an overall
survival of 66%, 37%, and 37% at 2, 3, and 5 years, respec-
tively. Five-year survival was 79% if the nodes were down-
staged to N0; 53% of the patients had complete resection
with negative margins on the West German Cancer Center
study and 26% had a complete pathologic response. Median
survival was 20 and 18 months and 3-year survival rates were
36% and 31% for stages IIIA and IIIB, respectively (no statis-
tical difference). A complete resection with negative margins
was achieved in 63% of patients enrolled on the GLCCG trial,
and over 50% of these exhibited a major histological response,
defined as necrosis or fibrosis of more than 90% of tumor
cells. Seven (13%) had pathologic complete response. The
median survival for the whole group was 20 months, with 
2- and 3-year survival of 40% and 30%, respectively. Median
survivals for stages IIIA and IIIB (25 versus 17 months) showed
no statistical significance, as did 2- and 3-year survivals (52%
and 35% versus 30% and 26%).

Randomized Trials of Surgery Alone Versus
Induction Therapy Followed by Surgery in 
Mixed-Stage, Resectable Disease

Several small randomized studies and one large Phase III trial
of induction chemotherapy for NSCLC were conducted for
patients with low-volume or “minimal” N2 disease and with
a surgery-alone arm as the control (Table 37.11).238,350–353 The
NCI trial was the most homogeneous in the stage subsets
accrued, whereas the treatment groups of the small M.D.
Anderson and Spanish studies had heterogeneous stage subset
distributions. The same stage mix issues existed in the large
French Thoracic Cooperative Group (FTCG) trial, with some
imbalance of stage subsets between the two arms (P = 0.07).353

lung cancer 5 7 1

TABLE 37.9. Long-term survival in selected second-generation Phase II induction trials in NSCLC.

Biopsy
Included proof of N2 Selected

Disease T3N0 or status Stage IIIB
Investigators burden N1? required? included? Long-term survival

Memorial338 Mixed No Yes No 28%, 3-year;
volume 17%, 5-year

Toronto339 Mixed No Yes No 26%, 3-year
volume

SWOG High No Yes Yes 27%, 3-year, 20%, 6-
8805237,346 volume year, stage IIIA (N2);

24%, 3-year, 22%, 6-
year, stage IIIB

CALGB II340 High Yes No No 28%, 3-year
volume 22%, 7(+)-year

CALGB High No Yes No 23%, 3-year
8935341 volume
Rush- Mixed Yes No Yes 40%, 3-year
Presbyterian343 volume
Tufts345 High Yes No Yes 37%, 5-year

volume

SWOG, Southwest Oncology Group: CALGB, Cancer and Leukemia Group B.
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Furthermore, in the FTCG study, clinical staging alone was
accepted and documentation of N2 status was not required.
The induction chemotherapy regimens for the five trials were
cisplatin based and were also variably given after surgery
depending on the study design.

Three of the four trials closed before the target accrual
goal was met. The National Cancer Institute (NCI) trial was
halted due to slow accrual, whereas the M.D. Anderson and
Spanish studies were stopped early because of large survival
differences by data monitoring committees due to strongly
positive results in favor of the induction chemotherapy
arms.354,355 With additional follow-up of the M.D. Anderson
trial cohort (median follow-up, 81 months), 32% of patients
were alive in the induction chemotherapy group versus 16%
in the surgery-alone arm (P = 0.06).351 The P value became sig-
nificant if only deaths caused by cancer were considered. The
update of the Spanish trial has revealed that no patients sur-
vived in the surgery group, whereas 16% were long-term sur-
vivors in the induction chemotherapy arm.352

These M.D. Anderson and Spanish trials generated exten-
sive discussion and debate with a consensus that these results
were provocative but not definitive. Suffice it to say that the
major concerns were the marked substage heterogeneity
within these two trials, and that the surgical control arms
fared poorly, possibly because of substage imbalances.

The largest randomized Phase III trial of chemotherapy
alone for induction was the French Thoracic Cooperative
Group Trial, which enrolled patients with stage IB to IIIA
disease.323,353 The 1-, 2-, 3-, and 4-year survivals were 77%,
71%, 59%, and 44%, respectively, in the induction
chemotherapy arm and 73%, 52%, 41%, and 35% in the
surgery-alone arm. The difference did not reach statistical sig-
nificance (P = 0.15). Stage-adjusted relative risk of death was
0.80 in the chemotherapy arm (P = 0.089). In a subset analy-
sis, there was a benefit to induction for patients with N0-1
disease [relative risk (RR), 0.68; P = 0.027], but not for patients

with N2 (RR, 1.04; P = 0.85). There was a nonsignificant
excess of mortality (10% versus 5%) in the induction
chemotherapy arm, consisting of pneumonia, emphysema,
fistula, and pulmonary embolism.

The North American Intergroup trial 0139, chaired by
RTOG, is the largest Phase III trial to date that addressed the
potential value of surgery in stage IIIA(N2) NSCLC356 (Table
37.12). The entry criteria for this study included T1-3 primary
tumor, pathologically confirmed N2 disease, feasible resec-
tion from a surgical standpoint, and medical ability to
undergo resection. The induction regimen was identical in
both arms: 45Gy of external radiotherapy given in once-daily
fraction, concurrent with day 1 of induction chemotherapy,
which was cisplatin, 50mg/m2 on days 1, 8, 29, and 36, and
etoposide, 50mg/m2 days 1–5 and 29–33. Patients were reeval-
uated by a CT scan 2 to 4 weeks after completion of the induc-
tion regimen in the surgical arm, and in the RT arm, 1 week
before completion of treatment. Those patients with no pro-
gression proceeded with their assigned treatment. In the sur-
gical arm, the treatment consisted of resection of all known
disease and mediastinal nodal sampling. In the RT arm, the
radiotherapy continued to 61Gy without a break. In both
arms, consolidation chemotherapy (two cycles of cisplatin
and etoposide) was given to all patients. At a median follow-
up of 69 months, 392 patients were analyzable. Induction
treatment was delivered as per the protocol equally in both
arms. In the surgical arm, a thoracotomy was performed in
96%, and a complete resection was accomplished in 88% of
patients for whom the data were available. There were 18%
pathologic complete responses (T0N0) and 46% with patho-
logic nodal clearance. The chemoRT toxicity was similar 
in both arms, with the exception of esophagitis, which was
more common in the chemoRT-alone arm. Consolidation
chemotherapy was not administered to 42% of patients
undergoing surgery, and 21% of those not having undergone
surgery (P less than 0.001), reiterating the difficulty of deliv-
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TABLE 37.11. Randomized Phase III trials of surgery with or without induction therapy in resectable NSCLC.

Two- to 3-year survival

Disease Patients No.
Investigators Stage subset(s) bulk Chemotherapy Radiotherapy (N) ChT ChT P value

NCI238 IIIA (N2) by High EP 2 cycles Postoperative in 28 21% 46% 0.12
biopsy volume preoperative no-ChT arm only 

EP 4 cycles (54–60Gy)
postoperative

M.D. IIIA (N2) not Low CEP pre- and Postoperative 60 15% 56% <0.05
Anderson351,673 required; node volume postoperative only if residual

biopsy not disease
required; some 
IIIB

Spain352,355 IIIA (N2) not Low PIM Postoperative for 60 0% 30% <0.05
required; node volume preoperative both arms
biopsy not 
required

French Clinical T2N0, Low MIP ¥ 2 Postoperative to 355 41%* 52%* P = 0.15**
Thoracic II, IIIA volume preoperative; 60Gy, if pT3 or
Cooperative also pN2 for both
Group323 postoperative, arms

if objective
response

E, etoposide; P, cisplatin; V, vinblastine; I, ifosfamide; Vd, vindesine; M, mitomycin C; C, cyclophosphamide; NS, not significant; NCI, National Cancer Institute;
ChT, chemotherapy.



ering chemotherapy after “definitive” surgical treatment for
lung cancer. Conversely, RT was delivered according to pro-
tocol in 81% on the chemoRT arm versus 97% on the surgery
arm (P = 0.002). Three patients (1.6%) in the chemoRT arm
and 14 (7%) patients in the chemoRT-surgery arm died of
treatment-related toxicity. In the latter group, 10 of these
deaths were caused by postoperative complications. Most of
the deaths occurred in patients who underwent pneumonec-
tomy (especially right-sided), and the most frequent cause of
death was the adult respiratory distress syndrome (ARDS).

Median progression-free survival was 14.0 months and
11.7 months in the chemoRT-surgery arm and chemoRT arm,
respectively. Three-year progression-free survival was 29% in
the chemoRT-surgery arm versus 19% in the chemoRT arm
(log rank, P = 0.02). The median overall survival was 22.1
months versus 21.7 months and the 3-year survival was 38%
versus 33% in the chemoRT-surgery and chemoRT arms,
respectively (log rank, P = 0.51). The overall survival curves
cross over and begin to separate at 22 months. By 3 years,
there was a 5% absolute survival benefit in the surgical arm,
but the confidence intervals are wide and overlap. More
patients died of treatment complications in the surgical arm,
but more are alive without progression in the same treatment
arm. Sites of relapse were also analyzed: 13% of patients 
in the chemoRT-surgery arm had locoregional relapse only
versus 21% in the chemoRT arm (P = 0.07). Relapse in the
primary site was three times more common in the nonsurgi-
cal arm. Brain was common site of first relapse in both arms
(10% versus 18 % in the chemoRT and chemoRT-surgery
arm, respectively; P = 0.08). Pretreatment factors predictive
of favorable outcome were lower T stage, less than 5% weight
loss, and younger age. Female sex and normal LDH did not
reach statistical significance. After the induction treatment,
patients who achieved complete response in the mediastinal
nodes had median survival of 36.7 months and 3-year survival
of about 50%, regardless of the response in the primary
tumor.

The Stage IIIB Subgroup in Second-Generation 
(and Subsequent) Studies of ChemoRT 
Induction Trials

From a subset of these second-generation ChemoRT trials,
data are available regarding the role of induction therapy fol-
lowed by surgery in selected stage IIIB subsets. The SWOG
8805 trial was unique among the other chemoRT trials in that
it included stage IIIB disease. Pathologic documentation of T4
or N3 disease was required and outcome was analyzed sepa-
rately for this subset.237,256 The median, 2-year, and 3-year sur-
vivals were identical for the IIIA(N2) versus the IIIB group in
the SWOG 8805 study (27%, 24%).237 Of note, in the SWOG
8805 study, the T4N0-1 subset had an outcome identical to
the T1N2 substage and achieved a 2-year survival of 64%.
This substage variable was the only independent predictor of
favorable outcome from the time of registration to the study
in a multivariate analysis.237 Exploratory survival analyses
were conducted within the N3 subset of the SWOG trial, of
which 27 patients were accrued. The 2-year survival for the
contralateral nodal N3 subgroup was zero, whereas it was
35% for the supraclavicular N3 subset. However, the resec-
tion rate in this latter group was only 39%. An update of
SWOG 8805 provided 6-year survival statistics: IIIA (N2),
20%; T4N0-1, 49%; and N2 or N3, 18%.357

Subsequent studies have commented on the role of induc-
tion therapy for stage IIIB disease. Grunenwald et al. prospec-
tively studied 40 patients with IIIB disease, of whom 30 had
T4 disease and 18, N3.358 Five patients had T4N0 tumors and
1 had T4N1. All patients underwent pretreatment surgical
staging. Induction treatment consisted of 5-fluorouracil (5-
FU), cisplatin, and vinblastine for two cycles. A total of 42Gy
of external radiotherapy was given split in two 21-Gy courses,
1.5Gy bid, with 10 days of rest between the courses. Patients
who responded to the induction regimen underwent thoraco-
tomy. A clinical response was obtained in 73% of patients,
and in 60% resection was performed. The resection was com-
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TABLE 37.12. Reported Phase III induction trials of chemoradiotherapy for NSCLC.

Investigators Stage subset Question Study design No. of patients Outcome comment

NCI Biopsy- Postinduction PV Æ surgery 31 Closed early due to radiotherapy alone arm; 
Canada674 proven surgery vs. RT vs. survival curves superimposed at 2 years

stage RT
IIIA (N2)

RTOG 89- Biopsy- Postinduction MVP or VP 73 Closed early due to slow accrual; P = 0.62 for 
01675 proven surgery vs. RT Ø overall survival; 4-year: 22% for surgery vs. 22% 

stage Surgery vs. RT for RT
IIIA (N2) Ø

MVP or VP
CALGB676 Biopsy- Induction RT or RT Æ surgery 57 Closed early due to slow accrual; median survival 

proven chemo Æ RT 24 months (RT/S/RT) and 18 months (CT/S/CT) 
stage vs. (P = 0.4)
IIIA (N2) PV Æ surgery

Æ PV Æ RT
INT 0139356 Biopsy- Postinduction PE/RT Æ 392 Preliminary results:

proven surgery vs. surgery Æ PE CT/RT/S: 3-year OS, 38%; median OS, 22 months; 
IIIA (N2) chemoRT vs. 3-year PFS, 29%; P = 0.51; median PFS, 14 months

alone PE/RT Æ RT Æ CT/RT: 3-year OS, 33%; median OS, 21 months; 
PE 3-year PFS, 19%; P = 0.02; median PFS, 12 months

P, cisplatin; F, 5-fluorouracil; M, mitomycin C; V, vinblastine; E, etoposide; RTOG, Radiation Therapy Oncology Group; CALGB, Cancer and Leukemia Group B.



plete in all but 1 patient who underwent thoracotomy. Four
patients (10%) had complete pathologic response and 30%
had complete mediastinal clearance. There were 5 treatment-
related deaths, and 7 additional patients suffered serious 
morbidity. Median survival was 15 months and 5-year overall
survival was 19%. Thirty percent of the overall patient
number had locoregional relapse and 50% had distant relapse.
Pathologic mediastinal nodal downstaging was the only sig-
nificant favorable prognostic factor in a multivariate analysis
(5-year survival, 42% for postinduction N0/1 versus 12 % for
postinduction N2/3 for resected patients). All long-term sur-
vivors had persistent viable tumor cells in the primary tumor
but 6 of 7 were postinduction N0-1.

Pitz et al. treated patients with stage IIIB NSCLC with
neoadjuvant gemcitabine and cisplatin without radiotherapy,
followed by surgery in responding patients. There was a
response rate of 66%, resection rate of 44%, and periopera-
tive mortality of 2.4%. Median survival for all patients was
15.1 months and 3-year survival was 15%. The investigators
found no difference in outcome between T4N0 and N2/N3
subsets. However, only patients with a response after induc-
tion chemotherapy were considered for surgical resection.359

These trials highlight that the T4N0/1 substage as a group
does particularly well with trimodality therapy.

Induction with Third-Generation
Chemotherapy Agents

Third-generation chemotherapy agents have been tested in
Phase II induction therapy protocols in stage III disease (Table
37.13). The Swiss Group for Clinical Cancer Research (SAKK)
enrolled 90 potentially operable stage IIIA patients with
biopsy-proven ipsilateral mediastinal nodal involvement.240

The induction regimen consisted of cisplatin 40mg/m2 on
days 1–2 plus docetaxel 85mg/m2 on day 1 for three cycles.
All patients except those with progressive disease underwent
thoracotomy. No postoperative chemotherapy was given, and
postoperative RT to 60Gy was reserved for patients found to
have a positive resection margin and/or involvement of the
uppermost mediastinal lymph node. There were 2 treatment-
related deaths (3%). The overall clinical response was 66%,
and complete resection was accomplished in only 48% of the
entire patient group. An additional 43% underwent incom-
plete resection with positive margins and/or positive highest
mediastinal lymph node, and their overall cisplatin dose
intensity was less that that in patients with negative resec-

tion margins (80 versus 96mg/m2/cycle; P = 0.034). There
were 14 patients (16%) with a complete pathologic response,
and 45 (60%) had pathologic nodal clearance. The median 
survival was 27.6 months and 3-year survival was 33%. 
Mediastinal downstaging was the most powerful independent
favorable prognostic factor (P = 0.0003), and patients with
mediastinal downstaging had a 3-year survival rate of 61% as
compared to 11% for those who did not. Complete resection
was also predictive of favorable outcome (P = 0.006).

In another recent trial, three preoperative cycles of 
gemcitabine, paclitaxel, and cisplatin were delivered to 49
biopsy-documented N2 disease patients.360 Patients with at
least stable disease after the induction regimen underwent
attempted surgical resection. Patients whose disease did not
respond received RT alone, and the patients whose disease
responded but did not undergo thoracotomy, received three
more cycles of the same chemotherapy followed by RT. Post-
operative RT was delivered for patients with persistent N2
disease or incomplete resection. There was 1 death during the
induction. A response rate of 73.5% based on radiographic cri-
teria was recorded, and a complete resection was performed
in 55% of patients. Mediastinal nodal disease clearance
occurred in 35% of cases and complete pathologic response
in 16%. Median and progression-free survival were 23 and 18
months, respectively, and the brain was the most common
metastatic site (16%). The Italian Lung Cancer Project com-
pleted a Phase II trial in 129 unresectable, locally advanced
stage IIIA and IIIB NSCLC patients.361 The induction regimen
consisted of four cycles of gemcitabine 1,000mg/m2 on days
1 and 8 and cisplatin 70mg/m2 on day 2. The response rate
was 80%, but the resectability rate was only 29%. There was
no perioperative mortality and minimal morbidity. Postoper-
ative RT was given for positive mediastinal lymph nodes and
was continued to 60Gy if the disease was unresectable. The
median progression-free survival was 11 months and median
survival was 20 months.

The European Organization for Research and Treatment
of Cancer (EORTC) is conducting a Phase III trial (EORTC
08941) of induction chemotherapy followed by either radio-
therapy or surgery for those patients with at least partial 
clinical response to induction (see discussion in section to
follow).362 The trial design allows a menu of induction com-
bination chemotherapy so long as it includes cisplatin at 
100mg/m2 or carboplatin at 400mg/m2. Two reports of feasi-
bility and toxicity have been published to date of induction
approaches, while the Phase III trial is ongoing.363,364 The first
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TABLE 37.13. Design and results of completed Phase II trials using third-generation chemotherapy drugs within the induction regimen.

No. of Response rate Resection rate pCR
Investigators Stage subset Study design patients (%) (RG)a (%) (%) Survival

SAKK240 IIIA (pN2), mixed bulk PD ¥ 3 Æ surgery Æ 90 66 48 16 3-year, 33%
variable RT

De Marinis IIIA (pN2), bulky GTP ¥ 3 Æ surgery Æ 49 74 55 16 Median, 23 months
et al.360 variable RT
ILCP361 IIIA, IIIB (clin), bulky GP ¥ 4 Æ surgery Æ 129 62 29 2 Median, 19 months

variable RT
EORT362,363,364 IIIA (pN2), bulky GC Æ surgery 47 70 71 NR NR

TC Æ Surgery 52 64 80

T, paclitaxel; C, carboplatin; P, cisplatin; D, docetaxel; G, gemcitabine; NR, not reported.
a Of the original number of patients.



pilot study was reported by Van Zandwijk et al. in which gem-
citabine 1,000mg/m2 and cisplatin 100mg/m2 were used.364

The dose of gemcitabine had to be reduced or omitted in more
than half of the patients, mainly due to thrombocytopenia.
Responses were observed in 70%. O’Brien et al. reported the
use of induction paclitaxel, 200mg/m2, and carboplatin, AUC
of 6. Over 90% of patients were able to complete all induc-
tion treatment per protocol. The response rate was 64%. One
patient died of postoperative complications.363 In the two
studies, resection rates of 71% and 80%, respectively, were
reported.

Mortality After Induction Therapy

Although the use of neoadjuvant chemotherapy and/or radio-
therapy appears to have potential advantages in the treatment
of locally advanced lung cancer, concern has been raised in
numerous publications about the perceived and real increase
in morbidity and mortality of the subsequent lung resections.
So far, there has been no difference in overall postoperative
mortality rates compared to the surgery-alone control arms
in trials with induction chemotherapy for early, more
minimal bulk disease.323,328,351 Pulmonary complications and
deaths from pulmonary causes during the postoperative time
period are the greatest concern after induction therapy, and
collectively rates are probably greater than reported in the 
literature after surgery alone. In particular, events such as
extensive pneumonitis, usually culture negative, ARDS, and
bronchopleural fistula have a high mortality in the postoper-
ative period. Pulmonary morbidity and mortality rates 
are often quoted to be greater after induction regimens 
with chemoRT than after induction chemotherapy alone.
However, a careful review of all the literature available dis-
closes great variability. Postoperative mortality rates from
3.1% to 17% were reported after mitomycin/vinblastine/
cisplatin (MVP)- or VP16/cisplatin (VP)-containing induction
chemotherapy (including some cases of ARDS), from 4% to
15% after second-generation induction chemoRT, and 5% 
to 7% after induction chemoRT with hyperfractionation. 
The specific type of mortal postoperative event may differ
according to whether RT was included with induction
chemotherapy or not, although this issue is not fully resolved.
Moreover, the degree of pulmonary resection, that is, pneu-
monectomy, especially on the right, is associated with a
higher morbidity and mortality.329

Adjuvant Radiotherapy

Randomized trials examining adjuvant radiotherapy for
resected NSCLC are shown in Table 37.14, including four
trials of greater than 100 patients that were incorporated into
the 1998 PORT meta-analysis (see following).365–369 None of
these trials demonstrated a beneficial effect of postoperative
radiotherapy on overall survival. However, findings from the
LCSG 773 trial are notable for detecting a significant reduc-
tion in local recurrence (41% versus 3%) for patients receiv-
ing adjuvant radiotherapy.366 Dautzenberg et al. detected
inferior efficacy outcomes and an increased rate of intercur-
rent deaths in their large randomized trial; the intercurrent
deaths were largely caused by cardiorespiratory failure and
prompted concern regarding the utility of adjuvant radio-
therapy in patients with resected stage I and II disease.368

The PORT meta-analysis encompassed updated data on
2,128 patients from nine randomized studies of adjuvant
radiotherapy in resected NSCLC, approximately one-third of
whom were enrolled in the trial of Dautzenberg et al.368 The
PORT meta-analysis found that radiation exerted a harmful
effect, especially for N0-N1 patients, with a hazard ratio of
death of 1.21. This translated to an absolute detriment of 7%
at 2 years, reducing overall survival from 55% to 48%. Sub-
group analyses revealed that adjuvant radiotherapy exerted no
harmful effect on patients with N2 disease. Criticisms of this
meta-analysis include its dependence on older studies that
used outmoded radiation techniques such as lateral portals
and the use of cobalt-60 units.370 It is anticipated that modern
radiotherapy procedures, relying on three-dimensional (3-D)
conformal planning and using doses no greater than 45Gy in
fraction sizes less than 2.0Gy, will reduce morbidity and mor-
tality associated with adjuvant radiation, especially radiation
pneumonitis.371

Interim analyses from a more recent investigation, incor-
porating modern radiotherapy techniques, did not detect 
deleterious effects of adjuvant radiation therapy.369 Adjuvant
radiation, administered using 50.4-Gy linear accelerator
radiotherapy in 1.8-Gy fractions with 2-D and 3-D imaging
support, was associated with a decline in local recurrence but
exerted no effect on estimated 5-year overall survival. Preop-
erative and postradiation pulmonary function tests were not
significantly different in this study population. Final results
of this study are eagerly awaited as this trial tests the hypoth-
esis that more modern radiation techniques will reduce the
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TABLE 37.14. Phase III trials of adjuvant radiotherapy in NSCLC.

Local recurrence Five year overall
rate (%) survival (%)

Statistical
Study N Observed Treated Observed Treated significance

Weisenbruger366 230 41 3* 38a 38a NS
Stephens et al.365 308 47.4 37.7 19 monthsb 17.5 monthsb NS
Lafitte et al.367 132 17 15 51.6 35.2 NS
Dautzenberg et al.368 728 34 28 43 30 P = 0.002
Granone et al.369 104 22 2* 70 83 NS

NS, not statistically significant.
a Obtained from data curves.
b Median survival in months.

*Statistically significant for local recurrence rate, P < 0.025.



number of treatment-related, intercurrent deaths in the
setting of adjuvant radiotherapy for NSCLC patients.

Published reports of adjuvant radiotherapy have failed to
demonstrate improvements in overall survival in resected
NSCLC patients, and have, in fact, raised the question of 
possible harmful effects for N0 and N1 treated patients.
Although no survival benefit has been observed in patients
with resected N2 disease, the preponderance of randomized
evidence demonstrates improved local control in resected 
N2 patients who receive adjuvant radiotherapy. Off-study 
use of postoperative radiation cannot be recommended 
for completely resected NSCLC patients with N0 or N1
disease.

Adjuvant Chemotherapy

Table 37.15 demonstrates results from randomized trials
investigating the role of adjuvant chemotherapy in resected
NSCLC.372–383 Until very recently, the clinical trial experience
of adjuvant chemotherapy has been hampered by an inability
to administer adequate dose intensity because of treatment-
related toxicities. The Lung Cancer Study Group (LCGS) con-
ducted three trials in the United States investigating the role
of adjuvant cyclophosphamide, doxorubicin, and cisplatin
(CAP) in patients with resected stage I–III disease.372–374 Sys-
temic adjuvant therapy did not improve overall survival in
any of the three studies, or in two European trials (although
treatment was associated with a positive impact when rates
of pneumonectomy were controlled for in the trial of 
Niiranen et al.).375,376

Japanese investigators instituted a series of adjuvant trials
with oral uracil-tegafur (UFT), an oral agent consisting of
tegafur, a 5-fluorouracil derivative, and uracil at a 1:4 molar
ratio. Tegafur is gradually converted to 5-fluorouracil in vivo.
Treatment with UFT results in sustained concentrations of

intratumoral 5-fluorouracil.379 Results of these trials have
been mixed (see Table 37.15), with only one trial conducted
by the Japan Lung Cancer Research Group in patients with
resected stage I (T1N0 or T1N1) adenocarcinomas being
clearly positive.383 However, subgroup analyses revealed that
the survival benefit seen with UFT was restricted to the 269
patients with T2 lesions (improving 5-year survival from
73.5% to 84.9%; P = 0.005), and that no improvement was
seen in the T1N0 subgroup. Other studies involving postop-
erative chemotherapy plus or minus UFT have been negative,
although subgroup analysis380,381 after controlling for baseline
T or N stage,381,382 or for baseline prognostic factors and the
extent and completeness of surgery,380 have suggested a pos-
sible role for UFT in very early stage disease. Confirmatory
studies are certainly warranted.

In 1995, the Non-small Cell Lung Cancer Collaborative
Group published a meta-analysis using updated data on indi-
vidual patients from 52 randomized clinical trials.384 One
of their analyses examined randomized trials of adjuvant
chemotherapy versus surgery alone in patients with resected
NSCLC. Data were available from 14 trials, of which 5 used
alkylating agents, 8 used cisplatin-based chemotherapy, and
3 used other combinations. Alkylating chemotherapy was
associated with a hazard ratio of 1.15, or a 15% increase in
the risk of death, translating into an absolute detriment of
alkylating chemotherapy of 5% at 5 years. For regimens con-
taining cisplatin, the overall hazard ratio was 0.87, or a 13%
reduction in the risk of death, translating into an absolute
benefit from chemotherapy of 5% at 5 years. This result was
of borderline statistical significance (P = 0.08).

A number of randomized trials have examined the role of
adjuvant chemotherapy in patients undergoing postoperative
radiation for resected NSCLC (Table 37.16).384–391 Investigators
from the LCGS, Memorial Sloan Kettering, the Groupe
d’Etude et de Traitement des Cancers Bronchiques, the U.S.
Intergroup, and investigators from Germany did not detect
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TABLE 37.15. Phase III trials of adjuvant chemotherapy in NSCLC.

Five-year overall survival (%)
Statistical

Study N Stage Treatment Controls Treated significance

Feld et al.372 269 T1N1, T2N0 CAP vs. obs 58 54 NS
Holmes et al.373 141 T2N1, III CAP vs. IP IT 15 monthsa 22 monthsa NS
Figlin et al.374 188 II and III CAP vs. obs 32.7 monthsb 32.7 monthsb NS
Niiranen et al.375 110 T1–3N0 CAP vs. obs 63.7c 73.5c NS
Waller et al.376 381 I–III CDDP-based chemo vs. obs NR NR HR = 1.00
Ohta et al.377 209 T3N0 and IIIA CDDP + VND vs. obs 41 35 NS
Ichinose et al.378 119 IIIA (N2) CDDP + VND vs. obs 35.2 monthsa 35.5 monthsa NS
Wada et al.379 310 I–III CDDP + VND + UFT vs. UFT vs. obs 49 64d P = 0.019
Imaizumi380 309 I–III CDDP + DOX + UFT vs. obs 58.1 61.8 NS
Wada et al.381 225 I and II CDDP + VND + MMC + UFT vs. obs 71.1 76.8 NS
Tada et al.382 267 I–IIIA UFT vs. obs (stage I) 57.6e 74.2e P = 0.045

CDDP + VND + UFT vs. bs (stage II–IIIA) 
Kato et al.383 999 I adenocarcinoma UFT vs. obs 85.4 87.9 P = 0.036

obs, observation; HR, hazard ratio; UFT, uracil-tegafur.
a Median survival, in months.
b Median survival in months, provided for study population as a whole.
c For resection less than pneumonectomy.
d UFT-only group.
e Overall survival at 8 years for patients with stage I disease.



improvements in survival using cisplatin-based regimens in
trials of adjuvant chemoradiation.386–390

The 1995 Non-small Cell Lung Cancer Collaborative
Group meta-analysis examined seven trials randomizing
patients to adjuvant chemoradiation versus radiation alone.384

Radiation treatment doses ranged from 40Gy in 10 fractions
to 65Gy in 33 fractions. They concluded that there was no
benefit or adverse effects of adjuvant combined therapy for
patients with resected NSCLC compared to postoperative
radiotherapy alone.

Two large, recently completed international trials yielded
conflicting results in terms of the efficacy of postoperative
chemoradiation in patients with completely resected NSCLC.
Results from the Adjuvant Lung Project Italy (ALPI)/EORTC
study confirmed the lack of benefit in adding systemic 
cisplatin-based chemotherapy.391 In this trial, 1,209 patients
with stages I–IIIA NSCLC received postoperative radiother-
apy (50–54Gy over 5 to 6 weeks) at the investigator’s discre-
tion. As such, radiotherapy was planned in 4%, 60%, and 76%
of stage I, II, and IIIA patients, respectively, and randomiza-
tion was stratified accordingly. Patients were randomized to
either three cycles of mitomycin, vindesine, and cisplatin
adjuvant treatment or no chemotherapy. The study was
designed to detect a 7% improvement in overall survival at 5
years, from 50% to 57% (or a 20% reduction in the relative
risk of death). At over 5 years of follow-up, no statistically
significant difference in progression-free or overall survival
was detected between the two treatment arms. Comparison
of the Kaplan–Meier curves for overall survival gave a hazard
ratio of 0.96 (95% CI, 0.81–1.13; P = 0.589). This impact trans-
lated into an absolute increase in 5-year survival of 1%. There
was an excess of early deaths (within 12 months after ran-
domization) in the chemotherapy arm (90 patients), compared
to the control arm (69 patients); this was attributable to
cancer progression in 11 patients and to cardiopulmonary
events in 7 patients. Rates of grade 4 neutropenia and
nausea/vomiting for the patients receiving chemotherapy
were 12% and 4%, respectively.

However, positive results were recently seen in the large
randomized International Adjuvant Lung Trial (IALT) of adju-
vant cisplatin-based chemotherapy.385 Although patients were
allowed to undergo postoperative radiotherapy at their physi-
cian’s discretion, this study was primarily designed to assess
the value of adjuvant chemotherapy in a large, heterogeneous
sample of patients, and 1,867 patients were randomized in the

late 1990s from 148 centers in 33 countries to observation or
to undergo three or four cycles of cisplatin-based systemic
treatment. The total dose of cisplatin was predetermined to
be in the range of 300 to 400mg/m2. Most of the patients
received etoposide as the second agent in the chemotherapy
doublet (56%), while others received vinorelbine (27%), vin-
blastine (11%), or vindesine (6%). Patients were balanced in
terms of pathologic stage, histology, and type of surgical pro-
cedure. At a median follow-up of 56 months, both disease-
free and overall survival at 5 years was improved in patients
treated with adjuvant chemotherapy (39.4% and 44.5% for
the chemotherapy patients, and 34.3% and 40.4% for the
control patients, respectively; P less than 0.03 for overall sur-
vival). No significant interaction between response to adju-
vant chemotherapy was observed with respect to age, gender,
performance status, type of surgery, pathologic stage, histol-
ogy, cisplatin dose, choice of the second chemotherapy agent,
and the addition of radiotherapy. Twenty-three percent of the
chemotherapy-treated patients experienced at least one grade
4 toxicity, and the treatment-related mortality was 0.8%.

The authors of the IALT trial concluded that cisplatin-
based adjuvant chemotherapy exerts a statistically significant
positive impact on survival in resected patients, thereby
potentially saving 7,000 lives worldwide annually. Why was
the IALT trial positive in the face of so many prior negative
studies of adjuvant chemotherapy? The IALT investigators
were the first to design the statistical analyses of their out-
comes to reflect the findings of the 1995 meta-analyses, in
which an absolute survival advantage of 5% was seen with
treatment. In contrast, earlier studies hypothesized a larger
difference in the primary outcome of overall survival.391 In
addition, more than 70% of patients in the IALT trial received
at least 240mg/m2 total of cisplatin during the course of their
adjuvant treatment, a substantially higher dose intensity 
than had been delivered in most of the previous studies of
postoperative chemotherapy.372–374 Last, a lower percentage of
patients in the ALPI/EORTC trial underwent pneumonec-
tomy, in comparison to the IALT study (25% in ALPI/EORTC
versus 35% in the IALT), possibly improving the survival of
the control arm in the ALPI/EORTC sufficiently to mask 
a beneficial impact of chemotherapy, as was seen in the
IALT.385,391

In conclusion, although the majority of trials of adjuvant
therapy in resected NSCLC have been negative, recently 
published evidence points to the possible efficacy of UFT, 
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TABLE 37.16. Phase III trials of adjuvant chemoradiation in NSCLC.

Local recurrence rate (%) Five-year overall survival (%)
Statistical

Study N RT alone Chemo/RT RT alone Chemo/RT significance

Lad et al.386 164 0.152a 0.093a 13 monthsb 20 monthsb NS
Pisters et al.387 72 17 8 19 monthsb 16 monthsb NS
Dautzenberg et al.388 267 26 34 19 18 NS
Keller et al.389 488 21 24 39 33 NS
Wolf et al.390 150 NR NR 34 monthsb 34 monthsb NS
Scagliotti et al.391 1,209 22 23 48 monthsb 55.2 monthsb HR = 0.96c

Le Chevalier et al.385 1,867 NR NR 40 45 P < 0.03
a Rate of local recurrence per person-years.
b Median survival in months.
c Hazard ratio for overall survival (95% CI, 0.79–1.12).



particularly in early-stage disease, and cisplatin-based
chemotherapy, especially when administered at doses of at
least 240mg/m2.

Management of Locally Advanced Stage IIIB

The role of radiation therapy (RT) in management of patients
with unresectable locally advanced NSCLC became accepted
when the VA study in the late 1960s showed a survival benefit
at 1 year (18.2% versus 13.9%) for those patients who
received 35Gy in 5 weeks of RT versus no RT.392 This study’s
conclusions were confounded by inadequate dose of RT, inad-
equate techniques, and inclusion of patients with small cell
histology. The role of RT was further refined by a randomized
study by the Radiation Therapy Oncology Group (RTOG 73-
01), which showed that response rate improved with higher
dose of RT (60Gy versus 40 and 50Gy) and led to improved
local tumor control and 3-year survival. Furthermore, inclu-
sion of a split-course arm revealed that the standard frac-
tionation led to a better outcome.393 RR was 51% with 40Gy,
66% with 50Gy, and 61% with 60Gy. Local control was
inversely proportional to dose received: 77% at 3 years for the
60-Gy arm, 58% for the 50-Gy arm, and 48% for those treated
with 40Gy (P = 0.02).393 However, although these trials indi-
cate a role for high-dose thoracic RT in patients with NSCLC,
the overall survival with this modality alone still left much
to be desired [2-year overall survival (OS), 19%].394 Mean-
while, the issue of whether thoracic RT was indicated as a
single modality despite these studies continued to be a
subject of debate. In the 1980s, a randomized trial designed
to readdress this issue was reported by Johnson et al.395 This
trial randomized 319 patients to three arms: experimental
chemotherapy (vindesine) arm, RT-alone arm (60Gy/6
weeks), and vindesine and thoracic RT arm. The overall
response rate was superior in the RT arms: 30% (RT alone),

34% (RT + chemo), and 10% (chemo alone) (P less than 0.001).
However, there was no significant difference in median and
overall survival. Median survival for vindesine arm was 10.1
months, for RT alone was 8.6 months, and 9.4 months for
those receiving RT + vindesine (P = 0.58). It is important to
note that 37% (36/98) of the vindesine-alone arm crossed over
to the RT arm, and of these, 22% had response. Conversely,
25 patients crossed over to the vindesine arm from the RT
arm, and of these patients, the response rate was 4%. The
authors concluded that immediate radiation may not confer
survival advantage to patients with locally advanced (LA)
NSCLC, despite a statistically significant improvement in
response rate. However, in retrospect, in view of our current
knowledge that combined modality therapy improves sur-
vival compared to RT alone, and with up to one-third of the
chemo-alone arm crossing over to RT in this study, it is pos-
sible that this arm, in reality, was partially a sequential
chemo-RT arm. Regardless of the controversies, these and
other studies clearly pointed to a need for improvement in
the therapy of LA NSCLC patients.

Sequential Combined Modality Therapy (CMT)
Defined for Locally Advanced NSCLC

NEGATIVE STUDIES

In the 1980s, several important Phase III studies conducted 
at various countries around the world helped to determine 
the role of combined modality therapy (CMT) for inoperable
locally advanced NSCLC patients. Chemotherapy in these
studies was administered mostly before (induction) or after
(consolidation) the administration of thoracic RT.

The trial from Finland randomizing 238 patients to RT
versus CMT, revealed no statistically significant difference in
local and distant control and overall survival (Table 37.17).396

In retrospect, their thoracic RT regimen was suboptimal in
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TABLE 37.17. Sequential combined modality therapy (CMT) trials in the 1980s.

Median Two-year
Study N survival survival P

Finnish Trial396

CAP (induction, mid, consolidation) + split course 119 11 months 19%
RT 55Gy/2.5–3Gy/fx
RT alone 119 10.3 months 17% P = ns
Italian Trial (Trovo et al.397)
RT 45Gy/15 fx 62 11.74 months
RT + CAMP ¥ 12 cycles 49 10.03 months P = ns
NCCTG (Morton et al.398)
MACC ¥ 2 induction/consolidation + RT 60-Gy 56 10.4 months 21%
conventional fx
RT 60Gy/2Gy/fx 58 10.3 months 16% P = 0.69
CALGB (Dillman et al.399)
PV ¥ 2 cycles induction + RT 60Gy/2Gy/fx 78 13.7 months 26%
RT alone 77 9.6 months 13% P = 0.012
French Trial (Le Chevalier et al.400); included 
follow-up that showed statistical significance
VCPC ¥ 2 cycles + RT 65Gy/26 fx 176 12 21%
RT alone 177 10 14% P < 0.02
Italian trial (Crino et al.543)
PE ¥ 3 cycles + RT 56Gy 33 14 months 30%
RT alone 33 11 months 14% P = 0.056



terms of total dose (55Gy), fractionation (split course with 3-
week break after 2 weeks, 30Gy), nonstandard fractionations
used [2.5Gy/fraction (fx), 3Gy/fx, and 4.5Gy/fx], and tech-
nique (posterior cord block used during second course of RT).
Therefore, the true value of combined modality was difficult
to assess in this setting.

A group from Italy also published reports on CMT versus
RT alone for locally advanced NSCLC.397 In this study,
chemotherapy was administered 4 weeks after completion of
RT (sequential/consolidation) rather than as an induction
phase. RT dose was 45Gy in 15 fractions (fx) delivered in 3
weeks, which in retrospect is also a suboptimal dose; 111
patients were randomized to RT alone (n = 62) or RT +
chemotherapy (n = 49). Response rate was 56.4% for RT alone
versus 38.8% for RT + chemotherapy, which was not statis-
tically significant (P = 0.9). Time to progression was 5.93
months for RT versus 7.02 months for RT/chemo (P = ns).
Important to note was also the high cross-over rate: patients
progressing on RT alone were allowed to be started on CAMP,
and of the 54 patients who progressed in the RT-alone arm,
29 patients received CAMP. Median survival was 11.74
months in the RT arm versus 10.03 months in the RT/CAMP
arm; however, there was a high cross-over rate (47%) in the
RT arm, which makes this study difficult to analyze.

The North Central Cancer Treatment Group (NCCTG)
also reported on their Phase III randomized study, which was
also a negative trial for CMT.398 Median survival times were
equivalent between the chemo/RT arm versus the RT-alone
arm (317 days versus 313 days, respectively), and 2-year sur-
vival showed a trend toward improved survival with CMT
(16% versus 21%), but failed to reach statistical significance,
and did not hold true on long-term follow-up at 5 years (7%
for RT alone versus 5% for CMT). Unlike the Finnish study,
their RT regimen was based on the RTOG 73-01 regimen, and
patients received 60Gy over 6 weeks. Furthermore, in both
the Finnish and the NCCTG studies, patients with poor prog-
nostic factors (poor performance status, liberal weight 
loss criteria, and presence of supraclavicular disease) were
enrolled in the trials, which may have led to worse outcome.

POSITIVE STUDIES

Meanwhile, two important randomized Phase III studies con-
ducted by CALGB (Dillman et al.399) and the French group 
(Le Chevalier et al.400) both showed statistically significant
improvement in OS with CMT (see Table 37.17).

In an attempt to clarify the issue of CMT versus RT 
alone, several groups performed meta-analysis and reported
improvement of survival, albeit modestly so, favoring addi-
tion of chemotherapy to thoracic RT.384,401,402 Marino et al. 
performed meta-analysis on 14 randomized trials 
from 1980–1994, comprising a total of 1,887 patients.401 As
expected, the studies involved used a variety of radiation
regimen and a variety of chemotherapy regimen (10 of 14 were
platinum based). This analysis reported a reduction in mor-
tality of 18% at 2 years for the non-cisplatinum-based group,
and 30% for the cisplatinum-based group. However, this
improvement did not persist at 3 and 5 years.

Similarly, the Non-Small Cell Lung Cancer Collaborative
Group also performed a meta-analysis, which was published
in the British Medical Journal in 1995.384 This was a larger
meta-analysis comparing four treatment modalities includ-
ing surgery versus surgery plus chemotherapy, and surgery

plus radiotherapy with or without chemotherapy for early-
stage disease, and RT versus RT + chemotherapy for locally
advanced NSCLC. For the scope of this review, we briefly
summarize their findings for unresectable locally advanced
NSCLC. Altogether, data from 52 trials with 9,387 patients
were used for analysis. For locally advanced NSCLC, data
from 22 trials with 3,033 patients were available with varying
CT regimens and various RT regimens. Results showed sig-
nificant benefit of chemotherapy with a hazard ratio of 0.9 (P
= 0.006), or a 10% reduction of risk of death, corresponding
to a 2% benefit at 5 years (3% at 2 years). Cisplatin-based
chemotherapy once again showed strongest benefit with a
hazard ratio of 0.87 (P = 0.005), or a 13% reduction in risk of
death, which equals a 4% benefit at 2 years and 2% at 5 years.

Finally, a similar meta-analysis by Pritchard et al. was
published the next year in the Annals of Internal Medicine.402

The main difference was that this group’s analysis included
trials by Sause and Jeremic and excluded trials by Wils and
Crino.402 They also had more updated data, as it was analyzed
later, and the trials included were from 1987 to 1995. The
main exclusion criteria difference was that they did not
include any studies that have only been presented in abstract
form or were in preliminary publications only. Fourteen
studies were analyzed for total of 2,589 patients. In their
analysis, they reported a reduction in risk of death up to 3
years using combined modality therapy of 10% to 20%. Mean
gain in life expectancy was calculated to be approximately 2
months at the end of 3 years. Interestingly, cisplatin-based
sequential chemotherapy had a RR of 0.77 (CI, 0.68–0.87),
compared to 0.83 (CI, 0.77–0.9) for any chemotherapy. Median
survival was improved from 10.3 months to 12.0 months with
the addition of any chemotherapy.

As with all meta-analyses, one must be wary of the pub-
lication biases (i.e., negative trials tend not to be reported),
but as the author interestingly points out in Pritchard’s paper,
10 of 14 were initially published as negative trials. Further-
more, different agents were used for chemotherapy, different
radiation regimens were also used, and sequencing of
chemotherapy was not uniform in all studies. However,
despite all these potentially confounding issues, these studies
pointed toward a role for chemoradiation therapy. If anything,
the meta-analysis may have underestimated the potential
benefit of combined modality therapy in an appropriately
selected patient population.

Therefore, these pivotal trials and the follow-up meta-
analysis led to a new paradigm for therapy of unresectable
NSCLC: that the addition of appropriate chemotherapy (par-
ticularly cisplatinum based) to the optimal RT regimen would
improve survival. These studies led the way to investigation
of some very important issues that pertain to optimizing
combined modality therapy that include questions aimed at
defining the optimal sequencing of the chemotherapy with
radiation, the optimal agent or agents to be used with radia-
tion, and the optimal dose and fractionation of RT that can
be safely delivered with chemotherapy.

Concurrent Administration of Chemotherapy with
RT for Locally Advanced NSCLC

As the trials in the 1980s indicated that addition of
chemotherapy appears to confer significant survival benefit,
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likely secondary to decrease in metastasis rate, as alluded 
to by several studies,400,401 sequential chemo/RT became the
standard of care. However, local control was not always
shown to be improved by this approach. Importance of local
control in improving survival was first indicated by previous
work by Perez et al.393 This finding was further strengthened
by the EORTC trial, which was the first randomized Phase 
III study comparing concurrent chemo/RT versus RT alone.105

This study randomized 331 patients to three treatment arms:
RT alone, RT + weekly cisplatin (30mg/m2), and RT + daily
cisplatin (6mg/m2) during thoracic RT. RT was administered
in split-course regimen: 3Gy ¥ 10 daily fractions, followed by
3 weeks of break, followed by 2 more weeks of 2.5Gy ¥ 10
fractions for a total of 55Gy. Significant survival advantage
and disease-free survival (DFS) were noted for patients treated
with cisplatin, despite a split-course RT regimen. Local recur-
rence-free survival was also significantly improved with the
addition of cisplatin. Interestingly, with the split-course
regimen, the typical acute and late toxicities, including
esophagitis and delayed lung injury (pneumonitis, fibrosis,
and respiratory symptoms), were not significantly worsened
by the addition of concurrent cisplatin.

The major trials addressing the efficacy of concurrent
administration of chemotherapeutic agents with thoracic RT
are outlined in Table 37.18 in chronologic order. The first
reported trial that specifically compared head to head con-
current versus sequential chemo/RT was reported by the
West Japan Lung Cancer Group.403 This was a Phase III study
randomizing 314 patients to concurrent versus sequential

chemotherapy with RT. In the sequential arm, RT was deliv-
ered to 56Gy and 2Gy/fx without a break. Statistically sig-
nificant improvement in response rate was achieved (84%
versus 66.4%; P = 0.002). Overall median survival was 16.5
months versus 13.3 months (P = 0.04) favoring the concurrent
arm, with 5-year OS at 15.8% versus 8.9%. On further analy-
sis, local control was found to be directly impacted by the use
of the concurrent approach, which found survival without
local relapse was 30 months versus 11 months (P = 0.0221),
which persisted on long-term follow-up of 5 years. Time to
distant failure was not statistically different between the two
arms (P = 0.8; log rank test), suggesting that local control 
was an important determinant of improved survival. Toxic-
ity profile, in particular grade 3+ esophagitis, was not worse
in the concurrent arm (4% concurrent versus 3% sequential),
likely because of the split-course regimen employed in this
study. This was the first published report of improvement 
of survival with concurrent chemoRT versus sequential
chemoRT.

The GLOT-GFPC NPC 95-01 study was reported in ASCO
2001 by Pierre et al.404 This randomized, multicenter, Phase
III trial from France also addressed the issue of sequential
versus concurrent administration of chemo/RT: 212 patients
were randomized to sequential versus concurrent arms.
Median survival was 13.8 months in the sequential and 15
months in the concurrent arm (P = 0.41), which was a trend
for the concurrent arm. Two-year OS was 23% in the sequen-
tial and 35% in the concurrent arm, also indicating a trend
toward increased survival for the concurrent regimen.
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TABLE 37.18. Schema of major concurrent versus sequential CMT to date.

Grade 3 + 
esophagitis

Trial Schema Median survival (acute)

West Japan Sequential: 13.3 months 3%
LC Group403 MVP ¥ 2 Æ Conventional RT 16.5 months 4%

Day 50 P = 0.04
Concurrent:
MVP ¥ 2/Split course RT Day 1

RTOG 9410409 Sequential: 14.6 months 4%
Vinb/CisP ¥ 2 Æ Stn RT day 50 17 months 25%
Conc standard RT: (P = 0.046 vs. 46%
Vinb/CisP ¥ 2/Stn RT day 1 sequential)
Conc hyperfractionated RT: 15.2 months
CisP/Eto ¥ 2/BID RT day 1

French Trial404 Sequential: 13.8 months 0%
CisP/Nav Æ Stn RT day 50 15 months 26.1%
Concurrent: P = 0.41
CisP/Etop ¥ 2/RT Æ CisP/Etop

Czech Trial405 Sequential: 13 months 4.2%
Cisp/Nav ¥ 4 Æ RT 20.2 months 17.6%
Concurrent: P = 0.0216
Cisp/Nav/RT Æ Cisp/Nav

LAMP406,407 Sequential: 13 months 4%
Paclitaxel/Carbo Æ RT 12.8 months 20%
Induction Æ Conc: 16.1 months 28%
Paclitaxel/Carbo Æ p/c/RT P = ns
Conc. Æ Consolidation:
p/c/RT Æ Paclitaxel/Carbo

BROCAT408 Sequential: 14.6 months 7.6%
Paclitaxel/Carbo ¥ 2 Æ RT 19.2 months 15.8%

alone
Concurrent: Paclitaxel/Carbo

¥ 2 Æ weekly paclitaxel/RT



In ASCO 2002, two important trials addressing this same
issue were highlighted. One study was presented by Zatloukal
et al., for the Czech Lung Cancer Group.405 This study
employed vinorelbine and cisplatin, and 102 patients were
enrolled and randomized to the two arms. Median survival
time was 619 days in the concurrent arm and 396 days in the
sequential arm (P = 0.0216). Time to progression was 366 days
in the concurrent arm, and 288 days in the sequential arm (P
= 0.0506). The concurrent arm had significantly higher grade
3/4 toxicities, including leukopenia (52.9% versus 18.8%),
neutropenia (64.7% versus 39.6%), and esophagitis (17.6%
versus 4.2%). Pulmonary toxicity was equivalent (3.9 %
versus 2.1%) between the concurrent and sequential arms.

The locally advanced multimodality protocol (LAMP)
trial is a randomized Phase II study whose preliminary results
have been presented at ASCO 2001 and 2002.406,407 One of 
the unique aspects of this trial was its liberal weight loss 
criterion, up to 10% before enrollment (most recent studies
require less than 5% weight loss to be eligible). Three arms
were as follows: arm 1 was a sequential arm where patients
were administered two cycles of paclitaxel with carboplatin,
followed by daily RT to 63Gy. The second arm was the induc-
tion/concurrent arm, where patients were given induction
chemo, as in arm 1, followed by weekly paclitaxel and car-
boplatin with RT for 7 weeks, also to 63Gy. Finally, arm 3
consisted of a concurrent/consolidation mode in which
patients were treated with concurrent RT as in arm 2, but fol-
lowed by adjuvant chemo for two cycles (same as induction
regimen). When all patients were considered, median survival
was 13 months for sequential, 12.8 months for induction/con-
current, and 16.1 months for concurrent/adjuvant arm. When
a subset analysis of patients with better weight criteria 
was conducted, the median survival and 2-year OS were 13
months/28%, 14.4 months/24%, and 17.2 months/35% for
arms 1, 2, and 3 respectively. Both the total and subset analy-
ses showed a trend toward the concurrent/consolidation arm
but did not reach statistical significance on short-term follow-
up. Toxicity profile showed grade 3/4 esophagitis to be 4%,
20%, and 28% on arms 1 to 3, respectively. The interesting
result from this study was that delay of concurrent chemo/RT
with induction chemotherapy appeared to have a negative
impact on outcome; whether this was due to underpowering
of this study (n = 69) or to the true impact of delaying initia-
tion of concurrent chemo/RT is difficult to assess with cer-
tainty but is worth further investigation.

Most recently, in ASCO 2003, two trials were presented
that gave further credence to concurrent chemo RT as the
modality of choice over sequential CMT. One study was a
long-term mature update of the RTOG 9410, which was first
presented in ASCO in 2000. The other was a study from
Germany reported by Huber for the BROCAT group.408

The BROCAT group schema involved initiation with two
cycles of induction paclitaxel and carboplatin chemotherapy
for 3 weeks.408 After the induction, patients were analyzed,
and if patients did not have progressive disease, they were ran-
domized to the sequential arm (RT alone to 60Gy), or the con-
current arm (weekly paclitaxel + RT as in sequential arm);
303 patients enrolled, and 262 patients were able to complete
the induction chemotherapy. Median survival time was 14.6
months for sequential versus 19.2 months for concurrent
arm. With this short follow-up, however, statistical signifi-
cance was not reached.

RTOG 9410 is a Phase III randomized three-arm study 
(n = 610) that compared sequential chemotherapy followed by
RT versus concurrent administration of hyperfractionated
(69.9Gy bid in 1.2Gy/fx) or daily RT and chemotherapy.409

Chemotherapeutic agents used were cisplatin and vinblas-
tine; when given sequentially, two cycles were administered
before RT (start on day 50), whereas in the concurrent arms,
RT began on day 1 with the chemotherapy. In ASCO 2003,
the long-term results of the trial were reported, with median
survival for the sequential arm being 14.6 months, 17 months
for the concurrent qd arm, and 15.2 months for the concur-
rent bid arm. This survival benefit was maintained on long-
term follow-up with 4-year OS for the sequential arm being
12%, versus 21% for the concurrent qd arm and 17% for the
concurrent bid arm. The difference between the sequential
and concurrent qd arms reached a statistically significant dif-
ference with a P value of 0.046. There were significant acute
toxicity issues with the concurrent and hyperfractionated
arms. The concurrent arm had 25% grade 3 or 4 esophagitis
and the hyperfractionated arm had 46% grade 3 or 4 esophagi-
tis, whereas the sequential arm had 4% grade 3 or 4 esophagi-
tis. There was no significant difference in acute grade 3 or 4
lung toxicity (within 90 days) of RT initiation, which was
approximately 9% for the sequential arm, versus 4% for the
concurrent arm and 4% for the hyperfractionated arm. There
was no significant difference in late toxicities including
esophagitis and pneumonitis.409

Optimal Sequencing for Combined Modality
Therapy: Summary of Major Trials

In summary, when all these trials are evaluated together, a
total of 709 patients were treated with one of the foregoing
concurrent regimens and 716 on the sequential arm. Median
survival of these studies summed together show a difference
of 3 months: 17 months versus concurrent, and 14 months
for sequential arms (P less than 0.05 Kruskal–Wallis test). Fur-
thermore, these trials appear to validate the earlier sequential
trials of the 1980s in that addition of chemotherapy appears
to improve median survival. The most impressive and con-
vincing data that are now beginning to emerge are that the
benefits conferred by the concurrent regimen appear to be
durable on long-term follow-up. Long-term follow-up of two
important trials, WJLCG and RTOG 9410,403,409 both show a
significant long-term survival advantage to the concurrent
arm. Similar data were seen on long-term follow-up of three
sequential Phase II studies of concurrent chemo/RT by Choy
et al., as reported in ASCO 2003.410

Toxicity of Concurrent Chemo/RT

Although the benefit of concurrent chemoRT appears to
improve survival outcome in patients with LA NSCLC, the
question of the cost or risks of this modality remained. The
most apparent cost, however, is that of increased acute toxi-
cities, mainly esophagitis and pneumonitis. A review of the
data from multiple RTOG concurrent chemoRT trials (90-15,
91-06, 92-04, and 94-10), all involving cisplatin given con-
currently with standard 60Gy or hyperfractionated 69.6Gy
bid RT, was performed (personal communication, Werner et
al.). Analysis included a total of 585 patients. Acute esophagi-
tis of grade 3 or higher occurred in 37% of these patients,
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peaking and plateauing by 2 months after initiation of
therapy.

When a similar analysis was performed to evaluate grade
3 or 4 esophagitis rates, the results showed that a 19.5%
esophagitis rate was observed in the concurrent arm versus
4% in the sequential arm. Therefore, it appears that the con-
current arm does lead to superior survival at the expense of
increased acute esophageal toxicity.

Similar to the foregoing analysis, Werner-Wasik et al. per-
formed analysis on the same 585 patients from the various
RTOG trials looking at late pneumonitis incidence.411

Incidence of late pneumonitis of grade 3 or higher toxicity
occurred in 20% of these patients. Time course of incidence
showed that this could occur as late as 18 months after
therapy, with 50% of these grade 3 or higher pneumonitis
patients having symptoms at 6 months posttherapy. A major-
ity of patients had pneumonitis occur between 6 and 12
months posttherapy.

In the RTOG 9410 trial, there appears to be no difference
in the rate of pneumonitis in the three arms on long-term
follow-up. For example, pneumonitis rate (grade 3 or 4) was
14% in the sequential arm, 12% in the concurrent arm, 
and 16% in the hyperfractionated arm (personal communica-
tions). Furthermore, although there was increased esophagi-
tis acutely in the concurrent and the hyperfractionated arms
as noted above, this appears to resolve on long-term follow-
up, and the rate of esophagitis among the three arms became
equivalent at 0.5%, 2.6%, and 4% for the sequential, con-
current, and hyperfractionated arms, respectively. It appears
that the major disadvantage of concurrent arm, which is
esophagitis, is not a sustained toxicity, and without signifi-
cant evidence for undue late toxicity with this regimen, the
survival advantage should convince us that concurrent strat-
egy is superior to the sequential combined modality therapy.
In lieu of a further confirmatory, larger randomized trial, the
next important analysis would be to perform a meta-analysis
of all studies comparing sequential versus concurrent therapy
to improve the power to detect a significant difference in
outcome and toxicities between these two approaches.

A variety of strategies for decreasing the toxicity of
chemoRT treatment has been suggested. These include
improvements in technology of RT delivery and utilization of
pharmacocytoprotective strategies to decrease normal tissue
toxicity. Technical innovations include usage of intensity
modulated radiation therapy (IMRT) or 3-D conformal plan-
ning strategies, novel fractionation schemes, improved func-
tional imaging to deliver therapy to a smaller target volume,
and new strategies for RT delivery (i.e., determining for which
patients mediastinal nodes could be omitted to decrease
target volume). The more biologic approach includes sugges-
tions of usage of agents such as keratinizing growth factor,
tumor necrosis factor- beta (TGF-b, melatonin, glutamine,
gene therapy (intratumoral injection of manganese super-
oxide dismutase plasmid/liposome, SOD2-PL), and use of
amifostine, an organic thiophosphate compound that has
been shown to protect normal tissue selectively against both
radiation and chemotherapeutic agents.

Delivery of Radiotherapy: Hyperfractionation

Another brewing question in the field of treatment of unre-
sectable NSCLC was regarding how RT should be adminis-

tered. As previously mentioned, pioneering works by Perez et
al. helped to clearly establish the appropriate dose and helped
to establish that a split-course regimen was not as efficacious
as the conventional continuous course RT. Investigation into
hyperfractionated regimen dates back to the 1970s when
RTOG 77-04 indicated that in treatment of squamous cell car-
cinoma of upper respiratory tract and esophagus, 1.5Gy bid
produced severe mucositis requiring treatment interruptions,
where as with 1.25Gy/fx bid, therapy could be carried to 
60 Gy.

RTOG 81-08 was a feasibility study that helped to estab-
lish that 1.2Gy bid fx to 69.6Gy could be administered
without significant acute toxicities in NSCLC.412 RTOG 83-
11 was performed as a randomized dose-escalation Phase I/II
trial of hyperfractionated RT with total doses ranging from 60
to 79.2Gy for stage III NSCLC patients.413 The study had five
arms, each involving 1.2Gy bid to total doses of 60.0, 64.8,
69.6, 74.4, and 79.2Gy. Their conclusion was that equal sur-
vival benefit was seen in the 69.6-Gy and above arms (median
survival, 10 months versus 8.7 months versus 10.5 months
for the 69.6-Gy, 74.4-Gy, and 79.2-Gy arms, respectively).
However, significantly higher life-threatening pneumonitis
occurred in the 79.2-Gy arm versus the 69.6-Gy arm (8.1%
versus 5.7%). Median survival at 69.6Gy was superior to the
lower doses of 60 and 64.8Gy, which was even more markedly
pronounced when a subset of patients with the CALGB 84-
33 good prognosis criteria were evaluated (median survival,
13 months in the 69.6-Gy arm versus 10 and 7.8 months for
60- and 64.8-Gy arms, respectively; P = 0.07). Furthermore,
there was a dose–survival relationship in the CALGB group
(i.e., dose received versus survival), with patients receiving
69.6Gy surviving longer than those who received less
[median survival for 69.6Gy (±2.4Gy) dose received was 
13.7 months versus those who received 64.8Gy (±2.4Gy) 
was 12.7 months, and those who received 60Gy (±2.4Gy) 
was 8.9 months (P = 0.02)]. These results led to a Phase III
trial (RTOG 88–08) investigating the role of hyperfractionated
RT in this population of patients. The major hyperfractiona-
tion trials are listed and summarized in Table 37.19.

Negative Hyperfractionation Trials

A Phase III trial comparing (1) RT alone, (2) induction
chemotherapy followed by RT, or (3) hyperfractionated RT
(1.2Gy bid to 69.6Gy) was conducted by the U.S. inter-
group.414 In this trial, 452 patients were enrolled and eligible,
with 149, 151, and 152 patients, respectively, in arms 1 to 3.
Initial results showed median survival of 11.4 months, 13.8
months (P = 0.03 for chemoRT versus RT alone), and 12.3
months for arms 1 to 3 respectively, which validated the
Dillman data.399 Toxicity profile was reported as being accept-
able, with similar grade 3 or 4 nonheme toxicity profile for
the three patient groups who were followed to 18 months.
Grade 4 toxicity related to RT was reported in 4 patients 
in the hyperfractionated arm, versus 1 on the standard and
sequential arm; 2/4 grade 4 toxicity on the hyperfractionated
arm was esophagitis. Updated reports published in 2000
reported similar findings with median survival of 11.4
months, 13.2 months, and 12 months, respectively, in arms
1 to 3.415 The 5-year survival rates were 5%, 8%, and 6%, once
again showing mild benefit to the sequential arm, but not in
the hyperfractionated arm. There was an indication that in
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squamous cell cancer histology, the hyperfractionated arm
had a durable response of 5-year survival of 9% compared to
2% in the other two arms (P = ns).414,415 However, as a whole,
this was a negative trial for the hyperfractionated regimen,
contrary to what was indicated by the RTOG 83–11 study. It
did prove to be a confirmatory trial for the sequential arm
with very similar median survival results as the Dillman
study.

RTOG 94–10 also had a hyperfractionated arm as 
previously noted. The difference was that, in this study,
chemotherapy was administered concurrently with the
hyperfractionated regimen as described above, and as was the
case in RTOG 88-08, the hyperfractionated arm failed to
provide survival advantage over the concurrent or the sequen-
tial arm416 (see Table 37.19). It is also quite clear that the acute
toxicity was significantly higher in the hyperfractionated
arm. Therefore, hyperfractionation using 1.2Gy bid to 
69.6Gy does not appear to be a reasonable therapeutic option
for this group of patients. However, this does not necessarily
imply that hyperfractionation is not a good strategy in this
setting.

Positive Hyperfractionated Trials

CONTINUOUS, HYPERFRACTIONATED, ACCELERATED

RADIOTHERAPY (CHART)
CHART was introduced in the mid-1980s and has a strong
biologic rationale.417 The goal for CHART is twofold: (1) to
attempt to improve tumor control of cancer cells, which can
proliferate and repopulate rapidly, by using more-frequent
fractions, and (2) to minimize long-term normal tissue mor-
bidity by using smaller fractions.417 CHART employs a 1.5-
Gy fx three times a day in 12 consecutive days. Saunders 
et al. reported on their trial, which randomized 563 patients
to CHART (n = 338) versus conventional RT (n = 225) which
was administered to 60Gy in 30 daily fractions. Promising
survival advantage with CHART, particularly in patients 
with SCCA histology, was demonstrated on short-term

follow-up.418 Results from long-term follow-up confirmed a
significant reduction in death, with 2-year survival being 30%
for CHART and 20% for the conventional arm (P = 0.008).
This benefit was extended at 5 years, with OS being 12% for
CHART and 7% for standard RT. There was also a 21% reduc-
tion in risk of local progression (P = 0.033). This benefit was
more pronounced for patients with SCCA histology in terms
of survival (20% versus 33%), and improvement in local
control was substantial and statistically significant in this
group.419 Interestingly, there was also a significant 25% reduc-
tion in relative risk of metastasis (P = 0.043) and 27% reduc-
tion in risk of local progression (P = 0.0012) in the SCCA
histology. Considering no chemotherapy was used in these
patients, one could potentially argue that in the squamous
histology, improvement of local control may be critically
linked to inhibition of further metastatic progression. As one
would expect, the rate of acute toxicity with CHART was
higher than that of conventional, with the esophagitis rate
being 19% in CHART versus 3% in the conventional arm (see
Table 37.19). The late complications were not significantly
different between the two groups, however. Interesting to
note was that 81% of patients in the CHART trial were of
squamous histology, and this trial included patients with
stage IA, IB, and II disease (36% of enrolled patients), which
may explain the significantly higher survival data even with
conventional RT alone compared to historical controls. Is it
also possible that CHART may have been more effective in
patients with early-stage disease for whom ultimate local
control has been the primary mode of therapy (i.e., surgery)?
Despite these and other potential issues, the data from
CHART are encouraging and worthy of further pursuit.

HYPERFRACTIONATED ACCELERATED RADIOTHERAPY (HART)
Therefore, based on this, ECOG set forth to clarify this issue
with a randomized Phase III multiinstitutional trial compar-
ing standard thoracic RT to hyperfractionated accelerated
radiotherapy (HART) (Table 37.19). The results of ECOG 2597
were recently presented at ASCO 2003.420 They reported that
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TABLE 37.19. Comparison of hyperfractionated (tid, bid) versus conventional (qd) RT either with or without concurrent chemotherapy.

Median Three-year Five year Acute esophagitis
Study survival OS OS P value (grade 3 or 4)

RTOG 8808415

Daily RT (no chemo) 11.4 months 9% 5% Not available
BID RT 12 months 14% 6% P = ns Not available
RTOG 9410416 2-year OS 4-year OS
Concurrent chemo + daily RT 17 months 35% 21% 25%
Concurrent chemo + bid RT 15.2 months 34% 17% P = ns 46%
CHART418,419 2-year OS 4-year OS
Daily RT 13 months 21% 12% 3%
TID RT 16.5 months 30% 7% P = 0.008 19%
HART420

Induction chemo + conventional 13.7 months 33% 16%
RT
Induction chemo + tid RT 22.2 months 48% P = NS 25%



119 eligible patients were randomized to either standard RT
or HART following two cycles of induction chemotherapy
consisting of carboplatin (AUC = 6) and paclitaxel (225mg/m2)
on day 1 of each 3-week cycle. The HART regimen was
similar to CHART, consisting of 1.5Gy tid over 2.5 weeks to
a total of 57.6Gy (no weekends). Standard RT involved 64Gy
in 2Gy/day fractions. Only stage III patients were enrolled. 
The study was closed prematurely due to poor accrual. The
results, nevertheless, are provocative. Median survival time
for conventional RT is similar to historical control at 13.7
months. The HART regimen, meanwhile, conferred a trend
toward survival benefit, with median survival at 22.2 months,
and the 2-year survival was 33% for conventional and 48%
for HART (P = 0.20). Grade 3 or 4 esophagitis was higher for
the HART (14 patients, 25%) arm than the conventional arm
(9 patients, 16%).

Role of Prophylactic Cranial Irradiation in Locally
Advanced NSCLC

Chemotherapy combined with thoracic radiotherapy
improves survival for patients with locally advanced
NSCLC,384,404,421 but the systemic relapse, including brain
metastasis, remains a major problem (Table 37.20). Central
nervous system (CNS) metastasis is a common and devastat-
ing problem for patients with NSCLC with reported incidence
up to 54%.100,422–430 The median survival of patients diagnosed
with brain metastasis in NSCLC is less than a year.431–433

Gaspar and colleagues reported a retrospective review of the
SWOG database of stage IIIA/B NSCLC patients who under-
went combined modality therapy on four SWOG protocols
(S8805, S9019, S9416, and S9504).434 There were a total of 422
patients enrolled on the SWOG trials, and 20% of the patients
experienced isolated brain metastasis after primary therapy;
46% of the patients who had brain as the site of first relapse
developed brain metastasis within 16 weeks of completion of
therapy. The Radiation Therapy Oncology Group (RTOG)
also showed that NSCLC patients with locally advanced
disease with longest survival are at significant risk for devel-
oping CNS metastases.435,436 The improvement in the 
treatment of locally advanced NSCLC with combination
chemotherapy, radiotherapy, and surgery has shown that CNS
metastases remains a major site of relapse with up to 33% of
patients experiencing CNS as the first site of metastasis.423,437

Similarly, the Lung Cancer Study Group (LCSG) reported that
21% of patients developed brain metastasis after undergoing
neoadjuvant chemoradiotherapy followed by surgery for stage
III NSCLC.438 Martini et al. also reported that 28.5% of
patients developed isolated brain metastasis after undergoing
chemotherapy (cisplatin, vindesine or vinblastine, and mito-
mycin) followed by surgery.439

Three published prospective randomized trials investi-
gated the role of prophylactic cranial irradiation (PCI) in
patients with NSCLC. One of the early studies was from the
Veterans Administration Lung Group (VALG) reported by Cox
and colleagues in 1981.425 The study reported the results 
of treatment for 281 inoperable NSCLC patients enrolled
between 1975 and 1978. The treatment consisted of thoracic
radiotherapy alone with dose up to 50Gy in 25 daily fractions
with or without PCI (20Gy in 10 fractions); 6% of patients
(7/136) who received PCI relapsed in the brain compared to
13% (16/145) of patients who did not receive PCI (P = 0.38).
The reduction in brain relapse was not significant for squa-
mous cell histology and addition of PCI did not alter the
median survival of patients in the study. Umsawasdi and col-
leagues from the M.D. Anderson Cancer Center reported the
results of a randomized trial testing the role of PCI in 1984.427

The study included 100 patients with locally advanced
NSCLC who were clinically free of lung cancer after com-
bined modality therapy. Patients received two cycles of induc-
tion chemotherapy (cyclophasphamide, adriamycin, cisplatin)
followed by thoracic radiotherapy administered concurrently
with the same chemotherapy. Patients in the PCI group
received 3,000cGy in 10 daily fractions to the whole brain.
PCI reduced the incidence of brain metastasis dramatically
from 27% to 4% (P = 0.002). However, no survival benefit was
seen with PCI because of the negative impact of frequent
extracranial relapses. Finally, RTOG conducted a study that
investigated the role of PCI in 187 patients with unresectable
or inoperable adenocarcinoma or large cell carcinoma of the
lung. Russell and colleagues reported the results of the ran-
domized study that incorporated thoracic radiotherapy with
or without PCI (30Gy/10 daily fractions).426 The dose to the
chest was 60Gy in 30 treatments for patients without prior
surgery and 50Gy in 25 treatments for those who had prior
thoracotomy. Eighteen patients (19%) developed brain metas-
tasis without PCI and 8 patients (9%) with PCI developed
brain metastasis (P = 0.10). There was no survival difference
seen due to the significant extracranial systemic (81%) and
thoracic (61%) relapses (see Table 37.20).

Unresectable Locally Advanced NSCLC: 
Decades of Progress

Despite all the controversies that may persist in the field of
locally advanced NSCLC therapy, the advancement of this
field in the past 20 years has been substantial and notewor-
thy. The median survival, using standard of care therapy in
the 1980s, was less than 10 months. In the 1980s, with the
advent of sequential chemotherapy with improved RT tech-
niques and conventional dosing, the survival was improved
to the order of 14 months. Currently, utilizing concurrent
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TABLE 37.20. Prophylactic cranial irradiation (PCI) for NSCLC: randomized trials.

PCI dose
Median survival Brain metastasis

Study N (dose/fraction) +PCI -PCI +PCI -PCI

VALG425 281 20Gy/10 NA NA 6% 13%
RTOG426 187 30Gy/10 8.4 8.1 9% 19%
M.D. Anderson427 97 30Gy/10 8.4 NA 4% NA

VALG, Veterans Administration Lung Group; RTOG, Radiation Therapy Oncology Group.



chemoRT or CHART or sequential chemo-HART regimens,
one can expect that patients with unresectable LA NSCLC
would have median survival of the order of 17 to 18 months.
Between 15% and 20% of patients with this disease may now
expect to have survival of the order of 4 to 6 years (or more;
longer follow-up not yet available) as seen in the WJLG,
RTOG 9410, and Lun-27/56/63 studies. This prognosis is in
contrast to 5-year survival of less than 5% in the 1980s, and
translates to almost a threefold improvement in long-term
survival for this cohort of patients. However, it is true that
lung cancer is a disease that continues to humble us, as a
majority of our patients with locally advanced NSCLC will
succumb to this disease. Therefore, much more clinical,
translational, and basic science research still needs to be
devoted to this field.

Metastatic NSCLC

Cisplatin-Based Chemotherapy Versus Best
Supportive Care

Through the 1980s, cisplatin formed the backbone of sys-
temic treatment in metastatic NSCLC, demonstrating single-
agent response rate activity of 10% to 17%.440 Other active
agents included mitomycin C, vinblastine, ifsofamide, and
vindesine. However, the impact on patient survival using
these agents remained in doubt, as multiple trials comparing
cisplatin-based chemotherapy with best supportive care (BSC)
drew conflicting conclusions (Table 37.21).441–447,677

Although conclusive prolongations in survival were 
not consistently seen with the use of chemotherapy in the
advanced disease setting in the 8 studies compared to BSC,
its use was frequently associated with symptom relief and
improvements in quality of life.448,449 For example, investiga-
tors in the Big Lung Trial found that the use of chemother-
apy was associated with less grade 3 and 4 breathlessness and
less pain, but worsened peripheral neuropathy, compared to
patients receiving supportive care only.450 In addition, quality

of life as assessed by the EORTC QLC-LC13 questionnaire at
6 weeks confirmed an improvement for patients receiving 
cisplatin-based chemotherapy.451 This randomized experience
confirmed that seen in prior Phase II studies, in which rates
of symptom relief often exceeded that of objective antitumor
response, in that patients with stable disease experienced
lessening of disease-related symptoms.452,453

Because of discrepant survival results in BSC trials, meta-
analyses of chemotherapy versus BSC trials have been helpful
in determining the role of systemic treatment in these
patients. A 1993 analysis of 6 randomized trials concluded
that the use of chemotherapy in this setting was associated
with a statistically significant 24% reduction in the risk 
of death at 1 year, and that treatment was associated with 
a lengthening of overall survival from 16.7 weeks to 27.4
weeks.454 A 1994 meta-analysis of published literature results
and individual patient data confirmed the benefit of treat-
ment, determining an odds ratio of death of 0.44 and an
increase in estimated median survival from 3.9 months for
BSC to 6.7 months for patients with advanced disease receiv-
ing chemotherapy.455 The largest meta-analysis of individual
patient data was compiled from 11 studies from 1965 to 1991
and was reported in 1995.384 Findings from this analysis of
more than 1,100 patients revealed that the use of cisplatin-
based regimens was associated with a 27% reduction in the
risk of death for patients with advanced NSCLC, translating
into an absolute improvement in survival at 1 year of 10%
(from 5% to 15%). The use of nonplatinum-containing regi-
mens was not beneficial in the setting of advanced disease.

Newer Agents Versus Best Supportive Care

Clinical testing of newer, so-called “third-generation”
chemotherapeutic agents in the treatment of NSCLC was
active in the 1990s, with resultant improvements in the 
therapeutic index.456–460 The antimicrotubule agent, pacli-
taxel, was administered over 1 hour, 3 hours, and 24 hours,
at various doses and schedules, with response rates ranging
from 21% to 56% in untreated patients.461,462 Another taxane,
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TABLE 37.21. Randomized trials of best supportive care versus cisplatin-based chemotherapy.

Overall response Median survival One-year overall
Study N Therapy rate (%) (months) survival (%) P value

Rapp441 251 BSC 4.3 10
Cisplatin/vindesine 25.3 8.2 22 <0.01
Cyclophosphamide/doxorubicin/cisplatin 15.3 6.2 21 <0.05

Ganz442 BSC 3.4 NS
Cisplatin/vinblastine 5.1

Woods443 201 BSC 4.3 NS
Cisplatin/vindesine 28 6.8

Cellerino444 128 BSC 5.3 NS
Cyclophosphamide/epirubicin/cisplatinÆ
Methotrexate/etoposide/CCNU 21 8.6

Cartei445 102 BSC 4
Cisplatin/cyclophosphamide/mitomycin 8.5 <0.0001

Thongprasert446 287 BSC 4.1 13
Ifosfamide/epirubicin/cisplatin, or 40 5.9 29.8
mitomycin/cisplatin/vinblastine 41.7 8.1 39.3 0.0003

Cullen447 351 BSC 4.8
Mitomycin/ifosfamide/cisplatin 32 6.7 0.03

Stephens677 725 BSC 5.7 HR = 0.77,
Cisplatin-based 7.7 P = 0.0015



docetaxel, demonstrated a 35% response rate in Phase II
testing, while antitumor response rates of 25% and 32% were
seen in early clinical trials of gemcitabine and irinotecan,
respectively.455,459,460

The advent of these more-active agents prompted a
renewal of BSC comparison trials, using these newer
agents463–466 (Table 37.22). These trials more consistently
demonstrate statistically significant prolongations in survival
(approximating 2 months), as well as frequently detecting
improvements in quality of life due to symptom relief. No
comparative study detected a detriment in quality of life asso-
ciated with the use of palliative chemotherapy with these
newer agents, and in the one study in which the survival was
not lengthened with treatment, symptom improvement 
was statistically sustained with chemotherapy.466 These trials
provide the foundation for the use of palliative chemotherapy
in metastatic NSCLC, with the expectation from single-agent
therapy of an antitumor response seen in approximately one
of five patients, and an average improvement in overall 
survival from 5 to 7 months, coincident with symptom
improvement.

Combination Chemotherapies Versus
Cisplatin Alone

The next challenge was to improve upon these single-agent
results by combining chemotherapeutics, based upon the
experience of combination chemotherapy in other disease 
settings. Prior combinations, using cisplatin with less-active
drugs, yielded response rates similar to that seen with newer
single-agent third-generation agents, namely in the 20%
range, with median survivals of 5 to 6 months.448,467 As such,

no single combination could be recommended as first-line
therapy for patients with advanced NSCLC.

Table 37.23 demonstrates the results from four random-
ized trials, comparing cisplatin alone versus cisplatin com-
binations using a newer, third-generation agent.449,468–470

This table provides evidence that doublet, platinum-based
chemotherapy combined with a newer active, third-genera-
tion agent positively impacts survival in most studies,
without significantly worsening toxicity. Large cooperative
groups, therefore, selected one of these doublets as their ref-
erence arm for treatment in subsequent comparative trials.
Carboplatin appears to be able to inserted for cisplatin with
no consistent loss in efficacy, and with an improvement 
in tolerability (please see following), such that it has often
replaced cisplatin as the platinating agent of choice for treat-
ment doublets.

Cisplatin Versus Carboplatin

Cisplatin, however, has been associated with a significant
number of side effects, most notably nausea and vomiting.
Although this toxicity has become much more manageable
with the advent of the HT3 antiemetics, concerns remain
regarding the renal toxicity, neuropathy, ototoxicity, and gen-
eralized fatigue and asthenia. To alleviate some of these side
effects, clinicians have turned toward the platin analogue 
carboplatin. Although carboplatin has a relatively low single-
agent response rate, data from most, but not all, randomized
trials supports equivalent clinical benefit between cisplatin
and carboplatin.471 An EORTC study from the late 1980s
demonstrated similar survival curves for cisplatin and carbo-
platin when each drug was combined with etoposide.472
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TABLE 37.22. Randomized trials of best supportive care (BSC) versus newer agents.

One-year
Overall Median overall
response survival survival

Study N Therapy rate (%) (months) (%) P value

ELVIS463 161 BSC 5.3 14 HR = 0.65,
Vinorelbine 19.7 7 32 P = 0.03

Roszkowski464 207 BSC 5.7 16
Docetaxel 13.1 6.0 25 <0.026

Ranson465 157 BSC 4.8 NR
Paclitaxel 16 6.8 NR 0.037

Anderson466 300 BSC 5.9 22
Gemcitabine 19 5.7 25 NS

TABLE 37.23. Randomized trials of cisplatin alone versus newer cisplatin-based combinations.

One-year
Overall Median overall
response survival survival

Study N Therapy rate (%) (months) (%) P value

Wozniak449 432 Cisplatin 12 6 20
Cisplatin/vinorelbine 26 8 36 0.0018

Sandler468 522 Cisplatin 11.1 7.6 28
Cisplatin/gemcitabine 30.4 9.1 39 0.004

von Pawel469 446 Cisplatin 13.7 6.9 22.5
Cisplatin/tirapazamine 27.5 8.7 34 0.0078

Gatzemeier470 414 Cisplatin 17 8.6 36
Cisplatin/paclitaxel 26 8.1 30 NS



Another more-recent study compared carboplatin and gem-
citabine to cisplatin and gemcitabine and showed similar sur-
vival from treatment with cisplatin- and carboplatin-based
regimens.473 In ECOG 1594, four different chemotherapy 
doublets were compared to each other; the comparator arm
involved cisplatin and paclitaxel, while one of the experi-
mental arms included carboplatin and paclitaxel.474 Although
the dose and infusion rate of the paclitaxel differed between
the two arms (135mg/m2 over 24 hours in the cisplatin arm,
and 225mg/m2 over 3 hours in the carboplatin arm), the
overall response and median survival did not differ signifi-
cantly (22% and 7.8 months in the cisplatin/paclitaxel arm,
and 17% and 8.1 months in the carboplatin/paclitaxel arm,
respectively). A Phase III trial by a Yugoslavian group found
an improved survival by log rank analysis when carboplatin
was substituted for cisplatin in combination with vindesine
and mitomycin C, whereas a European trial comparing cis-
platin/paclitaxel to carboplatin/paclitaxel, in which the dose
and schedule of paclitaxel was identical between the two
arms, found a statistically significant improvement in median
survival (9.8 months) in the cisplatin arm, compared to 8.5
months in the carboplatin arm.475,476 Another study reported
by Fossella and colleagues compared docetaxel/cisplatin and
docetaxel/carboplatin with vinorelbine/cisplatin, 75mg/m2

of docetaxel being given in both arms.477 Although the study
was not designed to compare the two docetaxel arms, the
investigators reported a trend toward improved survival in 
the docetaxel/cisplatin arm (11.3 months) compared to the
docetaxel/carboplatin arm (9.4 months). Essentially all these
studies found decreased toxicity in the carboplatin arm. Thus,
although it could be debated as to whether carboplatin pro-
duces exactly the same efficacy outcomes as cisplatin in
advanced NSCLC, results appear to be roughly similar, and
with improved tolerability seen with the use of carboplatin.
Given the paramount importance of limiting toxicity and
optimizing quality of life in the advanced disease setting, it
certainly seems reasonable to incorporate carboplatin as the
platinating agent of choice in first-line doublet therapy.

However, in earlier-stage disease such as in the postoperative
setting, where curability is defined as the treatment goal, the
results of Rosell et al. and Fossella et al. raise the important
question of whether cisplatin is superior to carboplatin in
terms of disease activity.476,477 Randomized trials comparing
cisplatin and carboplatin in earlier-stage NSCLC are needed
to address this question.

New Single Agents Versus New Combinations

Table 37.24 shows randomized trials comparing a newer
single agent versus a newer platinum-based combina-
tion.478–484 On the whole, these trials show that antitumor
response is improved with doublet treatment, and that com-
bination therapy potentially improves median survival by 2
months, although at higher rates of hematologic toxicity.

New Combinations Versus Older Combinations

Table 37.25 displays the results of nine randomized trials that
compared an older cisplatin-based doublet with a platinum-
based combination using a newer second agent.478,484–491 In
these trials, the newer agents, including palcitaxel, gem-
citabine, docetaxel, and irinotecan, add the toxicities of 
myalgias/arthralgias/sensory neuropathy, nonclinically sign-
ificant thrombocytopenia, edema, and diarrhea, respectively,
without consistently exacerbating neutropenia. Statistically
significant prolongations in overall survival are seen in nearly
half of the trials.478,488,489,491 Quality of life measures were
improved for patients receiving the combinations with the
newer agents, despite the absence of a corresponding survival
benefit, in the trials of Giaccone et al. and Belani et al., reveal-
ing a clinically meaningful effect from the third-generation
agents.485,486 Although marked improvements in overall sur-
vival were not seen in all these trials, the bulk of evidence
pointed to the fact that the newer combinations resulted in
1-year overall survival rates consistently exceeding 30% to
35%, and that an efficacious doublet could be individualized
to match a patient’s comorbidities contingent upon the newer
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TABLE 37.24. Randomized trials of platinum-based doublets versus new single agents.a

One-year
Overall Median overall
response survival survival

Study N Therapy rate (%) (months) (%) P value

Le Chevalier478 612 Cisplatin/vindesine 19 8.3 29
Vinorelbine 14 9.0 34
Cisplatin/vinorelbine 30 10.8 38 0.01-

ten Bokkel 147 Gemcitabine 17.9 6.6 26
Huinink479 Cisplatin/etoposide 15.3 7.6 24 NS
Vansteenkiste480 169 Gemcitabine 20.2 6.7 22

Cisplatin/vindesine 20 5.5 19 NS
Lilenbaum481 584 Paclitaxel 17 6.7 33

Carboplatin/paclitaxel 29 8.8 37 <0.05b

Sederholm482 332 Gemcitabine 12 9 32
Carboplatin/gemcitabine 30 11 44 0.0024

Georgoulias483 307 Docetaxel 18 10 40
Cisplatin/docetaxel 35 13 45 NS

Negoro484 398 Irinotecan 20.5 11.5 41.8
Cisplatin/vindesine 31.7 11.4 38.3
Cisplatin/irinotecan 43.7 12.5 46.5 NS

a When adjusted for treatment centers.
b Wilcoxon analysis.



agent’s toxicities. As such, practice has progressed from the
“one size fits all” recipe for a platinum-based doublet for
patients with advanced NSCLC, therefore expanding the
number of patients eligible to receive therapy.

Doublet Combination Comparisons

Comparisons of platinum-based doublets incorporating third-
generation agents have demonstrated improvements in treat-
ment activity and overall survival in patients with a good
performance status, but have yet to identify one clinically
superior regimen.473,474,476,477,492–495 Table 37.26 demonstrates
that treatment with these combinations yields antitumor
response rates of at least 30%, median survival times of 8 to
10 months, 1-year overall survival rates exceeding 30%, and,
for the first time, 2-year survival rates exceeding 10%. These
advances are measured against median survivals of 5.3 to 5.8
months and 1-year survival of less than 20% seen with 
platinum-based doublets combined with older, second-gener-
ation agents.448,467 The therapeutic plateau achieved with the
use of these newer doublets clearly speaks to the need to
incorporate newer treatments, most notably the use of tar-
geted agents, into clinical trials of new treatment combina-
tions.

Selecting a regimen based upon comparisons across trials
is fraught with potential error, given differences in sample
populations and treatment plans (for example, ECOG 1594
enrolled patients with brain metastases and a lower percent-
age of patients with stage IIIB disease, compared to TAX 326,
whereas the dosing of paclitaxel was lower in ECOG 1594,
compared to the study of Rosell et al.).474,476,477 Overall, clini-
cal efficacy within trials appears to be roughly similar using

platinum-based doublets that incorporate a newer, third-
generation agent. In addition, toxicity with the newer 
combinations is manageable, and therefore, selection of a
platinum-based doublet for therapy in advanced NSCLC may
be individualized in terms of the toxicity profile of the par-
ticular doublet, as well as convenience and cost, as efficacies
of the newer combinations are largely equivalent. The 
therapeutic plateau achieved with the use of these newer dou-
blets clearly speaks to the need to incorporate newer treat-
ments, most notably the use of targeted agents, into clinical
trials.

Quality of life analyses were conducted in four of the
trials from Table 37.26, with consistent, significant differ-
ences seen most strongly with the use of docetaxel in the 
Fossella trial.476,477,493,495 Using the EuroQoL global health scale
(EuroQoL) and the Lung Cancer Symptom Scale (LCSS), these
investigators showed that treatment with docetaxel/cisplatin
(DC) or docetaxel/carboplatin (DCb) was associated with sig-
nificant improvements in quality of life, compared to treat-
ment with vinorelbine/cisplatin (VC): [for DC versus VC, P =
0.064 (LCSS) and P = 0.016 (EuroQoL); for DCb versus VC, P
= 0.016 (LCSS) and P less than 0.001 (EuroQoL)]. Declines in
performance status and weight were mitigated with docetaxel
therapy.477 It has been noted in a discussion of these results
that the cisplatin dose administered to patients in the vinorel-
bine arm was higher per treatment (at 100mg/m2, compared
to 75mg/m2 in the docetaxel arms). Also, a higher dose of 
corticosteroids was given to patients receiving docetaxel.
Both these factors may have contributed to an improvement
in symptoms in patients in the docetaxel arms.496 Regardless,
in light of the efficacy plateau reached with the platinum-
based doublets shown in Table 37.26, it remains paramount
to incorporate quality of life and symptom management out-
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TABLE 37.25. Randomized trials of older cisplatin-based doublets versus newer platinum-based
doublets.

Overall Median One-year
response survival overall

Study N Therapy rate (%) (months) survival (%) P value

Le Chevalier478 612 Cisplatin/vindesine 19 8.3 29
Cisplatin/vinorelbine 30 10.8 38 0.04a

Giaccone485 332 Cisplatin/teniposide 28 9.9 41
Cisplatin/paclitaxel 41 9.7 43 NS

Belani486 369 Cisplatin/etoposide 14 8.2 37
Carboplatin/paclitaxel 23 7.7 32 NS

Cardenal487 135 Cisplatin/etoposide 21.9 7.2 26
Cisplatin/gemcitabine 40.6 8.7 32 NS

Bonomi488 599 Cisplatin/etoposide 12.4 7.6 31.8
Cisplatin/paclitaxel 25.3 9.5 37.4
(low)
Cisplatin/paclitaxel 27.7 10 40.3 0.048b

(high)
Takiguchi489 210 Cisplatin/vindesine 22 11.6 48

Cisplatin/irinotecan 29 10.5 43 NS
Grigorescu490 198 Cisplatin/vinblastine 15 7.9 12

Carboplatin/gemcitabine 27 11.6 36 <0.05
Kubota491 302 Cisplatin/vindesine 21 9.6 43

Cisplatin/docetaxel 37 11.3 48 0.014
Negoro484 398 Cisplatin/vindesine 31.7 11.4 38.3

Cisplatin/irinotecan 43.7 12.5 46.5 NS
a When adjusted for treatment centers.
b When survival is combined for the low and high dose paclitaxel arms.



comes into the decision making of selecting treatments for
patients in this palliative setting.

Two Versus Three Drugs

Table 37.27 shows the results of 13 trials randomizing
patients with advanced NSCLC to treatment with two or
three cytotoxic agents.99,497–510 However, in 8 of the 13 trials,
the comparison three-agent arm contains at least one single
agent that is older and would not be used presently as a 
single agent for treatment (i.e., mitomycin C or ifos-
famide).497,500,501,503–507 In one of the remaining five trials,
Sculier et al. combined the two platinating agents, cisplatin
and carboplatin, in the three-drug arms, in an effort to max-
imize platinum exposure. The similar mechanisms of action
of the two platinating agents confounds interpretation of the
impact of these three-drug combinations.505 The remaining 
4 studies utilize newer, third-generation agents into their
triplets; however, final results for 3 of the remaining 4 trials
have yet to be published.498,499,502 Although the three-agent
combination of cisplatin/gemcitabine/navelbine was found
by the Southern Italian Cooperative Oncology Group
(SICOG) investigators to be superior to treatment with cis-
platin/navelbine, the doublet arm in this study was surpris-

ingly toxic, and was associated with two toxic deaths, and
higher rates of chemotherapy discontinuation, severe 
neutropenia, and vomiting, compared to the other arms. This
unexpected rate of toxicity with this doublet may have been
related to the treatment schema of administering 120mg/m2

of cisplatin on day 1 of each 4- to 6-week cycle.498 The Spanish
Lung Cancer Group 98-02 study detected higher rates of
hematologic toxicity with no corresponding improvement in
efficacy outcomes for treatment with their three-drug 
combination.99 In contrast, preliminary results from a second
SICOG study yielded improved survival with only a modest
increase in toxicities with the use of either of two three-
drug regimens.499 Final results from this SICOG trial are
anticipated.

In summary, the consensus of evidence and opinion,
including the preliminary publication of two meta-analyses
recently, conclude that treatment of good performance status
patients with advanced NSCLC with two cytotoxic agents is
better than with one (see Tables 37.23, 37.24), whereas the
addition of a third agent likely only exacerbates toxicity.508,509

However, the majority of these findings result from studies
incorporating rather inactive, older agents into the three-
agent arm. Favorable results with the use of three-drug 
regimens from the SICOG investigators and Paccagnella et al.
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TABLE 37.26. Randomized trials of newer platinum-based doublets.

One-year
Overall Median overall
response survival survival

Study N Therapy rate (%) (months) (%) P value

Kosmidis492 198 Carboplatin/paclitaxel 25.6 9.5 37
(low)

Carboplatin/paclitaxel 31.8 11.4 44 NS
(high)

Kelly493 408 Cisplatin/vinorelbine 28 8.1 36
Carboplatin/paclitaxel 25 8.6 38 NS

Fossella477 1220 Cisplatin/vinorelbine 25 10.1 41
Cisplatin/docetaxel 32 11.3 46
Carboplatin/docetaxel 24 9.4 38 0.044a

Schiller474 1207 Cisplatin/paclitaxel 21 7.8 31
Cisplatin/gemcitabine 22 8.1 36
Cisplatin/docetaxel 17 7.4 31
Carboplatin/paclitaxel 17 8.1 34 NS

Rosell476 618 Cisplatin/paclitaxel 26 9.8 38
Carboplatin/paclitaxel 23 8.2 33 0.019b

Zatloukal473 176 Cisplatin/gemcitabine 41 8.8 33
Carboplatin/gemcitabine 29 8.0 36 NS

Huang494 99 Carboplatin/paclitaxel 31 NR NR
Carboplatin/docetaxel 22 NR NR NR

Scagliotti495 612 Cisplatin/gemcitabine 30 9.8 37
Carboplatin/paclitaxel 32 9.9 43
Cisplatin/vinorelbine 30 9.5 37 NS

Gebbia678 400 Cisplatin/vinorelbine 44 9.0 24
Cisplatin/gemcitabine 34 8.2 20 NS

Martoni679 276 Cisplatin/vinorelbine 30.5 9.0 NR
Cisplatin/gemcitabine 32.0 9.0 NR NS

Ohe680 602 Cisplatin/irinotecan 30 NR NR
Carboplatin/paclitaxel 31 NR NR
Cisplatin/gemcitabine 28 NR NR
Cisplatin/vinorelbine 31 NR NR NR

a Cisplatin/docetaxel versus cisplatin/vinorelbine.
b Intention-to-treat analysis, as of the survival update of September 2001.



require confirmation before their findings would impact 
practice patterns.502 Nonetheless, incorporation of agents
with novel, targeted mechanisms of action into new treat-
ment regimens, administered to patients preselected based
upon the molecular characteristics of their tumors, will likely
bear better outcomes, rather than continuing to explore com-
binations of cytotoxic agents administered to patients
without genomic preselection. The recently released results
of SWOG 0003, revealing no improvement in efficacy out-
comes for patients with advanced NSCLC receiving the three-
drug regimen carboplatin, paclitaxel, and tirapazamine,
confirms the need to consider incorporating molecular pres-
election criteria into study designs.510

Nonplatinum Combinations

Investigators have tested nonplatinum combinations in an
effort to reduce treatment-related toxicity and extend therapy
to more symptomatic patients. Table 37.28 illustrates nine
recent studies comparing a platinum-based doublet with 
nonplatinum-containing regimens.99,505,511–517 None of the

trials detected a statistically significantly worse response
activity or overall survival with use of the nonplatinum-con-
taining regimens. However, in the seven trials for which there
are data, median and/or overall survival at 1 year is numeri-
cally inferior when platinum is not employed.99,505,511–516

Although the use of nonplatinum-containing regimens is
sometimes associated with lower rates of grade 3 and 4 toxi-
cities, especially related to nausea, vomiting, myelosuppres-
sion, and ototoxicity, consistent trends suggesting inferior
efficacy have precluded widespread acceptance of these com-
binations as the treatment of choice for good performance
status patients with metastatic NSCLC. Furthermore, a large
study from Italy and Canada failed to identify a significant
improvement in quality of life for patients treated with the
nonplatinum regimen of gemcitabine plus vinorelbine,
despite more frequent rates of severe myelosuppression, vom-
iting, alopecia, and ototoxicity seen in patients receiving
either of the two platinum-containing regimens in this trial,
cisplatin plus vinorelbine or cisplatin plus gemcitabine.513 As
such, first-line treatment of advanced NSCLC with a third-
generation nonplatinum doublet remains the exception rather
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TABLE 37.27. Randomized trials of two drugs versus three.

Overall response Median survival One-year overall
Study N Therapie rate (%) (months) survival (%) P value

Crino497 307 Mitomycin/ifosfamide/cisplatin 26 9.6 34
Cisplatin/gemcitabine 38 8.6 33 NS

Comella498 180 Cisplatin/vinorelbine 25 8.8 34
Cisplatin/gemcitabine 30 10.5 40
Cisplatin/gemcitabine/vinorelbine 47 12.8 45 <0.01a

Alberola99 557 Cisplatin/gemcitabine 42 9.3 38
Cisplatin/gemcitabine/vinorelbine 41 8.2 33
Gemcitabine/vinorelbineÆ

ifosfamide/vinorelbine 27 8.1 34 NS
Comella499 343 Cisplatin/gemcitabine 28 9.5 39

Cisplatin/gemcitabine/vinorelbine 44 12.8 47
Cisplatin/gemcitabine/paclitaxel 48 12.8 46 <0.05b

Rudd500 422 Mitomycin/ifosfamide/cisplatin 40 6.5 28
Carboplatin/gemcitabine 37 10.0 38 0.028

Melo501 248 Mitomycin/vinblastine/cisplatin 27 6.4 NR
Cisplatin/vinorelbine 37.1 9.0 NR
Cisplatin/gemcitabine (early) 48.4 9.4 NR
Cisplatin/gemcitabine (late) 48.4 9.6 NR 0.05c

Paccagnella502 60 Carboplatin/paclitaxel/gemcitabine 33 NR NR
Carboplatin/paclitaxel 15 NR NR NR

Gebbia503 247 Mitomycin/vindesine/cisplatin 42 8 14.7
Cisplatin/vinorelbine 39 7 15.2 NS

Kodani504 132 Vindesine/ifosfamide/cisplatin 49.3 12.4 49.3
Cisplatin/vindesine 44.6 9.3 35.3 NS

Sculier505 284 Cisplatin/carboplatin/ifosfamide 25 6.0 23
Cisplatin/Carboplatin/Gemcitabine 31 8.5 33
Ifosfamide/gemcitabine 26 7.5 35 NS

Souquet506 259 Cisplatin/ifosfamide/vinorelbine 35.7 8.2 33.7
Cisplatin/vinorelbine 34.6 10 38.4 NS

Danson507 372 Mitomycin/ifosfamide/cisplatin or 33 8.3 32.5
mitomycin/vinblastine/cisplatin

Carboplatin/gemcitabine 30 7.9 33.2 NS
Williamson510 396 Carboplatin/paclitaxel/tirapazamine 18 7 NR

Carboplatin/paclitaxel 27 9 NR 0.74
a Cisplatin/vinorelbine versus the other two arms.
b Cisplatin/gemcitabine versus the other two arms.
c Mitomycin/vinblastine/cisplatin versus the other three arms.



than the rule but may prove beneficial in patients less able to
withstand platinum-related toxicities. Although no study has
confirmed a statistically significant inferiority in terms of
efficacy outcomes, reductions in treatment-related toxicities
may not translate into meaningful improvements in quality
of life.

Duration of Therapy

Three trials have examined the question of duration of 
first-line therapy in advanced NSCLC.517–520 The investigators
determined that optimal treatment outcomes, in terms of
efficacy and quality of life, are achieved with three to four
cycles of therapy, as opposed to prolonged treatment. These
recent studies have guided practitioners in limiting the
number of front-line cycles of chemotherapy, as nearly all
patients who respond to treatment do so within the first three
to four cycles (all in the Socinski trial and 48/58 patients in
the Smith study), and administering additional cycles only
serves to expose patients to additional toxicities.

Special Populations

CHEMOTHERAPY IN THE ELDERLY

Patients over the age of 65 comprise a large fraction of
patients with advanced NSCLC. Their treatment tends to be
complicated by increased medical comorbidities and multi-
ple concurrent medications. Moreover, therapeutic treatment
decisions in the elderly are complicated by their significant
underrepresentation in clinical oncology trials.521 However, a
recent review from the National Cancer Institute in Naples
found that elderly patients with lung cancer do not appear to
have different characteristics at disease presentation, espe-
cially related to disease stage, performance status, and his-

tology, compared to younger patients.522 Moreover, when
asked, elderly patients are as likely as their younger counter-
parts to accept chemotherapy for both curative and palliative
purposes.523

Multiple retrospective reviews of cooperative group trials
in advanced NSCLC that examined subsets of elderly patients
(usually defined as 70 years of age) have shown that the “fit”
elderly are as likely to benefit in terms of improvements in
survival and quality of life as are younger patients, albeit 
at the expense of a slightly higher rate of the most severe 
toxicities.524–528

Prospective data regarding the experience of elderly
patients with advanced NSCLC receiving chemotherapy were
provided by Italian investigators who compared treatment
with single-agent vinorelbine to best supportive care in
patients over 70 years of age.463 As shown in Table 37.29,
vinorelbine-treated patients scored better than control
patients on quality of life scales and had fewer lung cancer-
related symptoms. Furthermore, there was a statistically sig-
nificant survival advantage for elderly patients receiving
vinorelbine, with median survival increasing from a baseline
of 21 weeks to 28 weeks. Clinical research is active with this
group of patients, as practitioners have come to accept that
age alone should not preclude consideration of systemic treat-
ment of advanced NSCLC. The combination of both gem-
citabine with vinorelbine together appears only to increase
toxicity without a corresponding improvement in efficacy or
quality of life parameters.529 The slightly lower response rates
and survival in the study by Frasci et al. may point to the fact
that this trial, in contrast to the MILES study, permitted
patients with brain metastases.530 Investigations of single-
agent docetaxel or gemcitabine at varying doses and sched-
ules for the treatment of the elderly with advanced NSCLC
are ongoing.531,532
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TABLE 37.28. Randomized trials of nonplatinum doublets.

Overall response Median survival One-year overall
Study N Therapy rate (%) (months) survival (%) P value

Giaccone511 480 Cisplatin/paclitaxel 31 8.1 35.5
Cisplatin/gemcitabine 36 8.8 32.6
Paclitaxel/gemcitabine 27 6.9 26.5 0.09a

Alberola99 410 Cisplatin/gemcitabine 42 9.3 38
Gemcitabine/vinorelbineÆ

ifosfamide/vinorelbine 27 8.1 34 NS
Georgoulias512 441 Cisplatin/docetaxel 34.6 10 42

Gemcitabine/docetaxel 33.3 9.5 39 NS
Gridelli513 501 Cis/vinorelbine or Cis/gemcitabine 30 9.5 37

Gemcitabine/vinorelbine 25 8 31 NS
Kakolyris514 251 Cisplatin/vinorelbine 36 11.5 45.4

Gemcitabine/docetaxel 29 9.0 34.4 NS
Patel515 107 Gemcitabine/paclitaxel 26 NR NR

Gemcitabine/docetaxel 33 NR NR NR
Kosmidis516 509 Carboplatin/paclitaxel 28 10.4 41.7

Gemcitabine/paclitaxel 35 9.8 41.4 NS
Sculier505 284 Cisplatin/carboplatin/ifosfamide 25 6.0 23

Cisplatin/carboplatin/gemcitabine 31 8.5 33
Ifosfamide/gemcitabine 26 7.5 35 NS

Treat517 474 Carboplatin/gemcitabine 32.4 NR NR
Carboplatin/paclitaxel 34.7 NR NR
Gemcitabine/paclitaxel 39.0 NR NR NR

a Paclitaxel/gemcitabine versus the other two arms.



Treatment of fit elderly patients with NSCLC should now
include consideration of at least single-agent therapy, and
possibly consideration of doublet therapy, in an attempt to
improve quality of life, reduce symptoms, and prolong sur-
vival, as the studies in Table 37.29 demonstrate that age alone
should not disqualify patients from consideration of treat-
ment.533,534 Further investigation of the pharmacokinetics 
and pharmacodynamics of chemotherapies in the elderly are
needed to clarify the impact on chemotherapy-related toxici-
ties of reduced renal function and hematopoietic reserve of
the elderly.535

CHEMOTHERAPY FOR PATIENTS WITH

PERFORMANCE STATUS 2
Advanced NSCLC tends to be a highly symptomatic disease,
often impairing one’s ability to perform activities of daily
living. Poor functional capability, or poor performance status,
consistently appears as a negative prognostic factor in treat-
ment trials.96,474 In a recent review of a large ECOG trial 
comparing platinum-based systemic therapies, Eton et al.
determined baseline physical well-being, as assessed by the
FACT-L scale, to be the strongest predictor of both response
to therapy, as well as survival duration.536 Most (although not
all) clinical trials suggest that these patients do not derive
substantial benefit from chemotherapy and thus should prob-
ably not be treated off a clinical protocol.451 The increased
number of deaths in the PS 2 population (7.35%) enrolled in
ECOG 1594 was related to the worsened incidence of medical
comorbidities in these patients, rather than being strictly 
a consequence of treatment-related toxicity.452 Efficacy was
poor in these patients, with response rate, median survival,
and 1-year overall survival all worse in the PS 2 patients com-
pared to the better performance status cohorts (14% versus
19%, 4.1 months versus 7.9 months, and 19% versus 33%,
respectively). ECOG is actively enrolling patients onto a PS
2-dedicated trial to further assess the utility of systemic cyto-
toxic treatment in this symptomatic population. For now,
chemotherapy cannot be recommended as a means to prolong
survival for patients with advanced NSCLC who are PS 2.
However, chemotherapy may improve quality of life in these
symptomatic patients and, as such, may be a reasonable con-
sideration.451 This patient group appears especially appropri-
ate for further investigation of novel, molecularly targeted
therapy, as many of them have a reduced toxicity profile
because of their inherent selectivity, compared to cytotoxic
chemotherapy.

Second-Line Treatment

Approximately one-quarter to one-half of patients with
advanced NSCLC go on to receive second-line therapy.477,513,518

Cytotoxic chemotherapy with docetaxel has been shown in
two large international trials to confer a survival and quality
of life/symptom control benefit in this setting.537,538 Based on
these studies, patients receiving docetaxel for relapsed disease
can expect about a 5% to 10% rate of antitumor response,
about a 35% to 45% incidence of stable disease, and an
improvement in survival, compared to best supportive care,
of about 3 months. These findings extended to patients who
had received prior first-line treatment with paclitaxel and
were confirmed to be cost-effective.539

Clinical research of second-line treatment of advanced
NSCLC is proceeding at a robust pace, comparing new 
cytotoxics, combinations, and administration schedules, and
incorporating novel, targeted agents (please see next section).
Hanna et al. recently presented preliminary findings com-
paring second-line docetaxel with pemetrexed, the novel 
multitargeted antifolate that inhibits thymidylate synthase,
dihydrofolate reductase, and glycinamide ribonucleotide
formyltransferase.540 Response rates, time to progressive
disease, and survival were similar in both treatment arms, but
therapy with pemetrexed produced a significantly more favor-
able toxicity profile, with less myelosuppression and fewer
hospitalizations from febrile neutropenia. Comparisons of
weekly versus the standard every-3-week schedule of admin-
istration with second-line docetaxel have revealed slightly
higher rates of grades 3 and 4 nonhematologic toxicities with
the weekly schedule, in contrast to worsened hematologic
toxicities with the standard schedule.541,542 Docetaxel combi-
nations have also been investigated, as have other cytotoxics,
including weekly paclitaxel, gemcitabine, and irinote-
can.543,544 Although docetaxel represents standard second-line
treatment for advanced NSCLC at the present time, this rec-
ommendation will likely revise repeatedly in the near future,
with the expected U.S. Food and Drug Administration (FDA)
approval of pemetrexed, as well as continued application of
novel, targeted agents into clinic protocols.

Novel Targeted Agents in the Treatment of NSCLC

A very exciting and quickly paced field of lung cancer
research is the continuing clinical application of novel, mol-
ecularly targeted therapies. By definition, these agents specif-
ically interfere with the molecular and biochemical pathways
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TABLE 37.29. Randomized trials of chemotherapy treatment in the elderly.

Median
Overall response survival One-year overall

Study N Therapy rate (%) (months) survival (%) P value

ELVIS463 161 BSC 5.3 14
Vinorelbine 19.7 7 32 0.03

Frasci530 120 Vinorelbine 15 4.5 13
Gemcitabine/vinorelbine 22 7.3 30 <0.01

Gridelli529 698 Vinorelbine 18 9 38
Gemcitabine 16 7 28
Gemcitibine/vinorelbine 21 7.5 30 NS



that contribute to the malignant phenotype. The specificity
of these agents, directed against pathways that are often
abnormally activated or overexpressed in the malignant cell
and not in the normal cell, should result in reduced toxicity.

Gefitinib is an oral small molecule that serves as the pro-
totypic molecularly targeted agent, disrupting the tyrosine
kinase activity of the epidermal growth factor receptor
(EGFR), which is frequently overexpressed on the surface 
of lung cancer cells. Single-agent response rates of 11.8% to
18.4% and a median survival measuring 6.1 months resulted
in international Phase II studies of heavily pretreated NSCLC
patients, using the 250-mg daily dose.545,546 Stable disease was
observed in 31% to 36% of patients. Of critical importance
was the finding that symptom improvement was achieved by
more than 40% of patients, occurred promptly, and was often
experienced by patients who lacked an objective radiographic
response. Drug-related toxicities were limited in this large
Phase II experience, consisting primarily of mild to moderate
rash and diarrhea, such that less than 2% of patients discon-
tinued treatment due to side effects. Based upon these Phase
II findings, gefitinib was recently approved by the FDA for
administration in patients who have previously received plat-
inum and docetaxel chemotherapies. Somewhat surprisingly,
concurrent administration of gefitinib with platinum-based
doublets in patients with advanced NSCLC did not yield
improved efficacy outcomes.547,548 Toxicity was not worsened
by administration of this novel agent with chemotherapy, but
the reasons for an absence of clinical benefit are not clear,
given the promising preclinical experience with the combi-
nation.549 Questions regarding the impact of sequencing and
scheduling of administration of gefitinib, which blocks cells
in the G1 phase, with cytotoxic agents, are of intense research
interest, as are means to better preselect patients who may
respond to these EGFR-blocking agents.550 In contrast to the
targeted therapy experience with anti-estrogen agents and 
the erbB-2 blocking monoclonal antibody, trastuzumab, the
intensity of EGFR overexpression in tumor cells does not
appear to correspond with clinical outcomes following treat-
ment with EGFR inhibitors.551 As such, further preclinical
and clinical studies are needed to clarify pretreatment patient
and/or tumor characteristics that may predispose a patient to
respond to this well-tolerated agent. In that regard, work done
by Clark et al. is of interest, in that in their Phase II study of
the EGFR small molecule inhibitor, erlotinib, rash occurred
more frequently in patients whose tumors responded to treat-
ment, compared to nonresponders.552 Although molecular
characteristics obviously differ considerably between skin
and tumor cells, further understanding of, and potential 
correlation with, the effects of EGFR blockade on surrogate
tissue and corresponding tumor cells will hasten the clinical
development of these targeted medications.

Erlotinib (Tarceva) is another oral tyrosine kinase
inhibitor that targets EGF. Multiple Phase II trials have
demonstrated striking responses in females, patients from
Japan, never smokers, and patients with adenocarcinomas. 
In a randomized, double-blind, placebo-controlled trial, 731
patients were randomized 2:1 to receive either erlotinib, 
150mg/day, or placebo. The primary endpoint showed 
that erlotinib did significantly prolong survival (median, 6.7
versus 4.7 months for erlotinib versus placebo). Patients
receiving Erlotinib also exhibited a statistically significant
tumor response (8.9% versus 0.9%). The IRESSA Survival
Evaluation in lung cancer (ISEL) trial was a similar double-

blinded, placebo-controlled, parallel group, multicenter, ran-
domized Phase III survival study of 1,692 patients who were
followed for a median of 7 months. The study compared 
survival data in patients receiving gefitinib, 250mg/day, plus
best supportive care to placebo plus best supportive care in
patients with advanced NSCLC who had received one or two
prior chemotherapy regimens and were refractory or intoler-
ant to the most recent regimen. The primary endpoint
revealed that gefitinib did not significantly prolong survival
in the overall population (median, 5.6 versus 5.1 months for
gefitinib versus placebo), or for patients with adenocarcinoma
(median, 6.3 versus 5.4 months for gefitinib versus placebo).
Studies have found that the EGFR gene is mutated in a cohort
of non-small cell lung cancers and that these mutations 
are associated with increased sensitivity to gefitinib or
erlotinib.553,554 Recent studies have found that EGFR gene
mutations are more common among females, patients from
Japan, never smokers, and patients with adenocarcinomas,
the same groups that have the highest response rates to tyro-
sine kinase (TK) inhibitors. In lung cancer patients, mutations
in the TK domain of the EGFR gene are more common in
never smokers than in smokers (51% versus 10%), adenocar-
cinomas versus other types of lung cancer (40% versus 3%),
in patients of East Asian ancestry than in other ethnicities
(30% versus 8%), and in females versus males (42% versus
14%). Mutation status is not associated with age at diagno-
sis, clinical stage, the presence of certain histologic features,
or overall survival, and mutations are not found in any
normal tissue or tissue from other cancer types. EGFR TK
domain mutations are the first known mutation to occur in
never smokers. Moreover, KRAS mutations, which also are
involved with the EGFR signaling pathways gene, is mutated
in about 8% of lung cancers but not in any that had an EGFR
gene mutation.555

Antiangiogenic treatment, as a means to inhibit tumor-
related neovascularization, also represents an active area 
of clinic research. RhuMAb-VEGF (Bevacizumab; Avastin;
Genentech, Inc.) is a recombinant human monoclonal anti-
body that targets the VEGF protein and sequesters VEGF-A
inhibiting signal transduction. Both in vitro and in vivo data
indicate that endothelial cell proliferation is inhibited and
tumor growth is reduced with administration of this 
antibody.556

A Phase II, three-arm, multicenter trial randomized 99
patients with stage IIIB or IV NSCLC to standard therapy with
carboplatin/paclitaxel or one of two experimental arms: car-
boplatin/paclitaxel with rhuMAb VEGF (7.5mg/kg) or carbo-
platin/paclitaxel with rhuMAb VEGF (15mg/kg).556 Because
the endpoints of the study were safety, response, and time-to-
tumor progression, the control group was allowed to cross
over to the antibody-alone arm if disease progression was 
witnessed. Addition of rhuMAb VEGF led to an increase in
response rates by about 10% and prolongation of the time-to-
tumor progression by about 3 months (4.5–7.5 months) in 
the high-dose antibody group. Six patients developed severe
hemoptysis (four episodes were fatal). Assessment of the
potential risk factors for this adverse event indicated that
squamous histology and rhuMAb treatment were the only
factors associated with hemoptysis. Trials with this drug were
then limited to those patients with nonsquamous cell histol-
ogy in NSCLC.557 Given the positive impact on survival seen
with this agent in patients with advanced colon cancer,556 the
results of an ECOG Phase III trial in which patients with
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advanced NSCLC were randomized to receive chemotherapy
with or without bevacizumab were eagerly awaited. The data
were presented at the ASCO 2005 meeting. In a recent elegant
example of the potential ability to combine targeted, molec-
ularly directed agents, which comes from investigators at
Vanderbilt University, erlotinib and bevacizumab are com-
bined.558 This important work illustrates the capability to
potentially disable multiple intracellular pathways that are
interacting to stimulate tumor growth and spread; further
studies of this type are needed to optimize the clinical appli-
cation of these agents.

Other molecularly targeted agents undergoing clinical
assessment in the treatment of NSCLC include treatment
with inhibitors of cyclooxygenase (COX)-2,559 adenovirus
replication-deficient p53 gene replacement,560 vaccination
with the whole tumor cell vaccine GVAX,561 the farnesyl-
transferase inhibitor R115777,562 treatment with BAY 43-
9006, an inhibitor of the raf kinase pathway,563 use of the
thrombospondin 1 mimetic peptide ABT-510,564 the RXR
selective retinoid bexarotene,565 and treatment559 with the
ubiquitin proteasome pathway inhibitor, bortezomib.566

Additionally, the emerging field of pharmacogenomics will
enhance the ability to optimize treatment outcomes by indi-
vidualizing chemotherapy to match a patient’s pharmacody-
namic makeup.567 Rosell et al. recently used quantitative PCR
to analyze the expression of beta-tubulin III, stathmin, RRM1,
COX-2, and GSTP1 in mRNA isolated from paraffin-
embedded tumor biopsies of 75 patients with advanced
NSCLC who were treated as part of a large randomized
trial.114 Their findings showed that patients with low beta-
tubulin III levels had a better response to carboplatin/pacli-
taxel, whereas patients with low RRM1 levels showed a
tendency to respond better to treatment with cisplatin/gem-
citabine. Similarly, low levels of gene expression of ERCC1,
critical in the repair of cisplatin-related adducts, corresponded
to longer survival in patients treated with cisplatin/gem-
citabine.112 These examples of integration of patient-specific

molecular information and the corresponding individualiza-
tion of therapy should result in improved treatment outcomes
for patients with advanced NSCLC.

Small Cell Lung Cancer Therapy

Limited-Stage Small Cell Lung Cancer

Combined Modality Treatment of Small Cell
Lung Cancer

Small cell lung cancer (SCLC) accounted for approximately
18% to 25% of the estimated 169,500 cases of lung cancer in
2001.59,568 Most patients present with metastatic disease
because of the aggressive nature of SCLC. Limited-stage
disease (LD) accounts for approximately 40% of all SCLC
cases. The VALG classified limited-stage disease as tumor
limited to one hemithorax and its regional lymph nodes that
can be encompassed by one radiation port. Extensive-stage
disease (ED) is tumor spread beyond these boundaries.569 Radi-
ation therapy’s main role is in the treatment of limited-stage
disease. Because radiation only offers locoregional control,
chemotherapy is necessary to destroy the micrometastatic
disease that invariably is present. Multiple cooperative group
trials have been performed to establish the role of radiation
therapy in SCLC.570–573

In the early 1960s, surgery was the treatment of choice for
patients with resectable SCLC. However, a trial performed 
in the United Kingdom that compared patients with limited
disease treated with thoracic radiation alone versus surgery
alone showed the 10-year survival for the surgery-alone arm
was zero, but the 10-year survival for the radiation-alone arm
was 5%.574 In the 1970s and 1980s, multiple cooperative group
trials were performed to test the role of adding thoracic radi-
ation therapy to chemotherapy (Tables 37.30, 37.31). These
trials randomized patients with LD-SCLC to chemotherapy
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TABLE 37.30. Studies of chemotherapy versus chemotherapy and radiation in patients with limited diseases-small cell lung cancer 
(LD-SCLC).

Median survival  

Chemotherapy
(months) Two-year survival

Study N regimen Radiation dose Radiation schedule CT CRT CT CRT

SECSG569 369 CAV 30Gy/15 fx/ Alternating 10.6 11.9 21% 29%
weeks 1, 2, 7

CALGB570 399 CEV/CAV 50Gy/25 fx/ Concurrent 7.7 11.2 8% 15%
5 weeks starting on day 11.8 8% 25%
continuous 1 of cycle 1

through day 4 of
cycle 3 No RT

ECOG568,569 310 CCM/EA 50Gy/25 fx/ Sequential day 43 12.4 14.4 13% 19%
5 weeks
continuous

SWOG571 93 VMV/VAC 48Gy/22 fx/ Sequential week 12 18.5 25% 35%
6.5 week split

NCI570,573 96 CCM/VAP 40Gy/15 fx/ Concurrent day 1 11.6 15 12% 28%
3 weeks bid
continuous

NCIC568,572 308 CAV/PE 40Gy/15 fx Concurrent 15.4 21.2 40% 34%
Alternating Per week Day 22 (cycle 2)

Day 106 (cycle 6)

CAV, cyclophosphamide/doxorubicin/vincristine; CEV, cyclophosphamide/epirubicin/vincristine; CCM, cyclophosphamide/lomustine/methotrexate; EA, etopo-
side/doxorubicin; VMV/VAC, vincristine, methotrexate, VP-16/vincristine, doxorubicin, cyclophosphamide; VAP, vincristine/doxorubicin/procarbazine; PE, 
cisplatin/etoposide.



alone versus chemotherapy with radiation. The schedule of
radiation and type of chemotherapy used varied between
trials, but all the trials used prophylactic cranial irradiation
(PCI). The combination of radiation therapy and chemother-
apy decreased the locoregional recurrence rates compared to
the use of chemotherapy alone in the treatment of LD-SCLC
(see Table 37.31). All the trials except the SWOG trial
reported statistically significant improvements in survival.
As a result of these studies, thoracic radiation therapy became
a standard part of the therapy for patients with LD-SCLC.

RADIATION THERAPY

The optimal dose of radiation therapy for patients with
limited-stage disease is unknown. Full-dose radiation therapy
is critical to achieve the therapeutic gain of local tumor
control.575 Effective chemotherapy may allow a decrease in
the radiation dose needed for local control. In the presence of
chemotherapy, the radiation dose theoretically can be reduced
20% to control the tumor. Thus, the dose for complete
response, approximately 70Gy, can be decreased to 55Gy.575

Local recurrence is still about 40% to 50%.576 Retrospective
trials revealed that doses less than 40Gy were not adequate
for local control.577

Fractionation of radiation therapy is another important
factor affects the biologically effects radiation dose. Pignon 
et al. performed a meta-analysis and included 13 randomized
trials.578 The fractionation dose varied between 2 and 4Gy.
The analysis revealed that as the fraction became larger, the
toxicities increased.578

Hyperfractionated radiation decreases the fraction size
but is repeated hours later. Theoretically, twice-daily radia-
tion therapy decreases the repopulation of tumor cells. The
CALGB trial by Choi et al. established the maximum toler-
ated dose of hyperfractionated radiation therapy given twice
daily as 45Gy in 30 fractions over 3 weeks, and the maximum
tolerated conventional dose was 70Gy in 35 fractions over 7
weeks.579

An intergroup randomized Phase III study compared 
daily versus hyperfractionated radiation therapy.579 Patients
were randomized to twice-daily radiation therapy (45Gy over
3 weeks) or conventional radiation therapy (45Gy over 5
weeks). Radiation therapy was started day 1, cycle 1, with
four cycles of cisplatin and etoposide (CE). Local control
trended better in the twice-daily arm. After a complete
response, the recurrence rate was 75% in the daily radiation

versus 42% in the twice-daily radiation arm. Local recurrence
only rates were 52% versus 36%, respectively (P = 0.058).
Median survival for the conventional radiation was 19
months and for the hyperfractionated radiation was 23
months. Five-year survival was 16% for conventional daily
fractions and 26% for hyperfractionated radiation (P = 0.04).
However, grade 3 or greater esophageal toxicity was higher for
the twice-daily radiation (25.7% versus 10.9%, respectively).

Optimal radiation volume is still not well defined at this
point. Several studies have tried to address the question 
of encompassing pre- versus postchemotherapy tumor
volume.569,571,580–582 Studies have been limited because of small
patient numbers. The Mayo Clinic performed a retrospective
analysis comparing radiation ports encompassing the
prechemotherapy or the postchemotherapy tumor volume.
No marginal failures occurred. Locoregional failures occurred
in 10 of 31 patients treated with a prechemotherapy port
versus 9 of 28 patients treated with a postchemotherapy radi-
ation port.580 Locoregional recurrences occurred within the
radiation port. SWOG performed a randomized study evalu-
ating this same question.581 Patients were randomized per
their tumor response to induction chemotherapy. Those
patients who achieved a complete response after chemother-
apy were randomized to either a wide-volume port followed
by chemotherapy or chemotherapy alone. A wide-volume
port was defined as the prechemotherapy tumor volume plus
mediastinal adenopathy and a surrounding margin. Local
recurrence rate of the patients treated with the wide volume
was 50% versus chemotherapy alone was 72% (P = 0.01). The
median survival of the group of complete responders was 18.5
months. Local recurrence rate of the group given wide-field
radiation therapy was 32% versus 28% for the reduced-field
radiation (not statistically different). In conclusion, there is
no difference in locoregional recurrence when the volume of
the port size is varied between pre- versus postchemotherapy
tumor volume or margin size. Thus, larger volumes do not
necessarily mean better control. If combined chemotherapy
and radiation therapy is used, only postchemotherapy tumor
volumes need to be included within the radiation port.
However, prophylactic radiation of regional lymph nodes is
still a subject to be evaluated.

COMBINING CHEMOTHERAPY WITH RADIATION THERAPY

Several randomized studies have demonstrated that the 
combination of chemotherapy and radiation therapy im-
proves overall survival compared to chemotherapy alone. The
optimal timing and sequence of combining chemotherapy and
radiation therapy is unknown for the treatment of limited-
stage small cell lung cancer. Radiation can be combined with
chemotherapy sequentially, alternating, or concurrently.
When combined concurrently, radiation can be started early
in the treatment or later during the treatment schedule.582

Three randomized Phase III studies have been performed
evaluating sequential chemotherapy followed by radiation
therapy versus chemotherapy alone in patients with LD-
SCLC (Table 37.32). Carlson et al. randomized patients who
responded to chemotherapy to chemotherapy only or radia-
tion therapy.583 No difference in overall survival was detected.
A French group randomized 53 patients who achieved a com-
plete response after chemotherapy to radiation of 46.5Gy or
no radiation therapy until disease relapse.584 The median 
survival was 10.5 months for the radiation therapy group and
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TABLE 37.31. Local recurrence rates for chemotherapy alone
versus chemotherapy and chest irradiation in patients with 
LD-SCLC.

Local recurrence rates

Study Radiation CT CRT

SECSG565,569 79% 51%
CALGB566,570 Concurrent 74%

No RT 32% 60%
ECOG568,569 NR
SWOG567,571 72% 50%
NCI570,573 33% 70%
NCIC568,572 Day 22 (cycle 2) 59%

Day 106 (cycle 4) 61%

RT, radiation; NR, not reported.



16.5 months for the group who received radiation therapy at
the time of relapse. The SWOG cooperative group random-
ized 93 patients who achieved complete responses after
induction chemotherapy to split-course radiation therapy or
chemotherapy alone.571 The radiation therapy did improve
local control compared to chemotherapy alone. The local
recurrence rate was 50% versus 72%, respectively.

Two studies evaluated the alternating schedule, which is
defined as chemotherapy given conventionally with radiation
given in between the chemotherapy cycles for LD-SCLC. The
Southeastern Cancer Study Group (SECSG) trial randomized
patients to chemotherapy alone or chemotherapy alternating
with radiation therapy.569 The addition of radiation therapy
improved local control and 2-year survival (64% versus 
48% and 24% versus 16%, respectively).569 A French trial ran-
domized patients between alternating and concurrent sched-
ules.585 The median survival for the concurrent arm was 13.5
months and for the alternating arm was 14 months. The 3-
year survival for the concurrent arm was 6% versus 11% for
the alternating schedule arm. The differences were not 
statistically different.

A Japanese trial compared sequential delivery of
chemotherapy and radiation therapy to concurrent delivery of
chemotherapy and radiation.586 Patients were randomized to
receive concurrent hyperfractionated radiation therapy (day 2
of cycle 1 of chemotherapy) or to sequential chemotherapy
followed after the fourth cycle by hyperfractionated radiation
therapy. The radiation dose was 45Gy given in 1.5-Gy frac-
tions twice daily for a total of 30 fractions in 3 weeks. The
chemotherapy given was cisplatin and etoposide. The median
survival for the concurrent schedule was 29 months and for
the sequential schedule was 19 months. The 2-year survival
was 50% for the concurrent therapy and 40% for the sequen-
tial therapy.587 These results favored concurrent therapy and
are the best results to date for patients with LD-SCLC.

Other studies evaluated the question of whether early
delivery of radiation concurrently with chemotherapy was
better than late delivery. A study performed by the CALGB
randomized patients to early (day 1, cycle 1), late (day 64,
cycle 4), or no radiation therapy. The radiation therapy dose
was 50Gy over 6 weeks. Chemotherapy used in this trial 
was cyclophosphamide, etoposide, and vincristine. The local
recurrence rate for the early, late, and no radiation therapy
arms was 49%, 68%, and 82%, respectively. The 2-year pro-
gression-free survival rate was 15% for the early schedule arm

versus 25% for the late schedule (P = 0.078). The 5-year sur-
vival rate for the early, late, and no radiation therapy arms
was 6.6%, 12%, and 3%, respectively (P = 0.007). The poor 5-
year survival rate for the early schedule was thought to be due
to the significant decrease in chemotherapy dose needed for
the early schedule group.570,587

The NCIC randomized patients to radiation therapy
started either early or late with concurrent chemotherapy
(cyclophosphamide, doxorubicin, and vincristine alternating
with cisplatin and etoposide).572 In the early arm, radiation
was started on day 21 of cycle 2 (after the first cycle of cis-
platin/etoposide). In the late arm, radiation was started on day
106 (cycle 6) with the third cycle of cisplatin and etoposide.
The 5-year survival in the early delivery and late delivery arm
was 20% and 11%, respectively (P = 0.006). The early deliv-
ery arm also had a decreased incidence of brain metastasis
(18% versus 28%; P = 0.042), which could explain the
improved 5-year survival.572

A Danish trial randomized 199 patients to either early
radiation therapy or late radiation therapy given concurrently
with chemotherapy.588 The 5-year survival and local recur-
rence rate were not statistically different. The 5-year survival
for the early arm was 10.8% versus 12% for the delayed radi-
ation therapy arm. The local recurrence rate for the early radi-
ation arm was 76.6% versus 72.8% for the delayed arm.588

The EORTC randomized patients to either start radiation
therapy during week 6 (early) or after the chemotherapy
during week 14 (late). No significant differences were noted
for local recurrence (50.5% for early radiation versus 45.5%
for late radiation) or 3-year survival (14% for both early and
late radiation therapy).589

Another CALGB study randomized patients to early
versus late delivery of hyperfractionated radiation given with
carboplatin and etoposide chemotherapy.590 In the early 
radiation arm, patients received radiation with chemotherapy
during weeks 1 through 4. In the late radiation arm, patients
received radiation with chemotherapy during weeks 6
through 9. The radiation dose for both arms was 54Gy given
in 36 fractions over 4 weeks. The radiation dose was also
hyperfractionated, with 1.5Gy given twice daily for 5 days per
week. The locoregional recurrence rate for the early and late
radiation was 42% and 65%, respectively. The median sur-
vival for the early radiation group was 34 months compared
to 26 months in the late radiation group (P = 0.052). The 5-
year survival for the early radiation group was 30% versus
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TABLE 37.32. Studies of chemotherapy versus sequential chemotherapy followed by radiation therapy
in patients with LD-SCLC.

Median survival Two-year
(months) survival

Study N Chemo Radiation Schedule CT CRT CT CRT

Carlson583 48 CLVP/EAM 55Gy/30 fx/7 Sequential 18.9 20.3 42% 42%
weeks after 6–9

months
Lebeau585 53 CCAE 46.5Gy/ Sequential 16.5 10.5 38% 26%

equivalent after 8 cycles
SWOG587 93 VMV/VAC 48Gy/22 fx Sequential 18.5 25% 35%

6.5 weeks Split week 12

CLVP, cyclophosphamide/lomustine/vincristine/procarbazine; EAM, etoposide/doxorubicin/methotrexate; CCAE,
cyclophosphamide/lomustine/doxorubicin/etoposide; VMV/VAC, vincristine, methotrexate, VP-16/vincristine, doxoru-
bicin, cyclophosphamide.



15% for the late radiation group (P = 0.027). The results
favored the early delivery of radiation therapy concurrently
with platinum-based chemotherapy.590

Current data support the use of concurrent over sequen-
tial or alternating chemotherapy and radiation therapy. The
optimal delivery of concurrent chemoradiation is still under
study. Early delivery of radiation therapy may decrease dis-
semination by killing the chemoresistant tumor cells before
their distant seeding. Late delivery of radiation therapy pos-
sibly reduces toxicities, and full chemotherapy doses can be
delivered. However, even with increased toxicity, improved
survival rates help establish as standard early delivery of con-
current radiation with platinum-based chemotherapy.

Prophylactic Cranial Irradiation for SCLC

Prophylactic cranial irradiation (PCI) use for SCLC began in
the 1970s. The CNS is a sanctuary from most chemotherapy
agents, and for patients with SCLC, relapse in the CNS is
common. At diagnosis, 10% of patients with SCLC have brain
metastasis, and 20% to 25% of patients with SCLC are 
diagnosed later with brain metastasis.591 PCI is thought to
decrease disease relapse in the CNS. Several studies have ran-
domized patients after receiving definitive therapy for their
systemic disease and achieving a complete remission to PCI
versus no PCI. Of three randomized trials, PCI improved
overall relapse rate and brain-only relapse rate (Table 37.33).
A trend toward improved survival was also demon-
strated.592–594 A meta-analysis of PCI was performed including
seven randomized trials.594 A total of 847 patients with LD-
SCLC and 140 patients with extensive disease SCLC were
included in the meta-analysis. These patients were in com-
plete remission and then randomized to PCI or observation.
A 16% decrease in mortality was observed in those patients
who received PCI. Also, a 5.4% increase in the 3-year survival
was demonstrated (15.3% controls versus 20.7% PCI). From
these data, PCI should be considered for patients who achieve
a complete remission or near complete remission after initial
therapy. The optimal dose and fractionation for PCI is
unknown. The most commonly used dose for PCI is 25Gy
given over 10 fractions.

The randomized trials reported very few or no late neu-
rologic complications from PCI for NSCLC. However, there
are more data available regarding the late toxicity of PCI from
SCLC patients who underwent PCI. In these trials of PCI for
patients with SCLC, dementia was not commonly seen,595–597

but attention deficit, memory changes, and changes in visual
perception were noted.595,598,599 Some investigators noted
changes in the white matter in T2-weighted MRI of the
brain.423,597,598 Most of the patients exhibiting these changes
did not show significant deterioration in clinical status. In

addition, the changes rarely affected daily life functions.600

Recent data of prospective studies incorporating PCI in SCLC
did not demonstrate a profound effect on neuropsychologic
function.592,593,600,601 In addition, recent studies have reported
a significant portion of the patients with SCLC had cognitive
dysfunction even before PCI,600,601 and these patients did not
have significant changes in their neuropsychologic status
after PCI. This finding implied that neuropsychologic abnor-
malities seen with SCLC might have been the result of either
systemic therapy or SCLC itself. Cecile Le Pechoux and col-
leagues reported follow-up data on 57 patients followed for
more than 36 months in a randomized PCI trial.602 There was
no severe, late-onset neurotoxicity. However, memory loss
and mood changes were believed to be more attributable to
PCI. Memory loss was seen in 21% (7/33) of patients who
received PCI versus 4% (1/24) of patients who did not receive
PCI. Mood changes such as anxiety were seen in 18% (6/33)
of the patients who received PCI versus 4% (1/24) of patients
who did not receive PCI. Highest rates of toxicity have been
seen when PCI was combined with concurrent chemotherapy
or when high dose per fraction was used.603

Extensive-Stage Small Cell Lung Cancer

Cisplatin/Etoposide (EP) Versus Anthracycline-
Based Chemotherapy

Cisplatin has been used frequently in the first-line treatment
of patients with extensive SCLC in the United States and
Japan since the 1980s, whereas anthracycline-based therapy
cyclophosphamide, doxorubicin, vincristine (CAV), cyclopho-
sphamide, epirubicin, vincristine (CEV) has been used more
commonly in Europe.604 In one of the few randomized clini-
cal trials demonstrating the superiority of a combination
regimen in patients with extensive SCLC, Evans et al.
detected a statistically improved response rate (80% versus
63%), median survival (9.6 versus 8 months), and overall sur-
vival (P = 0.03) for patients receiving six cycles of the alter-
nating regimen of cisplatin/etoposide (EP) and CAV, compared
to patients receiving six cycles of CAV alone.605 In contrast,
no improvement in either antitumor response or survival was
seen with either EP or CAV alternating with EP, compared to
CAV, in a randomized trial of 437 patients with extensive
disease published by the Southeastern Cancer Group Study.606

A meta-analysis of nine trials comparing cisplatin-based
treatment versus chemotherapy not containing cisplatin for
all patients with SCLC yielded an odds ratio of 1.35 (95% CI,
1.18–1.55; P less than 0.00005) in favor of obtaining a response
after receiving cisplatin. Patients treated with a cisplatin-con-
taining regimen benefited from a significant reduction of risk
of death at 12 months (odds ratio, 0.80, 95% CI, 0.69–0.93; 
P = 0.002), corresponding to a significant increase in the 
probability of survival of 4.4% at 1 year.607 Additionally, a
comprehensive meta-analysis of randomized chemotherapy
treatment trials in patients with extensive disease only
recently reported that the median survival time of patients
receiving a cisplatin-based regimen was 9.5 months, com-
pared to patients treated with a noncisplatin-containing com-
bination (7.1 months).608 Last, investigators from Norway
recently published their 5-year results of a trial comparing
five courses of EP to CEV for patients with both extensive and
limited SCLC.609 Median survival was improved for all
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TABLE 37.33. Summary of prophylactic cranial irradiation (PCI)
for SCLC patients.

Brain Metastasis

Study PCI dose +PCI -PCI P value

Arriagada582 24Gy/8Fx 41% 59% P < 0.0001
Gregor589 36Gy/18Fx 29% 52% P = 0.0002

30Gy/10Fx
24Gy/12Fx
8Gy/1Fx

+ Carboplatin.



patients who received EP (10.2 months), versus patients in the
CEV arm (7.8 months; P = 0.0004). This trial was not powered
to detect a statistical difference in survival for patients with
extensive disease only, but the numerical superiority of the
results with EP, combined with the findings from the above
meta-analyses, confirms the clinical experience that treat-
ment of patients with extensive SCLC is no worse than
anthracycline-based treatment and may be better tolerated.

REFINEMENT OF EP: REPLACING ETOPOSIDE WITH IRINOTECAN

In an effort to improve the stagnation in the treatment of
extensive SCLC, Noda et al. replaced etoposide with irinote-
can, in combination with cisplatin in a randomized Japan
Clinical Oncology Group (JCOG) trial of 154 patients.610 A
survival advantage was experienced by patients receiving the
investigational treatment (median survival, 12.8 months for
the cisplatin/irinotecan group versus 9.4 months for patients
receiving cisplatin/etoposide; P = 0.002). This survival advan-
tage exceeded that seen in any of the 21 randomized trials
reviewed by Chute et al. and prompted termination of accrual
after two interim analyses (the first was planned and the
second was early).608 Use of irinotecan also yielded a signifi-
cantly higher antitumor response rate (84.4 % versus 67.5%
for patients receiving the standard EP). Treatment was fairly
well tolerated in this study, with the exception of grade 3 and
4 diarrhea occurring more frequently in the irinotecan
group.610 Two multicenter randomized trials in the United
States are attempting to confirm these impressive results.

REFINING EP: ADDING AGENTS CONCURRENTLY

Other investigators have attempted to improve upon the stan-
dard treatment of EP by adding concurrent additional active
agents (Table 37.34).611–613 In all three trials, toxicity was 
exacerbated with the addition of the third agent, such that
platinum-based doublet therapy remains the standard of care
for extensive SCLC.

REFINING CISPLATIN-BASED CHEMOTHERAPY:
ADDING MAINTENANCE CHEMOTHERAPY

Prior trials assessing the utility of maintenance chemother-
apy added sequentially to induction treatment demonstrated
a 2-month prolongation in time to progression, but no
improvement in overall survival.614,615 Two studies assessing
the possible role for sequential maintenance treatment in
nonprogressing patients with extensive SCLC have been pub-

lished recently. The Eastern Cooperative Oncology Group
trial 7593 attempted to exploit the potential synergistic 
antitumor effects of administering topoisomerase II and I
inhibitors in sequence in randomizing patients to four cycles
of topotecan or observation after their received cisplatin and
etoposide.616 Addition of the topotecan did not impact overall
survival (8.9 months in the topotecan arm versus 9.3 months
in the observation arm; P = 0.53), nor did it improve quality
of life in the topotecan recipients per the FACT-L question-
naire. However, progression-free survival was statistically
improved (3.7 months in the treated patients versus 2.3
months; P less than 0.001), confirming a trend seen in older
studies of mixed populations.614,616 Hanna et al. confirmed
these findings after randomizing 144 patients to observation
or three courses of oral daily etoposide following their initial
treatment with etoposide, ifosfamide, and cisplatin.617 Main-
tenance therapy again prolonged progression-free survival,
from 6.5 to 8.23 months (P = 0.0018), but resulted in only a
trend toward improving overall survival, from 11.2 to 12.2
months (P = 0.0704). Without a clear-cut improvement in
overall survival from the addition of maintenance cytotoxic
agents, it appears more prudent to investigate the utility of
augmenting cytotoxic therapy with molecularly targeted
agents, which often do not exacerbate toxicity to the same
extent.

High-Dose Chemotherapy

The administration of high-dose chemotherapy, using late
intensification chemotherapy with autologous bone marrow
transplantation, did not improve overall survival in the single
randomized trial to date that tested this paradigm.618 Using
higher doses of both cisplatin and etoposide in cycles 1 and 2
of a total of four cycles of treatment did not improve anti-
tumor response or overall survival in a sample of 90 patients
with extensive disease, despite increasing the dose intensity
by 46%.619 Investigators attempted to increase the dose inten-
sity of cyclophosphaminde, 4’-epidoxorubicin, etoposide, and
cisplatin by giving higher doses over a shorter number of
cycles in a 1997 study from France.620 Due to worsened toxi-
city in the high-dose arm, cumulative dose delivered was
actually higher in the standard dose group. Use of the higher-
dose treatment yielded a significantly shorter survival, 
suggesting that higher doses over fewer courses is not an
advantageous route to dose intensity.620 Last, the EORTC
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TABLE 37.34. Adding a third cytotoxic agent to etoposide/cisplatin (EP).

Time to Median 
Overall response progression survival One-year

Study N Therapy rate (%) (months) (months) survival (%) Comments

Pujol et al.611 226 EP 61 6.3 9.3 29 PCDE with worsened
PCDE 76 7.2 10.5 40 (P = 0.0067) myelosuppression, febrile 

neutropenia, cardiac toxicity.
Mavroudis et al.612 133a EP 48 9 10.5 37 Eight toxic deaths with TEP; 

TEP 50 11 9.5 38 none with EP. TEP with worsened
myelosuppression, diarrhea, 
asthenia.

Niell et al.613 587 EP NR NR 9.8 35.7 TEP with 6.4% treatment related
TEP NR NR 10.3 36.2 mortality, EP with 2.7%.

PCDE, cisplatin, cyclophosphamide, etoposide, 4¢-epidoxorubicin; TEP, paclitaxel, etoposide, cisplatin.
a 74 patients had extensive disease; 59 patients had limited disease.



increased the dose intensity with accelerated CDE
(cyclophosphamide, doxorubicin, and etoposide) by 70% with
every-2-week administration (with growth factor support, for
four cycles), compared to every-3-week treatment for five
cycles.621 Grade 3 and 4 anemia and thrombocytopenia, as
well as stomatitis/mucositis, were not unexpectedly signifi-
cantly worse with the accelerated treatment. Median survival
times were equivalent (54 weeks on the standard arm and 52
weeks on the intensified arm; P = 0.885). These multiple 
negative results demonstrated that efforts to increase dose
intensity that utilize fewer cycles of treatment should be
abandoned.

Dose Density

In their recent review of dose-intensified chemotherapy in the
treatment of SCLC, Tjan-Heijnen et al. point out that dose
densification is the most effective means to improve efficacy
outcomes with this paradigm, citing four studies (three with
mixed populations of patients with extensive and limited
disease) that, on average, yielded a prolongation of median
survival of 2.7 months by reducing the treatment interval, but
keeping the doses administered, the number of treatment
cycles, and hence the cumulative dose, equivalent.614

However, three recent negative studies argue against this
method.622–624 Weekly administration of the cisplatin, vin-
cristine, doxorubicin, etoposide (CODE) regimen yielded a
higher toxic death rate (8.2%) and no improvement in overall
survival (0.98 years), compared to standard every-3-week
alternating CAV/EP (0.9% and 0.91 years, respectively) in a
Canadian/ SWOG trial of 220 patients with extensive
SCLC.624 The European Lung Cancer Working Party con-
firmed the absence of a survival benefit, despite an improved
antitumor response rate, when accelerating chemotherapy
from every 3 weeks to every 2 weeks, using epirubicin, vin-
desine, and ifosfamide.622 Moreover, recently announced
results from British investigators again detected no improve-
ment in response rate or survival, despite nearly doubling the
dose intensity of ICE (ifosfamide, carboplatin, and etoposide)
for six cycles by administering it every 2 weeks [with granu-
locyte colony-stimulating factor (GCSF) support and transfu-
sions of autologous blood], compared to every 4 weeks.623 As
such, despite the optimistic conclusions of Tjan-Heijnen et
al., the use of dose-intensified treatment via treatment accel-
eration cannot be recommended.614

Experience with Cisplatin and Prolonged
Oral Etoposide

Oral etoposide has been examined as a potentially less toxic
regiment that might be suitable for patients with an impaired
performance status. The CALGB combined oral etoposide for
21 days with intravenous cisplatin, while investigators from
the Medical Research Council and the London Lung Cancer
Group examined the use of 21 days of oral etoposide as a
single agent (Table 37.35).625–627 These results indicate that
oral etoposide yields significant myelosuppression and, even
when used as a single agent in untreated, symptomatic
patients, inferior efficacy outcomes, compared to intravenous
doublet therapy.

Treatment of the Elderly Patient with SCLC

Treatment of elderly patients with extensive SCLC is, again,
complicated by their increased rate of medical comorbidities
and relative underrepresentation in clinical oncology
trials.521,628 Nonetheless, multiple groups have retrospectively
reviewed treatment outcomes with elderly patients and deter-
mined from subset analyses that survival is not limited by
advanced age alone, despite the reduced dose intensity often
administered to elderly patients.629–631

Prospective data reporting the experience of chemother-
apy in the treatment of elderly patients with extensive SCLC
is limited to small Phase II studies. Investigators from the
British Columbia Cancer Agency in Vancouver treated 66
SCLC patients over the age of 65, 41 with extensive-
stage disease, with four cycles of cisplatin (30mg/m2), dox-
orubicin (40mg/m2), vincristine (1.0mg/m2), and etoposide
(100mg/m2), repeated every 3 weeks (PAVE).632 All four cycles
of PAVE were delivered to 64% of the patients treated with
chemotherapy only; only 27% of such patients required dose
reductions. Of the extensive-stage patients, 15% required
hospitalization for supportive care of toxicities, namely,
febrile neutropenia. Antitumor response with this regimen
measured 87% (24% with a complete response), and median
survival was 11.5 months. However, chemotherapy efficacy
outcomes are confounded by the fact that half the patients
with extensive-stage disease also received radiotherapy as a
part of their treatment.632

Multiple groups have used the combination of carboplatin
and etoposide in their treatment of elderly SCLC patients
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TABLE 37.35. Experience with oral etoposide (E).

Overall Time to Median
response progression survival One-year

Study N Therapy rate (%) (months) (months) survival (%) Comments

Miller et al.625 306 IV CDDP + IV E 57 7 9.5 NR Worsened myelosuppression, 
IV CDDPa + oral Ea 61 7 9.9 NR deaths due to febrile neutropenia

with oral etoposide.
Girling et al.626 339 IV EP or CAV 51 NR 6.1 13 Enrollment terminated early 

Oral Eb 45 NR 4.3 (P = 0.03) 11 with inferior survival.
Souhami et al.627 155 IV EP alternating 46.3 5.6 5.9 19.3 Enrollment terminated early 

with CAV with inferior survival
Oral Ec 32.9 3.6 4.8 9.8 (P < 0.05)

CDDP, cisplatin; CAV, cisplatin, adriamycin, vincristine.
a 50 mg/m2 orally daily for 21 days every 28 days.
b 50 mg orally twice daily for 10 days every 21 days.
c 100 mg orally twice daily for 5 days every 21 days.



(Table 37.36). The Phase II experience is certainly broadest
using the combination of carboplatin and etoposide for 
the treatment of elderly patients with extensive SCLC. At
present, it represents the most reasonable combination
regimen to consider for this population; however, hemato-
logic toxicity can be significant.629 It is imperative that future
clinical trials in this population incorporate improved
methods to assess geriatric functional status and extent of
comorbidities to assist in the selection of patients who may
benefit from systemic treatment.633

Second-Line Treatment

Although the majority of patients with extensive SCLC
respond to first-line chemotherapy, relapse is virtually
inevitable, usually within 8 months.610,611,624 Approximately
45% to 60% of patients who receive combination first-line
treatment proceed to second-line therapy.611,634 Patients who
receive best supportive care at relapse typically survive 2 to
4 months. Although comparative data are lacking, treatment
at relapse with chemotherapy appears to positively impact
survival.635 A critical predictive marker of antitumor response
with second-line treatment is the duration of the time to

relapse, in that patients with primary refractory disease or
those who relapse within 2 to 3 months of completing their
first-line treatment (refractory relapse) are less likely to
respond to salvage chemotherapy than patients who recur
later following initial therapy (sensitive relapse). For instance,
response rates of 6.4% and 11% and a median survival of 5
months were seen in studies of patients with refractory
relapse treated with topotecan.636,637 In contrast, response
rates of 15% to 38% and a median survival of up to 7 months
resulted from the use of topotecan in patients with sensitive
relapse.636,638,639 Uncontrolled trials with small numbers of
patients suggest that repeat treatment with the same regimen
that was used in the patient’s initial therapy may offer clini-
cal benefit, given a sufficiently long progression-free inter-
val.640,641 Clinical investigators more recently have used the
somewhat arbitrary time to relapse of 90 days to distinguish
those patients with refractory versus sensitive relapse. Data
regarding the impact of systemic treatment at relapse on
quality of life are sparse.638,642

Table 37.37 demonstrates recent examples of clinical
trials examining second-line systemic treatment in SCLC.
von Pawel et al. compared intravenous topotecan, dosed at
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TABLE 37.36. Carboplatin (Cb)/etoposide (E) in elderly patients with extensive SCLC.

Overall Median One-year
response survival overall

Study N Therapy rate (%) (months) survival (%)

Evans et al.681 36 Cb: 150mg/m2 day 1 67 11.3 NR
E: 100mg/m2 ¥ 7 days po

Matsui et al.682 22 Cb: Egorin’s formula 71 8.6 NR
E: 760mg/m2 po over 14 days

Okamoto et al.683 20 Cb: AUC 5 day 1 85 10.1 47
E: 100mg/m2 po days 1–3

Quoix et al.684 26 Cb: AUC 5 day 1 60.5 8.6 26.3
E: 100mg/m2 IV days 1–3

Larive et al.685 28 Cb: AUC 5 day 1 59 9.3 21
E: 100mg/m2 po days 1–5

TABLE 37.37. Second-line systemic treatment in SCLC.

Overall Time to Median One-year
response progression survival survival

Study N Therapy rate (%) (months) (%) (%) Comments

von Pawel et al.638 211 CAV 18.3 3.1 6.2 14.4 Greater symptom
Topotecan 1.5mg/m2 IV qd 24.3 3.3 6.3 14.2 improvement

¥ 5 days with topotecan
von Pawel639 304 Topotecan 1.5mg/m2 IV qd 21.9 NR 8.8 29 No differences in

¥ 5 days symptom
Topotecan 2.3mg/m2 po qd 18.3 NR 8.3 33 control or QOL

¥ 5 days
Masters et al.644 46 Gemcitabine 1,000mg/m2 16.7 (s) NR 7.3 (s) NR

days 1, 8, 15 5.6 (r) 6.9 (r)
Hoang et al.643 27 Gemcitabine 1,250mg/m2 0 1.5 (s) 8.8 (s) 33.3 (s)

days 1 and 8 1.4 (r) 4.2 (r) 16.7 (r)
Ardizzoni et al.649 110 Cisplatin 60mg/m2 day 1 29.4 (s) 4.7 (s) 6.4 (s) 19.7 (s)

Topotecan 0.75mg/m2 23.8 (r) 3.0 (r) 6.1 (r) 15.2 (r)
days 1–5

Naka et al.647 29 Cb: AUC 2 days 1, 8, 15 37.5 (s) NR 6.1 (s) NR
CPT-11: 50mg/m2 days 1, 23.1 (r) NR 5.7 (r) NR

8, 15
Hirose et al.648 24 Cb: AUC 5 day 1 92.3 (s) NR 8.2 (s) NR

CPT-11: 50mg/m2 days 1,8 33.3 (r) NR 8.2 (r) NR

(s), sensitive relapse; (r), refractory or resistant relapse; QOL, quality of life.



1.5mg/m2 daily times 5 days every 21 days, versus CAV 
in 107 patients with sensitive relapsed extensive SCLC.638

Response rates (24.3% for topotecan and 18.3% for CAV),
median times to progression (13.3 and 12.3 weeks, respec-
tively, for topotecan and CAV), and median overall survivals
(25 weeks for topotecan and 24.7 weeks for CAV) were virtu-
ally superimposable. Differences between the two salvage
treatments were seen with respect to worsened myelotoxic-
ity and improved symptom control in patients receiving
topotecan.638 Oral topotecan offers more convenient adminis-
tration while maintaining similar efficacy in the relapsed
setting.639 Toxicity profiles and FACT-L quality of life mea-
surements were comparable between the intravenous and oral
forms of this agent.642

Median survivals between 6 and 7 months and acceptable
toxicities were seen in two Phase II trials of salvage 
gemcitabine.643,644 Additional cytotoxics that appear to exert
antitumor activity as second-line single agents include
irinotecan, vinorelbine, and docetaxel.635,645,646 Compared to
the single-agent experience, rates of moderate to severe hema-
tologic toxicities, including febrile neutropenia, are higher in
recent Phase II trials using combination regimens in the
setting of relapsed SCLC, with no improvement in sur-
vival.647–649 Clearly, systemic treatment of refractory and
relapsed SCLC remains fertile ground for clinical investiga-
tion examining the incorporation of novel anticancer agents,
in an effort to improve patient survival, symptom control, and
quality of life.

Novel Agents in the Treatment of SCLC

As with NSCLC, incorporation of novel, molecularly targeted
therapeutics for patients with SCLC attempts to disrupt over-
expressed or inappropriately activated cellular pathways that
may be stimulating tumor cell growth, proliferation, inva-
sion, and protection from apoptosis. As an example, blocking
the antiapoptotic activity of Bcl-2 with antisense technology
is under active investigation in SCLC. Bcl-2, a prototypical
antiapoptotic protein, is expressed frequently in SCLC
samples and has been shown to correlate negatively with
prognosis.650 G3139, an 18-base antisense oligonucleotide
complementary to the bcl-2 mRNA, is thought to inhibit Bcl-
2 mRNA translation and result in Rnase H-mediated mRNA
degradation, and thereby result in augmented chemosensitiv-
ity.651 G3139 has been combined with carboplatin and etopo-
side in untreated patients with extensive SCLC in the 
Phase I setting, and a comparative randomized trial of this
doublet, with or without G3139, will be conducted by the
CALGB.651,652

Treatment of patients with SCLC using STI571 (Gleevec)
is intended to inhibit the tyrosine kinase activity of the kit
receptor, which is part of an autocrine growth loop in SCLC.
Four of 19 patients (21%) with untreated or sensitive relapsed
SCLC were found in a Phase II study of STI571 to have 
kit (CD117) positivity per IHC staining.653 Treatment of all 
19 patients with STI571 yielded no antitumor responses,
although 1 patient had prolonged stabilization of disease.
Future studies with this agent will incorporate kit (CD117)
preselection, in an effort to target the patient population who
may benefit from this agent.

Additional examples of molecularly targeted agents under
investigation in the treatment of SCLC include adjuvant

therapy with the BEC2 vaccine, which mimics the ganglio-
side GD3, use of the tyrosine kinase inhibitor SU11248,
which is targeted at the platelet-derived growth factor recep-
tor, kit, and FLT3 receptors, treatment with the ubitquitin
proteasome pathway inhibitor bortezomib, and treatment
with 2A11, a monoclonal antibody directed against gastrin-
releasing peptide.654–656
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Therapy for Malignant
Pleural Mesothelioma

Harvey I. Pass, Nicholas Vogelzang, 
Steven Hahn, and 
Michele Carbone

alignant mesotheliomas, highly aggressive neo-
plasms arising primarily from the surface serosal
cells of the pleural, peritoneal, and pericardial cavi-

ties, are caused primarily from exposure to asbestos fibers.1,2

Recent investigations have also implicated simian virus 40
(SV40) and genetic predisposition in the etiology of some
malignant mesothelioma.1–3 The disease is characterized by a
long latency from the time of exposure to asbestos to the
onset of disease. Early evidence provided by karyotypic analy-
sis supports the theory that multiple somatic genetic events
are required for tumorigenic conversion of a normal mesothe-
lial cell. Although a specific chromosomal change is not
shared by all malignant mesotheliomas, several prominent
sites of chromosomal loss have been identified in this malig-
nancy. Tumor suppressor genes (TSGs) residing in these
deleted chromosomal regions may be responsible for the
tumorigenic conversion of mesothelial cells, and recent
studies have begun to identify the specific TSGs that con-
tribute to the development and progression of malignant
mesothelioma. Here we review the clinical aspects of this
malignancy, focusing on etiology, pathology, epidemiology,
symptoms, diagnosis, imaging methods, and treatment.

Genetic Predisposition to Mesothelioma

Recent evidence indicates that genetic predisposition plays an
important role in determining individual susceptibility to
mineral fibers carcinogenesis and to the development of
mesothelioma. In the 1970s, asbestos was the only known
causative agent for mesothelioma. In three small villages 
in Turkey, Karain (population ~600), Tuzkoy (population
~1,400), and Sarihidir (this village was abandoned) in 
Cappadocia, 50% or more of deaths are caused by malignant
mesothelioma.4–8 These villages, similar to most other vil-
lages in the region, were built with stones mined from the
nearby natural caves. Studies in Cappadocia concluded that
in this region, asbestos is almost everywhere, as it is a natural
component of the volcanic terrain, and asbestos-tremolite-
based stucco was widely used in building construction in all
Cappadocian villages.5–9 However, it was concluded that
asbestos could not account for the unique high incidence of

mesotheliomas in these three villages.5–9 Another type of
mineral fiber, erionite, a type of fibrous zeolite commonly
found in the stones of the houses of Karain, Sarihidir, 
and Tuzkoy,2,8–10 had been detected in the lungs of several 
villagers and was suspected as a possible causative agent.5–9

Erionite was injected intrapleurally into animals, causing
mesothelioma,11 and it was concluded that erionite was 
the cause of mesothelioma in these villages.8,9,12 Erionite,
therefore, appeared much more potent than asbestos in
causing mesothelioma.10 Studies tried to link erionite to other
human tumors. With the exception of mesotheliomas, there
is no significant difference in the incidence of any other
tumor types in these two villages compared with the rest of
Turkey.2

Homes in these areas of Turkey are inhabited by multiple
generations and passed down. Closer observation revealed
that mesotheliomas only occurred in certain homes and not
in others, although all homes contained similar amounts of
erionite according to recent mineralogic analysis.2,13 Further-
more, in the nearby village of Karlik, where homes are built
from the same materials and contain the same types of eri-
onite fibers, only one mesothelioma had been known to
occur, which was in a woman who had migrated from
Karain.2,13 Further analysis of pedigrees of families who lived
in homes where mesotheliomas occurred showed that these
mesotheliomas appeared to be inherited in an autosomal
dominant pattern. About 50% of descendents of affected
parents developed mesotheliomas. When members of unaf-
fected families married into affected families, 50% of their
descendents also developed mesotheliomas.2,13 Whether
genetics alone or in conjunction with erionite are responsible
for these mesotheliomas remains unknown, but clearly genet-
ics is a key factor, because mesotheliomas do not develop in
nonaffected families regardless of environmental exposure.

Familial malignant mesothelioma has been occasionally
described in the United States and in Europe.2,14 These fami-
lies, however, were too small to prove genetic transmission.
Furthermore, in these families, mesothelioma may also have
been linked to asbestos exposure or/and SV40 infection.2 It is
hoped that isolation of this putative mesothelioma suscepti-
bility gene will lead to future preventative and therapeutic
approaches.
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Pathology of Mesothelioma

Benign Mesotheliomas

True malignant mesothelioma is an aggressive malignancy
with a dismal prognosis. There are, however, a number of
benign mesothelial proliferations that must be distinguished
from malignant mesothelioma, such as multicystic mesothe-
lioma, also called multilocular peritoneal inclusion cyst.
Multicystic mesothelioma is a benign mesothelial lesion,
characteristically formed by multiple cysts arranged in 
grape-like clusters. Adenomatoid mesotheliomas are benign
mesothelial lesions of the genital system. Mesothelioma of
the atrioventricular node is neither a mesothelioma nor a
tumor but a congenital heterotopia of the endodermal sinus
in the atrioventricular node.

Well-differentiated papillary mesothelioma (WDPM) is
found more often in the abdominal cavity of young women.
Histologically, it is formed by multiple papillary structures
covered by cytologically benign mesothelial cells. The lesion
is benign, but there have been occasional cases in which
several years after diagnosis the patient developed a true
mesothelioma. Consultation with a pathologist who sees
numerous mesothelial lesions and malignant mesothelioma
is highly recommended to rule out a well-differentiated
epithelial malignant mesothelioma, based mostly on the
absence of invasion in these benign lesions. Patients with
WDPM may be more likely to die of the complication of
therapy for a misdiagnosed malignant mesothelioma com-
pared to the risk of dying of WDPM if left untreated.15

Localized fibrous tumor of the pleura (FTP), often referred
to as localized mesothelioma, is thought to originate from the
submesothelial cells, but it is unclear what submesothelial
cells are. More than 700 FTPs have been reported in the lit-
erature and, on presentation, are frequently confused with
pleural mesothelioma. These tumors are similar to other
fibrous tumors found elsewhere in the body; the cells have a
benign appearance, and are usually immersed in a fibrous and
characteristically vascular stroma. FTP is characteristically
negative for cytokeratin, a mesothelial cell marker, and pos-
itive for CD34, suggesting that these cells are not of meso-
thelial origin. Occasionally, localized FTPs are histologically
and cytologically malignant and until recently were called
hemangiopericytomas. These tumors are the more cellular
and histologically aggressive tumors; however, they are still
FTPs and should be called fibrous tumors (of the pleura if in
the pleura). They are characterized by multiple recurrences
after resection and, often, a poor prognosis. The most impor-
tant predictive factor in the prognosis of FTP is whether the
tumor can be completely resected. Thus pedunculated tumors
have a much better prognosis than tumors that grow over a
broad pleural area. Tumor array studies may in the future
provide us with tools to identify rare “benign malignant
mesothelioma” from classical epithelial malignant mesothe-
lioma; however, the majority of the markers that have been
found to be significant in the expression arrays are already
used as part of the standard immunohistochemical panel.16

Malignant Mesothelioma

The diagnosis of malignant mesothelioma, in contrast to
common belief, is usually straightforward, provided that the

pathologist has extensive experience with this malignancy.
Histologically malignant mesothelioma can show an 
epithelial morphology (malignant mesothelioma epithelial
type), the most common, about 50% to 60% of cases; a fibrous
morphology (malignant mesothelioma fibrous type, also
called sarcomatoid type), 10% of cases; or a combination of
both (mixed type or biphasic malignant mesothelioma), 
about 30% to 40% of cases. Tumors with a prevalently 
sarcomatous morphology are quite resistant to therapy 
and have median survivals less than 1 year from diagnosis.
They are difficult to diagnose because they show a morphol-
ogy that can be essentially identical to other primary or
metastatic pleural sarcomas. Immunohistochemistry
showing positive staining for pankeratin may be considered
confirmatory. Only a fraction, which varies depending on 
the study, of sarcomatoid malignant mesothelioma stain pos-
itive for calretinin, and some of them are positive for WT-1.
Thus, negative staining for these two mesothelial markers
does not rule out the diagnosis of malignant mesothelioma,
but should prompt the pathologist to consider other diff-
erentials. Electron microscopy (EM) has a limited role in 
diagnosing sarcomatoid malignant mesothelioma because 
these cells do not have the diagnostic long branching
microvilli of the epithelial type. However, EM can identify
characteristics of other sarcomatoid tumors besides
microvilli that can help to rule out the diagnosis of sarcoma-
toid malignant mesothelioma.

Mostly epithelial-type tumors, especially well-differenti-
ated variants, are associated with prolonged survivals up to 2
years from diagnosis. Epithelial malignant mesothelioma typ-
ically shows large and well-differentiated epithelioid cells,
with centrally placed nuclei, lack of atypia, abundant cyto-
plasm, and often form glandlike spaces or tubular-like spa-
ces, although some epithelial mesotheliomas instead grow
forming sheets of epithelioid cells. To be classified as bipha-
sic, assume that at least 10% of the tumor must have a fibrous
(or epithelial) component for the malignant mesothelioma. In
fact, most malignant mesothelioma could be considered bipha-
sic, as most mesothelioma show both morphologies if in a very
tiny fraction, which is the characteristic histologic feature of
this malignancy. Unusual morphologic variants exist, but are
rare. In addition, some malignant mesotheliomas cannot be
subcategorized histologically and should be called poorly dif-
ferentiated malignant mesothelioma.15

The experienced pathologist will recognize these tumors
as mesothelial in origin; however, occasionally a carcinoma
with a typically more aggressive and atypical histology can
look very much like a malignant mesothelioma, or a malig-
nant mesothelioma can look so atypical that it resembles a
metastatic carcinoma. Therefore, to rule out these rare
mimics, confirmatory immunohistochemistry should be
completed. Epithelial-type mesothelioma tumor cells are pos-
itive for pankeratin, keratin 5/6, calretinin, and WT-1 and
negative for the epithelial markers carcinoembryonic antigen
(CEA), LeuM1, B72.3, Ber-EP4, Moc-1, TTF-1, etc. Positive
staining for pankeratin and calretinin and negative staining
for three epithelial markers is considered sufficient for diag-
nosis; however, some carcinomas may stain positive for cal-
retinin or negative for some of the epithelial markers and
therefore additional testing may be required. In these difficult
cases, EM showing the classic long branching microvilli of
human mesothelial cells compared to the short nonbranch-



ing microvilli of carcinomas can still be considered the gold
standard for a correct diagnosis.

Clinical Presentation of Malignant 
Pleural Mesothelioma

Classically, mesothelioma affects older men in their fifties,
sixties, and seventies because of the aforementioned 25- to
40-year latency period between occupational asbestos expo-
sure and the development of the tumor. Latency periods
between first exposure to asbestos and a diagnosis of mesothe-
lioma vary by occupation, intensity, and duration of exposure,
with shorter latencies for insulators and dock workers and
longer intervals for shipyard and maritime workers, as well
as for domestic exposures. Table 38.1 lists the most common
industries identified in 1,048 cases of histologically con-
firmed mesothelioma cases reviewed by Roggli et al.17

Women and children can have the disease but the male to
female ratio is approximately 3–5:1.18 There are many reports
of childhood mesothelioma; however, on review of the
pathology, the diagnosis is erroneous in as many as 50% of
the cases, and there does not seem to be a relationship in
these pediatric cases with asbestos, radiation, or isoniazid.19

Symptoms

The majority of patients (~60%) present with nonpleuritic
chest pain, classically located posterolaterally and low in the
thorax. The pain typically has increased over time and may
be severe enough to warrant narcotics for pain management.
Intractable chest pain often indicates chest wall invasion
beyond the endothoracic fascia. Approximately 5% of
patients also have metastatic disease at presentation, usually
to the lungs. The right side is affected more than the left side

(60% versus 40%), most likely due to its greater volume.
Dyspnea is present in 50% to 70% of the cases, and some 80%
of the patients present with dyspnea and effusion. In some
series the symptoms of shortness of breath and chest pain are
seen either singly or in combination in 90% of the cases.20

The presence of a pleural effusion will be documented at
some time in the course of the disease in 95% of patients with
malignant pleural mesothelioma. Cough, fever, fatigue, and
weight loss occur in approximately 30% of the patients. and
a minority of cases present with hoarseness, hemoptysis,
Horner’s syndrome, superior vena caval syndrome, or paraly-
sis from invasion of the spinal canal.

The duration of symptoms varies; however, the range can
extend from 2 weeks to 2 years, with most series having a
median time to diagnosis from symptoms of 2 to 3 months.
Unfortunately, as many as 25% of patients with the disease
have symptoms for 6 months or more before seeking medical
attention.

Physical Examination

Physical examination usually reveals signs associated with a
pleural effusion with decreased breath sounds, dullness to
percussion, or decreased motion of the involved chest wall.
In patients with severe dyspnea, the effusion may occupy the
entire chest, resulting in mediastinal shift and compromise
of the opposite lung volumes. Dyspnea continuing after tho-
racentesis may be an indication of fixation of a nonexpand-
ing, contracted, and trapped lung (i.e., failure to expand after
fluid removal). In the late stages of the disease there is often
dramatic cachexia, marked contraction of the involved chest
with narrowed interspaces, and hypertrophy of the contralat-
eral hemithorax. A chest wall mass occurs in up to 25% of
patients, often at the site(s) of prior thoracentesis, thoraco-
tomy, or thoracoscopy wounds. Lymph node examination
should concentrate on the cervical, supraclavicular, and 
axillary basins, and any externally palpated asymmetrically
enlarged nodes should be biopsied. The abdomen must be
inspected for signs of ascites.

Laboratory Examination

The most striking laboratory abnormality is thrombocyto-
sis (more than 400,000), which is seen in 60% to 90% of
patients,21 and elevated platelet counts (more than 1,000,000)
in approximately 15% of patients. In addition, nonspecific
laboratory findings including hypergammaglobulinemia,
eosinophilia, and/or anemia of chronic disease may be seen.
It has been recently noted that 14% to 15% of patients have
elevated homocysteine levels reflecting folic acid deficiency,
17% have biochemical evidence of B12 deficiency and 32%
have biochemical signs of B6 deficiency.22

At present, validated serum markers that are both sensi-
tive and specific for mesothelioma do not exist. Hyaluronic
acid is elevated in the mesothelioma pleural effusions in
approximately 60% of the patients23,24; however, this is only
seen in the serum in advanced cases and has not proven to be
a reliable marker. Measurement of low molecular weight
cytokeratins has been reported to aid in the diagnosis of
mesothelioma when combined with other pleural effusion
markers including CEA but prospective validation studies are
lacking.25 Serum CEA should be less than 5ng/mL in more
than 95% of cases. Recently, a dual monoclonal forward 
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TABLE 38.1. Occupational exposure and mesothelioma.

Single Multiple %
exposure exposures of total

Shipbuildinga 203 86 30
U.S. Navyb 91 84 18
Constructionc 99 35 13
Insulationd 92 11 10
Oil and chemical 78 10 8
Power plant 50 10 5
Railroad 37 16 4
Automotivee 24 27 4
Steel/metalf 33 10 3
Asbestos manufacturingg 34 5 3
Paper mill 7 0 1
Ceramics/glass 6 0 1
a Includes joiner, shipwright, rigger, sandblaster, shipfitter, electrician, painter,
and welder.
b Includes merchant marine seamen.
c Includes construction worker, laborer, carpenter, painter, drywall/plasterer.
d Includes pipe coverer, insulator, asbestos sawyer, asbestos sprayer.
e Includes auto mechanic, brake repair worker, brakeline worker.
f Includes steel, aluminium, and iron foundry workers; furnace worker; potroom
worker.
g Includes asbestos textile, asbestos manufacture, asbestos plant worker.

Source: Maggi et al.,103 by permission of European Journal of Cardiothoracic
Surgery.



sandwich enzyme-linked immunosorbent assay (ELISA) 
for the measurement of soluble members of the mesothe-
lin/megakaryocyte potentiating factor (MPF) family of pro-
teins expressed by mesothelial cells has been reported to
predict the development of mesothelioma in high-risk indi-
viduals as well as to reflect the influence of therapeutic effi-
cacy in mesothelioma.26

Radiologic Examination/Imaging Studies

Malignant mesothelioma can have a diverse radiographic
appearance. Many of the early changes are associated with a
previous exposure to asbestos, consisting of both pleural and
parenchymal changes, including pleural plaques or parenchy-
mal pulmonary fibrosis.

CHEST RADIOGRAPHY

The presence of a pleural effusion, diffuse pleural thickening,
and nodularity are the most common features associated with
progression and symptoms. The involved hemithorax can
eventually have smooth, lobular pleural masses that infiltrate
the pleural space and fissures27–29 in 45% to 60% of patients
with contraction and fixation of the chest. The lung becomes
encased, and the mediastinum shifts because of volume loss.
The apex may appear to have minimal pleural thickening on
the chest radiograph, which may be better visualized with
computerized tomography (CT). The effusion can completely
obscure a view of the diaphragm, lower lobes, and peri-
cardium indicative of complete collapse. One must assess the
contralateral chest for effusion, which could raise the possi-
bility of two-cavity involvement, or reveal worrisome nodu-
larity or evidence of asbestos involvement that may impact
on the functional ability of the patient to undergo diagnostic
or therapeutic interventions.

Usually the chest radiograph adds little to the staging of
mesothelioma; however, it may guide the workup toward a
thoracoscopy if fluid is present.

COMPUTERIZED TOMOGRAPHY

CT imaging allows for density resolution that is not available
with chest radiography, and these characteristics are useful
not only in the evaluation of the patient with mesothelioma
but also with asbestos-related diseases.30 Such asbestos-
induced parenchymal changes on CT frequently include sub-
pleural lines and parenchymal bands, prominent pulmonary
arcades, subpleural dependent densities, reticulation, and
parenchymal honeycomb patterns. Pleural changes seen on
CT include pleural plaques, diffuse pleural thickening, and
pleural effusion. Up to 10% of pleural plaques are calcified,
and they appear characteristically on the posterolateral aspect
of the lower parietal pleura or diaphragm.

The patient with mesothelioma may have all the previ-
ously mentioned findings in addition to the aborementioned
circumferentially lobulated, soft tissue mass with lower-zone
predominance. Additional CT features of mesothelioma
include localized nodular or plaquelike pleural thickening
possibly associated with pleural effusion. The lobulated
pleural encasement frequently causes lower lobe collapse.
Intrapulmonary nodules can occur in 60% of patients, 
and infiltration into fissures along with enlarged hilar and
mediastinal lymph nodes may be seen. CT allows a better
view of the involved pericardium, which is irregularly thick-

ened and associated with infiltration to the pericardial fat pad.
Chest wall involvement is still difficult to assess with CT
and, unfortunately, this finding is an important aspect in the
staging of the disease. Occasionally CT will demonstrate
focal chest wall invasion at a previous biopsy site, surgical
scar, or chest tube tract.31 CT signs of chest wall invasion
include distortion of the intercostal spaces, infiltration of
extrapleural soft tissue and ribs, and undefined densities 
infiltrating the chest wall musculature. A clear fat plane
between the inferior diaphragmatic surface and the adjacent
abdominal organs as well as a smooth inferior diaphragmatic
contour may imply resectability.32 CT may reveal a hemidi-
aphragm encased by a mass or poor definition between the
liver, stomach, and inferior diaphragmatic surface.

Volumetric estimates of tumor volume using three-
dimensional reconstruction have also been investigated for
the staging of mesothelioma.33 Tumor volumes associated
with mesothelioma patients who are found to have no spread
to lymph nodes are significantly smaller than in those
patients with positive nodes. Moreover, progressively higher
stage is associated with higher median preoperative solid
volume of tumor in these patients.

MAGNETIC RESONANCE IMAGING

Magnetic resonance imaging (MRI) is appealing because of the
differential signal intensity, depending upon the sequence
used, and the ability to image in the coronal, sagittal, and
transverse planes. Tumors are found to have intermediate
signal intensity on the T1-weighted image, whereas on T2-
weighted images there is an increase in signal intensity, fluid
is clearly seen as high signal intensity and there are focal areas
of very high signal intensity. More recent studies have sug-
gested gadolinium contrast enhancement MRI can improve
tumor detection and extension. Detection of diaphragm inva-
sion and invasion of endothoracic fascia or a single chest wall
focus may be better with MRI compared to CT.31

POSITRON EMISSION TOMOGRAPHY

There are a number of studies of positron emission tomogra-
phy (PET) and the radionuclide imaging agent [18F]fluo-
rodeoxyglucose (FDG) in mesothelioma. Four studies have
reported that FDG-PET is accurate in the diagnosis of pleural
malignancies, specifically mesothelioma , and that it may be
superior to CT for defining mediastinal lymph node involve-
ment.34–37 Moreover, the ability to define extrathoracic, oth-
erwise occult disease in newly diagnosed patients can be as
high as 10% to 11% and 45% in those followed after therapy.
One of the more intriguing aspects of the technology is quan-
titational prognostication using the standardized uptake
value (SUV). The data suggest that patients with higher SUVs
have tumors that are more metabolically active and have a
shortened median survival compared with those with a lower
SUV. In the most recent report, the SUV of the tumor before
resection was significant in discriminating longer- from
shorter-surviving patients and was able to stratify very good
risk versus very bad risk patients: those with low SUV and
epithelial histology had the best prognosis whereas those
with high SUV and nonepithelial histology did the worst.38

FOLLOW-UP RADIOLOGIC ASSESSMENT

After thoracoscopy or thoracentesis, a postprocedure X-ray
can be done to determine whether the patient has trapped
lung. The failure of the lung to expand should alert the clin-
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ician that the lung may require decortication in addition to
parietal pleurectomy if surgical therapy is required. Such a sit-
uation implies that the lung has been trapped for a consider-
able amount of time and may point to the use of a ventilation
perfusion scan to assess functional contribution of that lung.
The discovery of a trapped lung rules out the ability to 
successfully palliate the effusion with a talc pleurodesis,
although the patient may still be a candidate for insertion of
a Pleurex catheter (see Supportive Care section).

The standards for postoperative radiographic follow-up 
for patients having mesothelioma surgery are undefined;
however, CT should be performed at regular intervals after
extrapleural pneumonectomy (EPP) or pleurectomy decortica-
tion to monitor for progressive disease. After EPP, CT scanning
of the resected hemithorax will reveal a smooth-walled, well-
defined postoperative membrane lining the pneumonectomy
space that is usually concentrically smooth, but as the inter-
val from operation to follow-up lengthens, the membrane may
actually get thicker. Unexplained irregular focal thickening at
the base of the chest should alert the clinician to a recurrence
of disease. This finding is especially pronounced in the pleurec-
tomy patient in whom the recurrent mesothelioma may start
to thicken rapidly and infiltrate the underlying lung. Other
presentations of recurrence include the development of new
mediastinal adenopathy or ascites otherwise undetectable by
physical examination. The development of asymptomatic
abdominal fluid after EPP is an ominous sign and calls for para-
centesis. CT will usually reveal diaphragmatic thickening or
diffuse mesenteric infiltration in these cases.

Without recurrence, however, the space is smooth walled,
especially on the parietal pleura and mediastinal surfaces.
The prosthetic Goretex diaphragm eventually becomes ra-
diopaque and the diaphragmatic surface requires close inspec-
tion, for at the lower sulci the initial appearance may not be
smoothly contoured.

Another important role of follow-up or sequential CT
scanning is in the assessment of the response of mesothe-
lioma to chemotherapy. Multicenter protocols now require
measuring the thickness of the pleural rind at one to three
locations on the rind on three separate slices of the CT every
6 to 9 weeks. If the total thickness has decreased by 30% or
more, the patient has shown a response to treatment whereas
20% or greater increase in thickness equals progressive
disease.39 This method of response assessment correlated
with outcome in Phase II trials and in an international trial,
which showed that cisplatin plus pemetrexed was superior to
cisplatin alone. Research is still needed to validate the three-
step process: (1) selection of the CT sections in which the
disease is most prominent, (2) identification of specific sites
within these sections that demonstrate the greatest extent of
tumor, and (3) the actual measurement of tumor thickness at
these sites that generate these measurements.

The role of PET imaging to follow response or progression
to chemotherapy is also under evaluation.

Diagnosis

Thoracentesis and Closed Pleural Biopsy

Patients who present with a large, unexplained pleural effu-
sion and minimal or moderate evidence of pleural thickening

should have initial thoracentesis and pleural biopsy. Multiple
closed pleural biopsies to avoid sampling error are able to aid
in the diagnosis in 30% to 50% of cases.40 Using both histo-
chemical and immunohistochemical staining techniques
along with EM analysis of a preserved pleural fluid cell block,
the diagnosis of mesothelioma can be obtained from pleural
effusion in as high as 84% of suspected cases.41,42

Thoracoscopy

Patients at risk for mesothelioma who develop a large effu-
sion and who do not have malignant cells on thoracentesis
and pleural biopsy or who recur with effusion after initial tho-
racentesis should have a video-assisted thoracoscopy43–45; this
allows evaluation of specific areas for guided biopsy and
assessing the ability of the lung to expand. Thoracoscopy can
be invaluable for estimating extent of disease with regard to
the diaphragm, pericardium, chest wall, and nodes. The com-
pulsive use of thoracoscopy led to the finding that exclusive
involvement of the diaphragmatic pleura and parietal pleura
(stage IA) has a median survival of 31.2 months whereas
involvement into visceral pleura led to a median survival of
6.75 months.46 There is a 10% chance of later development
of chest wall masses from seeding of the biopsy site or surgi-
cal scar from any diagnostic procedure, but this can usually
be avoided by radiotherapy to the scar if appropriate,47

although this is controversial (see Radiation Therapy section).

Open Pleural Biopsy

Open biopsy is indicated when there is no free pleural space
as a result of previous treatment and the bulk of the disease
in the hemithorax is solid. Such a biopsy should be infrequent
and carefully planned such that the scar could be incorporated
into the incision if a major resection is planned after defini-
tive diagnosis. Bronchoscopy may be necessary to rule out
carcinoma of the lung until unequivocal pathologic confir-
mation is reported. Mediastinoscopy should generally be per-
formed when enlarged mediastinal lymph nodes are detected
by imaging and to rule out contralateral disease.48 This step
may, however, underestimate the extent of nodal involve-
ment because the majority of mediastinal nodal involvement
in mesothelioma is below the subcarinal level.49

Natural History

Most patients with pleural mesothelioma will die of compli-
cations of their local disease; these include increasing tumor
bulk causing progressive respiratory compromise, pneumonia
or myocardial dysfunction with arrhythmias, narcotic usage
leading to pulmonary complications and cachexia, and/or
occasionally dysphagia from tumor compression of the esoph-
agus. Small bowel obstruction from direct extension through
the diaphragm develops in approximately one-third, and 10%
die of pericardial or myocardial involvement.50 Extrathoracic
metastases occur late in the course of disease and are not
usually the direct cause of the patient’s death.

Prognostic Indicators

Although the overall prognosis for patients with mesothe-
lioma is poor, there are some patients who do not conform to
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the norm and live with their disease for a considerable period
of time. Retrospective analysis of prognostic variables to
define these outliers is difficult for reasons of nonunifor-
mity of pathologic staging and reporting criteria. Recently,
however, larger studies have been published that give insight
into potential prognostic variables in mesothelioma.

The most important predictor of survival in nonsurgical
studies of mesothelioma is performance status. The Cancer
and Leukemia Group B conducted 10 clinical trials in which
patients were required to have a performance status of 0–2 at
entry. Analysis of survival of 337 patients in these studies
showed that overall median survival was 7 months; however,
in the subgroup of patients with a performance status of 0,
median survival was 13 to 14 months.51 In addition, chest
pain, dyspnea, platelet count greater than 400,000/mL, weight
loss, serum lactate dehydrogenase level greater than 500IU/L,
pleural involvement, low hemoglobin level, high white blood
cell count, and increasing age over 75 years predicted shorter
survival.51

The European Organization for Research and Treatment
of Cancer (EORTC) studied 204 adults with malignant pleural
mesothelioma. The median survival was 13 months from
diagnosis and 8 months from trial entry. Poor prognosis was
again associated with a poor performance status as well as a
high white blood cell count, male gender, and the sarcoma-
tous histologic subtype52 in the multivariate analysis.

The molecular prognostication of mesothelioma has been
explored by two groups. These data require further validation
in larger prospective analyses but imply that gene expression
data in mesothelioma at the time of initial biopsy may predict
clinical outcome.53,54

Staging

The commonly used American Joint Committee on Cancer
(AJCC) staging system for mesothelioma (Table 38.2) was
adopted from that proposed by the International Mesothe-
lioma Interest Group (IMIG) in 1995 and has been validated
in a number of surgical-based trials.55–58 There was a redefin-
ition of the T categories from the original Butchart system
dividing T1 lesions into involvement of the parietal pleura
only (T1a) and involvement of the visceral pleura (T1b), cre-
ating stage IA and IB from stage I. T3 is defined as a locally
advanced but potentially resectable tumor and T4 is defined
as a locally advanced, technically unresectable tumor. The
AJCC system classifies any nodal involvement, either
intrapleural or extrapleural, as stage III disease. The Brigham
and Women’s Staging System has also been proposed for
pleural mesothelioma and differs from the AJCC by defining
intrapleural adenopathy as stage II disease and extrapleural
adenopathy as stage III disease.59–62

Treatment

Overview

No standards exist for the management of resectable pleural
mesothelioma, and treatment decisions are influenced by the
functional evaluation of these often-elderly individuals and
the philosophy of the treating physician. Treatment of
mesothelioma can consist of supportive care only, surgery,

radiotherapy, chemotherapy, and/or combinations of these
modalities. Geographic locale can dictate the type of treat-
ment given. In the United Kingdom, less than half of mes-
otheliomas are treated by radical resection (E.G. Butchart,
personal communication). Currently however, a randomized
trial of EPP compared with nonsurgical treatment is under
way.62 In the United States, a cohort of cancer centers using
Phase I/II protocols are defining the use of surgery in mesothe-
lioma with or without intraoperative and/or postoperative
innovative adjuvant therapies and, in general, innovative,
multimodality protocols that incorporate surgery as part of
the package are being explored in larger numbers of patients.

Supportive Care

The median survival of patients who select active symptom
control only for mesothelioma ranges from 4 months63 to 13
months50 because of variations in tumor biology, host
response to tumor, detection bias, lead time bias, and the use
of ad hoc or unreported treatments by some patients and
physicians. Factors predictive of survival were poorly defined
when many of the “natural history” series were published;
therefore, survival data can only be used for historical com-
parisons if the prognostic factors of that group are taken into
account.

Control of pleural effusion can be accomplished with
repeated thoracenteses, talc pleurodesis, pleuroperitoneal
shunting, or placement of a Pleurex catheter. Success rates in
effusion control with talc, used either via thoracoscopy or via
slurry, approach 90%.64,65 Failure of these techniques is
usually associated with the standard reasons for poor prog-
nosis. In such cases, the Pleurex catheter can be implanted
under local anesthesia into the fluid collection and the
patients can drain themselves at home,66 or internal drainage
from the pleura to the abdomen may be accomplished using
the Denver pleuroperitoneal shunt.

Pain management frequently requires narcotics and con-
sultation by a dedicated pain management team to optimize
the patient’s quality of life. Insertion of subcutaneous
epidural catheters for long-term outpatient use has also been
used in selective cases.

In 2002, the British Thoracic Society (BTS) proposed a
Phase III clinical trial to compare the use of ACS with ACS
plus two different chemotherapeutic regimens to measure
overall survival, symptom palliation, performance, quality of
life, and other endpoints.67 The chemotherapeutic regimens
mitomycin, vinblastine, cisplatin (MVP) and vinorelbine (N)
were chosen because of their record of symptom control.
More recently, in 2004, a study was conducted to determine
if this study was feasible and it was concluded to be.68 This
study is now under way and will be the first to indicate if
ACS alone or ACS plus chemotherapy is more effective in
symptom control in mesothelioma patients.

Surgery

Aggressive therapy of pleural mesothelioma often entails a
multimodality approach of which surgery is only a part. Sur-
gical procedures include pleurectomy/decortication or EPP,
and the indication for each of these operations depends on the
extent of disease, performance, and functional status of the
patient and the philosophy and experience of the treating
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TABLE 38.2. International staging system for diffuse malignant pleural mesothelioma.

Stage T N M

Stage I T1 N–Lymph nodes M–Metastases
Ia T1a NX Regional lymph nodes MX Distant metastases 

cannot be assessed cannot be assessed
T1aN0 M0 Tumor involves ipsilateral parietal N0 No regional

(mediastinal, diaphragmatic) pleura lymph node metastases
No involvement of the visceral pleura

Ib T1b M0 No distant metastasis
T1bN0 M0 Tumor involves ipsilateral parietal

(mediastinal, diaphragmatic) pleura,
with focal involvement of visceral pleura

Stage II T2

T2 N0 M0 Tumor involves any of the ipsilateral
pleural surfaces (parietal, mediastinal,
diaphragmatic, and visceral pleura) 
with at least one of the following 
features: —confluent visceral pleural 
tumor (including fissure)
• invasion of diaphragmatic muscle
• invasion of lung parenchyma

Stage III T3

Any T3 M0 Describes locally advanced but potentially
resectable tumor. Tumor involves any of 
the ipsilateral pleural surfaces (parietal,
mediastinal, diaphragmatic, and visceral
pleura), with at least one of the following:
• invasion of the endothoracic fascia
• invasion into the mediastinal fat
• solitary focus of tumor invading the soft 

tissues of the chest wall
• nontransmural involvement of the 

pericardium
Any N1 M0 N1 Metastases in the 

ipsilateral bronchopulmonary
and/or hilar node(s)

Any N2 M0 N2 Metastases in the subcarinal 
and/or the ipsilateral internal 
mammary or mediastinal lymph
node(s)

Stage IV T4

Any T4 Describes locally advanced technically
unresectable tumor
Tumor involving all the ipsilateral 
pleural surfaces (parietal, mediastinal,
diaphragmatic, and visceral pleura) 
with at least one of the following:
• diffuse extension or multifocal invasion of

soft tissues in the chest wall
—any involvement of rib

• invasion of the diaphragm to the peritoneum
• invasion of any mediastinal organ
• direct extension of the contralateral pleura

—invasion into the spine
• extension to the internal surface of the 

pericardium
—pericardial effusion with positive cytology
—invasion of the brachial plexus

Any N3 N3 Metastases in the 
contralateral mediastinal,
internal mammary, or hilar 
lymph nodes, and/or 
ipsilateral, or contralateral 
supraclavicular or scalene 
lymph nodes

Any M1 M1 Distant metastasis
present

Source: Used with the permission of the American Joint Committee on Cancer (AJCC), Chicago, Illinois. The original source for this material is the AJCC Cancer
Staging Manual, sixth edition (2002), published by Springer-Verlag New York, www.springer-ny.com.



institution. Operative intervention in mesothelioma fall 
into one of three categories: (1) primary effusion control as
described for supportive care purposes, (2) cytoreduction
before to multimodal therapy, or (3) to deliver and monitor
innovative intrapleural therapies. Currently studies are under
way to determine the benefits of aggressive therapy using
surgery as part of a multimodality approach.

Most mesothelioma patients are older individuals with a
long latency period between asbestos exposure and tumor
development. A detailed physiologic and functional evalua-
tion assessing cardiac and pulmonary status must be per-
formed before any surgical intervention. The degree of asbestos
exposure, smoking history, trapped lung, and patient age all
influence pulmonary function. Fiber-related fibrosis and
reduced CO2 diffusion capacity increases dyspnea in these
patients, and abnormal chest wall motion resulting in reduced
lung volumes on the affected side will influence the patient’s
respiratory functional reserve and the extent of surgery.

Patients without objective evidence of cardiac injury
require nuclear medicine studies to rule out reversible perfu-
sion defects indicative of myocardium at risk. Patients with
a left ventricular ejection fraction (LVEF) less than 45% or
who have sustained a myocardial infarction within the past
3 months are not candidates for EPP. Patients who undergo
angioplasty before operative intervention for their disease
may be better candidates after such interventions if a multi-
modality approach is being contemplated.

In addition, before surgery, any drugs that could impact
platelet function or anticoagulant therapies must be halted.
If a multimodality program utilizing drugs with potential
renal toxicity (i.e., cisplatin) is planned, a preoperative crea-
tinine clearance should be performed.

Staging and Operative Therapy

The goal of a surgical resection in mesothelioma is to leave
only microscopic residual disease, that is, a near-complete
cytoreduction. Eligibility includes all patients who are clini-
cally IMIG stages I–III, although there is increasing skepticism
whether patients with stage III mesothelioma are benefited by
surgery. No guidelines exist that can assure the patient pre-
operatively which operation will be necessary to accomplish
tumor removal. A large effusion with minimal bulk disease
may call for pleurectomy decortication, whereas the presence
on CT of irregular, bulky disease that infiltrates into the fis-
sures probably dictates that an EPP should be performed.
Hence, stage II mesothelioma may indeed be an absolute indi-
cation for EPP as opposed to pleurectomy. Moreover, some
surgeons reserve EPP for those patients with bulk disease that
prevents simple pleurectomy, whereas others believe that the
greatest chance for complete gross excision is via EPP per-
formed in the patient with minimal disease. This important
factor, preoperative quantitative bulk of disease, may not only
influence the choice or resection but may be an important pre-
operative prognostic factor in any patient with mesothelioma.
The final decision as to whether pleurectomy and decortica-
tion or EPP is to be performed, given these caveats, becomes
an intraoperative decision unless a protocol calls specifically
for one operation or the other.

The influence of nodal status and eligibility for surgery is
not well defined because only 30% to 40% of nodes involved
from resected mesothelioma patients are accessible to routine

mediastinoscopy.56 The involvement of any nodes, making
the patient Stage III, is an ominous prognostic sign; however,
it is unclear whether the prognostic importance of mediasti-
nal nodal involvement in mesothelioma is equivalent to the
prognostic importance of the nodes within the visceral enve-
lope of the lung which may reflect disease at a later time
point. It is possible that FDG PET scanning as previously dis-
cussed will help to at least define those patients with node
involved mesothelioma in the future. Until then, without
routine thoracoscopic sampling of multiple nodal stations in
mesothelioma before definitive resection, mediastinoscopy
may be justified in those patients with obvious (i.e., larger
than 1.5cm ) nodal involvement in levels 7, 4R, 4L, 5L, or 6L,
or in patients with a suspicion for contralateral nodal involve-
ment on presentation.48

Pleurectomy

Most diffuse malignant mesotheliomas cannot be surgically
removed en bloc with truly negative histologic margins. A
minority of patients have a margin-free resection, and because
those patients who have margin-free resections usually have
less-bulky disease, it may be justifiable to spare 
functioning lung if the visceral pleura is minimally involved;
this can be accomplished by performing a radical parietal
pleurectomy instead of EPP. “Minimal visceral pleural
disease” is an undefined entity and there are no criteria for
how many sites should be involved, the size of these involved
sites, or whether involvement of the fissure is worse than non-
fissural involvement. In general, patients who have pleurec-
tomy decortications for mesothelioma have lesser disease and
live longer.

Pleurectomy and decortication are very effective in con-
trolling malignant pleural effusion. Effusion control has been
reported in 88% of patients having decortication, 98% of
patients having pleurectomy,69 and 86% of patients having
partial decortication and pleurectomy.70 When performed rou-
tinely, pleurectomy for mesothelioma has few major compli-
cations, the most common of which is prolonged air leak
lasting longer than 7 days occurring in 10% of the patients.
The modern-day mortality for pleurectomy for mesothelioma
is generally considered to be 1.5% to 2% with death from
either respiratory insufficiency or hemorrhage.71,72

Many of the published series using pleurectomy for pal-
liative management have added therapies postoperatively in
an uncontrolled, institution-related fashion (Table 38.3). The
overall median survival for patients having pleurectomy
alone is approximately 13 months. The patients who receive
pleurectomy and decortication usually have early effusive
disease with minimal bulk tumor. If these patients have
epithelial mesothelioma, and are not found to have nodal
involvement, survival rates can be significantly longer than
that quoted above. For additional discussion of pleurectomy
and multitherapy, see the Multimodality section.

Extrapleural Pneumectomy

Although a minority of patients have margin-free resections,
in one of the largest series of EPPs performed for mesothe-
lioma, 66 of 183 patients were defined as having negative
resection margins after surgery. Patients with negative
margins at resection, without nodal involvement, and epithe-
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lial histology were found to have 2- and 5-year survival rates
of 68% and 46%, respectively.60

EPP is a more-extensive dissection and a more-complete
resection than a pleurectomy, chiefly in the diaphragmatic
and visceral pleural surfaces. For EPP, pericardiotomy and
partial pericardiectomy are performed during the resection
because this maneuver aids in the exposure of the vessels and
allows intrapericardial control to prevent a surgical catastro-
phe. Some surgeons include diaphragmatic resection and peri-
cardial resection with their pleurectomies also to accomplish
removal of all gross disease.

EPP should only be performed at those centers that have
specialized expertise in the surgical management of mesothe-
lioma, loosely defined as having a caseload of 20 or more EPPs
per year. Moreover, expansion of surgical eligibility criteria
should occur only at those institutions that are conducting
institution-based, human investigation committee-approved
physician-initiated surgical protocols for the disease or who
are participating in consortium-based surgical mesothelioma
protocols through cooperative groups or other mechanisms.

Often, during exploration, a cohort of patients planned for
EPP are found to be unresectable at the time of the operation.
Eligibility for EPP ranged from 50% to 63% at three different
instutions,60,73,74 and in a study in the 1980s it was reported
to be as low as 24%.71

EPP has significantly greater risk than pleurectomy, and
major complication rates range from 20% to 40% with
arrhythmia requiring medical management being the most
common complication. Morbidity of some type has been
reported to be as high as 60.4%.75 In addition, rates for some
morbidities such as bronchopleural fistula is greater with
right-sided EPPs, with an overall fistula rate of 3% to 20%.
The bronchopleural fistula can be handled for the most part
with open thoracostomy drainage with or without muscle
flap interposition.

Median survival ranges from 9.3 to 17 months, with
longer survival shown in a series heavily weighted in stage 
I patients (see Table 38.4).56,60,72,75–78 Mortality rates have
declined over the last 30 years and range from 3.8 to 8%,
death occurring chiefly in older patients from respiratory
failure, myocardial infarction, or pulmonary embolus.75,77,78

The pattern of recurrence following surgery has been reported
as chiefly local progression after pleurectomy and systemic
failures after EPP.72

Currently, a unique multimodality pilot study is under-
way in the UK (Treasure, unpublished data) to determine if
EPP is useful in the management of mesothelioma; this is
described in detail in the Induction Chemotherapy followed
by Surgery Section.
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TABLE 38.3. Results for pleurectomy.

Survival

Median Two-year
Year Author N (months) (%)

2003(a) Sugarbaker et al. 44 10–20 —
2002 Aziz et al. 47 14 —
2002 Lee at al. 26 18.1 —
2001 Martin-Ucar et al. 51 7.2 —
2001 Takagi et al. 73 — 26.1
1997(a) Pass et al. 39 14.5 —
1996 Rusch and Venkataraman 51 18.3 —
1994 Allen et al. 56 9 8.9
1991 Brancatisano et al. 45 16 21
1990 Harvey et al. 9 11.9 —
1989 Ruffie et al. 63 9.8 —
1988 Faber 33 10 12
1986 DaValle et al. 23 11.2 —
1984 Law et al. 28 20 32
1982 Brenner et al. 69 15 —
1982 Chahinian et al. 30 13 27
1976 Wanebo et al. 33 16.1 —
aAll patients received intrapleural hyperthermic chemotherapy.

Source: Modified from Singhal S, Kaiser LR. Surg Clin N Am 2002;82:797–831.

TABLE 38.4. Photodynamic therapy for mesothelioma.

Mortality Median
Group N (%) Sensitizer Operations survival (months)

Pass et al. 1997b, NCI (Phase III) 25 0 Photofrin 11 P; 14 EPP 14.4
Takita and Dougherty 1995, Roswell Park 40 7.5 Photofrin 28 P; 7 EPP; 5 other 15
Schouwink et al. 2001, Rotterdam 28 10 mTHPC 28 EPP 10
Friedberg et al. 2003, Jefferson 26 10 mTHPC 7 P; 19 EPP 12.4

P, pleurectomy; EPP, extrapleural pneumonectomy; mTHPC, m-tetrahydroxyphenylchlorin.



Radiotherapy for Mesothelioma

Palliation Using Radiation Therapy

Palliation with radiotherapy in mesothelioma involves the
management of dyspnea and chest pain and is most com-
monly used to palliate pain in patients with advanced
mesothelioma and to treat painful chest wall metastases. Pal-
liation was improved with the use of 400-cGy fractions com-
pared with 300-cGy fractions (50% to 72% rate of symptom
improvement); however, pain recurrence within the treated
field remained a significant problem.79,80 These investigators
reported that short courses of radiation (2,000cGy in 5 frac-
tions) were as efficacious for symptom relief as more 
protracted courses of radiation (3,000–4,000cGy in 10–15
fractions). There is some evidence that total doses greater
than 4,500cGy are the most efficacious,70 as reported in the
results of palliative radiation therapy in 85 patients with
mesothelioma.81 However, in a study with 1,100 patients, 71
of 1,100 patients were treated with radiation for symptoms
and more than 60% of patients had some symptomatic
benefit from radiation therapy with no dose response.82 There-
fore, the standard approach is to offer patients short courses
of treatment (2,000cGy in 5 fractions) rather than longer
courses of radiotherapy.

Curative Radiation Therapy as a Single Modality

Administration of “curative” radiotherapy for malignant
pleural mesothelioma adds the risk of severe toxicity to 
surrounding normal tissue from the large treatment volumes,
typically in the 5,000 to 5,500cGy range. Survival in patients
receiving 5,000 to 5,500cGy to the pleural space using a 
rotational technique83 ranged from 3 to 10 months, with 
one patient who was alive and well 4 years after the comple-
tion of treatment. In additional studies, median survival
ranged from 9.8 to 17 months.70,80,84 Patients receiving 
palliative therapy only had a median survival of 7 months.
Selection bias may explain these differences, with those fit
enough to undergo a full course of radiation likely to have a
greater survival regardless of treatment given. The median
survival is 4 to 5 months79,83 when only local radiotherapy has
been delivered solely for chest wall pain or chest wall
nodules.

Radiotherapy to Prevent Malignant Seeding

As noted in the thoracoscopy section, there is a 10% chance
of later development of chest wall masses from seeding of the
biopsy site or surgical scar from any diagnostic procedure. In
a recent study designed to determine if a single 9-MeV elec-
tron treatment following invasive thoracic procedures would
eliminate tract metastasis, 58 patients were randomized to
single-dose treatment or no treatment. No significant differ-
ences were seen between the two treatments.85,86

The best evidence for prevention of malignant seeding by
the use of radiotherapy following invasive diagnostic proce-
dures comes from a 1996 study in France.47 Investigators
enrolled 40 patients with histologically proven malignant
pleural mesothelioma who had undergone thoracoscopy. Half
of the subjects (20) were given 2,100cGy over 3 days in 

700-cGy fractions within 10 to 15 days of the procedure. The
other 20 patients were given no additional treatment to the
thoracoscopy site. In the radiotherapy arm of the study, not
1 patient developed metastasis at the entry tract, compared
with 8 of 20 (40%) who did in the other study arm. These
findings support the use of early local radiation therapy at
appropriate doses following procedures such as thoracoscopy,
needle biopsy, and chest tube placements in eliminating
malignant seeding.

Combined Surgical Resection and 
Definitive Radiotherapy

Surgical resection, when feasible, is the desired treatment for
patients with malignant pleural mesothelioma. After an EPP,
radical radiotherapy can be administered without concern for
damage to the underlying ipsilateral lung because it has been
removed surgically. However, radical radiotherapy after a
pleurectomy continues to place the ipsilateral lung at risk for
substantial loss of function.

No difference in survival was reported in two series when
decortication or EPP was followed by radiation therapy for a
total dose of 5,000 to 5,500cGy in 12 and 8 patients, respec-
tively, with pleural mesothelioma.70,83 Toxicities from this
regimen were minimal and included nausea, malaise, tran-
sient radiation hepatitis, and mild esophagitis.

Some investigators have used brachytherapy or intraoper-
ative external-beam radiation in combination with surgery. In
a study of 41 patients with pleural mesothelioma, parietal
pleurectomy resulted in residual disease being left in the
majority of patients. Either brachytherapy or radioisotopes
were used to eradicate gross residual disease.87 Measurable
gross residual disease was treated with permanent 125I
brachytherapy implants, for diffuse residual disease, tempo-
rary 192Ir implants were placed 3 to 5 days after the pleurec-
tomy, and for gross disease on the lung surface, a 32P solution
was instilled into the pleural cavity 5 to 7 days after thora-
cotomy. External-beam radiation to a dose of 4,500cGy was
delivered to the pleural surface 4 to 6 weeks after surgery via
a combination of photons and electron. There was no mor-
tality and minimal toxicity from this treatment strategy. Six
patients (15%) developed complications from treatment: sub-
cutaneous emphysema (n = 2), pneumonitis (n = 1), pul-
monary fibrosis (n = 1), pericardial effusion (n = 1), and
esophagitis (n = 1). The median survival was 21 months, with
1-year and 2-year survivals of 65% and 40%, respectively.
Local failure occurred in 17% of the patients, perhaps because
of the aggressive local therapy. It was concluded that although
aggressive surgical resection is an essential portion of treat-
ment, it is often very difficult to remove all sites of disease.
The results of this study showed that intraoperative
brachytherapy followed by external-beam radiation therapy
was effective in controlling local recurrence.

In a Phase II trial at Memorial Sloan Kettering Cancer
Center, 67 subjects with malignant pleural mesothelioma
received postoperative radiotherapy.77 Most patients (n = 62)
underwent an EPP, followed by 5,400cGy given through ante-
rior and posterior fields in 30 fractions of 180cGy. Five patients
were treated with a pleurectomy, during which 1,500cGy was
given intraoperatively using a high-dose iridium applicator;
this was followed by 5,400cGy to the hemithorax via anterior
and posterior fields, in the same fractionation schedule as
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those who underwent EPP. Not all patients were able to com-
plete the radiation therapy. There were 7 postoperative deaths
from pulmonary complications in patients who had undergone
an EPP. A total of 33 patients had some complications, the
most common being atrial arrythmias (n = 17), respiratory
failure (n = 6), pneumonia (n = 5), and empyema (n = 5). In
general, radiation was well tolerated, with grade 3 toxicities
mainly related to fatigue, nausea, and esophagitis. There were
five grade 4 toxicities, the most serious being an esophago-
pleural fistula. Survival analysis was completed for the 62 EPP
patients. Median survival was 17 months, with an overall sur-
vival of 27% at 3 years. Locoregional recurrence was 13%, pri-
marily the result of distant metastases. The results of the study
showed aggressive surgery with EPP followed by high-dose
radiation to the entire hemithorax provided a favorable
outcome for those patients who were able to complete the
therapy compared with historical data. It should be noted that
almost 25% of the enrolled patients were unresectable and
were not included in the survival analysis, perhaps introduc-
ing a bias in the reported results.

In a recent retrospective review of the efficacy and toxic-
ity of surgery with intraoperative radiotherapy followed by
chemotherapy, 24 patients underwent pleurectomy/decorti-
cation and intraoperative radiotherapy consisting of 4 to 
9MeV electrons for a median dose of 1,500cGy (range, 500 
to 1,500cGy).88 Following surgery, external-beam conformal
radiation was given to 14 patients and intensity-modulated
radiation therapy (IMRT) was completed in 10 patients. The
goal of this radiation therapy was to treat the affected tissue
while sparing the underlying normal tissue. The median dose
of radiation delivered was 4,140cGy (range, 3,010–4,880cGy).
Chemotherapy consisting of cisplatin, doxorubicin, and
cyclophosphamide was administered to selected patients
beginning 1 to 2 months after radiation was completed. There
were no deaths, and postoperative complications consisted of
atrial fibrillation (n = 3) and a persistent air leak (n = 1). Radi-
ation was also well tolerated; pneumonitis occurred in 4
patients and pericarditis in 1 patient. All symptoms resolved
with conservative management. The median overall survival
was 18.1 months and the median progression-free interval
was 12.2 months. Locoregional relapse was the most common
site of failure. It was concluded that this approach was a
potential treatment option for adjuvant radiotherapy in
patients who were unable to tolerate an EPP.

IMRT offers the potential for administering higher doses
of radiotherapy to the hemithorax while minimizing normal
tissue toxicities. In a study of 28 patients given IMRT after
EPP, the hemithorax was treated with doses totaling 4,500 to
5,000cGy in most cases, with some regions getting boosted
to a total dose of 6,000cGy.89,90 Radiation dose homogeneity
to the entire hemithorax was excellent. Side effects included
nausea, vomiting, dyspnea, and esophagitis. The median
follow-up was 9 months, the local control rate was 100%, and
1-year survival was 65%. These early results are encouraging
and are worthy of additional study.

Adjuvant Therapy For Surgically Cytoreduced
Mesothelioma Patients

Although there are no published Phase III trials of adjuvant
therapy in mesothelioma, patients treated with surgery fol-
lowed by postoperative adjuvant therapy have an apparent

improved survival compared with palliative therapy alone in
consecutively treated patients from single institutions. These
results may be explained by selection bias or by a number 
of other factors, yet the possibility remains that surgery and
adjuvant therapy changes the course of the disease. Mesothe-
lioma is characterized by chemotherapy resistance and infre-
quent surgical cure, yet an EPP dramatically reduces the
amount of visible cancer. The importance of the cytoreduction
has been quantified by Pass et al.,33 and in patients who 
have a more complete cytoreduction, the time to progression
as documented by CT and survival time is longer. In a 
comparison of patients treated at the National Cancer 
Institute (NCI), Bethesda, from 1990 to 1993 who did not
receive adjuvant therapy and patients treated from 1993 to
1996 and who received cytoreduction followed by adjuvant
immunochemotherapy with cisplatin, interferon, and 
tamoxifen, the addition of postoperative adjuvant therapy
influenced postoperative survival.91,92 These data have been
corroborated by Rusch et al.93 Strong consideration should be
given to treating patients with postoperative chemotherapy (if
pleurectomy was performed) and/or radiotherapy (if EPP was
performed)94 as Phase III trials are rare and unlikely in this
disease.

Multimodality Treatment

Pleurectomy/Intraoperative Brachytherapy and
Postoperative Radiation

The Memorial Sloan Kettering Cancer Center has been the
leading proponent of this technique, which includes as com-
plete debulking by parietal pleurectomy as possible followed
by permanent (125I) or temporary (192Ir) implantation to deliver
3,000 rads in 3 days to a 1-cm distance from the implant
plane. Radioactive 32P is selectively instilled intrapleurally 5
to 7 days after thoracotomy, and external-beam radiation
therapy commences 4 to 6 weeks postoperatively using elec-
trons and photons to deliver 4,500 rads in 4.5 weeks. In a
series from 1984 there was minimum morbidity in 41
patients, and median survival was 21 months at the time of
their report.95 Most patients (54%) recurred at distant sites
with or without local recurrence. There have been no subse-
quent publications on this novel approach; however, the use
of intraoperative radiotherapy has been explored recently.
Radical pleurectomy/decortication has been combined with
intraoperative radiotherapy and postoperative three-dimen-
sional conformal radiation therapy or with IMRT. The study
resulted in a median survival of 18 months and median time
to progression of 12 months but requires greater maturation.
Moreover, the adjuvant therapy did not seem to have an
impact on patterns of recurrence after pleurectomy.96

Pleurectomy/Intrapleural Chemotherapy and
Postoperative Chemotherapy

There has been interest in combining debulking surgery with
intracavitary treatment of pleural mesothelioma since the
first reports of intrapleural chemotherapy alone for malignant
mesothelioma. Rusch et al. used intrapleural chemotherapy
with cisplatin and cytarabine after surgical debulking fol-
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lowed by systemic chemotherapy in 10 patients.97 A subse-
quent report used an even more aggressive regimen of pleurec-
tomy, immediate intracavitary cisplatin, and mitomycin C
with two cycles of systemic cisplatin and mitomycin C.98 In
the initial trial there was one postoperative death and the
chemotherapy complications were reversible, making such an
approach feasible. The most recent trial revealed an overall
survival rate of 68% at 2 years and 44% at 2 years in the 27
patients who received the therapy, with a median survival of
17 months.97,98 Recurrences, however, were chiefly locore-
gional. A very similar regimen combining pleurectomy or EPP
with cisplatin and mitomycin C resulted in a disappoint-
ing median survival of 13 months, and only 50% of the che-
motherapy treatments were delivered adjuvantly. In an Italian
study of 20 patients, pleurectomy and diaphragmatic or peri-
cardial resection, combined with intrapleural chemotherapy
with cisplatin and cytarabine for 4 hours immediately after
pleurectomy, followed by systemic chemotherapy with epiru-
bicin and mitomycin C, revealed a median time to disease
progression of 7.4 months and median survival of only 11.5
months.99

The intrapleural route with standard agents or radiation
therapy remains intriguing but unanswered with regard to its
efficacy. Phase II studies with the following design principles
continue to be needed: (1) a tolerable regimen without chronic
side effects, (2) a standard debulking approach with definition
of the extent of residual disease, and (3) careful documenta-
tion of recurrence patterns.

Extrapleural Pneumonectomy/Intravenous
Chemotherapy and Postoperative Radiotherapy

A multimodal approach to malignant mesothelioma using
EPP, postoperative chemotherapy, and targeted postoperative
radiotherapy has been ongoing since 1980 at the Brigham 
and Women’s Hospital in Boston.100 The adjuvant therapy
presently includes two cycles of paclitaxel and carboplatin
with concurrent radiation to a dose of 4,050cGy. Over a 19-
year period, 183 patients have been treated with a periopera-
tive mortality of 3.8%. The median survival in this group of
patients is approximately 17 months, which is a significant
improvement over other trials. Favorable subgroups include
those with no mediastinal nodal involvement and epithelial
histology.100

A large nonrandomized series from Germany has also
demonstrated apparent increased survival with multimodal
treatment compared to best supportive care.101 The treated
patients, however, were younger, had a better performance
status at presentation, and had no medical contraindications
to surgery. These 93 patients chose either best supportive care
or multimodal treatment. Surgery consisted of pleurectomy
decortication or EPP followed by systemic chemotherapy
with doxorubicin, cyclophosphamide, and vindesine. Patients
in remission at the end of the chemotherapy (16 of the 57
accrued) received 4,500 to 6,000cGy of radiation therapy to
the hemithorax. Median survival was 13 months compared to
7 months for those receiving best supportive care.

In a series of 32 patients from Italy, Maggi et al.102–104 used
the Brigham and Women’s protocol of EPP followed by adju-
vant chemotherapy and concurrent hemithoracic radiation up
to a total dose of 5,500cGy. The results were encouraging
with only a 6.25% operative mortality rate. However, a

median survival of only 9.5 months was reported as 50% of
the patients were found to be in stage III after the procedure.

Induction Chemotherapy Followed by Surgery

Induction or neoadjuvant therapy for pleural mesothelioma
followed by surgery has been patterned after such therapy
with non-small cell lung cancer. Results have been disap-
pointing due to the inability of the patients to tolerate both
the cytotoxic chemotherapy and the surgery. There also
appeared to be difficulty in performing the surgical dissection
after induction chemotherapy with doxorubicin because of
the dense adhesions, perhaps caused by fibrosis following
cancer kill by chemotherapy. With the improved efficacy 
of doublet chemotherapy (gemcitabine/cisplatin or peme-
trexed/cisplatin), there is renewed interest in investigating a
neoadjuvant approach for mesothelioma. A Swiss neoadju-
vant study used three cycles of cisplatin 80mg/m2 on day 1
and gemcitabine 1,000mg/m2 on days 1, 8, and 15 every 28
days followed by surgery. Radiation therapy was considered
after EPP to areas at risk. In all, 30 patients entered thus far
have been reported. After chemotherapy, 22 (73%) underwent
EPP. Histology after surgery revealed epithelioid (10) , mixed
(11), and sarcomatoid disease (3). There was 1 postoperative
fatality. The median overall survival was 20 months and the
1-year survival rate was 77%.105 A similar trial performed by
de Perrot et al. involved induction chemotherapy, surgery, and
postoperative hemithorax radiation therapy with a 6% oper-
ative mortality and 74% 1-year survival.106 A neoadjuvant
approach is presently being investigated in the United States
as a multicenter trial of four cycles of pemetrexed and cis-
platin followed by EPP and postoperative hemithorax radia-
tion therapy.

Currently, a pilot feasibility study of neoadjuvant
chemotherapy followed by EPP and postoperative radiother-
apy is under way in the United Kingdom (unpublished). The
mesothelioma and radical surgery (MARS, unpublished) trial
is intended to help determine the usefulness of EPP in the
management of mesothelioma. In this clinical trial, 670
patients will be enrolled over 3 years. Before randomization,
the patients will have histologically proven mesothelioma
with no distant metastases, with resectable disease, and have
undergone three cycles of cisplatin-based chemotherapy. Fol-
lowing their chemotherapy, each patient will be randomized
to the EPP + radiotherapy arm or the no further intervention
arm of the study. Follow-up for the patient is expected to be
5 years.

Novel Intrapleural Approaches: 
New Techniques with New/Old Agents

Intrapleural Photodynamic Therapy

Photodynamic therapy involves the light-activated sensitiza-
tion of malignant cells92 using a photosensitizer such as
Photofrin II that is retained by malignant tissue in vivo in
comparison to normal tissue. The sensitizer is activated by
630-nm light and then interacts with molecular oxygen to
produce an excited reactive oxygen species. After a series of
Phase I and II trials, a group of 63 patients with localized
mesothelioma were randomized to surgery, with or without
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intraoperative photodynamic therapy (PDT). All patients
received postoperative immunochemotherapy with cisplatin,
tamoxifen, and interferon. There were no differences in
median survival (14.4 versus 14.1 months) or median pro-
gression-free time (8.5 versus 7.7 months), and sites of first
recurrence were similar. Thus, aggressive multimodal
therapy incorporating PDT can be delivered for patients with
higher-stage mesothelioma, but first-generation PDT does not
prolong survival or increase local control for mesothelioma.
Other Phase II trials of photodynamic therapy and mesothe-
lioma have not demonstrated therapeutic efficacy,107–109 and
most recently preliminary results using intrapleural PDT
with meta-tetrahydroxy-phenylchlorin after EPP have
revealed significant toxicities without survival benefit110

(Table 38.5).

Pleural Perfusion

Hyperthermic chemoperfusion of the pleura after resection of
mesothelioma is based on the hypothesis that the treatment
will provide increased local control and avoid systemic
chemotherapy toxicity. Ratto et al. delivered cisplatin to the
pleural space after pleurectomy or EPP in 10 patients111 and

recorded the pharmacokinetics but did not comment on sur-
vival or recurrences. Other small Phase II studies using cis-
platin or doxorubicin with cisplatin have recorded morbidity
rates of 33% to 65% using temperatures of 40°a to 42°C
without impacting on survival112,113 (Table 38.6). Sugarbaker
et al. presented a Phase I/II trial using hyperthermic cisplatin
(42°C) to perfuse both the abdomen and the pleura after
pleurectomy/decortication. Operative mortality was 11%,
and survival of all patients was 10.5 months; however, in the
group of patients surviving surgery who received 225mg/m2

of cisplatin, the median survival was 22 months and disease-
free survival was 20 months.114

Novel Gene and Cytokine-Related Therapies

By transferring the herpes simplex virus (HSV-tk) thymidine
kinase gene to a tumor by infecting it with an adenovirus con-
struct containing the TK gene (AdHSVtk), one essentially
kills the tumor with the addition of gancyclovir. A Phase I
trial of intrapleural suicide gene therapy has been reported
that delivered a replication-deficient adenovirus encoding
HSV-tk (Ad.HSV-tk) which, in preclinical studies, was found
to transduce mesothelioma cells and treat human mesothe-
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TABLE 38.5. Pleural perfusion for mesothelioma.

Mortality/morbidity Median
Group N (%) Treatment Surgeries survival (months)

Ratto et al. 1999 7 0/28 Cisplatin 40°–42°C 4 EPP; 3 P N/A
Yellin et al. 2001 7 0/33 Cisplatin 41.5°C 4 EPP; 3 other 15
Carrey et al. 1993 3 0/33 Mitomycin C 40°C 3 P N/A
Van Ruth et al. 2003 20 0/65 Adriamycin, cisplatin 40°–41°C + 8 EPP; 6 P; 5 11

postoperative RT incomplete
Sugarbaker et al. 2003 44 11/44 Cisplatin 42°C 44 P 13

N/A, not available; P, pleurectomy; EPP, extrapleural pneumonectomy; RT, radiation therapy.

TABLE 38.6. Results for extrapleural pneumonectomy.

Median survival Two-year
Year Author N (months) survival (%)

2001 Rusch et al. 2001a 61 17 —
2001 Schouwink et al. 2001b 28 10 —
2000 Takagi et al. 2001 116 — 29.7
1999 Sugarbaker et al. 1999c 183 19 38
1997 Pass et al. 1997ad 39 9.4 —
1996 Rusch and Venkatraman 1996 50 9.9 —
1994 Allen et al. 1994 40 13.3 22.5
1990 Harvey et al. 1990 7 5.4 28.5
1989 Ruffie et al. 1989 23 9.3 17
1988 Faber 1988 33 13.5 24
1986 DaValle et al. 1986 17.8 24
1982 Chahinian et al. 1982 6 18 33
1978 DeLaria et al. 1978 11 18 —
1976 Butchart et al. 1976 29 4.5 10.3
a Postoperative hemithorax radiation therapy; all patients; stages I/II, 33.8; Stages III/IV, 10.
b Intraoperative photodynamic therapy.
c Postoperative multimodal therapy.
d Phase I trials of photodynamic therapy or immunochemotherapy.

Source: Modified from Singhal S, Kaiser LR. Surg Clin N Am 2002;82:797–831.



lioma xenografts in SCID mice.115 Gene transfer was demon-
strated in 17 of 25 evaluable patients and was dose depen-
dent. There was 1 partial response, 3 of the first 18 patients
remained stable for up to 2 years following treatment, and 1
early-stage patient was tumor free for more than 31 months.
The median survival of all patients was 11 months.

Immunomodulatory gene therapy is also being investi-
gated for mesothelioma by transfecting tumors with cytokine
genes that can activate CD4 T cells or stimulate CD8 T cells.
The IL-2 gene has been inserted into a replication-deficient
vaccinia virus, and six patients have been, treated with one
to three weekly injections of vaccinia virus-IL-2 (VV-IL-2)
intratumorally. No clinical responses were seen, although
expression of VV-IL-2 mRNA was detected in tumor biopsies
and a T-cell infiltrate was detected in 50% of tumor biopsies
at the site of injection.116–118 Preclinical trials of the transfec-
tion of interferon-b,119,120 interleukin 4, and p14121,122 into
mesothelioma are ongoing. An approach that combines
suicide gene therapy and vaccination strategies uses geneti-
cally modified allogeneic irradiated ovarian cancer cells trans-
duced with the HSV-tk gene followed with systemic
gancyclovir treatment.118–120,123–125 In in vitro mixing experi-
ments, gene-modified ovarian tumor cells killed both mouse
and human mesothelioma cells in a dose-dependent manner.
Use of the ovarian HSV-TK ovarian cells also prolonged sur-
vival of mice with mesothelioma in a dose-dependent fashion.
These data have served as the basis for an ongoing Phase I
clinical gene therapy trial to determine the maximum toler-
ated dose of HSV-TK-transduced ovarian cancer cells infused
into the pleural cavities of mesothelioma patients followed
by systemic gancyclovir.

Intrapleural and Systemic Cytokine Therapy

The use of intrapleural cytokine therapy by infusional tech-
niques has chiefly been investigated in earlier-stage mesothe-
lioma, and the effectiveness of interferon-g by this route has
been documented by Boutin et al.126,127 Interferon was admin-
istered at a dose of 40 million units twice a week for 8 weeks
intrapleurally via a catheter or an implantable port for 89
patients over 46 months. Thoracoscopic or surgical biopsy
was performed if CT scan 2 weeks after the end of treatment
demonstrated a reduction in tumor size. Eight histologically
confirmed complete responses and 9 partial responses with at
least a 50% reduction in tumor size were obtained. The
overall response rate was 20%. The response rate for patients
with stage I disease was 45% with the main side effects being
hyperthermia, liver toxicity, neutropenia, and catheter-
related infection.

Intrapleural interleukin-2-based regimens have also been
exploited in mesothelioma.128 Intrapleural IL-2 (21 ¥ 106

IU/m2/day for 5 days) was given to 22 patients with mesothe-
lioma. Patients had stage IA (n = 3), stage IB (n = 1), stage II
(n = 16), stage III (n = 1), or stage IV (n = 1) disease (Butchart
classification). Histology comprised epithelial (n = 19), mixed
(n = 2), and fibrosarcomatous (n = 1) mesothelioma. Patients
were evaluated for response 36 days after treatment by CT
scan and thoracoscopy with biopsies. There were 11 partial
responses and 1 complete response. Stable disease occurred in
3 patients and disease progression in 7 patients. The overall
median survival time was 18 months, and the 24-month and
36-month survival rates for responders were 58% and 41%,

respectively. Surprisingly, no confirmatory trials of this
promising approach have been published.

Chemotherapy And Newer Agents

The rarity and dismal survival of pleural mesothelioma has
precluded, until recently, Phase III trials. It was not surpris-
ing, therefore, that early studies with single-agent chemother-
apeutics were tested in 20 to 40 patients21,129–133 with the hope
that a major therapeutic advance would be discovered with
limited numbers of patients. The most common single-agent
drugs used for mesothelioma have been the anthracyclines,
platinum agents, and antimetabolites.134 The anthracyclines
have had response rates of 0% to 15%, with median survivals
of 4.4 to 9.5 months. Cisplatinum or carboplatinum have had
response rates of 7% to 16%, with median survivals of 5 to 8
months. Antimetabolites as single agents have had response
rates from 0% to 37%, the highest observed in methotrexate
(37%) and gemcitabine (31%).134 Typically, tumor regression
of short duration associated with symptomatic improvement
occurred in 15% of patients treated with chemotherapy but
the median survival remained at about 7 to 9 months.
Recently, however, a clinical benefit in up to 40% to 50% of
patients was seen with single-agent vinorelbine.135

In general, combination regimens have had higher
response rates and longer median survival times. Anthracy-
cline-based combinations had response rates from 11% to
32% and median survivals from 5.5 to 13.8 months, and those
with platinum have had response rates of 6% to 48% with
median survivals of 5.8 to 16 months.134

A 1998 report from the U.K. suggested that clinical
benefit as measured by reduction in pain and dyspnea
occurred in up to 40% to 50% of patients treated with a
regimen of mitomycin C, vinblastine, and cisplatin (MVC).136

Therefore, a study is under way that will randomize more
than 800 patients with mesothelioma to single-agent vinorel-
bine, the MVC combination, or supportive care to determine
whether chemotherapy improves either quality of life or
length of life in this disease.137

A role for the antifolates has been suggested since it was
reported that methotrexate induced regressions in 37% of
patients.138 Other antifolates had consistent but low activity
as well139–143 (Table 38.7). A novel antifolate, pemetrexed,
binds with high affinity to folate transport proteins,144 is
extensively polyglutamated, inhibits dihydrofolate reductase
(DHFR), thymidylate synthase (TS), and glycinamide ribonu-
cleotide formyltransferase (GARFT), and demonstrated broad
antitumor activity in Phase I and II trials.145 In Phase I studies,
the combination of cisplatin and pemetrexed induced regres-
sions in 5 of 12 (38%) of pleural mesothelioma patients in one
study146 and significant radiologic improvements in approxi-
mately 40% of patients in another.147 These two trials led to
a Phase II trial of pemetrexed as a single agent in the treat-
ment of mesothelioma148 in which 14% of patients responded.
A comprehensive multivariate analysis of ongoing Phase II
and III trials revealed that elevated serum homocysteine and
methylmalonic acid (MMA) levels indicated folic acid and
vitamin B12 deficiency states were the major contributors to
grade 3 and 4 toxicity of pemetrexed.149 Subsequently, the
enforced initiation of folic acid therapy (400–1,000mg/day) and
B12 injections every 9 weeks reduced myelosuppression and
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gastrointestinal toxicity while preserving and possibly
enhancing efficacy.

Encouraging results in Phase I and II trials prompted a
Phase III trial with 448 evaluable patients comparing every-
3-week single-agent cisplatin (75mg/m2) versus pemetre-
xed (500mg/m2 IV bolus over 10 minutes) plus cisplatin 
(75mg/m2). Median survival time was clearly superior with
combination therapy (12.1 months versus 9.3 months, respec-
tively). An average 30% reduction in the thickness of the
pleural rind measured by CT scan was 41.3% in the combi-
nation arm versus 16.7% in the cisplatin-alone arm. Time to
disease progression, pulmonary function, and quality of life
also improved in a statistically significant manner in the
pemetrexed/cisplatin-treated patients.

Treatment with the combination regimen had resulted in
more serious adverse events including drug-related death,
grades 3 and 4 neutropenia, thrombocytopenia, and nausea
and vomiting compared with cisplatin alone; however, sup-
plementation with folic acid and vitamin B12 significantly
reduced the incidence of these toxicities and was associated
with longer survival (P less than 0.01) in the pemetrexed/cis-
platin arm only. Sustained improvement in quality of life and
symptom relief (including pain, dyspnea, fatigue, anorexia,
and cough) were also seen in the combination arm when com-
pared with cisplatin alone.150 These results suggest treatment
with pemetrexed and cisplatin, supplemented with folic acid
and vitamin B12, provides an improved risk-to-benefit ratio in
the treatment of mesothelioma.

Powerful predictors of increased survival and decreased
survival were consistent with those reported previously in
this chapter. Pulmonary function tests (PFTs) before each
cycle of therapy in both treatment arms were improved in
both the responder and stable-disease patients.151 Changes in
slow vital capacity (SVC), forced vital capacity (FVC), or
forced expiratory volume in 1 second (FEV1) all correlated sig-
nificantly with tumor response status. Therefore, the com-
monly used objective measurement with PFTs may be helpful
and more sensitive than CT scanning in detecting treatment
efficacy for patients with a response.

An additional two drug regimens containing a platinating
agent (cisplatin, carboplatin, and oxaliplatin) have been
studied in Phase II trials and appear to be associated with
response rates and median survivals similar to that of the
pemetrexed/cisplatin-treated patients. The combination of
the older chemotherapeutic agent cisplatin combined with
the antimetabolite gemcitabine showed a 30% or greater
reduction in the thickness of the pleural rind and improve-
ment in symptoms in 10 of 21 (47%) of patients in one
study152; in another, a 26% rate of activity was seen but
median survival was only 7.5 months.153 Other multicenter
Phase II studies have shown promising activity with combi-

nation chemotherapy using gemcitabine/carboplatin, leading
to widespread use of this regimen.154–156

Following an encouraging Phase II experience with ran-
pirase, a ribonuclease derived from frogs’ eggs,157 a Phase III
trial compared the median survival of 154 patients random-
ized to treatment with either single-agent doxorubicin or ran-
pirnase (Onconase). No difference in the median survivals of
7 to 8 months in each group was seen. Poor-risk patients were
heavily weighted in the ranpirnase arm, and elimination of
those patients from the analysis showed median survival for
rapirnase was 11 months. The trial has now been extended to
compare doxorubicin to doxorubicin plus ranpirnase and will
accrue a total of up to 300 patients. Ranpirnase has recently
been granted orphan drug status for the treatment of mesothe-
lioma by the European Union.

In a 3-year period from November 1999 to January 2003,
250 patients were randomized into a Phase III study of cis-
platin alone or cisplatin plus raltitrexed, a thymidine syn-
thase inhibitor. Previously, Phase I and Phase II studies had
shown an overall response rate of 20% to 35% in the combi-
nation arm and 21% with cisplatin alone. Patients must have
had histologically confirmed mesothelioma that was unre-
sectable, had not been pretreated with chemotherapy, and a
performance status of 0 to 2. Cisplatin (80mg/m2) or cisplatin
(80mg/m2) plus raltitrexed (3mg/m2) was given every 3 weeks
until progression, unacceptable toxicity, or patient refusal
occurred. The population was 80% male, median age 58 years,
and mostly histological subtype epithelial (68%). Most
patients had a performance status of 1 (62%). Grade 3 and 4
toxicities were roughly double in the combination arm for
neutropenia, thrombocytopenia, fatigue, nausea, and emesis.
Interestingly, more patients with greater pleuritic pain were
in the cisplatin-alone arm when compared with combination
therapy (n = 10 versus 6, respectively), and dyspnea was equiv-
alent in the two treatment arms. There were 207 patients
with measurable disease who were followed by RECIST cri-
teria during the study. Partial response was seen in 14 cis-
platin-alone patients compared with 24 in the combination
arm. In addition, 1 patient in the combination arm achieved
completed response. Overall response rates and median and
1-year survivals were better for the combination therapy com-
pared with cisplatin alone, showing a trend toward improved
survival in combination (23% versus 14 %, 11.2 versus 8.8
months, and 45% versus 40%, respectively); however, these
results were not statistically significant.

In spite of these modestly heartening results, chemother-
apeutic agents have historically had little effectiveness
against mesothelioma. Most of the larger studies require
unresectable patients; therefore, the benefit of these drug reg-
imens in early-stage mesothelioma is not well studied.
However, in the studies reported, newer agents seem to be
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TABLE 38.7. Single-agent antifolate studies.

No. of Response
Drug Author and year of report patients rate

Methotrexate Solheim et al. 1992 63 37%
CB-3717 Calvert et al. 1987; Cantwell et al. 1986 18 5%
Trimetrexate Vogelzang et al. 1994 52 12%
Edatrexate Kindler et al. 1999 60 25%
Pemetrexed Scagliotti and Novello 2003 64 15%



somewhat more effective and the pemetrexed and cisplatin
combination alters the natural history of mesothelioma.
Second-line chemotherapy may also alter the natural history
of mesothelioma, but Phase III trials using a placebo-control
population are needed. Effective agents with unique mecha-
nisms of action against mesothelioma are still desperately
needed. Vascular endothelial growth factor (VEGF) signal
transduction inhibitors are being tested and have clinical
activity. To optimally test the many newer agents, referral of
fit patients with no prior exposure to systemic therapy to clin-
ical trials is strongly encouraged.

Malignant Peritoneal Mesothelioma

Presentation

Peritoneal mesotheliomas account for 25% to 33% of all
mesotheliomas. Similar to pleural mesothelioma, it is diag-
nosed later in life (median age, 60 years), and there is a male
to female ratio of 3 :1. The relationship between mesothe-
lioma and heavy exposure to airborne asbestos fibers is 
statistically proven, and pleural plaques are seen in approxi-
mately 50% of patients with peritoneal primaries.158

Presentation commonly includes increased abdominal
girth from ascites (49%), pain (43%), and weight loss (22%)
and includes a pain-predominant or ascites-predominant clin-
ical type,159 with concomitant abdominal distension and
abdominal pain in 14% of the patients. A tumor mass is seen
in 6% of patients with localized abdominal pain with little
or no ascites, and the abdominal mass is usually represents
omental caking.160 Most patients have had symptoms for 6
months to 2 years before diagnosis. Men can present with an
inguinal or umbilical hernia, and women can present with a
pelvic mass. Some patients present with a new-onset hernia.
Other signs of advanced disease include fever, leukocytosis,
and thrombocytosis, and are associated with poor prognostic
signs.161

Diagnosis

Radiography and Tissue Procurement

The workup of the patient with a peritoneal mesothelioma
usually includes abdominal ultrasonography,162 CT of the
abdomen,163–165 MRI,166,167 and most recently PET scanning.168

On routine endoscopy, the appearance of mesothelioma is con-
sistent with metastatic tumors with nodules, plaques, and
masses that will involve the parietal and visceral peritoneum.
The absence of hepatic parenchymal metastases should alert
the physician to the possibility that the pathology is mesothe-
lioma. Patients may present with massive ascites without
demonstrable solid disease, ascites with infiltration of the
mesentery leading to mesenteric thickening, peritoneal stud-
ding with masses of varying sizes, and/or hemorrhage within
a dominant tumor mass.169,170 Peritoneal fluid from malignant
ascites may be a watery transudate or a viscous fluid rich in
mucopolysaccharides. Cytology establishes the diagnosis in
only 5% to 10% of cases; however, viscous ascites with high
fluid hyaluronidase levels may suggest the diagnosis. Defini-
tive diagnosis requires CT-guided core biopsy of tumor masses
or infiltrated omentum,171 paracentesis with cell block for

immunohistochemical staining, or preferably adequate tissue
sampling from a laparoscopy with biopsy172,173 or an open
directed biopsy. Laparoscopy, in addition to evaluating the
extent of disease, should carefully examine the ovaries and the
bowel to rule out nonmesothelioma neoplasms. Sufficient
tissue must be obtained to perform immunohistochemical
staining to differentiate an abdominal mesothelioma from
other more-common causes of peritoneal carcinomatosis.

Peritoneal mesotheliomas must be differentiated from
papillary tumors of the peritoneum (WDPM) because these
tumors have a completely different natural history (see
Benign Mesotheliomas). Although the ability to diagnose
cystic mesotheliomas of the peritoneum before or at the time
of exploratory laparotomy is limited, there has been advocacy
for the avoidance of treatment unless there is evidence of pro-
gressive disease.174 Differential diagnosis from ovarian cancer
or true mesothelioma, however, may be possible only after
the surgically resected ovaries and tumor are examined patho-
logically to document that there is no minimal or superficial
invasion of the ovarian cortex or through immunohisto-
chemical methods.175 Because the amount of residual disease
may be a prognostic factor, all such patients should be
debulked to no macroscopic disease. Nevertheless, despite
initial surgical resection, approximately one-half recur
locally, and outcome is not associated with lesion size or 
proliferation.176 There are recent anecdotal reports of an
aggressive approach to these tumors either by adding adjuvant
platinum-based chemotherapy after resection or primary
treatment with cytoreductive surgery, and heated chemoper-
fusion may prove worthwhile.177

Staging and Natural History of Malignant
Peritoneal Mesothelioma

There is no staging system for peritoneal mesothelioma. The
tumor is typically confined to the abdomen until late in the
course and usually spreads to one or both pleural cavities
rather than disseminating hematogenously. Most patients die
without metastases or involvement of the chest. Involvement
of the serosa overlying the small and large bowel, 
the liver, the spleen, and other organs leads to encasement 
of these organs in tumor tissue and repeated bowel obstruc-
tions. The median survival of untreated patients is 5 to 
12 months.178,179

Treatment

A multidisciplinary aggressive approach has evolved at spe-
cialized centers for treating peritoneal mesothelioma. Com-
plete surgical resection is rarely, if ever, feasible and has not
shown a survival benefit in the absence of additional therapy.
Nevertheless, in the absence of clear evidence-based data, it
may be that effective local therapy has a substantial effect on
the survival of patients with this disease, and peritoniectomy
and cytoreduction is an integral part of multimodality
therapy for the disease. Because of the low response rates of
systemic chemotherapy, novel approaches involving either
induction therapy followed by surgery, or postoperative
intraperitoneal drug delivery after surgical debulking, were
explored. Intraperitoneal chemotherapy with a variety of
agents including cisplatinum, mitomycin C, doxorubicin, epi-
doxorubicin, etoposide, and cytarabine used either singly or
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in combination has been reported with responses up to 50%
in small Phase II studies.180–184 Whole abdominal radiotherapy
as an adjunct to intraperitoneal chemotherapy and surgery
was first described in 10 patients with peritoneal mesothe-
lioma in which 6 of the 10 patients received the multi-
modality approach between 1968 and 1985. The 6 patients
remained free of disease at 19+ to 78+ months after diagnosis
whereas the 4 patients not treated with this multimodality
approach died of the disease.185 The intraperitoneal infusion
of radioisotopes for peritoneal mesothelioma remains of 
historical interest only186,187; however, intraperitoneal
chemotherapy is of continued interest.

Intraperitoneal Chemotherapy

Intravenous chemotherapy results in patients with malignant
mesothelioma have been disappointing. Given the tendency
of the disease to remain confined to the peritoneum, interest
has focused on the use of intraperitoneal chemotherapy. The
primary theoretical obstacle to this form of treatment is the
shallow depth of drug penetration into tumor nodules. Advan-
tages include greatly enhanced drug concentrations in the
peritoneal cavity and decreased systemic toxicity. In addition,
substantial intravenous drug concentrations are obtained
from peritoneal absorption of some drugs such as cisplatin.
Thus, the combination of free surface diffusion and intracap-
illary drug flow may be potentially more efficacious than
intravenous treatment alone.

The use of intraperitoneal chemotherapy for mesothe-
lioma has been extensively reviewed.188,189 Intraperitoneal cis-
platin and intravenous thiosulfate protection have resulted in
a 59% complete response rate. However, many patients in
this study relapsed quickly after treatment, implying incom-
plete eradication of tumor using cisplatin alone.190 Intraperi-
toneal cisplatin was given to 18 of 19 patients and cisplatin
alone was given to 1, resulting in 2 patients (10.5%) being
disease free more than 5 years after therapy.191 The combi-
nation of cisplatin and etoposide resulted in 1 complete
response in 5 patients with measurable disease.

Another study showed a response for two of four patients
receiving cisplatin-based intraperitoneal therapy, one of
which was a complete response. A 2-year follow-up laparo-
tomy revealed only adhesions.192 Additionally, a case report
noted continuing complete response at 53 months in a patient
treated with intraperitoneal cisplatin and cytarabine.193

Combined Modality Approaches

Several institutions have researched combined modality,
which typically involves surgery with cytoreduction,
intraperitoneal intraoperative treatment with cytotoxic
chemotherapy, and postoperative chemotherapy and/or radi-
ation therapy,194,195 and many of these reviews are reported
next in this section. In a retrospective review of 15 women
with peritoneal mesothelioma, it was reported that the
response rate to first-line chemotherapy regimens was 30%
overall but 67% to paclitaxel and cisplatin.196 The median sur-
vival of all patients was 12 months; however, survival was
longer for patients who underwent cytoreductive surgery
versus biopsy only (14 versus 6 months, P = 0.24) and
chemotherapy versus none (29 versus 1 month, P = 0.03).

Three sequential series of patients reported by Taub 
et al.195 (1980 to 1982, 1982 to 1985, 1986 to 1988) were

treated at the Dana Farber Cancer Institute and Joint Center
for Radiation Therapy. In the initial trial, 1 of 9 patients
treated with surgery and intravenous cyclophosphamide, dox-
orubicin, and dimethyltriazenoimidazole carboxamide
(DTIC), before and after whole abdominal radiotherapy, sur-
vived more than 10 years after diagnosis. In the second Phase
I trial between 1982 and 1985, 6 of 13 patients having a
debulking resection of all lesions of more than 1cm in size
were treated with intraperitoneal doxorubicin (6 to 50mg/m2)
and cisplatin (60 to 100mg/m2) for a total of 8 to 12 treat-
ments. At the time of the second laparotomy for removal of
the access device, all 6 patients had a minimum decrease 
of 50% in the size of the tumor. The complete treatment
package of surgical resection and chemotherapy followed 
by whole abdominal irradiation was completed in 4 patients.
Four of the 6 patients, including 3 of the 4 who received 
irradiation, remained disease free for at least 36, 48, 60, 
and 61 months after diagnosis. In the third Phase II series,
patients were treated with surgical debulking and intraperi-
toneal cisplatin and doxorubicin every 2 weeks for 20 weeks.
Patients with no visible disease at second-look laparotomy
received whole abdominal external-beam radiotherapy, and
patients with macroscopic residual disease were treated with
intravenous cyclophosphamide and doxorubicin and then
radiation therapy. Thirteen patients had responded to 
therapy (partial response, n = 7; complete response, n = 6;
although random biopsies were positive in all patients). Three
patients with partial responses relapsed at 8, 24, and 25
months. At the time of reporting, all 6 patients with com-
plete responses had remained in remission from 9 to 30
months (median, 25 months). Toxicity was generally mild,
including nausea, vomiting, transient elevation in creatinine,
and mild to moderate hematologic toxicity, and there were
no discontinuations due to toxicity. Two episodes of small
bowel obstructions in responding patients resolved without
surgical intervention.

In a series of 17 early-stage patients between 1984 and
1999195 who underwent cytoreductive surgery followed by
five cycles of intraperitoneal doxorubicin (25mg/m2) and cis-
platin (75mg/m2), 11 patients responded (65%) as assessed by
second-look laparotomy or CT scan and received total abdom-
inal radiation (3,000cGy, n = 3), intravenous chemotherapy (n
= 3), or both (n = 4). Ten patients completed all planned treat-
ment. Toxicity included nausea, fatigue, and myelosuppres-
sion. Median survival for this group was 27.6 months (range,
3.6–66 months), and 8 patients were alive at the 24-month
median follow-up (range, 3–49 months).

Taub et al.197 also pioneered the use of surgery, intraperi-
toneal chemotherapy, and postoperative radiotherapy for 
peritoneal mesothelioma. Ten symptomatic patients were
registered to be surgically debulked and receive five courses
of intraperitoneal cisplatin and doxorubicin postoperatively,
weekly over 10 weeks via the laparotomy-placed catheter.
After reexploration to document disease status and to resect
residual disease, patients were to receive 3,080cGy to the
abdomen and pelvis. Of the 10, 5 patients underwent surgi-
cal debulking and intraperitoneal chemotherapy but did not
receive planned radiotherapy and 4 completed all three
modalities of treatment. Three patients died of disease pro-
gression. The remaining 7 patients survived longer than 9
months; 4 had minimal or undetectable stable disease, and 3
had detectable intraabdominal disease.
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Other investigators have combined hyperthermia to 42°C
with the chemotherapy at the time of the cytoreduction.198–200

As part of three consecutive Phase I trials conducted at the
National Cancer Institute, 18 patients (13 had associated
ascites) underwent tumor debulking followed by a 90-minute
continuous hyperthermic peritoneal profusion with cisplatin.
Results showed symptomatic, multiply recurrent, benign,
cystic peritoneal mesothelioma (n = 1), reperfusion due to
recurrence after 6 months or more, a progression-free inter-
val following continuous hyperthermic peritoneal profusion
(n = 3), superficial wound infections (n = 2), and atrial fibril-
lation, pancreatitis, fascial dehiscence, ileus, line sepsis, and
Clostridium difficile colitis (n = 1 for each). No toxic deaths
occurred. Renal toxicity occurred at cisplatin doses above the
recommended Phase II dose. Postoperative resolution of
ascites occurred in 9 of 10 patients. Three patients with recur-
rent ascites at 10, 22, and 27 months after initial treatment
had resolution of their ascites with ongoing responses at 4, 6,
and 24 months after reperfusion. The median progression-free
survival was 26 months, and the overall 2-year survival was
80% at early follow-up.

In the series of Loggie,198 12 patients underwent
exploratory laparotomy with cytoreduction followed by a 2-
hour hyperthermic chemoperfusion using mitomycin C. One
patient died 50 days postoperatively from complications relat-
ing to small bowel perforation. Hematologic toxicity of the
procedure was minimal. Ascites was controlled in all patients
and permanently in 86% of patients presenting with ascites.
To date, median survival is 34.2 months with median follow-
up of 45.2 months; however, long-term follow-up is lacking,
and whether any of these patients had cystic mesothelioma
must be determined. The Sugarbaker et al. series of 51
patients reports an encouraging median survival of 50 to 60
months using cytoreduction and heated chemotherapy 
with adriamycin and cisplatinum followed by paclitaxel201;
however, further delineation of the histology of the patients
is needed.

Malignant Mesothelioma of the Tunica
Vaginalis Testis

Fewer than 100 cases of gonadal mesothelioma have been
reported in the literature, and although most patients are 50
years of age or older, approximately 10% of the patients are
younger than 25 years.202 Asbestos exposure is documented in
approximately one-half of the more recently reported cases.203

Patients generally present with a hydrocele or hernia. An
accurate preoperative diagnosis has been reported in only two
cases.204

All patients with a suspected testicular malignancy
should undergo a radical or high inguinal orchiectomy. Local
resection of the tumor or hydrocelectomy is associated with
a high recurrence rate compared with high inguinal orchiec-
tomy. Because preoperative diagnosis of gonadal mesothe-
lioma is difficult, management should be as for any testicular
tumor. The inguinal approach avoids interruption of the
scrotal lymphatics, which would alter the metastatic
pathway of the tumor, and also allows complete removal of
the spermatic cord up to the internal ring. Patients with evi-
dence of disease extending into the retroperitoneal nodes
should undergo a retroperitoneal lymphadenectomy.

The overall recurrence rate (local and disseminated) for
gonadal mesothelioma can be as high as 52%, with 38% of
patients dying of disease progression.205 Local recurrence is
seen in 36% of patients who undergo local resection of the
hydrocele wall, 10% after scrotal orchiectomy, and 12% after
inguinal orchiectomy.205 More than 60% of recurrences devel-
oped within the first 2 years of the follow-up. The overall
median survival is 23 months. There are few data regard-
ing the use of adjuvant therapy after resection of gonadal
mesothelioma.

Malignant Mesothelioma of the Pericardium

A recent review of the primary pericardial mesothelioma has
been published.206 It is a rare neoplasm with a reported inci-
dence of 0.0022% in an autopsy series of 5,000,000 case
studies207 and a calculated annual incidence of 1 in 40 million
in a Canadian epidemiologic survey.208 An antemortem diag-
nosis was made in less than one-third of 150 reported cases
in the literature. Pericardial mesotheliomas can occur at any
age, but people in the fourth to seventh decades of life are
most likely to be afflicted, and there is a 2 :1 male to female
ratio.209,210 Patients generally present with a pericardial effu-
sion,211 congestive heart failure, an anterior mediastinal mass,
or tamponade.212 Presentation is usually nonspecific, and
chest radiography may demonstrate only an enlarged cardiac
silhouette, making diagnosis difficult. Echocardiography can
reveal evidence of an effusion, thickening of the pericardium,
or mass involvement of the myocardium.213 CT scanning or
MRI can show a thickened pericardium and may help deter-
mine invasion into myocardium.214,215 Currently, surgical
excision is the treatment for primary pericardial mesothe-
lioma primarily to palliate symptoms of constriction or 
tamponade.

References

1. Price B. Analysis of current trends in United States mesothe-
lioma incidence. Am J Epidemiol 1997;145:211–218.

2. Carbone M, Kratzke RA, Testa JR. The pathogenesis of mesothe-
lioma. Semin Oncol 2002;29:2–17.

3. Gazdar AF, Butel JS, Carbone M. SV40 and human tumours:
myth, association or causality? Nat Rev Cancer 2002;2:957–964.

4. Baris YI, Sahin AA, Ozesmi M, et al. An outbreak of pleural
mesothelioma and chronic fibrosing pleurisy in the village of
Karain/Urgup in Anatolia. Thorax 1978;33:181–192.

5. Artvinli M, Baris YI. Malignant mesotheliomas in a small village
in the Anatolian region of Turkey: an epidemiologic study. J Natl
Cancer Inst 1979;63:17–22.

6. Baris YI, Artvinli M, Sahin AA. Environmental mesothelioma
in Turkey. Ann N Y Acad Sci 1979;330:423–432.

7. Baris YI, Saracci R, Simonato L, Skidmore JW, Artvinli M. Malig-
nant mesothelioma and radiological chest abnormalities in two
villages in Central Turkey. An epidemiological and environ-
mental investigation. Lancet 1981;1:984–987.

8. Baris I, Simonato L, Artvinli M, et al. Epidemiological and envi-
ronmental evidence of the health effects of exposure to erionite
fibres: a four-year study in the Cappadocian region of Turkey. Int
J Cancer 1987;39:10–17.

9. Baris B, Demir AU, Shehu V, Karakoca Y, Kisacik G, Baris YI.
Environmental fibrous zeolite (erionite) exposure and malignant
tumors other than mesothelioma. J Environ Pathol Toxicol
Oncol 1996;15:183–189.

therapy  for  malignant pleural  mesothelioma 6 3 9



10. Baris YI. Asbestos and Erionite Related Chest Diseases. Ankara,
Turkey: Semih Ofset Matbaacilik, 1987.

11. Wagner JC, Skidmore JW, Hill RJ, Griffiths DM. Erionite 
exposure and mesotheliomas in rats. Br J Cancer 1985;51:727–
730.

12. Emri S, Demir A, Dogan M, et al. Lung diseases due to envi-
ronmental exposures to erionite and asbestos in Turkey. Toxicol
Lett 2002;127:251–257.

13. Roushdy-Hammady I, Siegel J, Emri S, Testa JR, Carbone M.
Genetic-susceptibility factor and malignant mesothelioma in
the Cappadocian region of Turkey. Lancet 2001;357:444–445.

14. Ascoli V, Mecucci C, Knuutila S. Genetic susceptibility and
familial malignant mesothelioma. Lancet 2001;357:1804.

15. Battifora H, McCaughey WTE. Atlas of Tumor Pathology, vol 3,
fascicle 15. Washington, DC: Armed Forces Institute of Pathol-
ogy, 2003.

16. Gordon GJ, Jensen RV, Hsiao LL, et al. Translation of microar-
ray data into clinically relevant cancer diagnostic tests using
gene expression ratios in lung cancer and mesothelioma. Cancer
Res 2002;62:4963–4967.

17. Roggli VL, Sharma A, Butnor KJ, Sporn T, Vollmer RT. Malig-
nant mesothelioma and occupational exposure to asbestos: a
clinicopathological correlation of 1445 cases. Ultrastruct Pathol
2002;26:55–65.

18. Connelly RR, Spirtas R, Myers MH, Percy CL, Fraumeni JF Jr.
Demographic patterns for mesothelioma in the United States. 
J Natl Cancer Inst 1987;78:1053–1060.

19. Fraire AE, Cooper S, Greenberg SD, Buffler P, Langston C.
Mesothelioma of childhood. Cancer (Phila) 1988;2:838–847.

20. Kannerstein M, Churg J, McCaughey WT. Asbestos and
mesothelioma: a review. Pathol Annu 1978;13(pt 1):81–129.

21. Herndon JE, Green MR, Chahinian AP, Corson JM, Suzuki Y,
Vogelzang NJ. Factors predictive of survival among 337 patients
with mesothelioma treated between 1984 and 1994 by the
Cancer and Leukemia Group B. Chest 1998;113:723–731.

22. Vogelzang NJ, Emri S, Boyer M, et al. Effect of folic acid and
vitamin b12 supplementation on risk-benefit ratio from phase
III study of pemetrexed + cisplatin versus cisplatin in malignant
pleural mesothelioma. Proc Am Soc Clin Oncol 2003;22:657
(abstract).

23. Hedman M, Arnberg H, Wernlund J, Riska H, Brodin O. Tissue
polypeptide antigen (TPA), hyaluronan and CA 125 as serum
markers in malignant mesothelioma. Anticancer Res 2003;
23:531–536.

24. Thylen A, Hjerpe A, Martensson G. Hyaluronan content in
pleural fluid as a prognostic factor in patients with malignant
pleural mesothelioma. Cancer (Phila) 2001;92:1224–1230.

25. Paganuzzi M, Onetto M, Marroni P, et al. Diagnostic value of
CYFRA 21–1 tumor marker and CEA in pleural effusion due to
mesothelioma. Chest 2001;119:1138–1142.

26. Pass HI, Bones J, Hellstrom KE, et al. A sensitive serum test 
for monitoring of malignant pleural mesothelioma. Proc  2003;8:
30 (abstract).

27. Wechsler RJ, Rao VM, Steiner RM. The radiology of thoracic
malignant mesothelioma. Crit Rev Diagn Imaging 1984;20:
283–310.

28. Heller RM, Janower ML, Weber AL. The radiological manifesta-
tions of malignant pleural mesothelioma. Am J Roentgenol
Radium Ther Nucl Med 1979;108:53–59.

29. Solomon A. Radiological features of diffuse mesothelioma.
Environ Res 1970;3:330–338.

30. Gamsu G, Aberle DR, Lynch D. Computed tomography in the
diagnosis of asbestos-related thoracic disease. J Thorac Imaging
1989;4:61–67.

31. Miller BH, Rosado-de-Christenson ML, Mason AC, Fleming MV,
White CC, Krasna MJ. From the archives of the AFIP. Malignant
pleural mesothelioma: radiologic-pathologic correlation. Radi-
ographics 1996;16:613–644.

32. Patz EF Jr, Shaffer K, Piwnica-Worms DR, et al. Malignant
pleural mesothelioma: value of CT and MR imaging in predict-
ing resectability. AJR Am J Roentgenol 1992;159:961–966.

33. Pass HI, Temeck BK, Kranda K, Steinberg SM, Feuerstein IR. 
Preoperative tumor volume is associated with outcome in 
malignant pleural mesothelioma. J Thorac Cardiovasc Surg
1998;115:310–317.

34. Flores RM, Akhurst T, Gonen M, Larson SM, Rusch 
VW. Positron emission tomography defines metastatic disease
but not locoregional disease in patients with malignant 
pleural mesothelioma. J Thorac Cardiovasc Surg 2003;126:11–
16.

35. Schneider DB, Clary-Macy C, Challa S, et al. Positron emission
tomography with F18-fluorodeoxyglucose in the staging and pre-
operative evaluation of malignant pleural mesothelioma. J
Thorac Cardiovasc Surg 2000;120:128–133.

36. Benard F, Sterman D, Smith RJ, Kaiser LR, Albelda SM, Alavi A.
Metabolic imaging of malignant pleural mesothelioma with 
fluorodeoxyglucose positron emission tomography. Chest
1998;114:713–722.

37. Gerbaudo VH, Sugarbaker DJ, Britz-Cunningham S, Di Carli MF,
Mauceri C, Treves ST. Assessment of malignant pleural
mesothelioma with (18)F-FDG dual-head gamma-camera coin-
cidence imaging: comparison with histopathology. J Nucl Med
2002;43:1144–1149.

38. Flores R, Akhurst T, Gonen M, Larson SM, Rusch VW. FDG-PET
predicts survival in patients with malignant pleural mesothe-
lioma. Proc Am Soc Clin Oncol 2003;22:620 (abstract).

39. Therasse P, Arbuck SG, Eisenhauer EA, et al. New guidelines to
evaluate the response to treatment in solid tumors. European
Organization for Research and Treatment of Cancer, National
Cancer Institute of the United States, National Cancer Institute
of Canada. J Natl Cancer Inst 2000;92:205–216.

40. Herbert A, Gallagher PJ. Pleural biopsy in the diagnosis of malig-
nant mesothelioma. Thorax 1982;37:816–821.

41. Whitaker D, Shilkin KB, Sterrett GF. Cytological appearances 
of malignant mesothelioma. In: Henderson DW, Shilkin KB, 
Langlois SL, Whitaker D (eds). Malignant Mesothelioma. New
York: Hemisphere, 1992:167–182.

42. Whitaker D. The cytology of malignant mesothelioma.
Cytopathology 2000;11:139–151.

43. Blanc FX, Atassi K, Bignon J, Housset, B. Diagnostic value of
medical thoracoscopy in pleural disease: a 6-year retrospective
study. Chest 2002;121:1677–1683.

44. Kendall SW, Bryan AJ, Large SR, Wells FC. Pleural effusions: is
thoracoscopy a reliable investigation? A retrospective review.
Respir Med 1992;86:437–440.

45. Boutin C. Thoracoscopy in malignant mesothelioma. Pneu-
mologie 1989;43:61–65.

46. Boutin C, Schlesser M, Frenay C, Astoul P. Malignant pleural
mesothelioma. Eur Respir J 1998;12:972–981.

47. Boutin C, Rey F, Viallat JR. Prevention of malignant seeding after
invasive diagnostic procedures in patients with pleural meso-
thelioma. A randomized trial of local radiotherapy. Chest
1995;108:754–758.

48. Schouwink JH, Kool LS, Rutgers EJ, et al. The value of chest
computer tomography and cervical mediastinoscopy in the 
preoperative assessment of patients with malignant pleural
mesothelioma. Ann Thorac Surg 2003;75:1715–1718.

49. Rusch VW, Venkatraman ES. Important prognostic factors in
patients with malignant pleural mesothelioma, managed surgi-
cally. Ann Thorac Surg 1999;68:1799–1804.

50. Antman KH, Blum RH, Greenberger JS, Flowerdew G, Skarin
AR, Canellos GP. Multimodality therapy for malignant
mesothelioma based on a study of natural history. Am J Med
1980;68:356–362.

51. Herndon JE, Green MR, Chahinian AP, Corson JM, Suzuki Y,
Vogelzang NJ. Factors predictive of survival among 337 patients

6 4 0 chapter 38



with mesothelioma treated between 1984 and 1994 by the
Cancer and Leukemia Group B. Chest 1998;113:723–731.

52. Curran DT, Sahmoud P, van Therasse MJ, Postmus PE, Giaccone
G. Prognostic factors in patients with pleural mesothelioma: the
European Organization for Research and Treatment of Cancer
experience. J Clin Oncol 1998;16:145–152.

53. Gordon GJ, Jensen RFV, Hsiao LL, et al. Using gene expression
ratios to predict outcome among patients with mesothelioma. 
J Natl Cancer Inst 2003;95:598–605.

54. Pass HI, Liu Z, Wali A, et al. Gene expression profiles predict
survival and progression of pleural mesothelioma. Clin Cancer
Res 2004;10:849–859.

55. Rusch VW. A proposed new international TNM staging 
system for malignant pleural mesothelioma from the Interna-
tional Mesothelioma Interest Group. Lung Cancer 1996;14:1–
12.

56. Rusch VW, Venkatraman ES. Important prognostic factors in
patients with malignant pleural mesothelioma, managed surgi-
cally. Ann Thorac Surg 1999;68:1799–1804.

57. Pass HI, Temeck BK, Kranda K, Steinberg SM, Feuerstein IR. 
Preoperative tumor volume is associated with outcome in 
malignant pleural mesothelioma. J Thorac Cardiovasc Surg
1998;115:310–317.

58. Pass HI, Temeck BK, Kranda K, et al. Phase III randomized trial
of surgery with or without intraoperative photodynamic therapy
and postoperative immunochemotherapy for malignant pleural
mesothelioma. Ann Surg Oncol 1997;4:628–633.

59. Zellos LS, Sugarbaker DJ. Diffuse malignant mesothelioma of
the pleural space and its management. Oncology 2002;16:907–
913.

60. Sugarbaker DJ, Flores RM, Jaklitsch MT, et al. Resection
margins, extrapleural nodal status, and cell type determine post-
operative long-term survival in trimodality therapy of malignant
pleural mesothelioma: results in 183 patients. J Thorac 
Cardiovasc Surg 1999;117:54–63.

61. Sugarbaker DJ, Garcia JP. Multimodality therapy for malignant
pleural mesothelioma. Chest 1997;112:272S–275S.

62. Waller DA. Malignant mesothelioma: British surgical strategies.
Lung Cancer 2004;45(suppl 1):S81–S84.

63. Edwards JG, Abrams KR, Leverment JN, Spyt TJ, Waller DA,
O’Byrne KJ. Prognostic factors for malignant mesothelioma in
142 patients: validation of CALGB and EORTC prognostic
scoring systems. Thorax 2000;55:731–735.

64. Canto A, Guijarro R, Arnau A, Galbis J, Martorell M, Garcia AR.
Videothoracoscopy in the diagnosis and treatment of malignant
pleural mesothelioma with associated pleural effusions. Thorac
Cardiovasc Surg 1997;45:16–19.

65. Viallat JR, Rey F, Astoul P, Boutin C. Thoracoscopic talc
poudrage pleurodesis for malignant effusions. A review of 360
cases. Chest 1996;110:1387–1393.

66. Pien GW, Gant MJ, Washam CL, Sterman DH. Use of an
implantable pleural catheter for trapped lung syndrome in
patients with malignant pleural effusion. Chest 2001;119:1641–
1646.

67. Girling DJ, Muers MF, Qian W, Lobban D. Multicenter random-
ized controlled trial of the management of unresectable malig-
nant meothelioma porposed by the British Thoracic Society and
the British Medical Research Council. Semin Oncol 2002;29(1):
97–101.

68. Muers M F, Rudd RM, O’Brien ME, et al. A randomised trial 
of single-dose radiotherapy to prevent procedure tract metastasis
by malignant mesothelioma. Br J Cancer 2004;91(1):9–
10.

69. Brancatisano RP, Joseph MG, McCaughan BC. Pleurectomy for
mesothelioma. Med J Aust 1991;154:455–457, 460.

70. Ruffie P, Feld R, Minkin S, et al. Diffuse malignant mesothe-
lioma of the pleura in Ontario and Quebec: a retrospective study
of 332 patients. J Clin Oncol 1989;7:1157–1168.

71. Rusch VW. Pleurectomy/decortication in the setting of multi-
modality treatment for diffuse malignant pleural mesothelioma.
Semin Thorac Cardiovasc Surg 1997;9:367–372.

72. Pass HI, Kranda K, Temeck BK, Feuerstein I, Steinberg SM. Sur-
gically debulked malignant pleural mesothelioma: results and
prognostic factors. Ann Surg Oncol 1997;4:215–222.

73. Butchart EG, Ashcroft T, Barnsley WC, Holden MP. Pleuro-
pneumonectomy in the management of diffuse malignant
mesothelioma of the pleura. Experience with 29 patients.
Thorax 1976;31:15–24.

74. Faber LP. 1986: Extrapleural pneumonectomy for diffuse, 
malignant mesothelioma. Updated in 1994. Ann Thorac Surg
1994;58:1782–1783.

75. Sugarbaker DJ, Jaklitsch MT, Bueno R, et al. Prevention, early
detection, and management of complications after 328 consec-
utive extrapleural pneumonectomies. J Thorac Cardiovasc Surg
2002;128:138–146.

76. Rusch VW, Figlin R, Godwin D, Piantadosi S. Intrapleural cis-
platin and cytarabine in the management of malignant pleural
effusions: a Lung Cancer Study Group trial. J Clin Oncol 1991;
9:313–319.

77. Rusch VW, Rosenzweig K, Venkatraman E, et al. A phase II trial
of surgical resection and adjuvant high-dose hemithoracic radi-
ation for malignant pleural mesothelioma. J Thorac Cardiovasc
Surg 2001;122:788–795.

78. Rusch VW. Indications for pneumonectomy. Extrapleural pneu-
monectomy. Chest Surg Clin N Am 1999;9:327–338.

79. de Graaf-Strukowska L, et al. Factors influencing the outcome
of radiotherapy in malignant mesothelioma of the pleura: a
single-institution experience with 189 patients. Int J Radiat
Oncol Biol Phys 1999;43:511–516.

80. Ball DL, Cruickshank DG. The treatment of malignant
mesothelioma of the pleura: review of a 5-year experience, with
special reference to radiotherapy. Am J Clin Oncol 1990;13:4–9.

81. Gordon W Jr, Antman KH, Greenberger JS, Weichselbaum RR,
Chaffey JT. Radiation therapy in the management of patients
with mesothelioma. Int J Radiat Oncol Biol Phys 1982;8:19–25.

82. Davis SR, Tan L, Ball DL. Radiotherapy in the treatment of
malignant mesothelioma of the pleura, with special reference to
its use in palliation. Australas Radiol 1994;38:212–214.

83. Alberts AS, Falkson G, Goedhals L, Vorobiof DA, Van der Merwe
CA. Malignant pleural mesothelioma: a disease unaffected by
current therapeutic maneuvers. J Clin Oncol 1988;6:527–535.

84. Law MR, Gregor A, Hodson ME, Bloom HJ, Turner-Warwick M.
Malignant mesothelioma of the pleura: a study of 52 treated and
64 untreated patients. Thorax 1984;39:255–259.

85. Bissett D, Macbeth FR, Cram I. The role of palliative radiother-
apy in malignant mesothelioma. Clin Oncol (R Coll Radiol)
1991;3:315–317.

86. Bydder S, Phillips M, Joseph DJ, A randomised trial of single-
dose radiotherapy to prevent procedure tract metastasis by
malignant mesothelioma. Br J Cancer 2004;91:9–10.

87. Hilaris BS, Nori D, Kwong E, Kutcher GJ, Martini N. Pleurec-
tomy and intraoperative brachytherapy and postoperative radia-
tion in the treatment of malignant pleural mesothelioma. Int J
Radiat Oncol Biol Phys 1984;10:325–331.

88. Lee TT, Everett DL, Shu HK, et al. Radical pleurectomy/decor-
tication and intraoperative radiotherapy followed by conformal
radiation with or without chemotherapy for malignant pleural
mesothelioma. J Thorac Cardiovasc Surg 2002;124:1183–1189.

89. Ahamad A, Stevens CW, Smythe WR, et al. Intensity-modulated
radiation therapy: a novel approach to the management of malig-
nant pleural mesothelioma. Int J Radiat Oncol Biol Phys 2003;
55:768–775.

90. Forster KM, Smythe WR, Starkschall G, et al. Intensity-modu-
lated radiotherapy following extrapleural pneumonectomy for
the treatment of malignant mesothelioma: clinical implemen-
tation. Int J Radiat Oncol Biol Phys 2003;55:606–616.

therapy  for  malignant pleural  mesothelioma 6 4 1



91. Pass HI, Kranda K, Temeck BK, Feuerstein I, Steinberg SM. Sur-
gically debulked malignant pleural mesothelioma: results and
prognostic factors. Ann Surg Oncol 1997;4:215–222.

92. Pass HI, Temeck BK, Kranda K, et al. Phase III randomized trial
of surgery with or without intraoperative photodynamic therapy
and postoperative immunochemotherapy for malignant pleural
mesothelioma. Ann Surg Oncol 1997;4:628–633.

93. Rusch VW, Venkatraman ES. Important prognostic factors in
patients with malignant pleural mesothelioma, managed surgi-
cally. Ann Thorac Surg 1999;68:1799–1804.

94. Rusch VW, Rosenzweig K, Venkatraman E, et al. A phase II trial
of surgical resection and adjuvant high-dose hemithoracic radi-
ation for malignant pleural mesothelioma. J Thorac Cardiovasc
Surg 2001;122:788–795.

95. Hilaris BS, Nori D, Kwong E, Kutcher GJ, Martini N. Pleurec-
tomy and intraoperative brachytherapy and postoperative radia-
tion in the treatment of malignant pleural mesothelioma. IntJ
Radiat Oncol Biol Phys 1984;10:325–331.

96. Lee TT, Everett DL, Shu HK, et al. Radical pleurectomy/
decortication and intraoperative radiotherapy followed by con-
formal radiation with or without chemotherapy for malignant
pleural mesothelioma. J Thorac Cardiovasc Surg 2002;124:
1183–1189.

97. Rusch V, Saltz L, Venkatraman E, et al. A phase II trial of pleurec-
tomy/decortication followed by intrapleural and systemic
chemotherapy for malignant pleural mesothelioma. J Clin Oncol
1994;12:1156–1163.

98. Rusch VW, Niedzwiecki D, Tao Y, et al. Intrapleural cisplatin
and mitomycin for malignant mesothelioma following pleurec-
tomy: pharmacokinetic studies. J Clin Oncol 1992;10:
1001–1006.

99. Colleoni M, Sartori F, Calabro F, et al. Surgery followed by intra-
cavitary plus systemic chemotherapy in malignant pleural
mesothelioma. Tumori 1996;82:53–56.

100. Zellos LS, Sugarbaker DJ. Diffuse malignant mesothelioma of
the pleural space and its management. Oncology (Huntingt)
2002;16:907–913.

101. Calavrezos A, Koschel G, Husselmann H, et al. Malignant
mesothelioma of the pleura. A prospective therapeutic study of
132 patients from 1981–1985. KlinWochenschr 1988;66:
607–613.

102. Maggi G, Casadio C, Giobbe R, Ruffini E. The management of
malignant pleural mesothelioma. Eur J Cardiothorac Surg 2003;
23:255–256.

103. Maggi G, Giobbe R, Casadio C, Rena O. Palliative surgery for
malignant pleural mesothelioma. Eur J Cardiothorac Surg 2002;
21:1128–1129.

104. Maggi G, Casadio C, Cianci R, Rena O, Ruffini E. Trimodality
management of malignant pleural mesothelioma. Eur J 
Cardiothorac Surg 2001;19:346–350.

105. Stahel R, Weder W, Ballabio P, et al. Neoadjuvant chemotherpay
followed by pleuropneumonectomy for pleural mesothelioma: a
multicenter phase II trial of the SAKK. Lung Cancer 2003;
41(suppl 2):S59 (abstract).

106. de Perrot M, Ginsberg R, Payne D, et al. A phase II trial of induc-
tion chemotherapy followed by extrapleural pneumonectomy
and high-dose hemiothoracic radiation for malignant pleural
mesothelioma. Lung Cancer 2003;41(suppl 2):S59.

107. Bonnette P, Heckly GB, Villette S, Fragola A. Intraoperative pho-
todynamic therapy after pleuropneumonectomy for malignant
pleural mesothelioma. Chest 2002;122:1866–1867.

108. Schouwink H, Rutgers ET, et al. Intraoperative photodynamic
therapy after pleuropneumonectomy in patients with malignant
pleural mesothelioma: dose finding and toxicity results. Chest
2001;120:1167–1174.

109. Baas P, Murrer L, Zoetmulder FA, et al. Photodynamic therapy
as adjuvant therapy in surgically treated pleural malignancies.
Br J Cancer 1997;76:819–826.

110. Friedberg JS, Mick R, Stevenson J, et al. A phase I study of
Foscan-mediated photodynamic therapy and surgery in patients
with mesothelioma. Ann Thorac Surg 2003;75:952–959.

111. Ratto GB, Civalleri D, Esposito M, et al. Pleural space perfusion
with cisplatin in the multimodality treatment of malignant
mesothelioma: a feasibility and pharmacokinetic study. J Thorac
Cardiovasc Surg 1999;117:759–765.

112. Yellin A, Simansky DA, Paley M, Refaely Y. Hyperthermic
pleural perfusion with cisplatin: early clinical experience.
Cancer (Phila) 2001;92:2197–2203.

113. van Ruth S, Baas P, Haas RL, Rutgers EJ, Verwaal VJ, Zoetmul-
der FA. Cytoreductive surgery combined with intraoperative
hyperthermic intrathoracic chemotherapy for stage I malignant
pleural mesothelioma. Ann Surg Oncol 2003;10:176–182.

114. Sugarbaker DJ, Richards W, Zellos L, et al. Feasibility of pleurec-
tomy and intraoperative bicavitary hyperthermic cisplatin
lavage for mesothelioma: a phase I–II study. Proc Am Soc Clin
Oncol 2003:22 (abstract).

115. Sterman DH, Kaiser LR, Albelda SM. Gene therapy for malig-
nant pleural mesothelioma. Hematol Oncol Clin N Am 1998;
12:553–568.

116. Mukherjee S, Nelson D, Loh S, et al. The immune anti-tumor
effects of GM-CSF and B7–1 gene transfection are enhanced by
surgical debulking of tumor. Cancer Gene Ther 2991;8:580–588.

117. Mukherjee S, Haenel T, Himbeck R, et al. Replication-restricted
vaccinia as a cytokine gene therapy vector in cancer: persistent
transgene expression despite antibody generation. Cancer Gene
Ther 2000;7:663–670.

118. Nowak AK, Lake RA, Kindler HL, Robinson BW. New
approaches for mesothelioma: biologics, vaccines, gene therapy,
and other novel agents. Semin Oncol 2002;29:82–96.

119. Odaka M, Wiewrodt R, DeLong P, et al. Analysis of the immuno-
logic response generated by Ad.IFN-beta during successful
intraperitoneal tumor gene therapy. Mol Ther 2002;6:210–218.

120. Odaka M, Sterman DH, Wiewrodt R, et al. Eradication of
intraperitoneal and distant tumor by adenovirus-mediated inter-
feron-beta gene therapy is attributable to induction of systemic
immunity. Cancer Res 2001;61:6201–6212.

121. Yang CT, You L, Lin YC, Lin CL, McCormick F, Jablons DM. 
A comparison analysis of anti-tumor efficacy of adenoviral 
gene replacement therapy (p14ARF and p16INK4A) in human
mesothelioma cells. Anticancer Res 2003;23:33s–38s.

122. Yang CT, You L, Uematsu K, Yeh CC, McCormick F, Jablons
DM. p14(ARF) modulates the cytolytic effect of ONYX-015 
in mesothelioma cells with wild-type p53. Cancer Res 2001;
61:5959–5963.

123. Harrison LH Jr, Schwarzenberger PO, Byrne PS, Marrogi AJ,
Kolls JK, McCarthy KE. Gene-modified PA1-STK cells home to
tumor sites in patients with malignant pleural mesothelioma.
Ann Thorac Surg 2000;70:407–411.

124. Schwarzenberger P, Byrne P, Kolls JK. Immunotherapy-based
treatment strategies for malignant mesothelioma. Curr Opin
Mol Ther 1999;1:104–111.

125. Schwarzenberger P, Lei D, Freeman SM, et al. Antitumor activ-
ity with the HSV-tk-gene-modified cell line PA-1-STK in malig-
nant mesothelioma. Am J Respir Cell Mol Biol 1998;19:333–337.

126. Boutin C, Nussbaum E, Monnet I, et al. Intrapleural treatment
with recombinant gamma-interferon in early stage malignant
pleural mesothelioma. Cancer (Phila) 1994;74:2460–2467.

127. Driesen P, Boutin C, Viallat JR, Astoul PH, Vialette JP, Pasquier
J. Implantable access system for prolonged intrapleural
immunotherapy. Eur Respir J 194;7:1889–1892.

128. Astoul P, Picat-Joossen D, Viallat JR, Boutin C. Intrapleural
administration of interleukin-2 for the treatment of patients
with malignant pleural mesothelioma: a Phase II study [see com-
ments]. Cancer (Phila) 1998;83:2099–2104.

129. Antman K, Shemin R, Ryan L, et al. Malignant mesothelioma:
prognostic variables in a registry of 180 patients, the Dana-

6 4 2 chapter 38



Farber Cancer Institute and Brigham and Women’s Hospital
experience over two decades, 1965–1985. J Clin Oncol 1988;
6:147–153.

130. Curran D, Sahmoud T, Therasse P, van Meerbeeck J, Postmus
PE, Giaccone G. Prognostic factors in patients with pleural
mesothelioma: the European Organization for Research and
Treatment of Cancer experience. J Clin Oncol 1998;16:145–152.

131. Chahinian AP, Pajak TF, Holland JF, Norton L, Ambinder RM,
Mandel EM. Diffuse malignant mesothelioma. Prospective
evaluation of 69 patients. Ann Intern Med 1982;96:746–755.

132. Vogelzang NJ, Schultz SM, Iannucci AM, Kennedy BJ. Malignant
mesothelioma. The University of Minnesota experience. Cancer
(Phila) 1984;53:377–383.

133. Samuels BL, Herndon JE, Harmon DC, et al. Dihydro-5-
azacytidine and cisplatin in the treatment of malignant
mesothelioma: a phase II study by the Cancer and Leukemia
Group B. Cancer (Phila) 1998;82:1578–1584.

134. Janne PA. Chemotherapy for malignant pleural mesothelioma.
Clin Lung Cancer 2003;5(2):98–106.

135. Steele JP, Shamash J, Evans MT, Gower NH, Tischkowitz MD,
Rudd RM. Phase II study of vinorelbine in patients with malig-
nant pleural mesothelioma. J Clin Oncol 2000;18:3912–3917.

136. Middleton GW, Smith IE, O’Brien ME, et al. Good symptom
relief with palliative MVP (mitomycin-C, vinblastine and cis-
platin) chemotherapy in malignant mesothelioma. Ann Oncol
1998;9:269–273.

137. Girling DJ, Muers MF, Qian W, Lobban D. Multicenter random-
ized controlled trial of the management of unresectable malig-
nant mesothelioma proposed by the British Thoracic Society 
and the British Medical Research Council. Semin Oncol 2002;
29:97–101.

138. Solheim OP, Saeter G, Finnanger AM, Stenwig AE. High-dose
methotrexate in the treatment of malignant mesothelioma of
the pleura. A phase II study. Br J Cancer 1992;65:956–960.

139. Calvert AH, Alison DL, Harland SJ, et al. A phase I evaluation
of the quinazoline antifolate thymidylate synthase inhibitor,
N10-propargyl-5,8-dideazafolic acid, CB3717. J Clin Oncol 1986;
4:1245–1252.

140. Cantwell BM, Earnshaw M, Harris AL. Phase II study of a novel
antifolate, N10-propargyl-5,8 dideazafolic acid (CB3717), in
malignant mesothelioma. Cancer Treat Rep 1986;70:1335–1336.

141. Vogelzang NJ, Weissman LB, Herndon JE, et al. Trimetrexate 
in malignant mesothelioma: a Cancer and Leukemia Group B
Phase II study. J Clin Oncol 1994;12:1436–1442.

142. Kindler HL, Belani CP, Herndon JE, Vogelzang NJ, Suzuki Y,
Green MR. Edatrexate (10-ethyl-deaza-aminopterin) (NSC
#626715) with or without leucovorin rescue for malignant
mesothelioma. Sequential phase II trials by the cancer and
leukemia group B. Cancer (Phila) 1999;86:1985–1991.

143. Scagliotti GV, Shin DM, Kindler HL, et al. Phase II study of
pemetrexed with and without folic acid and vitamin B12 as
front-line therapy in malignant pleural mesothelioma. J Clin
Oncol 2003;21:1556–1561.

144. Westerhof GR, Schornagel JH, Kathmann I, et al. Carrier- and
receptor-mediated transport of folate antagonists targeting
folate-dependent enzymes: correlates of molecular-structure and
biological activity. Mol Pharmacol 1995;48:459–471.

145. Rusthoven JJ, Eisenhauer E, Butts C, et al. Multitargeted anti-
folate LY231514 as first-line chemotherapy for patients with
advanced non-small-cell lung cancer: a phase II study. National
Cancer Institute of Canada Clinical Trials Group. J Clin Oncol
1999;17:1194.

146. Thodtmann R, Depenbrock H, Dumez H, et al. Clinical and
pharmacokinetic phase I study of multitargeted antifolate
(LY231514) in combination with cisplatin. J Clin Oncol
1999;17:3009–3016.

147. Hughes A, Calvert P, Azzabi A, et al. Phase I clinical and phar-
macokinetic study of pemetrexed and carboplatin in patients

with malignant pleural mesothelioma. J Clin Oncol 2002;20:
3533–3544.

148. Shin DM, Scagliotti G, Kindler HL, et al. A phase II trial of peme-
trexed in malignant pleural mesothelioma patients: clinical
outcome, role of vitamin supplementation, respiratory symp-
toms and lung function. Proc Am Soc Clin Oncol 2003;21:
(abstract).

149. Niyikiza C, Baker SD, Seitz DE, et al. Homocysteine and
methylmalonic acid: markers to predict and avoid toxicity from
pemetrexed therapy. Mol Cancer Ther 2002;1:545–552.

150. Gralla R, Hollen PJ, Liepa AM, et al. Improving quality of life in
patients with malignant pleural mesothelioma: results of the
randomized pemetrexed + cisplatin vs. cisplatin trial using the
LCSS-meso instrument. Proc Am Soc Clin Oncol 2003;22:621
(abstract).

151. Paoletti P, Pistolesi M, Rusthoven J, et al. Correlation of pul-
monary function tests with best tumor response status: results
from the phase III study of pemetrexed + cisplatin vs. cisplatin
in malignant pleural mesothelioma. Proc Am Soc Clin Oncol
2003;22:659 (abstract).

152. Byrne MJ, Davidson JA, Musk AW, et al. Cisplatin and gem-
citabine treatment for malignant mesothelioma: a phase II study.
J Clin Oncol 1999;17:25–30.

153. Nowak AK, Byrne MJ, Williamson R, et al. A multicentre phase
II study of cisplatin and gemcitabine for malignant mesothe-
lioma. Br J Cancer 2002;87:491–496.

154. van Haarst JM, Baas P, Manegold C, et al. Multicentre phase 
II study of gemcitabine and cisplatin in malignant pleural
mesothelioma. Br J Cancer 2002;86:342–345.

155. Vogelzang NJ. Gemcitabine and cisplatin: second-line chemo-
therapy for malignant mesothelioma? J Clin Oncol 1999;17:
2626–2627.

156. Favaretto AG, Aversa SM, Paccagnella A, et al. Gemcitabine
combined with carboplatin in patients with malignant pleural
mesothelioma: a multicentric phase II study. Cancer (Phila)
2003;97:2791–2797.

157. Mikulski SM, Costanzi JJ, Vogelzang NJ, et al. Phase II trial of 
a single weekly intravenous dose of ranpirnase in patients 
with unresectable malignant mesothelioma. J Clin Oncol 2002;
20:274–281.

158. Antman KH. Clinical presentation and natural history of benign
and malignant mesothelioma. Semin Oncol 1981;8:313–320.

159. Mohamed F, Sugarbaker PH. Peritoneal mesothelioma. Curr
Treat Options Oncol 2002;3:375–386.

160. Mohamed F, Sugarbaker PH. Peritoneal mesothelioma. Curr
Treat Options Oncol 2002;3:375–386.

161. Antman K, Shemin R, Ryan L, et al. Malignant mesothelioma:
prognostic variables in a registry of 180 patients, the Dana-
Farber Cancer Institute and Brigham and Women’s Hospital
experience over two decades, 1965–1985. J Clin Oncol 1988;
6:147–153.

162. Latief KH, Somers JM, Hewitt M. High-resolution ultrasound in
the diagnosis of childhood malignant peritoneal mesothelioma.
Pediatr Radiol 1998;28:173.

163. Puvaneswary M, Chen S, Proietto T. Peritoneal mesothelioma:
CT and MRI findings. Australas Radiol 2002;46:91–96.

164. Sugarbaker PH, Acherman YI, Gonzalez-Moreno S, et al. 
Diagnosis and treatment of peritoneal mesothelioma: the 
Washington Cancer Institute experience. Semin Oncol 2002;29:
51–61.

165. Guest PJ, Reznek RH, Selleslag D, Geraghty R, Slevin M. Peri-
toneal mesothelioma: the role of computed tomography in diag-
nosis and follow up. Clin Radiol 1992;45:79–84.

166. Puvaneswary M, Chen S, Proietto T. Peritoneal mesothelioma:
CT and MRI findings. Australas Radiol 2002;46:91–96.

167. Ozgen A, Akata D, Akhan O, Tez M, Gedikoglu G, Ozmen MN.
Giant benign cystic peritoneal mesothelioma: US, CT, and MRI
findings. Abdom Imaging 1998;23:502–504.

therapy  for  malignant pleural  mesothelioma 6 4 3



168. Eade TN, Fulham MJ, Constable CJ. Primary malignant peri-
toneal mesothelioma: appearance on F-18 FDG positron emis-
sion tomographic images. Clin Nucl Med 2002;27:924–925.

169. Whitley NO, Brenner DE, Antman KH, Grant D, Aisner J. CT
of peritoneal mesothelioma: analysis of eight cases. AJR Am J
Roentgenol 1982;138:531–535.

170. Raptopoulos V, Gourtsoyiannis N. Peritoneal carcinomatosis.
Eur Radiol 2001;11:2195–2206.

171. Pombo F, Rodriguez E, Martin R, Lago M. CT-guided core-needle
biopsy in omental pathology. Acta Radiol 1997;38:978–981.

172. Stamat JC, Chekan EG, Ali A, Ko A, Sporn TA, Eubanks WS.
Laparoscopy and mesothelioma. J Laparoendosc Adv Surg Tech
A 1999;9:433–437.

173. Piccigallo E, Jeffers LJ, Reddy KR, Caldironi MW, Parenti A,
Schiff ER. Malignant peritoneal mesothelioma. A clinical and
laparoscopic study of ten cases. Dig Dis Sci 1988;33:633–639.

174. Hoekman K, Tognon G, Risse EK, Bloemsma CA, Vermorken JB.
Well-differentiated papillary mesothelioma of the peritoneum: a
separate entity. Eur J Cancer 1996;32A:255–258.

175. Ordonez NG. Role of immunohistochemistry in distinguishing
epithelial peritoneal mesotheliomas from peritoneal and ovarian
serous carcinomas. Am J Surg Pathol 1998;22:1203–1214.

176. Datta RV, Paty PB. Cystic mesothelioma of the peritoneum. Eur
J Surg Oncol 1997;23:461–462.

177. Sethna K, Mohamed F, Marchettini P, Elias D, Sugarbaker PH.
Peritoneal cystic mesothelioma: a case series. Tumori 2003;89:
31–35.

178. Antman KH, Osteen RT, Klegar KL, et al. Early peritoneal
mesothelioma: a treatable malignancy. Lancet 1985;2:977–981.

179. Loggie BW, Fleming RA, McQuellon RP, Russell GB, Geisinger
KR, Levine EA. Prospective trial for the treatment of malignant
peritoneal mesothelioma. Am Surg 2001;67:999–1003.

180. Markman M. Intraperitoneal chemotherapy. Crit Rev Oncol
Hematol 1999;31:239–246.

181. Markman M. Intracavitary chemotherapy. Crit Rev Oncol
Hematol 1985;3:205–233.

182. Langer CJ, Rosenblum N, Hogan M, et al. Intraperitoneal cis-
platin and etoposide in peritoneal mesothelioma: favorable
outcome with a multimodality approach. Cancer Chemother
Pharmacol 1993;32:204–208.

183. Howell SB, Pfeifle CE. Peritoneal access for intracavitary
chemotherapy. Cancer Drug Deliv 1986;3:157–161.

184. Howell SB, Pfeifle CL, Wung WE, et al. Intraperitoneal cisplatin
with systemic thiosulfate protection. Ann Intern Med 1982;
97:845–851.

185. Lederman GS, Recht A, Herman T, Osteen R, Corson J, Antman
KH. Long-term survival in peritoneal mesothelioma. The role of
radiotherapy and combined modality treatment. Cancer (Phila)
1987;59:1882–1886.

186. Brady LW. Mesothelioma: the role for radiation therapy. Semin
Oncol 1981;8:329–334.

187. Legha SS, Muggia FM. Therapeutic approaches in malignant
mesothelioma. Cancer Treat Rev 1977;4:13–23.

188. Antman KH, Pass HI, Schiff PB. Benign and malignant mesothe-
lioma. In: DeVita VT Jr, Hellman S, Rosenberg SA (eds). Cancer:
Principles and Practice of Oncology, 6th ed. Philadelphia: 
Lippincott-Raven, 2001:1943–1970.

189. Markman M. Intraperitoneal chemotherapy. Crit Rev Oncol
Hematol 1999;31:239–246.

190. Howell SB, Pfeifle CL, Wung WE, et al. Intraperitoneal cisplatin
with systemic thiosulfate protection. Ann Intern Med 1982;
97:845–851.

191. Markman M, Kelsen D. Efficacy of cisplatin-based intraperi-
toneal chemotherapy as treatment of malignant peritoneal
mesothelioma. J Cancer Res Clin Oncol 1992;118:547–550.

192. Vlasveld LT, Taal BG, Kroon BB, Gallee MP, Rodenhuis S. Intesti-
nal obstruction due to diffuse peritoneal fibrosis at 2 years after

the successful treatment of malignant peritoneal mesothelioma
with intraperitoneal mitoxantrone. Cancer Chemother Pharma-
col 1992;29:405–408.

193. Garcia Moore ML, Savaraj N, Feun LG, Donnelly E. Successful
therapy of peritoneal mesothelioma with intraperitoneal
chemotherapy alone. A case report. Am J Clin Oncol 1992;15:
528–530.

194. Taylor RA, Johnson LP. Mesothelioma: current perspectives.
West J Med 1981;134:379–383.

195. Taub RN, Keohan ML, Chabot JC, Fountain KS, Plitsas M. 
Peritoneal mesothelioma. Curr Treat Options Oncol 2000;
1:303–312.

196. Eltabbakh GH, Piver MS, Hempling RE, Recio FO, Intengen ME.
Clinical picture, response to therapy, and survival of women
with diffuse malignant peritoneal mesothelioma. J Surg Oncol
1999;70:6–12.

197. Taub RN, Keohan ML, Chabot JC, Fountain KS, Plitsas M. 
Peritoneal mesothelioma. Curr Treat Options Oncol 2000;
1:303–312.

198. Loggie BW. Malignant peritoneal mesothelioma. Curr Treat
Options Oncol 2001;2:395–399.

199. Mohamed F, Sugarbaker PH. Peritoneal mesothelioma. Curr
Treat Options Oncol 2002;3:375–386.

200. Park BJ, Alexander HR, Libutti SK, et al. Treatment of primary
peritoneal mesothelioma by continuous hyperthermic peri-
toneal perfusion (CHPP). Ann Surg Oncol 1999;6:582–590.

201. Sugarbaker PH, Acherman YI, Gonzalez-Moreno S, et al. Diag-
nosis and treatment of peritoneal mesothelioma: the Washing-
ton Cancer Institute experience. Semin Oncol 2002;29:51–61.

202. Khan MA, Puri P, Devaney D. Mesothelioma of tunica vaginalis
testis in a child. J Urol 1997;158:198–199.

203. Antman K, Cohen S, Dimitrov NV, Green M, Muggia F. Malig-
nant mesothelioma of the tunica vaginalis testis. J Clin Oncol
1984;2:447–451.

204. Gupta SC, Gupta AK, Misra V, Singh PA. Pre-operative diagno-
sis of malignant mesothelioma of tunica vaginalis testis by
hydrocele fluid cytology. Eur J Surg Oncol 1998;24:153–154.

205. Plas E, Riedl CR, Pfluger H. Malignant mesothelioma of the
tunica vaginalis testis: review of the literature and assessment
of prognostic parameters. Cancer (Phila) 1998;83:2437–2446.

206. Vigneswaran WT, Stefanacci PR. Pericardial mesothelioma. Curr
Treat Options Oncol 2000;1:299–302.

207. Cohen JL. Neoplastic pericarditis. Cardiovasc Clin 1976;7:
257–269.

208. McDonald AD, Harper A, McDonald JC, el Attar OA. Epidemi-
ology of primary malignant mesothelial tumors in Canada.
Cancer (Phila) 1970;26:914–919.

209. Kahn EI, Rohl A, Barrett EW, Suzuki Y. Primary pericardial
mesothelioma following exposure to asbestos. Environ Res 1980;
23:270–281.

210. Churg A, Warnock ML, Bensch KG. Malignant mesothelioma
arising after direct application of asbestos and fiber glass to the
pericardium. Am Rev Respir Dis 1978;118:419–424.

211. Eker R, Cantez T, Dogan O, Demiryent M, Celik A,
Karabocuoglu M. Pericardial mesothelioma. A pediatric case
report. Turk J Pediatr 1989;31:305–309.

212. Aggarwal P, Wali JP, Agarwal J. Pericardial mesothelioma pre-
senting as a mediastinal mass. Singapore Med J 1991;32:185–186.

213. Agatston AS, Robinson MJ, Trigo L, Machado R, Samet P.
Echocardiographic findings in primary pericardial mesothe-
lioma. Am Heart J 1986;111:986–988.

214. Thomason R, Schlegel W, Lucca M, Cummings S, Lee S. Primary
malignant mesothelioma of the pericardium. Case report and 
literature review. Tex Heart Inst J 1994;21:170–174.

215. Gossinger HD, Siostrzonek P, Zangeneh M, et al. Magnetic res-
onance imaging findings in a patient with pericardial mesothe-
lioma. Am Heart J 1988;115:1321–1322.

6 4 4 chapter 38



6 4 5

Mediastinum
Alexander S. Krupnick 
and Joseph B. Shrager

ecause tumors of the mediastinum make up only a
small portion of thoracic oncology and the cases are 
relatively few, treatment-based outcomes of only a few

mediastinal diseases processes have been evaluated by pow-
erful level I data consisting of randomized, controlled trials.1,2

The majority of the data guiding treatment of mediastinal
tumors, therefore, come from level II data.

Anatomy and Embryology

The mediastinum comprises an anatomic space located
between the thoracic inlet and the diaphragm and bordered
on the left and right sides by the pleural cavities. This central
anatomic location houses or borders upon vital structures of
almost every major organ system: the thymus of the immune
system, the heart and great vessels of the circulatory system,
the esophagus and major airways of the aerodigestive tract,
and important nerves such as the phrenic and vagus. The
oncologist or operating surgeon treating mediastinal disease
must be familiar, therefore, with both the anatomic configu-
ration and the pathophysiologic derangements that may occur
in each of these systems.

By the fourth week of gestation, the intraembryonic
coelom, or primordial body cavity, is separated into several
body cavities that will ultimately form the boundaries of 
the mediastinum. These cavities are the pericardial cavity,
the peritoneal cavity, and two pericardioperitoneal canals that
connect the two cavities. Growth of the lung buds as well as
mesenchymal tissue into the pericardioperitoneal canals
further divides these cavities and creates the mesothelial
lining, which will ultimately form the pleura and serve as the
lateral borders of the mediastinum. The primitive medi-
astinum, consisting of solid mesenchymal tissue, becomes a
true entity by the seventh week of gestation as the pericar-
dioperitoneal membranes fuse with the mesoderm ventral to
the esophagus. At approximately the same time, the primi-
tive bilobed thymus, derived from the third pharyngeal pouch
epithelium, descends into the mediastinum. By this time in
gestation, all adult structures are present in the primitive
mediastinum, but they begin to function only at different
points in development or even at birth.3

Despite the complex developmental relationships
between what are to become the mediastinal structures, 
postnatal anatomic divisions can be organized on the basis of
simple radiographic anatomy. The most anatomically appro-
priate model for organization of the mediastinum is a modi-

fication of the three-compartment model as refined by
Shields.4 According to this system, the mediastinum is
divided into what are essentially anterior, middle, and poste-
rior compartments based on the borders of anatomic struc-
tures as seen on a lateral radiograph (Figure 39.1). The anterior
compartment that Shields terms the prevascular zone is
bordered anteriorly by the sternum and posteriorly by the
pericardium and the great vessels. It contains the thymus,
variable amounts of fat and lymphatic tissue, and the inter-
nal mammary arteries and veins. The middle mediastinum
(Shield’s visceral compartment) extends from the anterior to
the posterior pericardium and contains the heart, great
vessels, trachea, main bronchi, and esophagus, along with all
associated lymph nodes. It is bordered by the main segments
of the phrenic nerves. The posterior mediastinum or par-
avertebral sulci is bounded anteriorly by the posterior peri-
cardium and extends posteriorly to the chest wall. It contains
the descending thoracic aorta, inferior vena cava, and sympa-
thetic chain and is variably deemed to include the esophagus
with associated vagi. One of the main advantages of this
system is the ability it confers to generate a differential diag-
nosis for a mediastinal mass based on the structures naturally
contained within the compartment in which it arises (Table
39.1). Such a classification thus allows the thoracic surgeon
or oncologist to proceed systematically to the appropriate
diagnostic or therapeutic approach depending on this differ-
ential diagnosis.

Signs and symptoms of mediastinal tumors can vary
widely at presentation and usually offer only nonspecific
clues to the nature of the underlying disease process.
Although more than 60% of patients do present with symp-
toms, it is not uncommon for an asymptomatic mass to be
detected on a routine screening examination.5 As a rule, two-
thirds of all mediastinal masses are benign, and more than
three-fourths of asymptomatic patients with mediastinal
lesions have a benign lesion. The majority of patients who
present with symptoms, however, have an underlying 
malignant process.5 The presenting symptoms vary widely
based on anatomic location. Although anterior mediastinal
masses can present with symptoms of anatomic impingement
such as cough, chest pain, or dyspnea, the presence of 
systemic symptoms such as fevers and night sweats height-
ens the suspicion for lymphoma whereas new-onset myas-
thenic symptoms are suggestive of thymoma. Posterior
mediastinal tumors, which are most commonly benign 
and neurogenic in nature, are usually asymptomatic at 
presentation.6
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Anterior Mediastinal Masses

Differential Diagnosis

Fifty percent of all mediastinal masses are located in the ante-
rior mediastinum, and the majority of all malignant medi-
astinal lesions occur in this compartment.5,7 In descending
order of frequency, the common malignant lesions here
consist of thymic tumors, lymphoma, and germ cell tumors
(see Table 39.1).

History and Physical Examination

After the initial chest radiograph, a history and physical
examination focusing on factors that suggest one of these
diagnoses is performed. Lymphomas and germ cell tumors
should be high on the differential diagnosis in patients under
40 years of age. Symptoms such as fevers, night sweats, and
weight loss can further enhance the suspicion for lymphoma.
Lymphoma symptoms are classified as A, if there are no sys-
temic symptoms, and as B, if fevers are above 38°C, drench-
ing night sweats occur, and weight loss is greater than 10%
body weight. The presence of remote, palpable lym-
phadenopathy also raises the likelihood of lymphoma and
may simplify tissue diagnosis via superficial lymph node 
excisional biopsy.

Thymoma usually affects adults over 40 years of age.7,8

Nearly one-half of patients with thymoma suffer from one or
more of the paraneoplastic symptoms associated with this
disease.8–10 Myasthenia gravis is the most common such
parathymic syndrome, and 30% to 50% of patients with
thymoma concurrently have this disease. A careful history
focusing on weakness and fatigability with repeated activity
and a detailed neuromuscular examination may suggest this
diagnosis and the diagnosis of thymoma.

Germ cell tumors account for only 1% to 4% of medi-
astinal tumors.11 The majority of patients present with symp-
toms caused by the mass lesion of the anterior mediastinum,
including chest pain, dyspnea, and cough. A small portion of
patients presents with constitutional symptoms such as
fever, night sweats, and malaise similar to patients with sys-
temic lymphoma. Asymptomatic cervical lymphadenopathy
has also been reported as the initial presenting sign of both
lymphoma and malignant germ cell tumor.12 Finally, germ
cell tumors can rarely be associated with testicular masses in
men, so a thorough testicular examination is important in
this population.

Serum Studies

Serologic evaluation plays an important role in the diagnosis
of mediastinal tumors and is the next step after history and
physical examination. It is now widely accepted that the neu-
romuscular abnormalities of myasthenia gravis are caused by
an antibody-mediated process, and 90% of patients with
myasthenia have detectable serum levels of antibodies to the
acetylcholine receptor (anti-Achr Ab), even if asympto-
matic.13 Although serum titers do not necessarily correlate
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FIGURE 39.1. Traditionally, the mediastinum has been divided into
anterior, middle, and posterior compartments based on the lateral
radiograph.

TABLE 39.1. Normal anatomic and pathologic content of the mediastinum.

Anterior mediastinum Middle mediastinum Posterior mediastinum

Thymus Heart Sympathetic chain
Thyroid (if ectopic) Ascending and transverse aortic arch Esophagus
Parathyroid (if ectopic) Superior and inferior vena cava Descending aorta
Lymphatic tissue Pulmonary arteries and veins Inferior vena cava
Internal mammary artery and vein Lymph nodes
Thymic neoplasms Pericardial cyst Neurogenic tumor
Lymphoma Bronchogenic cyst Esophageal disease
Germ cell tumors Enteric cyst
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with the magnitude of the disease,14 the presence of such anti-
bodies is diagnostic of the disease. Detectable anti-Achr Ab
combined with radiographic features of thymic enlargement
or a discrete thymic mass render the diagnosis of thymoma
likely and allow the clinician to proceed directly to surgical
therapy. As only 40% to 50% of thymomas are associated
with myasthenia, however, the absence of detectable anti-
Achr Ab does little to eliminate thymoma from the differen-
tial diagnosis of an anterior mediastinal mass.

Serum tumor markers play a critical role in the diagnosis,
treatment, and follow-up of patients with mediastinal
tumors. b-Human chorionic gonadotropin (b-HCG) and alpha
fetoprotein (AFP) are two of the most common markers used
in this diagnosis, and all patients with anterior mediastinal
masses should undergo serum evaluation for these proteins.
Alpha fetoprotein is synthesized by the fetal liver with struc-
tural and functional similarities to albumin, whereas b-HCG
is normally produced by the placenta and most likely func-
tions to maintain uterine integrity during pregnancy. In
adults, both AFP and b-HCG levels remain exceptionally low
except in pregnancy and certain disease states such as cir-
rhosis, hepatic and gastrointestinal cancers, and malignant
germ cell tumors.

An elevation in AFP is diagnostic of a nonseminomatous
component of a malignant germ cell tumor and is elevated in
80% to 90% of patients. b-HCG is also elevated in the major-
ity of nonseminomatous germ cell tumors. Primary medi-
astinal seminoma, on the other hand, does not result in an
elevation of AFP, but 10% of tumors may show a slight ele-
vation (less than 100ng/mL) of b-HCG.15 This small amount
of protein does not originate within the seminomatous tumor
itself but rather from the syncytiotrophoblasts scattered
throughout the tumor. Thus, the presence of elevated AFP
and b-HCG in patients with a known mediastinal mass is sug-
gestive of a germ cell tumor, and pure AFP elevation is most
likely the result of a mediastinal seminoma whereas a pure
elevation of b-HCG makes the discrimination slightly more
difficult. High levels of AFP and b-HCG (more than 600
ng/mL) are virtually diagnostic of a malignant nonsemino-
matous germ cell tumor. Although no definitive data exist, a
large number of thoracic oncologists would initiate therapy
for nonseminomatous germ cell tumor without tissue diag-
nosis in this scenario. In addition to the initial diagnostic
value of these markers, they also play a critical role in assess-
ing the response to therapy and detection of recurrence of
malignant germ cell tumors. Benign germ cell tumors such
as mature teratoma do not elaborate AFP or b-HCG.

Imaging

The plain chest radiogram provides only limited informa-
tion necessary to tailor diagnostic options. It is therefore
important to proceed to either computerized tomography
(CT) or magnetic resonance imaging (MRI) for cross-sectional
imaging.16–18 With few exceptions, CT can provide all the data
necessary to either diagnose or select the appropriate further
diagnostic workup for a mediastinal mass. The initial ques-
tion that must be answered by cross-sectioning imaging is
whether the mass truly arises from the mediastinum or may
be involving the mediastinum secondarily from the contigu-
ous lung, pleura, or chest wall. The lungs must be examined
for pathology, as mediastinal lymphadenopathy secondary to

metastatic disease, most commonly from primary lung
cancer, is more common than primary neoplasms of the medi-
astinum.19 A primary pulmonary malignancy itself, however,
can be confused with a mediastinal mass if it arises adjacent
to the mediastinal pleura. A mass with its broadest base in
the mediastinum and a smooth edge, however, is usually
mediastinal in origin. Masses with irregular or spiculated
edges rarely arise in the mediastinum.16 If clinical suspicion
is high for lymphoma, support for this diagnosis is often
obtained by a CT showing lymphadenopathy within the chest
that is remote from the main anterior mediastinal mass.

After determination that the mediastinal mass does not
arise from a contiguous structure, the location within the
three-compartment model is confirmed by CT. The mass is
next evaluated for its major components—fat, calcium, and
higher-density soft tissue—and it is classified as solid or
cystic. Fat can be recognized due to its low Hounsfield units
(70–130), whereas calcification is best seen in the unenhanced
series of images. For the most part, the discovery that the
mass has a large fatty component suggests that it is benign.
A caudad, anterior mediastinal mass could represent omental
fat in a foramen of Morgagni hernia, and mediastinal lipo-
matosis has been reported in Cushing’s disease or steroid
therapy.20 Lipomas or liposarcomas can present in the medi-
astinum, but they are very rare, and fat may no longer be
present in undifferentiated tumors.21

Most mediastinal masses in the adult consist primarily of
nonfatty soft tissue. Spontaneous hyperattenuation, or a CT
finding of tissue that is brighter than muscle on unenhanced
CT, is uncommon. This finding usually restricts the differ-
ential diagnosis to intrathoracic thyroid goiters, which are
bright as a result of the high iodine content, or fresh
hematoma, reflecting the high hemoglobin content of fresh
blood. Masses that strongly enhance with intravenous con-
trast are usually vascular tumors such as hemangiomas,
thymic carcinoids, medullary cancers of the thyroid, or
metastatic tumors. Such tumors, however, are rare, and most
tumors of the thymus mimic the CT density of normal young
thymus. The intensity is slightly lower than that of muscle
because of the presence of some fat, and enhancement does
increase with administration of contrast.

Noninvasive thymomas can appear as round or oval
masses growing either within or adjacent to the thymus.
These tumors can also present as diffuse enlargement of the
thymus rather than as a discrete mass.17,21,22 An invasive
thymoma may appear as an irregularly shaped mass growing
to or through the pleural surface or invading adjacent great
vessels. Drop metastases separate from the main mass,
usually on the parietal or visceral pleural surface of the 
adjacent hemithorax, may be seen in 15% of the cases. 
Diagnostic criteria for aggressiveness of thymic tumors have
classically been based on gross evidence of invasion at the
time of surgical resection (see following section on Masaoka
staging system, under Histology and Classification Systems).
CT diagnosis of an aggressive thymoma or thymic carcinoma
according to these traditional criteria must thus rely on the
demonstration of direct invasion into adjacent structures or
obliteration of peritumoral fat planes and direct apposition of
tumor to mediastinal structures. However, caution should be
exercised in both overdiagnosing and underdiagnosing aggres-
sive behavior based on radiographic findings, as absence of
cleavage planes is not a strictly reliable criteria of invasion.
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The differentiation between noninvasive and invasive
thymoma is a pathologic diagnosis. Although thymic carci-
noma behaves more aggressively than thymoma and fre-
quently invades the pleura or other mediastinal structures,
distinguishing the two disease processes on CT scan is 
unreliable.23,24

The CT features of malignant germ cell tumors are
similar to those of other malignant tumors of the anterior
mediastinum. As for thymic malignancies, invasion of adja-
cent structures is difficult to determine radiographically. The
benign germ cell tumor, mature teratoma, contains a mixture
of solid, fatty, and calcified components. Occasionally, diag-
nostic features such as the presence of fat–fluid level or spher-
ical calcifications of dental material may render the diagnosis
of benign teratoma nearly certain. None of these features,
however, is entirely specific for benignity.25,26 These benign
radiographic features, along with normal AFP and b-HCG,
however, only very rarely turn up anything other than a
benign teratoma.

Although MRI does offer some advantages over CT,
including lack of iodinated intravenous contrast, multiplanar
imaging, and excellent soft tissue and tissue–vessel contrast,
in clinical practice MRI provides little beyond CT in the diag-
nosis and workup of mediastinal tumors.18,21 Compared with
CT, MRI offers less spatial resolution and does not show 
calcification, both of which can be critical to the diagnostic
workup of mediastinal masses. MRI characteristics of malig-
nant mediastinal tumors such as thymoma and germ cell
tumors are similar to skeletal muscle, with intermediate to
low signal intensity on T1-weighted images and high signal
intensity on T2-weighted images. The multiplanar imaging
capability and high-contrast resolution of MRI may facilitate
staging by demonstrating local invasion of a mediastinal
tumor not apparent on CT, but the clinical value of this
finding is still uncertain.27 The finding of a fat–fluid level by
MRI in a mediastinal mass has been reported to be diagnos-
tic of teratoma, but these benign tumors possess classic CT
characteristics as well, so MRI adds little to the diagnosis.25

Similar limitations are encountered when imaging both medi-
astinal lymphomas and lymphadenopathy, as there is a sig-
nificant overlap in both T1-weighted and T2-weighted images
of benign and malignant lymphadenopathy.28 It is more
common for MRI to be used as a problem-solving study
further evaluating abnormalities detected by CT, such as 
suspected great vessel or chest wall invasion, rather than as
a primary imaging modality during the workup of an anterior
mediastinal mass.

Positron emission tomography using the 2-deoxy-2-
fluoro[18F]-d-glucose analogue of glucose (FDG-PET) has a
developing role in the diagnosis and staging of many malig-
nancies.29 Several groups have attempted to apply this
imaging modality for a similar purpose to tumors of the medi-
astinum. Kubota and colleagues30 performed both preopera-
tive FDG-PET and CT scans on 22 patients with primary
mediastinal tumors, and FDG-PET added little diagnostic
information to the CT scan. Although biopsy-proven malig-
nant lesions such as invasive thymoma and thymic carci-
noma did show higher levels of FDG uptake than benign
lesions, the relatively wide distribution of radioisotope
uptake and the inability to differentiate lymphoma from
primary thymic malignancy put the clinical utility of this
imaging modality in question. Some benign inflammatory

masses such as mediastinal sarcoidosis demonstrated FDG
uptake similar to malignant lesions, further hampering the
diagnostic value of FDG-PET. Further evaluation of this
imaging modality by other groups, including larger studies as
well as case reports, reached nearly the same conclusions.31–33

The rapid advancement of this technology does hold future
diagnostic potential, but its current role in diagnostic evalu-
ation of a mediastinal mass is not established.

Diagnostic Biopsy Versus Resection

A preresectional tissue diagnosis is often not indicated in the
management algorithm of anterior mediastinal masses. In a
patient over 40 years of age, with negative tumor markers,
absence of systemic B symptoms or remote lymphadenopa-
thy, and a well-circumscribed anterior mediastinal mass,
most surgeons would proceed with surgical resection for both
diagnosis and cure. The presumed diagnosis for such a clini-
cal scenario is thymoma, and resection without prior biopsy
avoids violation of the capsule and potential seeding of sur-
rounding tissues with thymic tumor cells that are known to
have a propensity for local dissemination. Myasthenic symp-
toms or serum antiacetylcholine antibodies increase the 
suspicion of this diagnosis further.

This direct excisional approach is also recommended if
the presumed diagnosis is benign, mature teratoma with
typical appearance on imaging and normal serum AFP and b-
HCG. Most oncologists would also be willing to initiate treat-
ment with cisplatinum-based multidrug chemotherapy for
presumed malignant, nonseminomatous germ cell tumors
based on extreme elevation of AFP and b-HCG and a typical
CT appearance.

A perhaps equally large group of patients, however,
requires tissue diagnosis before initiation of therapy. This
group includes those in which lymphoma is the leading diag-
nosis, metastatic lung or esophageal cancer is thought to be
a possibility, or a germ cell tumor is suspected but serum
markers are not sufficiently high to be pathognomonic.
Tissue diagnosis is also useful in cases of unresectable-
appearing mediastinal tumors by imaging studies with 
negative serum tumor markers, as such a neoplasm could 
represent lymphoma, aggressive thymoma that might benefit
from neoadjuvant treatment, or germ cell tumor. Tissue 
diagnosis is necessary in such a case because of the differing
treatment of these tumors.

Techniques of Diagnostic Biopsy

A tissue diagnosis from an anterior mediastinal mass may 
be best obtained by either open surgical or percutaneous 
techniques, depending upon the circumstances.

Percutaneous Needle Biopsy

CT-guided percutaneous fine-needle biopsy or aspiration
(FNA) represents the least invasive modality that may be used
to diagnose a mediastinal mass. Several anatomic approaches
have been used for CT-guided FNA. The transpulmonary
approach requires that the needle transverse the lung as well
as both the visceral and mediastinal pleura. The risk of pneu-
mothorax with this technique is 11% to 19%.34,35 The
parasternal, extrapleural approach has been reported as a
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useful modality to sample a mediastinal mass and can be per-
formed under either CT or ultrasound (US) guidance avoiding
violation of the pleural space.35,36 Although this approach
minimizes the risk of pneumothorax, the potential risk of
accidental injury to the mammary vessels is high and has
been reported to result in life-threatening hemorrhage.37,38

The transsternal approach for needle access to mediastinal
masses has been described in several series with a low
reported complication rate. Although this technique has been
used to sample lesions in all areas of the mediastinum, it is
most appropriate for anterior mediastinal masses, which are
located in the prevascular space immediately beneath the
sternum.39 Aside from the transthoracic approach for biopsy,
the recent introduction of endoscopic ultrasound (EUS) in the
diagnosis and staging of esophageal cancer has resulted in
numerous reports describing the success of transesophageal
EUS-FNA in the diagnosis of mediastinal masses.40 Other
studies report similar success rates of FNA in the diagnosis
and treatment stratification of mediastinal masses.

Not all investigators, however, have had equally positive
experience with FNA in the evaluation of mediastinal
masses, and its appropriate application remains controversial.
In a series from the Memorial Sloan-Kettering Cancer Center,
48 patients with operatively proven thymoma were evaluated
by a preoperative biopsy: 26 patients underwent an open
biopsy and 22 an FNA. The FNA diagnosis was accurate in
only 59% of patients compared with an 81% accuracy by open
biopsy. This issue is even more controversial due to reports
describing the shedding of tumor cells into the mediastinum
after capsule violation by preoperative biopsy.41,42 Based on
such reports, it is currently our policy to proceed with surgi-
cal excision in good surgical candidates in whom thymoma
is thought to be the likely diagnosis, without a preoperative
biopsy, either percutaneous or open.

The role of FNA in the clinical management of presumed
mediastinal lymphoma is even more unclear. While FNA
combined with immediate cytologic analysis may sometimes
provide a rapid and cost-effective diagnosis, cytology alone
plays only a small role in the initial diagnosis of mediastinal
lymphoma. As stratification and proper clinical treatment
usually involves subtyping lymphoma by flow cytometry and
architectural pattern, FNA can rarely provide enough tissue
for this entire workup. A large multiinstitutional study eval-
uated the role of FNA in the diagnosis and management of
anterior mediastinal masses; over half the lymphomas iden-
tified by FNA required more tissue for further subclassifica-
tion and confirmation of the diagnosis. A portion of the
lymphomas were also misclassified as thymoma or metasta-
tic melanoma based on FNA diagnosis.43 As such mistakes
can have disastrous consequences in proper patient manage-
ment, it is rare in our practice to base the diagnosis and
therapy of mediastinal lymphoma on FNA, and we most often
perform a chamberlain procedure (anterior mediastinotomy;
see following) in patients with anterior mediastinal masses
thought to be most suspicious for lymphoma. FNA may, on
the other hand, be appropriate as the sole diagnostic modal-
ity in identifying a relapse of mediastinal lymphoma when
surgical tissue is available from the initial diagnosis to
confirm FNA-based cytology.

Lymphoblastic lymphoma may represent the sole excep-
tion to the otherwise limited role of FNA in the initial diag-
nosis of lymphomas. This tumor has a characteristic

cytologic appearance and lacks the architectural organization
and extracellular fibrosis common to other mediastinal 
lymphomas. As this high-grade malignancy can present with
rapidly progressing obstructive symptoms in the anterior
mediastinum, the rapidity of FNA with immediate cytologic
analysis can allow earlier initiation of therapy. Some small
series have documented the success of FNA as the sole 
diagnostic modality for initiation of treatment for lympho-
blastic lymphoma.44

Core needle biopsy or aspiration using a large 14- or 18-
gauge needle may overcome some of the limitations of per-
cutaneous biopsy for lymphoma by providing a larger volume
of tissue with preserved architectural integrity for diagnosis.
While large studies evaluating the value to core needle biopsy
in patients with systemic lymphoma report a high rate of
success in diagnosis, these results do not necessarily apply to
isolated mediastinal lymphoma.45,46 Because of the large size
of the needle and high risk of pneumothorax, the transpul-
monary approach is rarely chosen.34,47 The direct mediastinal
parasternal approach is favored for core needle biopsy but is
limited by the potential damage to and bleeding from the
mammary vessels.37,38 Based on these inherent difficulties,
only limited data are available regarding the success of this
diagnostic modality for mediastinal lymphoma (Table 39.2).

Video-Assisted Thoracoscopic Biopsy

Video-assisted thoracoscopy (VATS) can be a cumbersome
means for accessing the mediastinum and is potentially asso-
ciated with a higher morbidity than other methods of medi-
astinal sampling.48 Most importantly, there is a real concern
that biopsy of a thymoma, in particular, is not prudent from
this approach given the propensity of loose thymic cells to
seed the pleural space even in cases in which transpleural
biopsy has not been done.

Chamberlain Procedure

Anterior mediastinotomy, also known as the Chamberlain
procedure, is in our opinion the optimal approach to the
biopsy of most anterior mediastinal masses for which biopsy
is indicated. This procedure is carried out through a 5-cm
transverse skin incision made directly over the second costal
cartilage.

Mediastinoscopy

Cervical mediastinoscopy in trained hands is a safe procedure,
but as originally described and most widely applied, it allows
access to the middle mediastinum and not the anterior 
mediastinum.
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TABLE 39.2. Representative studies evaluating fine-needle
aspiration (FNA) in diagnosis of mediastinal masses.

Representative sample of studies vanSonnenberg et al.175

reporting success of FNA in the Morrissey et al.176

diagnosis of a mediastinal mass Catalano et al.40

Wakely et al.44

Representative sample of studies Gossot et al.48

reporting failure or misdiagnosis Blumberg et al.41

of FNA for mediastinal masses Powers et al.43



Extended Mediastinoscopy

The extended cervical mediastinoscopy allows for full staging
of these areas through a single cervical incision by creating a
tunnel to the aorticopulmonary window between the origins
of the innominate and carotid arteries.49 This technique
requires considerable experience and carries a significant risk
of bleeding due to the proximity to the great vessels. Few are
trained in its use.

Transcervical, Sternum-Lifting Approach

A final approach to the anterior mediastinum that can be of
use in certain circumstances is the transcervical, sternum-
lifting approach that is used for transcervical thymectomy.
Cooper described a device that, by lifting the sternum, allows
an extended transcervical thymectomy to be performed with
excellent visualization of the entire anterior mediastinum.50

This technique has been adopted by the authors’ group to
biopsy of a wide variety of anterior mediastinal masses.51

Thymoma

A variety of tumors can arise from the thymus, but thymoma,
derived from the thymic epithelial cells, is the most common
neoplasm. Interest in thymomas developed secondarily to
early investigations into autoimmune disease. Several inde-
pendent investigators in the late 19th and early 20th centuries
described the association of myasthenia gravis with thymic
neoplasms.52 Based on this evidence, Blalock pioneered the
use of thymectomy as a therapy.53,54 Advances in the use of
positive-pressure ventilation increased the acceptability of
thymectomy.55 A major barrier to the diagnosis and treatment
of thymic neoplasms throughout the 1900s was the lack of a
standardized system for subclassification of these tumors. In
1999 the World Health Organization recognized this problem
and developed a standardized system of nomenclature derived
from the cellular origin of thymic neoplasms56 (Table 39.3).

Histology and Classification Systems

Histologically, a thymoma is composed of a mixture of
thymic epithelial cells with bland, benign-appearing histo-
logic features as well as lymphocytes. Unlike other solid
tumors that contain mature lymphocytes derived from the
peripheral immune system, the majority of lymphocytes in a
thymoma are immature and can be found in various stages 
of development, thus mirroring lymphocytes found in the
normal thymus. Despite this histologic appearance, it has
become accepted that the neoplastic cell of origin is the
thymic epithelial cell and not the lymphocyte57 (Figure
39.2A,B).

Determining the aggressive potential of a thymoma is of
critical importance for proper therapy, becuase early-stage
“noninvasive” tumors are associated with an excellent 
prognosis after surgical resection alone, whereas “malignant”
tumors may benefit from neoadjuvant and/or adjuvant
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TABLE 39.3. Classification of thymic tumors.

Epithelial tumors: thymoma, thymic carcinoma
Neuroendocrine tumors: carcinoid, small cell carcinoma, large cell 
neuroendocrine carcinoma
Germ cell tumors
Lymphomas
Stromal tumors: thymolipoma, thymoliposarcoma, solitary fibrous 
tumor
Tumor like lesions: thymic hyperplasia, lymphoid hyperplasia, 
thymic cyst
Neck tumors of thymic or related branchial pouch derivation: 
ectopic hamartomatous thymoma, ectopic cervical thymoma, 
spindle epithelial tumor with thymus-like differentiation, 
carcinoma showing thymus-like differentiation
Metastatic tumors
Unclassified tumors

Source: From Rosai and Sobin,56 by permission of Springer.

FIGURE 39.2. (A) Histologically thymoma is composed of various
combinations of thymic epithelial cells and immature lymphocytes.
(B) Immunohistochemical staining for cytokeratin can be used to dif-

ferentiate lymphocytes from thymic epithelial cells. (Courtesy of Dr.
Leslie A. Litzky, Department of Pathology, Hospital of the Univer-
sity of Pennsylvania.)



therapy. A 1961 paper from the Mayo Clinic proposed a his-
tologic grading system classifying thymoma based on the
lymphocyte to epithelial cell ratio58: lymphocytic, mixed,
epithelial, and spindle. Predominantly epithelial cell tumors
were considered more aggressive and carried a worse progno-
sis.8,59 Not all investigations, however, supported this view.60

In 1981 Masaoka and colleagues, recognizing the diffi-
culty of pure histologic criteria for stratification, developed
clinical staging criteria.61 After excluding other tumors of
thymic origin, they staged epithelial thymomas based on
their local invasiveness. Stage 1 tumors were completely
encapsulated without gross or microscopic capsular invasion,
stage 2 tumors showed microscopic invasion into the capsule
or macroscopic invasion into surrounding fat or mediastinal
pleura, stage 3 tumors showed gross local invasion into neigh-
boring organs, and stage 4 tumors had evidence of pleural,
pericardial or hematogenous dissemination (Table 39.4). The
clinical stage both was prognostic62 and allowed stratification
for adjuvant therapy. A difficulty with this system is that
staging is based on findings at surgical resection, thus pre-
venting its use for triage to neoadjuvant therapies (Figures
39.3, 39.4).

Histologic classification of thymoma was revisited in
1985 by Marino and Müller-Hermelink.63 who proposed a

novel classification system dividing thymomas into different
categories based on the histologic appearance of the neoplas-
tic epithelial cells. Tumors composed of large, round, or
polygonal epithelial cells were classified as cortical thymo-
mas due to similarity of such cells to normal cortical epithe-
lium. Medullary thymomas, on the other hand, contain
smaller, spindle-shaped epithelial cells with irregular nuclei.
All thymomas could thus be classified as cortical, medullary,
or mixed histology. Subsequent studies indeed found that the
Marino and Müller-Hermelink histologic classification reli-
ably predicts tumor behavior and prognosis. In a large series,
Pescarmona and colleagues60 found that this histologic 
classification could be used to predict prognosis, with corti-
cal thymomas exhibiting a more-malignant behavior. Of the
80 patients studied, those with medullary thymomas had
essentially benign disease while patients with cortical thy-
momas showed evidence of invasive and malignant disease.
Later studies found that both the Masaoka staging and the
Müller-Hermelink grading classifications are strong and inde-
pendent prognostic indicators of both overall and disease-free
survival.62,64,65 It has now become accepted that the Müller-
Hermelink classification used in combination with the
Masaoka staging system provides perhaps the most accurate
prognostic information for recurrence. The recently adopted
World Health Organization classification system represents
an effort to combine the Masaoka and Müller-Hermelink cri-
teria56 (see Table 39.3).

Presentation and Evaluation

Thymomas typically occur in adults over 40 years of age and
are uncommon in children. They are slow-growing tumors
with little propensity for hematogenous metastasis and are
usually discovered incidentally on an imaging modality
obtained for another purpose. Those patients who are 
symptomatic, with more-aggressive tumors, can present with
symptoms of local obstruction or invasion, such as chest pain,
cough, or even superior vena cava syndrome, or the symptoms
of one of the autoimmune-related paraneoplastic syndromes
associated with thymoma (Table 39.5). A standard chest radi-
ograph is typically the initial diagnostic study, and it usually
reveals an anterior mediastinal mass. Cross-sectional imaging
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TABLE 39.4. Clinical staging of thymoma according to Masaoka
et al.61

Stage I Macroscopically completely encapsulated and 
microscopically no capsular invasion

Stage II Macroscopic invasion into surrounding fatty tissue 
or mediastinal pleura, or microscopic invasion into 
the capsule

Stage III Macroscopic invasion into neighboring organ, i.e., 
pericardium, great vessels, or lung

Stage IVa Pleural or pericardial dissemination
Stage IVb Lymphogenous or hematogenous metastasis

Source: From Masaoka et al.,61 by permission of Cancer.

FIGURE 39.3. Stage 2 thymoma showing gross invasion past the
thymic capsule (arrow). (Courtesy of Dr. Leslie A. Litzky, Depart-
ment of Pathology, Hospital of the University of Pennsylvania.)

FIGURE 39.4. CT scan showing a malignant thymoma with radi-
ographic evidence of pleural metastasis (arrows). (Courtesy of Dr.
Wallace Miller, Department of Radiology, Hospital of the University
of Pennsylvania.)



such as the CT scan is the best study following the chest 
radiography. There are no pathognomonic imaging features
identifying thymoma from other mediastinal solid tumors,
but the diagnosis may be strongly suggested by CT. Although
it can be difficult to be certain preoperatively that one is
dealing with a thymoma (see previous sections on Differen-
tial Diagnosis), ideally a noninvasive thymoma is resected
directly, without preoperative biopsy (see previous section on
Diagnostic Biopsy Versus Resection).

Neoadjuvant and Surgical Therapy

Although no prospective randomized trials exist, numerous
groups have evaluated neoadjuvant and multimodality
therapy for invasive or locally metastatic thymoma.66–68 The
overwhelming majority of the studies have supported the
effectiveness of this approach. Neoadjuvant therapy for unre-
sectable tumors was used initially in the early 1990s. Several
groups demonstrated the efficacy of combining cisplatin-
based preoperative chemotherapy with or without radiation
therapy in downstaging unresectable tumors. All 23 patients
in two of these early studies demonstrated a response, and
complete resection was possible in 8 patients who had been
considered unresectable before treatment. Those with an
incomplete resection received additional postoperative
therapy. Median survival was longer than that of historical
control series without neoadjuvant treatment.67,69 Several
larger studies performed in the late 1990s confirmed these
results.70,71 Recent data suggest that chemotherapy alone
might be as effective as radiation as a neoadjuvant agent.
Delaying radiation until the postoperative period eliminates
the concerns that some raise about operating in a radiated
field. One study showed that preoperative chemotherapy
alone with cisplatinum, doxorubicin, prednisone, and
cyclophosphamide for stage III and IV tumors, followed by
resection and adjuvant therapy, can result in 100% survival
after 3.5 years.72 Stratification of patients with aggressive
tumors to neoadjuvant therapy based on the Muller-
Hermelink grade combined with the Masaoka staging system
resulted in a similar increase in survival versus historical 
controls.66

Despite the impressive results with neoadjuvant
chemotherapy and radiation therapy, surgical resection
remains the cornerstone therapy for thymoma. The accepted
approach to the surgical management of thymoma has been
complete resection of the mass along with all thymic tissue
and the en bloc resection of adjacent structures involved by
tumor. These structures most commonly include portions of
lung and/or the great vessels (which, other than the innomi-

nate vein, require reconstruction if resected). This approach
has been supported by several large studies showing that com-
plete resection of all tumor is the most important prognostic
factor for survival, even more important than Masaoka
staging.73 Simple tumor debulking, even when followed by
radiation therapy, provides no survival advantage over biopsy
alone.74

Approach through a median sternotomy provides the
broadest and most generally accepted access for resection of
thymoma. It is generally accepted that sacrifice of one phrenic
nerve can be performed in a patient with otherwise adequate
pulmonary function if this maneuver will result in a com-
plete resection. Certainly, both phrenic nerves cannot be
resected, and even one should not be divided if one would still
be unable to achieve complete resection.

Surgical management of vascular structures involved by
tumor is also controversial.75,76 It is the authors’ policy to
resect and reconstruct involved vascular structures if this
results in a complete resection.

Maximal exposure via median sternotomy for resection of
thymoma is currently considered the standard of care, but a
more minimally invasive approach for resection of suspected
thymoma has been reported, including the transcervical
approach.51,77,78 The use of minimally invasive techniques
such as video thoracoscopy for resection of thymoma has also
been described,79–81 but in our opinion this approach is less
likely to provide a clean resection.

Adjuvant Radiation

Because thymomas are sensitive to radiation, radiation has
become widely accepted for unresectable stage III and IV
tumors. Several small retrospective studies suggest that sur-
vival of patients with either unresectable or residual invasive
thymoma after attempted surgical resection may be improved
by postoperative radiation therapy.82,83 One study even noted
that survival of stage III patients who underwent a complete
resection without irradiation was identical to those who
underwent incomplete resection with postoperative radiation
therapy.59 This finding, however, is controversial.74

Although the benefits of postoperative radiation in unre-
sectable or residual stage III–IV thymoma have been accepted,
the role of postoperative radiation therapy in stage II disease,
which is highly likely to have been completely resected at
surgery, is still debated. Survival is no higher in those who
receive postoperative radiation, and radiation also did not
influence disease-free survival. Local recurrence is as preva-
lent in patients who receive radiation as in those who did
not.84,85 Based on these data, we recommend that patients
with completely resected stage II thymomas may be safely
followed by serial radiographic examination and do not
warrant postoperative radiation therapy. The role of adjuvant
radiation for completely resected stage III disease, although
generally accepted, is also supported by only some of the data
available.

Similar to data for noninvasive and stage II disease, com-
plete resection of invasive thymoma is the most important
prognostic factor affecting survival, and postoperative 
radiation played no role in recurrence or survival if complete
surgical resection was obtainable.73 However, Curran and 
colleagues found a 38% local recurrence rate in patients who
did not receive adjuvant radiation versus 0% for those who
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TABLE 39.5. Symptoms caused by or associated with thymoma.

Compressive/obstructive symptoms: cough, dysphagia, superior 
vena cava syndrome
Neuromuscular disorders: myasthenia gravis, myotonic dystrophy,
Eaton–Lambert syndrome, myositis
Collagen vascular autoimmune disorders: rheumatoid arthritis, 
lupus, polymyositis
Hematologic disorders: red cell aplasia, megakaryocytopenia, 
pancytopenia

Source: Modified from Graeber and Tamim,10 by permission of Seminars in
Thoracic and Cardiovascular Surgery.



did.86 The differences between these and other studies are dif-
ficult to understand; nevertheless, most clinicians continue
to “recommend postoperative radiotherapy” for invasive
disease, even after complete resection.73

Adjuvant Chemotherapy

Similar to preoperative neoadjuvant therapy, postoperative
chemotherapy has been shown to improve survival in both
retrospective and prospective studies. In a large retrospective
series of patients across several French cancer centers, Cowen
and colleagues reviewed the impact of platinum-based 
postoperative chemotherapy on survival. Multivariate analy-
sis revealed that postoperative chemotherapy was one of the
factors influencing disease-free survival. This finding was
most pronounced in patients with stage III and IV disease who
presented with symptoms of mediastinal compression.87

The European Organization for Research and Treatment
of Cancer Lung Cancer Cooperative group reported a prospec-
tive phase II trial of cisplatinum- and etoposide-based
chemotherapy for recurrent or metastatic malignant
thymoma.88 Although the trial was small and consisted of
only 16 patients, the authors were able to document complete
remission in 5 patients, a partial remission in 4, and no pro-
gression of disease in any of the patients while on treatment.
The median survival time increased over historical controls
with survival rates of 69%, 50%, and 42% at 3, 5, and 7 years,
respectively. Other prospective studies support these conclu-
sions and have shown that adjuvant chemotherapy can extend
progression-free survival for patients with recurrent or 
unresectable disease, especially if combined with radiation
therapy.89 Based on these data, postresection adjuvant therapy
is now considered the standard treatment for recurrent or
unresectable disease.

Reresection

The overwhelming evidence supporting the role of complete
surgical resection for curative treatment of thymoma has
brought the issue of reresection for recurrent disease to the
forefront. In the same study mentioned previously, Regnard
and colleagues found a survival benefit for reresection of
recurrent tumor. Similar to primary disease, complete rere-
section offered a survival advantage over incomplete reresec-
tion (53% versus 11% at 10-year survival).73 Other slightly
larger studies support this conclusion.41,84

Prognosis

Venuta and colleagues evaluated the survival benefit of
aggressive multimodality therapy.66 These authors retrospec-
tively evaluated 83 patients who underwent surgical resec-
tion for thymoma between 1965 and 1988, before the advent
of multimodality treatment beyond surgery. Starting in 1989,
all patients with newly diagnosed thymoma were preopera-
tive stratified as having benign, invasive, and malignant
disease. This stratification was based on the Masaoka staging
protocols as well as biopsy-proven histology, with cortical
thymomas considered more aggressive. Patients with benign
disease underwent radical resection only, those with invasive
disease received adjuvant chemotherapy and radiotherapy,
even in cases of complete resection, and those with malig-
nant disease received both neoadjuvant as well as postopera-
tive cisplatin-based adjuvant chemotherapy and radiation. All
patients were able to complete the multimodality treatment,
and only 1 patient with stage IV thymoma had a delayed
recovery because of myelosuppression. Long-term survival 
of patients treated by multimodality therapy after 1989
improved significantly over those in the pre-1989 era who
were treated by surgery alone (Figure 39.5A,B). Improvement
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FIGURE 39.5. When grouped by Masaoka staging protocols,
patients with thymoma have had an improvement in survival after
the introduction of multimodality therapy: (A) patients operated on
before 1989 and the introduction of multimodality therapy; (B)
patients operated on after 1989. These differences were especially

prevalent for advanced disease and survival of stage III patients after
the introduction of multimodality therapy approximates that of stage
I and II before 1989. (From Venuta et al.,66 by permission of Annals
of Thoracic Surgery.)



was seen across all stages of disease but was especially pro-
nounced for invasive disease. Survival of patients with stage
III disease after multimodality therapy approached that of
stages I and II in the earlier series. Further improvements in
chemotherapy and radiation therapy offer the possibility of
increasing survival still further.

Thymic Carcinoma

Thymic carcinoma is a highly aggressive neoplasm of thymic
epithelial origin, with less than 50% of patients surviving 5
years after diagnosis.90–92 These tumors account for only a
small portion of thymic neoplasms, estimated as 20% of
epithelial malignancies. The true incidence is difficult to
determine as only recently have these tumors become recog-
nized as a separate entity from aggressive thymoma, and
several studies have reported treatment outcomes for thymic
carcinoma along with thymoma.62,89 Histologically, thymic
carcinomas are distinct from thymomas because of malignant
cytologic features such as anaplasia, nuclear and cellular
atypia, and a high number of mitosis. Whether thymic carci-
noma arises from malignant degeneration of benign thymoma
or is a separate entity is still undetermined. The reported
finding of concomitant thymoma within specimens of thymic
carcinoma as well as thymic carcinoma developing in
patients with a past medical history of thymoma favors the
malignant degeneration hypothesis. The possibility of a
common cause for both disease processes, however, cannot
be excluded.90,91 Unlike the classic thymoma, the infiltrating
leukocytes of thymic carcinoma are usually mature.

The majority of patients with thymic carcinoma present
with symptoms of local invasion or compression such as
cough, chest pain, or superior vena cava syndrome.90,93 Tradi-
tionally, it has been thought that concominant paraneoplas-
tic syndromes favor the diagnosis of thymoma over thymic
carcinoma, but the data supporting this are thin, only a few
patients in two studies, and controversial.90,94

Staging of thymic carcinoma has traditionally relied on
the Masaoka staging system, similar to thymoma. The valid-
ity of this system for predicting survival in thymic carcinoma
and thus establishing therapeutic options, however, has never
been validated. Because thymic carcinomas, unlike thymo-
mas, not infrequently metastasize by hematogenous as well
as lymphatic routes, the use of the TNM staging system may
be more appropriate.95 In a large series, Suster and Rosai pro-
posed a morphologic grading system for thymic carcinoma
that could be used to predict clinical behavior. They discov-
ered that patients with thymic carcinoma could be subdivided
into two distinct clinical groups. Eighty-five percent of
patients in group one, with aggressive tumors with high-grade
histology, died of their disease, whereas all patients in group
two, with low-grade histology, survived (Table 39.6). Other
histologic markers such as the number of mitotic counts per
high power field, lobular growth pattern, and circumscribed
versus infiltrating morphology were also predictive of sur-
vival.90 Such histologic grading criteria along with staging
could be reliably used to triage patients into various treat-
ment options.

Due to the rarity of this disease, most therapy has been
based on the experience with treatment of thymoma. Thus,
resection of both local and extensive disease, if possible, has

been the guiding principle. Ogawa and colleagues determined
that complete resection was a significant prognostic factor 
for survival on multivariate analysis.96 Seventy-five percent
of patients treated by complete resection versus 4% of those
with incomplete resection were alive at follow-up. Surgical
resection is currently proposed as the primary therapy for
thymic carcinoma. However, the role of complete surgical
resection, especially with sacrifice of vital structures, is not
as strong as that for thymoma.93,97,98

Due to the aggressive nature of this tumor, more than half
of patients may present with locally advanced, potentially
unresectable disease.90 The utility of both radiation and
chemotherapy for neoadjuvant and adjuvant therapy has been
addressed in several small studies, but standardization of
treatment has been difficult to achieve because of the rarity
of the disease. Yano and colleagues reported a series of
patients, the majority of whom had unresectable disease,
treated with both chemotherapy as well as radiation.99 The
role of chemotherapy was limited, but radiation resulted in a
high response rate (seven of eight patients) and a prolonged
survival over previous series. Other investigators report a
similar improvement in survival in patients who received
radiation therapy after complete or partial surgical resection
compared to those who did not.97,100 Using multivariate analy-
sis, several investigators found that the routine use of
chemotherapy with or without surgical resection or radiation
therapy had no impact on survival.94,96 Although both these
groups report a relatively large number of patients, the variety
of chemotherapeutic regimens used as well as combination
of chemotherapy with surgery and radiation in some patients
makes it difficult to reach definitive conclusions from these
series alone. The reported success of multimodality therapy
in the treatment of thymoma and the reported sensitivity of
thymic carcinoma to radiation make it difficult to justify
chemotherapy alone as the sole modality for the treatment of
thymic carcinoma. One small series published in 1993 did
evaluate the impact of chemotherapy alone on progression of
disease after biopsy or incomplete resection of thymic carci-
noma.101 The authors’ findings were similar to those for
thymoma; patients treated with the single agent of cisplatin
showed a poor response whereas those treated with a multi-
agent regimen in addition to cisplatin demonstrated partial
and even some complete responses.

The role of aggressive multimodality therapy in the treat-
ment of thymic carcinoma has been evaluated by several
groups. Lucchi and colleagues reported a series of seven
patients with biopsy-proven thymic carcinoma who took part
in multimodality treatment consisting of cisplatin-based
multiagent neoadjuvant chemotherapy followed by surgical
resection after hematologic recovery and postoperative radia-
tion therapy to the tumor bed.102 All seven patients reported
showed at least a partial response to chemotherapy, and com-
plete surgical resection was possible in four patients. Those
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TABLE 39.6. Histologic classification of thymic carcinoma.

Low-grade histology: well-differentiated (keratinizing) squamous 
cell carcinoma, well-differentiated mucoepidermoid carcinoma, 
basaloid carcinoma
High-grade histology: lymphoepithelioma-like carcinoma, small 
cell/neuroendocrine carcinoma, sarcomatoid carcinoma, clear cell
carcinoma

Source: From Suster and Rosai,90 by permission of Cancer.



with complete resection received 45 Gy to the mediastinum
while those with incomplete resection received 60 Gy to the
mediastinum and residual tumor areas. During the follow up
period, ranging from 16 to 136 months, one patient died of
metastatic disease, one patient died in a motor vehicle acci-
dent without evidence of disease at autopsy, three patients
are disease free, and two patients are alive but with recurrent
tumor. Both the patients with recurrence as well as the
patient who died of metastatic tumor had high-grade lym-
phoepithelioma-like tumor. Other slightly larger retrospec-
tive series have found a similar survival advantage to
multimodality treatment of neoadjuvant chemotherapy, 
surgical resection, and postoperative radiotherapy.94,96,103

Although it is unlikely that much larger series or prospective,
randomized trials will be possible in the treatment of thymic
carcinoma due to the rarity of this disease, these small series
have made it possible to identify therapeutic regimens that
can offer maximal benefit.

Other Thymic Neoplasms

Thymic carcinoid is a rare neoplasm of the thymus that has
a strong association with multiple endocrine neoplasia type
I104,105 (see Chapter 55). Unlike other carcinoids, they rarely
present with carcinoid syndrome but can secrete ectopic
adrenocorticotropic hormone (ACTH), leading to Cushing’s
syndrome. This tumor is more frequently found in men and
can present either with endocrinopathy or with a mass effect
such as cough, chest pain, or superior vena cava (SVC) 
syndrome.106 The majority of thymic carcinoids are locally
invasive at presentation, and close to half of all patients have
metastatic disease on presentation.107

Surgery has been considered the cornerstone of therapy.
As most tumors are locally invasive on presentation, com-
plete resection is often impossible. Despite this, several small
series suggest that complete resection does offer a survival
advantage and propose aggressive therapy of complete 
resection followed by adjuvant chemotherapy and radiation
therapy and reresection of recurrent and metastatic
disease.108,109 Because of the aggressive nature of this disease,
radiation therapy is almost always administered, either as
primary therapy for unresectable disease or even after 
complete resection. Numerous authors have reported good
control and amelioration of paraneoplastic symptoms.110–113

Chemotherapy has been based on experience with carcinoids
of the intestine; however, no standardized regimen has been
established. Despite these efforts, prognosis of thymic carci-
noids is overall poor, with few long-term survivors and
median survival of 2 to 5 years after diagnosis.108,109

Thymolipoma is a benign tumor of the thymus that con-
sists of mature fat intermixed with normal thymic epithe-
lium.114 These can reach a relatively large size, and tumors
occupying the whole mediastinum and one hemithorax have
been reported.115 Although a large number of patients are diag-
nosed with this tumor incidentally by an unrelated imaging
study, they can present with obstructive symptoms such as
shortness of breath and cough.114 Surgical resection is cura-
tive, and even asymptomatic thymolipoma should be resected
as they can grow in size and result in obstructive symptoms.

Thymic hyperplasia is a benign condition describing a his-
tologically normal thymus that is enlarged for the patient’s

age. This condition can present as a spectrum of disease
ranging from respiratory compromise to an incidental finding
on an unrelated imaging study. This condition has most fre-
quently been described as a rebound thymic hyperplasia after
chronic illness or stress-related atrophy of the gland.116,117 The
main diagnostic dilemma for the chest physician is to differ-
entiate benign thymic hyperplasia from malignant disease.

Germ Cell Tumors

Mediastinal germ cell tumors include benign and malignant
teratoma and malignant seminomatous and nonseminoma-
tous tumors. They are a heterogeneous group of neoplasms
resulting from malignant change in primordial germ cells.115

Collectively, they account for approximately 20% of all ante-
rior mediastinal tumors, and this location is the most
common extragonadal site for germ cell malignancies. Their
origin in sites heterotopic to the gonads may result from aber-
rant migration of germ cells during embryonic development
or as a part of normal embryogenesis.118,119 Based on the need
for standard classification, investigators from the Armed
Forces Institute of Pathology developed a reproducible histo-
logic system of classification based on review of more than
300 cases. They concurrently proposed a clinical staging
system that could help in planning therapy and defining prog-
nosis120 (Table 39.7).

Teratomatous Tumors

Teratomas are defined by the presence of tissue from more
than one of the three primitive germinal layers.121 They are
the most common of the mediastinal germ cell tumors.122

Mature (benign) teratomas are composed of well-differenti-
ated mature elements such as mesodermally derived fat and
cartilage, endodermal intestinal tissue, and ectodermal hair
and skin with occasional formation of well-developed teeth.
Immature (malignant) teratomas consist of mature elements
derived from one or two embryonic layers combined with
immature fetal tissue composing the remaining layer. Ter-
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TABLE 39.7. Classification of germ cell tumors of the
mediastinum.

Teratomatous tumors
Mature teratomas (composed of well-differentiated, mature 

elements)
Immature teratomas (with the presence of immature 

mesenchymal or neuroepithelial tissue)
Teratomas with additional malignant components:
Type I: with another germ cell tumor (seminoma, embryonal 

carcinoma, yolk-sac tumor)
Type II: with a nongerm cell epithelial component (squamous 

carcinoma, adenocarcinoma)
Type III: with a malignant mesenchymal component 

(rhabdomyosarcoma, chondrosarcoma)
Type IV: with any combination of the above

Nonteratomatous tumors
Seminomas
Yolk-sac tumors
Embryonal carcinomas
Choriocarcinomas
Combined nonteratomatous tumors (a combination of any of the 

above)

Source: From Moran and Suster,120 by permission of Cancer.



atomas may also be mixed tumors with additional malignant
components derived from other germ cell tumors or nongerm
cell epithelial or mesenchymal components (see Table 39.7).

Most mature teratomas are asymptomatic on presenta-
tion but may in a minority of patients present with symp-
toms resulting from impingement on mediastinal structures.
In one of the larger series reported to date, some patients 
presented with nonspecific symptoms such as chest, back, or
shoulder pain as well as cough and dyspnea.123 Infection of 
a cystic component of a teratoma may result in signs of 
systemic infection, and erosion into the airway may lead to
trichoptysis, the expectoration of hair and oily secretions, a
presentation that is pathognomonic of a ruptured mediastinal
teratoma.7,124

Radiographic characteristics of mature teratomas have
been described previously in this chapter. Chest CT provides
a firm diagnosis with identifying characteristics such as the
combination of calcium, fat, and fluid in a soft tissue mass in
the anterior mediastinum125 (Figure 39.6). Serum tumor
markers are not elevated unless a concurrent nonseminoma-
tous component is present.

The accepted treatment for benign mediastinal teratoma
is complete surgical excision, which is curative for the
disease. Radiation and chemotherapy play no therapeutic role
unless concurrent malignant disease is present.15,123

Seminoma

Unlike teratomas, which are equally distributed in men and
women, malignant germ cell tumors, both seminomas and
nonseminomatous tumors, are almost exclusively diseases of
men. Seminoma is the most common malignant mediastinal
germ cell tumor of single histology and usually presents in
relatively young men during the third to fourth decade of
life.15,123,126 Most patients are symptomatic on presentation,
with chest pain and dyspnea present in 40% to 50% and as
many as one-third of all patients showing evidence of supe-
rior vena cava obstruction.123 More than 60% of patients have

metastatic disease on presentation, with intrathoracic organs
being the most common site of metastasis. Widely metasta-
tic disease to bone, brain, liver, and lymph nodes mimicking
lymphoma is not uncommon.12 As with other mediastinal
masses, a chest radiograph and chest CT scan are the initial
imaging studies of choice. As most seminomas reach a rela-
tively large size before presentation, they can usually be seen
on chest radiography. On CT scanning these tumors have the
appearance of a bulky homogeneous anterior mediastinal
mass that may obscure tissue planes or invade adjacent struc-
tures.127 Calcification may rarely be seen in the mass, and the
tumor is often surrounded by bulky lymphadenopathy. Serum
tumor markers can be positive for low levels of b-HCG in
about 10% of patients. Elevation of AFP is never evident in
pure seminoma and indicates a nonseminomatous tumor
component. Although a staging system has been proposed by
some authors, it has been difficult to establish a reliable
system for staging and predicting prognosis due to the rarity
of this disease.121,128 A biopsy is usually necessary to define
the diagnosis. Although it has been proposed that the diag-
nosis of mediastinal seminoma necessitates abdominal CT
scan and testicular imaging to rule out metastatic disease
from an occult gonadal primary tumor,15 one of the largest
series detailing the clinical course of 120 patients with medi-
astinal seminoma found no evidence that mediastinal semi-
noma was a part of metastatic gonadal primary.126

This tumor is highly sensitive to both radiation and
chemotherapy, and successful outcomes have been achieved
with both regimens. Similar to primary testicular seminoma,
mediastinal seminoma responds to cisplatin-based therapy,
and because most patients present with metastatic disease,
chemotherapy should be considered first-line treatment. 
Successful therapeutic regimens reported in the literature
consist of cisplatin, dactinomycin, cyclophosphamide,
bleomycin and vinblastine, or cisplatin and etoposide, with
an 88% remission rate and a 85% long-term survival with
chemotherapy alone.129 Most recent reports are even more
encouraging and describe 100% long-term survival after cis-
platin-based chemotherapy130 (Table 39.8).

The addition of radiation therapy for locoregional control
can increase the response rate even further, with 100% 5-year
actuarial survival reported in one study.131 Radiation therapy
alone has also been reported as a successful modality for treat-
ing patients with local mediastinal disease without extratho-
racic metastasis. This approach led to a 75% 5-year rate of
survival.15 The role of surgical resection in this disease is con-
troversial. Some authors have suggested resection as primary
therapy for small mediastinal seminomas,132 and others have
proposed resection for residual masses larger than 3cm after
chemotherapy.133,134 None of these series showed a survival or
local control advantage over radiation or salvage chemother-
apy, and we do not favor surgical intervention for mediasti-
nal seminoma.

Nonseminomatous Germ Cell Tumors

The group of malignant, nonseminomatous germ cell tumors
consists of embryonal cell carcinoma, yolk cell tumor, chori-
ocarcinoma, and mixed germ cell tumors. Some have classi-
fied teratomas with a malignant, immature component
within this category as well (see Table 39.7). These tumors
are rare and represent only 1% to 2% of all germ cell tumors
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FIGURE 39.6. A benign cystic teratoma can be identified by 
the presence of a variety of tissues in an anterior mediastinal mass
such as soft tissue, fluid, and calcium. (Courtesy of Dr. Wallace
Miller, Department of Radiology, Hospital of the University of 
Pennsylvania.)



in men,135 with a particularly high incidence in men with
Klinefelter’s syndrome.136 A primary mediastinal location of
nonseminomatous germ cell tumors is considered by the
International Germ Cell Collaborative Group (IGCCG) to be
an independent adverse prognostic risk factor separate from
tumor markers or sites of metastasis. In general, these tumors
carry a worse prognosis and are more resistant to therapy than
their histologic counterparts elsewhere in the body137. Non-
seminomatous malignant germ cell tumors, especially those
with yolk-sac histology, are also associated with a variety of
hematologic malignancies, which occur independently of the
chemotherapy used to treat the tumor.138 Similar to semi-
noma, the majority of patients have metastatic disease on 
presentation and are symptomatic due to tumor burden.12

Reported symptoms range from chest pain, the most
common, to dyspnea, hoarseness, and superior vena cava syn-
drome.123,139 Similar to seminoma, common metastatic sites
include lung, liver, and regional lymph nodes.

Imaging studies typically reveal a large, irregular anterior
mediastinal mass with poorly defined margins and multiple
areas of central necrosis and hemorrhage.127 In contrast to
seminoma, more than 90% of patients with a nonsemino-
matous germ cell tumor have an elevation of either b-HCG
or AFP15,140,141 (Figure 39.7). Although no definitive data exist,

the finding that AFP is elevated only in nonseminomatous
germ cell tumors has motivated some oncologists to initiate
therapy based on imaging studies and serology alone, without
a tissue diagnosis.

Because most patients present with extremely bulky or
metastatic disease, surgical resection is not the usual first-
line treatment. Radiation therapy alone has also been unsuc-
cessful for management of nonseminomatous germ cell
tumors.131 Historically, patients diagnosed with nonsemino-
matous germ cell tumors had an exceptionally poor median
survival of 4.0 months after diagnosis141; this has improved
dramatically with the advent of cisplatin-based multiagent
chemotherapy. One of the earlier series from Indiana 
University reported the results of aggressive multimodality
cisplatin-, etoposide-, and bleomycin-based chemotherapy
combined with salvage chemotherapy for initial failures as
well as surgical resection for postchemotherapy radiographic
residual masses.142 Of the 31 patients enrolled in the study,
18 (58%) obtained disease-free status after therapy, with 3
recurrences of the malignant germ cell tumors and 15 
long-term disease-free survivors. These results represented a
significant improvement from the 18% disease-free survival
reported in the early 1980s.141 A follow-up series from the
same Indiana University group reported an even higher 61%
survival with a broader variety of multimodality therapy,
including autologous peripheral stem cell transplantation
after high-dose chemotherapy.143 Similar results have been
replicated by others.12

Current attempts to improve survival in nonseminoma-
tous germ cell tumors (NSGCT) have involved high-dose
chemotherapy combined with autologous peripheral blood
stem cell transplantation. One recently published prospective
trial from Germany reported the results of high-dose cis-
platin, etoposide, and ifosfamide chemotherapy followed by
autologous peripheral blood stem cell transplantation and
granulocyte colony-stimulating factor (G-CSF) support.144

Nineteen of the 28 (68%) patients enrolled obtained disease-
free status after three or four cycles of therapy, with 1 patient
succumbing to a relapse of nonseminomatous germ cell
tumor. Two patients died of concurrent hematologic malig-
nancies. Overall progression-free survival rates were reported
as 64% at 2 years and 56% at 5 years, which compare favor-
ably with the 46% and 42% progression-free survival rates
reported with standard cisplatin-based therapy from 1979 to
1996 by the International Extragonadal Germ Cell Tumor
Study Group.145,146
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TABLE 39.8. Representative survival of patients with mediastinal seminoma based on therapy.

No. of patients
Author reported Primary form of therapy Survival

Sterchi et al.177 105 Radiation 58% at 5 years
Polansky et al.178 107 Radiation 75% at 5 years
Takeda et al.123 13 Multimodality therapy 83% survival ranging

from 8 months to 19
years posttreatment

Bokemeyer et al.145 51 Chemotherapy alone, 74% 88% at 5 years
of patients

Radiotherapy alone, 9% of
patients

Chemo and radiation, 17%
Gholam et al.130 12 Chemotherapy only 100% at 7 years

FIGURE 39.7. Magnetic resonance imaging (MRI) of embryonal car-
cinoma reveals a large heterogeneous mass displacing the medi-
astinum and replacing a large portion of the right pleural cavity.
(Courtesy of Dr. Wallace Miller, Department of Radiology, Hospital
of the University of Pennsylvania.)



Although surgery plays at most a diagnostic role in the
initial management of NSGCT, it is a critical component of
treatment after completion of chemotherapy. The M.D.
Anderson Cancer Center recently reported a series of 20
patients who underwent surgical resection after completion
of chemotherapy.12 Eleven patients received no additional
treatment beyond initial chemotherapy and 9 others received
salvage chemotherapy after failure of the initial regimen. Of
the 11 patients in the initial treatment only group, 9 survived
the course of chemotherapy and all patients normalized levels
of serum tumor markers after completion of chemotherapy.
One patient demonstrated a complete radiographic response
and did not undergo an operation, whereas 8 patients had evi-
dence of residual mediastinal mass and underwent surgical
resection. Of the 9 patients in the salvage group, there were
5 deaths during chemotherapy and 4 patients survived the
course of treatment. One patient in this group had both a sero-
logic and radiographic response and did not undergo medi-
astinal exploration. Three patients in the salvage group
underwent surgical resection for residual mediastinal mass.
Of all 11 resected tumors, 3 demonstrated complete tumor
necrosis, 1 showed necrosis with mature teratoma, 3 showed
mature teratoma only, and 2 showed near-complete necrosis
and small microscopic rests of viable tumor. Two patients in
this series had grossly viable tumor despite chemotherapy.
One of these patients was the only patient in the series 
who had persistently elevated tumor markers after
chemotherapy and succumbed to recurrent tumor, whereas
the other patient with residual disease developed acute
leukemia and died before restarting postresection savage
chemotherapy. At 2-year follow-up, the survival of patients
treated by this aggressive multimodality therapy was 72%,
with 9 of 11 patients surviving without evidence of disease.
These results are the highest rates ever reported for medi-
astinal NSGT. Survival of the “salvage group,” or patients
who had failed an initial course of chemotherapy at another
institution before treatment at M.D. Anderson Cancer
Center, was worse, with 4 of 9 patients (39%) alive 2 years
after the initiation of treatment; 1 patient is alive with disease
and 3 are free of disease.

Although this study supports previous series suggesting
that resection should be undertaken in patients who have
postchemotherapy residual mediastinal masses with tumor
marker normalization,135,147 the role of surgery in the face of
persistently elevated tumor markers is more controversial.
Some favor salvage chemotherapy in patients with persis-
tently elevated tumor markers and a residual mediastinal
mass, but others have presented data supporting the idea that
survival may be improved by postchemotherapy resection of
residual masses. A retrospective 17-year review of 91 patients

treated at Indiana University showed that surgical resection
after initial chemotherapy could lead to tumor marker nor-
malization and improve survival in a subgroup of patients.143

This finding combined with the overall poor long-term 
survival of patients requiring salvage chemotherapy has
increased the acceptance of surgical resection for residual
mediastinal NSGCT despite elevation of tumor markers
(Table 39.9). Larger series will be necessary to convincingly
demonstrate the efficacy of this form of treatment.

Middle Mediastinum

Although the middle mediastinum contains numerous vital
structures of the aerodigestive tract, lymphoma and benign
mediastinal cysts remain the most common primary middle
mediastinal masses. Because the middle mediastinal lymph
nodes are a frequent site of metastasis from bronchogenic car-
cinoma, however, metastatic carcinoma is probably the most
common cause for middle mediastinal masses overall.

The diagnosis and treatment of lymphoma in the middle
mediastinum does not differ from disease located primarily
in the anterior mediastinum other than the fact that the 
diagnosis is typically made by mediastinoscopy rather than
Chamberlain procedure (mediastinotomy). Congenital
foregut cysts are the most common middle mediastinal cysts
and represent benign, aberrant development of foregut struc-
tures. They almost never undergo malignant degeneration,
but familiarity with these entities is important to distinguish
them from malignant tumors of the mediastinum. Bron-
chogenic cysts recapitulate the structure of the tracheo-
bronchial tree and can contain all histologic structures found
in the normal airway such as respiratory epithelium, carti-
lage, and bronchial glands.148,149 Enterogenous cysts recapitu-
late alimentary tract structures of the foregut, although they
may contain gastric mucosa or pancreatic tissue. Because
many of these patients eventually develop symptoms of
obstruction or cyst infection, resection of these structures is
generally recommended on discovery150 (Figure 39.8). Mini-
mally invasive techniques that allow resection of these cysts
with little morbidity have made resection all the more attrac-
tive.151 However, it is certainly reasonable to follow a simple,
thin-walled, asymptomatic cyst that has all the radiologic
characteristics of a benign process.

Pericardial cysts represent aberrant fusion of the anterior
pericardial recess and can be located attached to the
diaphragm or the pericardium. These are usually unilocular
cysts filled with clear fluid, with no malignant potential, and
they are resected only if symptomatic or if the diagnosis is in
doubt.150,152
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TABLE 39.9. Survival of patients with mediastinal nonseminomatous germ cell tumors based on
therapy.

No. of
Author patients Therapy Survival

Kersh et al.131 14 Radiation 8.8% at 5 years
Kesler et al.143 91 Chemotherapy and surgical resection 61% at 4 years
Bokemeyer et al.144 28 High-dose chemotherapy and autologous 68% at 2 years

peripheral blood stem cell transplantation



Posterior Mediastinum

Neurogenic tumors are the most common posterior medi-
astinal masses. Collectively, they represent approximately
14% of all mediastinal masses in the adult.5 The over-
whelming majority of these tumors are benign, and most
patients are asymptomatic. These neoplasms are generally
grouped into three categories based on the neurogenic tissue
of origin. Tumors arising from the nerve sheath include
schwannoma, neurofibroma, and malignant nerve sheath
tumor. They are the most common neurogenic tumors in the
adult. Sympathetic ganglion tumors include ganglioneuroma,
ganglioneuroblastoma, and neuroblastoma. Parasympathetic
ganglion tumors such as chemodectoma and pheochromocy-
toma have been reported to occur in the posterior medi-
astinum but are exceedingly rare in that location.

Esophageal duplication cysts and bronchogenic cysts also
occur with some frequency in the posterior mediastinum.
The approach to their management is as described previously
for simple middle mediastinal cysts, but the surgical approach
often involves thoracoscopic resection.

Schwannoma and neurofibroma are the most common
mediastinal neurogenic tumors.153 These are benign and slow-
growing tumors. They appear as well-marginated, encapsu-
lated masses, most commonly in the costovertebral sulci.
Both tumors behave in a benign manner and most patients
are asymptomatic on presentation, although symptoms of
plexopathy, neurologic symptoms from the involved inter-
costals nerve(s) or intraspinal extension, or airway irritation
are not unusual.150,154,155 More than one-third of patients with
neurofibromas have von Recklinghausen’s disease or neurofi-
bromatosis. These patients usually have with multiple 
neurofibromas and tend to present at an earlier age.150,156 The
definitive treatment of these tumors is surgical resection,
although as for benign-appearing cysts, observation is not
unreasonable in some patients due to the slow growth and
low malignant potential. Some of the larger series have shown

that complete resection by a thoracotomy can be achieved in
more than 90% of the patients, and of those with complete
resection, only 5% present with local recurrence.154 Thoraco-
scopic resection of such tumors has also been reported with
favorable results,157,158 and this is now commonly performed.
Combined thoracic and neurosurgical resection of dumbbell
tumors with intraspinal extension can also be achieved with
low morbidity.159

The malignant version of the nerve sheath tumor, neu-
rofibrosarcoma, is a rare malignancy arising most likely from
malignant degeneration of neurofibroma.160 Although it is a
rare malignancy in the population as a whole, this cancer can
affect as many as 29% of patients with neurofibromatosis.161

Unlike benign tumors, most of these malignancies are symp-
tomatic, with pain and symptoms of nerve impingement
being common at presentation.160 On CT these tumors 
typically present as rounded masses with areas of central
hemorrhage and necrosis.150 Radical surgical excision is the
procedure of choice. However, 5-year survival is as low as
16% in patients with neurofibromatosis, with no survival
benefit derived from adjuvant therapy.160,162

Sympathetic ganglion tumors represent malignant degen-
eration of the nerve cell, rather than the nerve sheath. These
tumors tend to occur in the sympathetic ganglia and adrenal
gland and probably represent a spectrum of the same tumor,
with ganglioneuroma representing the most benign version of
the disease. Ganglioneuromas are the most common of the
thoracic sympathetic chain tumors and are composed of well-
differentiated ganglion cells.163 Most patients are asympto-
matic at presentation, but symptoms related to secretory
activity of catecholamines has been reported.164 Complete
resection is the definitive and highly successful treatment.165

Ganglioneuroblastoma is a tumor that is histologically com-
posed of ganglioneuroma-like elements as well as neuroblas-
toma-like features. The degree of malignant behavior is
generally related to the degree of neuroblastic differentiation.
Overall, these tumors have a high 5-year survival after 
resection.166

Neuroblastoma represents the most malignant of the
sympathetic ganglion tumors. This disease is almost exclu-
sively limited to children, and 90% of the cases are reported
in children less then 5 years of age.167 The majority of the
patients are symptomatic on presentation, and distant metas-
tases are common. Symptoms may include chest pain,
dyspnea, myelopathy from spinal canal involvement, and
symptoms related to excess catecholamine production.168 The
International Neuroblastoma Staging System, reflecting
factors such as the primary tumor size, lymph node involve-
ment, and extent of unresectable disease, can be used to
predict survival.169 Amplification of the oncogene, N-myc,
has also been shown to correlate with poor prognosis.167

Localized neuroblastoma, both abdominal and thoracic,
has a favorable 89% to 96% survival rate with surgery
alone.170,171 Survival can be improved in patients with resid-
ual disease after resection and in those with positive lymph
node involvement by combining chemotherapy and radiation
therapy.172 Traditionally, thoracic neuroblastoma has been
considered a positive prognostic factor, less likely to have N-
myc amplification or DNA ploidy, and thus conferring a
better survival rate.173 More recent studies, however, have
shown that patients with early-stage thoracic and abdominal
neuroblastomas have a similar survival.174
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FIGURE 39.8. Large foregut duplication cyst (arrow) can present
with signs and symptoms of dysphagia as well as airway obstruction
as a result of impingement on the aerodigestive tract. (Courtesy 
of Dr. Wallace Miller, Department of Radiology, Hospital of the 
University of Pennsylvania.)
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Esophageal Cancer
John D. Urschel

sophageal cancer is a notoriously difficult cancer to
treat. Locoregional therapies, such as surgery and radio-
therapy, are hampered by the anatomic proximity of the

esophagus to vital structures, its rich and multidirectional
lymphatic plexus, and, typically, by the late stage of sympto-
matic disease. Currently available systemic therapies, such 
as chemotherapy, are effective but they leave much to be
desired. Chemotherapy’s effectiveness, perhaps surprisingly,
relates in large measure to its synergism with radiotherapy at
the locoregional level. All the major treatment modalities are
hampered by the typical patient’s inability to easily tolerate
aggressive therapy, but this is especially so for surgical
therapy. One only has to contrast the rigors of esophagec-
tomy, especially after chemoradiation, with the tolerability 
of breast cancer surgery or right hemicolectomy, to see this
point. Taking these factors together, esophageal cancer
remains one of the most difficult cancers for an oncologist of
any discipline to treat and one of the most difficult malignant
illnesses that a patient can face. Sadly, it is also a cancer that
is rapidly increasing in incidence, at least in the Western
world.

Despite the gloomy introductory remarks to this chapter,
there is some reason for optimism. Progress, albeit modest,
has been made in the past several decades.1 The stage-specific
effectiveness of the major therapies—surgery, radiotherapy,
and chemotherapy—has improved markedly. This change
relates, in part, to real progress in each field, but better patient
selection and stage migration have also played a role. Popu-
lation-based statistics from several countries now show 5-
year survivals in excess of 10%, instead of the consistently
single-digit figures from previous eras.2 Although these data
largely confirm that true progress has been made, a cynic
might still take exception. The disease itself has changed, at
least in the Western world, and the new disease, with its
predilection for the distal esophagus, is in some ways easier
to treat.

Not all improvements in oncology can be measured with
endpoints such as 5-year survival. Progress in the areas of
imaging and staging has been particularly striking, and
patients have benefited greatly from these advances. Many
have been spared the exploratory operations and incomplete
“palliative” resections that were so common in the past.
Advances have also been made in the palliation of malignant
symptoms, especially dysphagia. Endoscopic techniques have
replaced surgical interventions for dysphagia, and the endo-
scopic methods themselves have become less morbid.
Although these advances cannot be captured in survival data,

they are nevertheless very important. Progress in esophageal
cancer treatment has been made, and practitioners should be
excited and hopeful about the future.

This chapter is not a uniform overview of all aspects of
esophageal cancer. Following the theme of this textbook,
emphasis is placed on subject areas that have been studied by
randomized controlled trials. The randomized controlled
trials, in aggregate, provide the evidence upon which we base
our clinical practices. The chapter also emphasizes the ques-
tions in clinical practice that are characterized by hard choice
constraints, where we must decide between two alternatives
(for example, primary surgery versus definitive chemoradia-
tion), as opposed to soft choice constraints, where we decide
if an additional intervention may be valuable [for example,
computed tomography (CT) scanning versus CT and positron
emission tomography (PET)]. This is not to say that soft con-
straints, which involve issues of cost, feasibility, and effi-
ciency, are not important; they are. For clinicians (and by
extension, patients), however, it is the choice between mutu-
ally exclusive treatment options that weigh most heavily on
the mind. Finally, the chapter seeks to clarify topics that are
prone to confusion, such as those relating to surgery, while
avoiding duplication of topics covered elsewhere in the text-
book, such as diagnostic imaging.

Problems of Data Aggregation

One of the purposes of this textbook is to help clinicians
make sense of the huge body of published data on any given
malignancy. In the process of aggregating data we, by neces-
sity, ignore certain types of information in each original data
source or, stated differently, we abstract the critical informa-
tion from the less-important detail. It is easy to lose sight of
the simplifying assumptions that we make during data agg-
regation, and this is especially the case for the esopha-
geal cancer literature. The major problems in aggregating
esophageal cancer data that distinguish this subject of study
from others in this textbook are the following: (i) different his-
tologies, that is, squamous carcinoma and adenocarcinoma;
(ii) different classification and staging schemes for adenocar-
cinomas involving the esophagogastric junction; and (iii) East
versus West dichotomy.3,4

Squamous carcinomas and adenocarcinomas are arguably
very similar in their very general features of lethality and
response to treatment. However, even if this is assumed to be
the case, the two histologies diverge in other important ways.
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The typical patient suffering from squamous cancer of the
esophagus differs from one with adenocarcinoma and poses
different treatment challenges. The profile of the former
includes a history of smoking and consuming alcohol, poor
nutrition, a tumor in proximity to the tracheobronchial tree,
involvement of lymphatics adjacent to the recurrent laryn-
geal nerves, difficult surgical resections that usually require
a thoracotomy approach, radial resection margins that are
commonly positive, and a propensity to postoperative pul-
monary complications. In contrast, a typical patient suffering
from adenocarcinoma is often a heavy-set nonsmoker, with a
more readily resectable distal esophageal tumor (often not
requiring a thoracotomy), but with lymphatic involvement of
both the mediastinal and abdominal lymphatics. These gen-
eralizations, as simplistic as they are, should be kept in mind
as we review aggregated patient data.

Turning to the second issue, adenocarcinomas that
involve the esophagogastric junction present a major problem
for the classification and staging of foregut cancers and the
interpretation of published literature. These adenocarcino-
mas of the esophagogastric junction, or AEGs, frustrate our
attempts to develop valid treatment concepts in both
esophageal and gastric disease sites. Controversy abounds as
how to best classify these tumors. Are they all variants of the
same malignant condition, or are they very different? That
question has bearing on their classification. Siewert’s classi-
fication organizes tumors that involve the esophagogastric
junction into three types.5 AEG I tumors arise in the distal
esophagus from malignant transformation of Barrett’s esoph-
agus (which in turn is caused by gastroesophageal reflux), and
extend to the esophagogastric junction. They are primarily
esophageal tumors and should be treated as such. The surgi-
cal therapy is esophagectomy. AEG type III tumors arise in
the proximal stomach and extend upward into the junction.
They share a common etiology with other gastric tumors
(Helicobacter pylori infection and nutritional risk factors) 
and should be treated as gastric tumors. The surgical therapy
is total gastrectomy and abdominal lymph node dissection.
AEG type II tumors, or true tumors of the cardia, arise at 
the esophagogastric junction. Their origin is hotly debated,
and their optimal treatment is unclear. Siewert makes a 
case for treating these tumors as gastric cancers, with the 
surgical treatment being total gastrectomy and limited 
resection of the distal esophagus. Others favor operations 
that place the cancer at the epicenter of the resection 
(esophagogastrectomy).

Readers may be forgiven for thinking that the AEG clas-
sification is primarily of interest to surgeons, but they will
nevertheless be mistaken. Two virtually identical AEG
tumors may be classified, staged, treated, and reported in
completely different fashions, depending on the point of view
of the treating physicians. This practice causes tremendous
confusion in the data aggregation process. For example, one
center might classify an AEG tumor as an esophageal can-
cer, treat with chemoradiation followed by transhiatal or
transthoracic total esophagectomy (based on a published 
randomized controlled trial), stage involved celiac nodes as
stage IVA–M1a (distant lymph nodes; Table 40.1) disease, and
report the results accordingly. Another center may classify
the same AEG tumor as a gastric cancer, proceed with 
staging laparoscopy followed by total gastrectomy and D2
lymph node dissection, give postoperative chemoradiation
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(based on a published randomized controlled trial), stage 
the involved celiac axis nodes according to the total number
of involved nodes (versus location), assign a final stage that 
is much more favorable than stage IV, and report the 
results accordingly. Both centers, arguably, have proceeded
correctly. This problem frustrates rational attempts at data
aggregation.

The third problem, East–West dichotomy, at first glance
seems a redundant restatement of the differential histology
problem. Admittedly, that is partly the case. Its importance,
however, relates to the assessment of trials across time. The
East–West dichotomy shows a widening trend, so as more
trials are done it will be increasingly difficult to justify the
inclusion of both East and West experience in a single meta-
analysis or review.4

Epidemiology and Screening

At one time esophageal cancer was considered a single
disease, squamous cancer, with its incidence varying across
the world in accordance with known risk factors.6 Risk

TABLE 40.1. Definition of TNM and stage grouping for esophageal
carcinoma.

Primary tumor (T)
TX Primary tumor cannot be assessed
T0 No evidence of primary tumor
Tis Carcinoma in situ
T1 Tumor invades lamina propria or submucosa
T2 Tumor invades muscularis propria
T3 Tumor invades adventitia
T4 Tumor invades adjacent structures

Regional lymph nodes (N)
NX Regional lymph nodes cannot be assessed
N0 No regional lymph node metastasis
N1 Regional lymph node metastasis

Distant metastasis (M)
MX Distant metastasis cannot be assessed
M0 No distant metastasis
M1 Distant metastasis

Stage grouping

Stage 0 Tis N0 M0
Stage I T1 N0 M0
Stage IIA T2 N0 M0

T3 N0 M0
Stage IIB T1 N1 M0

T2 N1 M0
Stage III T3 N1 M0

T4 Any N M0
Stage IV Any T Any N M1
Stage IVA Any T Any N M1a
Stage IVB Any T Any N M1b

Source: Used with the permission of the American Joint Committee on Cancer
(AJCC), Chicago, Illinois. The original source for this material is the AJCC
Cancer Staging Manual, sixth edition (2002), published by Springer-Verlag New
York, www.springer-ny.com.



want to reconsider. The unfortunate combination of poste-
sophagectomy death and a “negative” pathology report is not
unknown.

Staging and Patient Assessment

Advances in the staging of esophageal cancer have greatly
influenced the contemporary management of this disease.1,12

Many of these advances belong to the field of diagnostic
imaging, and readers are referred to the chapters on thoracic
and gastrointestinal imaging for detailed treatment of these
subjects. The benefits of accurate staging are difficult to over-
state. Once common, but futile, surgical interventions are
now less frequent than in previous eras. The modern staging
exercise can be stratified into three salient questions: (i) is
metastatic disease present? (ii) if not, what is the precise
locoregional stage? and (iii) how fit is the patient for aggres-
sive treatments, especially surgery?

The first question is best answered with a combination of
CT scanning and PET scanning. PET scanning identifies
metastatic disease in approximately 20% of patients 
who appear to be free of metastases on other imaging
studies.13 This accuracy in the detection of metastatic disease,
along with PET’s promising role in assessing response to
treatment, makes PET scanning a major advance in
esophageal cancer management.14 Once metastatic disease 
is confirmed, further detailed staging investigations are 
generally not needed.

Precise locoregional staging is best accomplished with
endoscopic ultrasonography (EUS) and, to a lesser extent,
multislice CT scanning. EUS provides the most accurate
assessment of T stage, with its accuracy being especially
sharp (near 90%) if clinically relevant and relatively simple
discriminations, such as T1–T2 versus T3–T4 assessments
are made (as opposed to T-specific measures). Newer, slimmer
instruments have partly solved the problem of a tight stric-
ture, which has previously precluded passage of the endo-
scopic probe. Arguably, however, failure to pass the standard
EUS instrument is itself an indicator of advanced T stage.
EUS also provides valuable staging information about
regional lymph node involvement. Unlike CT determina-
tions, which are mostly based on node size, EUS gives an
image of both size and character (central necrosis, for
example). Endoscopic transesophageal fine-needle aspiration
biopsy techniques have extended the usefulness of EUS in
regional lymph node staging.

The place of invasive staging, namely thoracoscopy and
laparoscopy, is not well defined.12,15 Proponents of invasive
staging hope to duplicate the success of mediastinoscopy in
non-small cell lung cancer staging (one of the few estab-
lished examples of surgical staging). Mediastinoscopy in lung
cancer, however, provides a fairly simple outpatient assess-
ment of the lymph nodes of interest, answers a focused and
specific question, and is relatively accurate. Proficient opera-
tors can sample the relevant nodes in approximately 20
minutes. Thoracoscopy, in contrast, is much more involved,
and the question or questions of interest are not as focused.
One lung anesthesia is required. Dissection of relevant nodes
takes time. As a rule, postoperative hospitalization and a
chest tube are needed. Hospitalization can extend to several
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factors for squamous cancer include smoking, alcohol con-
sumption, nutritional deficiencies, and low socioeconomic
status. In the United States, poor black males were commonly
affected. Since the 1970s adenocarcinoma of the esophagus
has increased in incidence in the West while the incidence of
squamous cancer has decreased.7 Adenocarcinoma is now the
dominant form of esophageal cancer in the West whereas
squamous cancer continues to dominate in the East. Risk
factors for adenocarcinoma of the esophagus include gastroe-
sophageal reflux, obesity, and, to a lesser extent, cigarette
smoking. Almost all esophageal adenocarcinomas arise in
specialized intestinal metaplastic epithelium (Barrett’s eso-
phagus) and pass through a metaplasia–dysplasia–cancer
sequence.8 Barrett’s esophagus, in turn, is caused by chronic
reflux. Although obesity and reflux affect males and females
almost equally, adenocarcinoma typically affects males
(white males). Our understanding of this disease is obviously
incomplete.

Preventive strategies for squamous cancer include avoid-
ance of smoking and excess alcohol consumption and eating
a balanced diet that includes fresh vegetables. The decline in
squamous cancer incidence in the West is probably (at least
in part) the result of these types of behavioral change. Pre-
vention of adenocarcinoma is more controversial. Few would
take exception with recommendations to avoid obesity and
cigarette smoking (although cigarette smoking is much less
important in the etiology of adenocarcinoma than it is in
squamous cancer). Dealing with reflux, however, is problem-
atic. Symptoms can be controlled with medications, but the
underlying reflux of harmful, usually alkaline, gastroduode-
nal material continues. Some have suggested a role for antire-
flux surgery to eliminate reflux and thereby reduce the risk
of adenocarcinoma. Large-scale population-based antireflux
surgery programs, while perhaps a dream in certain surgical
circles, are simply not practical or warranted. Importantly,
antireflux surgery has not been proven to reduce the risk of
adenocarcinoma, and the surgery itself is not innocuous.9,10

Other areas of preventive interest include the role of H. pylori
infection, or rather the lack thereof, and the possible protec-
tive effect of cyclooxygenase 2 (COX-2) inhibitors. There is
some suggestion that H. pylori infection, although central to
the genesis of gastric cancer, may somehow protect against
esophageal adenocarcinoma. This, however, is far from clear.
Interest in COX-2 inhibitors follows from their use as chemo-
preventive agents in other gastrointestinal sites, notably the
colon.

Clinicians are very aware that the prospective for cure is
greatest among patients whose esophageal cancer is detected
by screening, either formal or ad hoc. However, that does not
mean that screening for esophageal cancer is effective as a
population-level health strategy.11 The issues are not simple,
as this textbook’s two chapters on screening make clear.
Salient problems (in the West) include the uncertainty of diag-
nosis of high-grade dysplasia, inability to predict progression
from dysplasia to invasive cancer, and the operative mortal-
ity of esophagectomy. Readers familiar with the (apparent)
success of cervical cancer screening programs should ask
themselves what might have happened if cone biopsies were
not really reliable and hysterectomy carried an operable mor-
tality of 15% in nonspecialized centers. Finally, clinicians
embarking on the screening of elderly or frail patients might
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days.15 Although thoracoscopy incisions are small, the asso-
ciated pain is often out of proportion to size because of inter-
costal nerve trauma.

Laparoscopy is better tolerated than thoracoscopy. In
gastric cancer, a malignancy known for its propensity for
intraperitoneal dissemination, laparoscopy makes sense;
imaging studies often miss peritoneal seeding. However, the
rationale for routine laparoscopy in esophageal cancer staging
is less compelling. Peritoneal metastases are not frequent.
One of the alleged advantages of laparoscopy, obtaining infor-
mation on celiac axis node involvement, is suspect. In many
reported series the celiac nodes are simply visually inspected;
fully dissecting the celiac nodes, while at the same time pre-
serving the vessels, is not a minor undertaking. In summary,
the case for routine invasive staging of esophageal malignan-
cies is tenuous.

Assessment of fitness is an important aspect of a patient’s
workup, especially if surgery is considered. The preoperative
assessment process has been formalized in several specialized
esophageal surgery centers. Composite scoring systems have
been developed that accurately stratify patients according 
to operative risk. One system emphasizes general status,
cardiac, hepatic, and pulmonary function, while another uses
age, FEV1 (forced expiratory volume in 1 second), and perfor-
mance status.16,17 Unfortunately, composite scoring systems
do not enjoy widespread use.

Treatment: General Concepts

The treatment of esophageal cancer, similar to that of other
solid tumors, is dictated by cancer stage and patient
fitness.1,4,18,19 Although it is possible to think of treatment 
and develop algorithms in terms of each specific cancer 
stage, the process of data aggregation across clinical trials
does not lend itself to this degree of precision. Rather, crude
stage groupings must be used. A useful stage grouping cate-
gorizes patients into three groups: (1) early-stage disease
(T1–2N0), (2) locoregional disease (more advanced than early-
stage disease but no metastatic disease), and (3) metastatic
disease. A few additional qualifications to this simplified
scheme are helpful. Within the second category of locore-
gional disease, a practical subdivision can be made based on
surgical considerations. The group can be divided into those
patients who have a reasonable expectation of undergoing a
complete, or R0, resection if primary surgery is performed and
those who do not. This distinction is not always easy; con-
siderable experience and good judgment are needed. The third
category, metastatic disease, can be expanded to include frail
patients who cannot tolerate aggressive, curative-intent,
treatment. These patients are often treated along the same
lines as those with metastatic disease, but for different
reasons.

Treatment: Early-Stage Esophageal Cancer

Patients with early-stage esophageal cancer cannot be
approached in an evidence-based fashion, at least not in the
usual sense of the term. Large-scale randomized trials have

not been conducted in this group of patients, nor are they
likely to be done in the near future. Treatment is instead
based on what might be called a reason-based approach.18,19

Surgical resection is effective in this group of patients, so it
is reasonable to deem this the standard by which other 
treatments are compared. Five-year survivals in excess of 
50% are reported, and operative mortality is lower than that
of unselected surgical patients (well below 5%). Nevertheless,
it is very possible that the same results, or perhaps better,
could be obtained with other treatments such as chemoradi-
ation. Because patients with unfavorable comorbidities tend
to be treated nonoperatively, fair comparisons are hard to
come by.

Patients with very early disease (subgroups of T1a) may
be treated with various endoscopic approaches, such as endo-
scopic mucosal resection, and in this way esophagectomy is
avoided. However, these endoscopic treatments may have a
higher cancer recurrence rate than traditional esophageal
resection. Recurrence can result from underestimation of the
true stage of disease (staging imprecision), inherent limitation
of endoscopic treatment methods, or a combination of the
two. The techniques are probably best suited for patients too
frail to safely undergo esophageal resection.

Treatment: Locoregional Esophageal Cancer

This stage of esophageal cancer has generated the greatest
controversy in management and, appropriately, the largest
number of randomized controlled trials (RCTs). As a result 
of RCTs there is now broad agreement on several points: 
concurrent chemoradiation is superior to radiotherapy as a
nonoperative treatment, preoperative radiotherapy is not
effective, and the routine administration of postoperative
radiotherapy is not warranted. Nevertheless, many contro-
versies exist. One seemingly basic problem is the choice of a
standard treatment (control arm) for comparison purposes.
One approach is to start with treatments that have history on
their side, such as surgery. This rationale is used by those who
proclaim surgery as the “gold” standard. Not only does the
term gold seem excessive (5-year survival is typically 20% to
25%), but the logic of using history as a criterion is ques-
tionable. Surgery is standard through precedent; other treat-
ments require compelling evidence to become standard. The
failure of a notable American intergroup trial, which tried to
compare chemoradiation and surgery to surgery alone, to
accrue patients suggests that, in the United States, at least,
clinicians are uncomfortable with the historical surgical
standard. An alternative approach is to use frequency of use
as a basis for the standard. Using this argument, chemoradi-
ation is a standard treatment for locoregional esophageal
cancer in the United States.18 In this chapter two treatments,
surgery alone and definitive chemoradiation (not to be con-
fused with neoadjuvant chemoradiation), are discussed as
standard treatments, and then other treatment options are
measured against them. These other treatments are grouped
into three categories: (1) investigational treatments of current
interest, (2) investigational treatments of some interest, and
(3) treatments shown to be inferior (of no current interest)
(Table 40.2).



modern esophageal cancer resection is to perform a complete
(R0) cancer resection. Microscopically (R1) and macroscopi-
cally (R2) incomplete resections provide little benefit. In fact,
these incomplete resections are often harmful. Not only is
perioperative mortality high in this group, but potentially
curative alternatives such as definitive chemoradiation are
foregone. Primary surgery should therefore only be offered to
patients in whom there is a reasonable expectation of achiev-
ing a complete resection. Patients with bulky tumors that are
closely apposed to vital structures (for example, the tracheo-
bronchial tree and aorta) should be viewed with caution, as
should those with obvious lymph node metastases. It is dif-
ficult to perform a complete resection in these patients.

How can we tell, after the fact, if a resection was com-
plete? The pathology report is obviously critical, but so is a
thoughtfully dictated operative report. The pathologist can
only comment on the submitted specimens, not the tissues
and lymph nodes remaining in situ; it is up to the surgeon to
describe these things. We usually think in terms of resection
margins, but physicians often unduly emphasize one margin
(the easiest to quantify and conceptualize) while paying less
attention to the other margins (the more difficult to quantify
and conceptualize). There are three resection margins: axial
(proximal and distal), radial, and lymphatic.4,19 The axial
margins tend to receive the greatest attention. They are the
easiest for the pathologist to measure and report and the
easiest for physicians to understand. Positive proximal or
distal margins indicate an incomplete resection and portend
a future anastomotic recurrence. Not surprisingly, generous
(many centimeters in the fixed specimen) margins give a
lower risk of anastomotic recurrence than close margins (a
centimeter or two).21 Remarkably, microscopically involved
margins do not seem to increase the risk of postoperative
anastomotic leakage.22 The radial margins, in contrast to the
axial margins, are difficult for the pathologist to assess.
Ideally, the esophagus is resected in such a way that normal
mediastinal soft tissues completely envelope the area of
tumor. By inking the radial margins, the pathologist can state
whether the radial margin is clear and by how many mil-
limeters (note the different scale of measurement for axial and
radial margins). Often, however, the radial margin is almost
nonexistent; this is the rule for a T3 tumor adjacent to the
trachea. Here it is difficult for the pathologist, and the
surgeon, to tell if a R0 resection has been done. Involved
radial margins raise the possibility of recurrence in the tumor
bed.

Finally, the lymphatic margin or, more specifically, the
lymph node ratio, is often completely ignored. This concept
is best described by way of an example. Imagine two seem-
ingly similar pathology reports, each reporting an identical T-
stage primary, negative axial and radial resection margins, and
cancer in three lymph nodes. The postoperative TNM stage
will be the same, and some might imagine a similar progno-
sis for the two patients. But, what if one specimen shows 3
of 30 nodes positive (lymph node ratio of 0.1) while the other
shows 3 of 4 positive (lymph node ratio of 0.75)? One patient
has a clear lymphatic margin and a favorable prognosis
(lymph node ratio less than 0.2) while the other’s R0 status
is suspect, along with the prognosis.23

Surgical treatment of esophageal cancer, as measured by
survival and operative mortality, has improved markedly over
the past few decades. Surgery, per se, is not more effective as
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Standard Treatments

Surgery Alone

Esophagectomy for locoregional stage cancer typically cures
20% to 25% of patients (a higher percentage if patients are
very carefully selected), but approximately 5% to 10% of
patients succumb to postoperative complications (a lower
percentage if patients are carefully selected or statistical lib-
erties are taken).20 Unlike chemotherapy and radiotherapy,
surgery is difficult to standardize. The innumerable ways to
remove an esophagus, and then put something in its place,
provide surgeons with an endless list of topics to debate at
meetings and frustrate the nonsurgeon who wishes to abstract
the essential surgical concepts from the trivia. In what
follows, an abstraction of the essential surgical concepts and
controversies is presented (Table 40.3).

Generally Accepted Surgical Concepts

The central concept of surgery for cancer of the esophagus has
changed over the past several decades.19 Surgeons once per-
formed esophagectomy because it effectively palliated dys-
phagia and because a few fortunate, and largely a priori
unidentifiable, patients were cured. There are now less-
morbid methods to palliate dysphagia, so palliative intent
esophagectomy is no longer a valid concept. The goal of

TABLE 40.2. Treatment options for locoregional stage esophageal
cancer (curative intent).

I. Standard treatments, against which other treatments are 
compared:
1. Surgery alone
2. Definitive chemoradiation

II. Investigational treatments of current interest:
1. Neoadjuvant chemotherapy and surgery
2. Neoadjuvant chemoradiation and surgery
3. Definitive chemoradiation with possible salvage 

esophagectomy
III. Investigational treatments of some interest:

1. Surgery and adjuvant chemotherapy
2. Surgery and adjuvant chemoradiation

IV. Inferior treatments (of no interest):
1. Radiation alone
2. Neoadjuvant radiation and surgery
3. Surgery and adjuvant radiation

TABLE 40.3. Surgical concepts: agreement and controversies.

Agreement:
1. A complete (R0) resection is the overriding goal of surgical

therapy
2. Incomplete resections are of little, if any, benefit
3. There is no place for palliative-intent surgery
4. Primary surgery should be restricted to those patients in whom

there is a reasonable expectation of an R0 resection
5. There is a relationship between surgical volumes and outcomes
Controversies:
1. Operative approach (transthoracic, transhiatal, other)
2. Extent of resection (axial, radial, lymphatic)
3. Methods of reconstruction
4. Surgery as a component of multimodality therapy
5. Validity of the salvage esophagectomy concept



a cancer treatment than in the past. Progress in esophageal
cancer surgery is instead attributable to improved patient
selection (better staging), better postoperative care, and sur-
gical experience.1,24 The experience factor cannot be underes-
timated. There is now overwhelming evidence that the
results of esophageal cancer surgery are better when surgery
is done at high-volume hospitals and by experienced sur-
geons.25–27 Specialized esophageal surgery centers consistently
achieve operative mortalities of less than 5% while the com-
parable figure for low-volume hospitals and surgeons is closer
to 15%. A final factor that may contribute to improved
results, at least in the West, is the epidemiologic shift from
squamous to adenocarcinomas. Infracarinal esophageal
tumors are generally easier to resect, and easier to resect 
completely, than equivalent stage supracarinal tumors.

Controversies in Esophageal Cancer Surgery

There are five main areas of controversy in esophageal cancer
surgery, but most of these controversies are linked in some
way to at least one of the other controversies (see Table 40.3).4

For example, proponents of very radical surgery (extent of
resection controversy) usually favor a transthoracic operation
(operative approach controversy), and they often view surgery
alone as an effective curative treatment strategy (multi-
modality therapy controversy). Nevertheless, this bundling of
the controversies is often overstated and assumed to be
present when in fact it is not. Nonsurgeons (and less-experi-
enced surgeons), for example, often mistakenly believe that a
transthoracic esophagectomy is, by definition, a more-radical
operation than a transhiatal esophagectomy. This is simply
not true. The clinics of the world are replete with (unsus-
pecting) patients who possess the unfortunate combination of
a large thoracotomy scar and a pithy pathology report. Con-
versely, very radical infracarinal en bloc resections of distal
esophageal tumors can be done through a transhiatal route.19

Operative approaches include (i) laparotomy and right 
thoracotomy (Ivor Lewis, or Lewis–Tanner), (ii) laparotomy,
right thoracotomy, and cervicotomy (McKeown, or three-
incision), (iii) left thoracoabdominal, (iv) transhiatal (laparo-
tomy and cervicotomy), and (v) minimally invasive versions
of these operations (especially iv and ii).4 Worldwide, the 
Lewis transthoracic approach is popular and broadly appli-
cable. It offers generous exposure for dissection, but has 
the disadvantage of postthoracotomy morbidity, and its
intrathoracic anastomosis occasionally gives rise to cata-
strophic complications.

The McKeown adaptation (properly called three incision,
not three field) adds a cervicotomy for fashioning of a cervi-
cal anastomosis and gives a little longer proximal resection
margin. The cervical anastomosis is a mixed blessing; leaks
are less lethal and easier to manage, but most surgeons (not
all) have noted an increased tendency for these anastomoses
to leak (incidence of 10%–15% versus 5% for intrathoracic
anastomoses).22 The left thoracoabdominal approach gives
excellent exposure of the gastric cardia and is one valid option
for treatment of type II AEG cancers but otherwise has little
to recommend it. Inexperienced operators are easily seduced
by its quickness and simplicity, but they often shortchange
the proximal margin (the aortic arch is in the way), and the
low intrathoracic esophagogastric anastomosis can produce
severe reflux. Variations of this operation that take the dis-

section and the anastomosis above the aortic arch are per-
fectly acceptable but not popular.

The transhiatal esophagectomy is best suited to infracari-
nal tumors. Not coincidentally, its surge in popularity mirrors
the rise of adenocarcinoma as the dominant cancer in the
Western world. The main advantages of the operation are
avoidance of thoracotomy (less pain and fewer pulmonary
complications) and the mixed blessing of a cervical anasto-
mosis. A radical infracarinal resection can be done (more or
less under direct vision), but aggressive dissection cephalad
to the carina can create unwanted surprises. In the United
States, at least, some surgeons have mistakenly assumed that
the lack of a thoracotomy somehow excuses the operator
from having a basic familiarity with intrathoracic dissection.

Minimally invasive adaptations of the transhiatal and
McKeown esophagectomies have been successfully per-
formed at selected centers throughout the world with good
results.28 There is no reason to condemn these innovations.
However, the operations require extraordinary skill, if they
are to be done well, and this may limit their use.

Is there any evidence that one operative approach is supe-
rior to another? Many comparisons of transhiatal and trans-
thoracic (various types) approaches have been done. Two
systematic quantitative reviews of multiple nonrandomized
and several underpowered randomized controlled trials 
(RCTs) failed to show a convincing difference between these
approaches.29,30 However, the most recent RCT, and the only
one that was adequately powered, showed lower pulmonary
morbidity with the transhiatal approach;31 this confirms what
advocates of the approach have always maintained. Neverthe-
less, other important outcomes, such as operative mortality
and cancer survival, were not shown to be different. Propo-
nents of the transhiatal operation point out that operative mor-
tality was slightly lower (not significant) in the transhiatal
group, whereas advocates of transthoracic operations instead
dwell on the nonsignificant trend toward better cancer sur-
vival with the transthoracic approach. The RCT, as well
designed and conducted as it was, still leaves room for debate.

Surgeons agree that a complete (R0) resection is needed,
but they differ on how far one must go to achieve this. Both
the extent of tumor resection and the extent of lymph node
dissection are debated, but these two questions are virtually
always bundled together into a single surgical philosophy.32,33

Tumor resections range from those that simply remove the
involved esophagus (little attention to the radial margin), to
those that remove the tumor en bloc within a sheath of normal
surrounding tissues (for example, the mediastinal fat, poste-
rior pericardium, mediastinal pleura bilaterally, and thoracic
duct). En bloc resections of infracarinal tumors are easier to
perform than those done for supracarinal tumors; the trachea
gets in the way of an anatomically satisfying en bloc resection.

The extent of lymph node dissection ranges from a
cursory sampling of regional nodes to a formal anatomic dis-
section across multiple body sites (abdomen, chest, neck).
The term two-field suggests a formal dissection of abdominal
and mediastinal nodes, while a three-field dissection adds a
neck dissection (the terms two-field and three-field should be
used to denote lymph node dissections, not the number of
operative incisions). Is there any good evidence that the
extent of tumor resection and lymph node dissection make a
difference? The aforementioned RCT of transthoracic versus
transhiatal esophagectomy is helpful.31 The transthoracic
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group received aggressive resections and two-field lymph
node dissections; there was a nonsignificant trend toward
longer survival. Aggressive resections, although strictly of
unproven benefit, may confer some modest benefit.32–34 The
benefit, if it exists, is probably the result of better locoregional
control, as opposed to a direct Halstedian impact on cure. One
note of caution is in order. Skilled surgeons can perform
radical esophageal operations, including a two-field node dis-
section, with acceptable morbidity. An analogy to the case of
D2 dissections for gastric cancer is appropriate. The three-
field dissection, however, is another matter. Complications,
most commonly related to recurrent laryngeal nerve injury,
are very frequent. Without proof of effectiveness, it is diffi-
cult to justify routine neck (three-field) dissection for
esophageal cancer, especially distal adenocarcinomas.35

Controversies surrounding methods of esophageal recon-
struction center on the quality of neoforegut function after
esophagectomy.36 The issues include postreconstruction
swallowing, conduit emptying, reflux, early satiety, anasto-
motic and conduit recurrence, and reconstruction-related
postoperative mortality. Many of these issues have been
studied in RCTs, but because these questions are primarily
surgical in nature, interested readers are referred to other
sources.37–40 In brief, most surgeons favor reconstruction with
a gastric conduit (versus colon) placed in the posterior medi-
astinum (versus anterior), and a high thoracic (versus low tho-
racic) or cervical esophagogastric anastomosis, which can be
fashioned by hand or with a stapling instrument (equivalent).
A pyloric drainage procedure (pyloroplasty or pyloromy-
otomy) may be omitted if a narrow gastric tube is used, and
care is taken to avoid kinking or twisting of the conduit. Oth-
erwise, a drainage procedure is wise. The final two surgical
controversies featured in Table 40.3, surgery as a component

of multimodality therapy and salvage esophagectomy, are dis-
cussed later in this chapter.

Definitive Chemoradiation

Definitive chemoradiation is the standard nonoperative treat-
ment of locoregional esophageal cancer and rivals surgery as
the current treatment of choice.18,41,42 Many RCTs have com-
pared chemoradiation to radiation alone, the nonoperative
standard treatment of the past (Tables 40.4, 40.5).43–57 Although
many of these trials have been negative, most featured subop-
timal doses of radiation or chemotherapy. Additionally, many
delivered chemotherapy and radiation sequentially (versus
concurrently), an approach that is now recognized as inferior.
The American RTOG 8501 trial is the only major RCT to
feature adequate doses of radiation (50Gy, 2Gy per day) and
adequate doses of concurrent chemotherapy [5-fluorouracil (5-
FU) and cisplatin].51,52 Its impressive survival results (median
survival, 14 versus 9 months; 5-year survival, 27% versus 0%;
P = 0.001) have made chemoradiation the standard nonopera-
tive treatment throughout the world. Nevertheless, a local
failure rate (persistent and recurrent disease) of approximately
45% leaves much room for improvement. Many (innumerable)
modifications have since been made to both the radiation and
chemotherapy protocols, but many of these apparent improve-
ments have not been assessed in RCTs. One important modi-
fication, radiation dose escalation, has been studied in a RCT.
High-dose radiation (64.8Gy) was compared to the previous
standard of 50.4Gy; no survival or local control benefit was
seen.58 A nonrandomized study that added brachytherapy, in
the hope of improving local control, was also disappointing.
There was a high incidence of treatment-related esophagores-
piratory fistulae.59

TABLE 40.4. Chemoradiation (concomitant) versus radiation alone: RCTs.

Study arms, Median Five-year
number of survival, survival Other

Author Year Histology patients Chemotherapy RT (Gy) months (%) survival (%)

Earle43 1980 Squamous RT, 44 ~55 6 2 years (11%)
CTRT, 47 Bleomycin ~55 6 2 years (9%)

Zhang44 1984 Squamous, RT, 51 ~60 9 2 years (20%)
adeno CTRT, 48 Bleomycin ~60 15 2 years (42%)

(P < 0.05)
Andersen45 1984 Squamous RT, 42 63 2 years (12%)

CTRT, 40 Bleomycin 55 2 years (12.5%)
Araujo46 1991 Squamous RT, 31 50 15 6

CTRT, 28 5-FU, MMC, 50 17 16
bleomycin

Roussel47 1994 Squamous RT, 111 40 8 2 years (16%)
CTRT, 110 Cisplatin 40 10 2 years (20%)

Kaneta48 1997 Squamous RT, 12 ~70 7 1 year (24%)
CTRT, 12 Cisplatin ~70 9 1 year (40%)

Slabber49 1998 Squamous RT, 36 40 5 1 year (20%)
CTRT, 34 Cisplatin, 5-FU 40 6 1 year (28%)

Smith50a 1998 Squamous RT, 60 40–60 9 2 years (12%)
CTRT, 59 5-FU, MMC 40–60 15 2 years (27%)

Herskovic51 1992 Squamous, RT, 62 64 9 0 (P = 0.04)
adeno

Cooper52 1999 CTRT, 61 5-FU, cisplatin 50 14 26
(P < 0.001)

RCTs, randomized controlled trials; RT, radiation therapy; CTRT, chemoradiation; adeno, adenocarcinoma; MMC, mitomycin C; 5-FU, 5-fluorouracil.
a Trial permitted surgery, so its place within this table is not clear.

Only P values less than 0.05 are shown.



esophageal  cancer 6 7 1

Comparisons of the Two Standards: Surgery Alone
and Definitive Chemoradiation

Direct comparisons of the two standard treatments for locore-
gional esophageal cancer, in the form of RCTs, have not been
done. However, the outcomes of the two standard treatments,
when compared in a very crude and unscientific way, seem
roughly equivalent. Surgery typically provides median sur-
vivals of 15 to 18 months and 5-year survival rates of 20% to
25%; treatment mortality is 5% to 10%. Chemoradiation typ-
ically provides median survivals of 12 to 18 months and 5-
year survivals of 15% to 20%; Treatment mortality is about
2%. Fair comparisons are difficult to find, because patients
with poorer prognoses tend to be treated nonoperatively. Two
nonrandomized comparative studies of surgery versus
chemoradiation, as weak as this form of clinical research is,
showed no difference in survival.60,61

It is easy to call for a RCT comparing surgery alone to
definitive chemoradiation but difficult to actually do it. Clin-
icians and patients often have strong preferences, even if the
equipoise condition seems to be satisfied. Rather than address
the question directly, it is probably more practical to pose
related questions about the role of surgery, such as (i) is
chemoradiation-surgery superior to chemoradiation without
surgery or (ii) can we treat with definitive chemoradiation and
reserve surgery for selected patients who show persistent or
recurrent local disease, or patients who early during chemora-
diation show a lack of response (as assessed by PET scan, or
some yet to be developed discriminating test)? Some of the
more interesting investigational treatments are discussed
next.

Investigational Treatments of Current Interest

Neoadjuvant Chemotherapy and Surgery

Given the generally poor results of surgery alone in patients
with locoregional esophageal cancer, the interest in induction
or neoadjuvant therapy is not surprising. In theory, neoadju-
vant chemotherapy offers early treatment of micrometastatic
disease, and it can facilitate surgical resection by “down-
staging” cancers. In addition, esophageal cancer patients 

generally tolerate preoperative (neoadjuvant) chemotherapy
better than postoperative (adjuvant) chemotherapy. However,
induction therapy is not without morbidity (both indepen-
dently, and after surgery), and it may cause harm by 
delaying definitive, albeit modestly effective, treatment with
surgery.

Several RCTs have compared neoadjuvant chemotherapy
and surgery to surgery alone (Table 40.6).62–70 Three trials are
very notable. The Hong Kong study showed that there was no
survival benefit to the combination of chemotherapy and
surgery but that chemotherapy responders did better than
nonresponders. Nonresponders actually fared worse than
those treated with surgery alone.66 In effect, the responders
benefited at the expense of the nonresponders. This observa-
tion, although not sufficient to justify combined modality
therapy, is nevertheless important, especially in the era of
PET scanning. PET can discriminate between the two groups
with impressive accuracy.14

The two largest RCTs, the U.S. and U.K. trials, are similar
in many respects but markedly different in outcome. 
The American intergroup study showed no difference in 
survival for the two treatments and no difference in treatment
mortality.68 The pathologic complete response rate (no 
viable tumor in resected specimen) was disappointingly 
low (less than 10%). In contrast, the Medical Research
Council (MRC) trial from the U.K. showed a significant 
survival advantage for the combination of chemotherapy 
and surgery [hazard ratio, 0.79; 95% confidence interval 
(CI) 0.67–0.93; P = 0.004).70 This discrepancy between trials is
a puzzle. One popular explanation is that the U.K. trial fea-
tured a shorter period of preoperative treatment than the
American trial (two cycles of chemotherapy versus three), so
nonresponders (a conceptual subgroup) in the combined
therapy group moved to surgery quickly. In other words, 
the responders no longer benefited at the expense of the 
nonresponders.

Meta-analysis can be useful when individual trials show
different results, but the meta-analysis process is not without
difficulty and the conclusions should be considered accord-
ingly. One meta-analysis showed no overall survival benefit
for neoadjuvant chemotherapy and no difference in treat-
ment-related mortality.71 Interestingly, the chemotherapy
plus surgery patients were less likely to undergo resection but

TABLE 40.5. Chemoradiation (sequential) versus radiation alone: RCTs.

Study arms, Median Five-year Other
number of survival, survival survival

Author Year Histology patients Chemotherapy RT (Gy) months (%) (%)

Roussel53 1989 Squamous RT, 86 56 8 4
CTRT, 84 Methotrexate 56 9 7

Zhou54 1991 Squamous RT, 32 ~70 2 years (35%)
CTRT, 32 Cisplatin, 5-FU ~70 2 years (56%)

Hishikawa55 1991 Squamous RT, 25 60–70 8.8 2 years (13%)
CTRT, 24 Futrafur 60–70 11 2 years (20%)

Hatlevoll56 1992 Squamous RT, 51 63 5.5 2 years (11%)
CTRT, 46 Cisplatin, 5-FU 63 5.5 2 years (5%)

Lu (57) 1995 Squamous RT, 30 ~65 1 year (37%)
CTRT, 30 Adriamycin, 50 1 year (64%)

5-FU, cisplatin

RCTs, randomized controlled trials; Chemo; chemotherapy; RT, radiation therapy; CTRT, chemoradiation; adeno, adenocarcinoma; 5-FU, 5-fluorouracil.

Only P values less than 0.05 are shown.
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more likely to undergo a complete (R0) resection. We can
explain this observation in two ways: chemotherapy may act
as a selection tool (patients with poor cancer prognoses never
make it to surgery), and it may also “downstage” (this term
is not without problems) tumors and make complete resec-
tion more likely. Both mechanisms are probably operational.

The interpretation of RCT evidence seems to vary accor-
ding to geography. In the U.K., the MRC trial has made neoad-
juvant chemotherapy and surgery a standard treatment 
for locoregional esophageal cancer. In the United States,
however, the American intergroup trial has largely eliminated
enthusiasm for neoadjuvant chemotherapy followed by
surgery. The prevailing American notion is that currently
available chemotherapy regimens are simply ineffective as
(single-modality) induction treatments.

Neoadjuvant Chemoradiation and Surgery
Compared to the Standard of Surgery Alone

Neoadjuvant chemoradiation followed by surgery is a strat-
egy that has been formerly compared to both standard treat-
ments, surgery alone (Table 40.7)63,72–81 and definitive
chemoradiation (Table 40.8).82,83 The former implies the ques-
tion: Does chemoradiation add anything to surgery? The
latter asks: Does surgery add anything to chemoradiation?

Many of the concepts discussed in the previous section are
transposable to the question of neoadjuvant chemoradiation
and surgery versus surgery alone. The theoretical foundations,
early treatment of micrometastatic disease, facilitating com-
plete resection, and tolerance of preoperative therapy, are the
same. Additionally, chemotherapy and radiation act synergis-
tically on locoregional disease; pathologic complete response
rates of 25%, as opposed to 10% with induction chemother-
apy, are typically encountered. However, the issue of treat-

ment-related toxicity looms larger with neoadjuvant chemora-
diation than it does for neoadjuvant chemotherapy. For
example, few who argue against neoadjuvant chemotherapy
justify their position with morbidity concepts; instead, they
point to a simple lack of treatment effect. In contrast, it is pos-
sible to argue against neoadjuvant chemoradiation on two
fronts: lack of effect and morbidity. In fact, one can even argue
in favor of a positive treatment effect, but one that is offset by
a negative morbidity effect. Interesting theoretical arguments
aside, we now turn to the evidence.

Of the many RCTs done on this question (see Table 40.7),
only one showed a benefit for chemoradiation plus surgery.
Many of the other trials showed an effect directionally in
favor of the combined treatment but not significantly so. The
lone unequivocally positive trial, reported by Walsh, has
therefore come under intense scrutiny;74,75 it seems that no
review of this subject is complete without a few disparaging
comments about the trial. The major criticisms relate to less
than optimal preoperative staging and an unusually poor sur-
vival in the surgery-alone arm (less than 10% at 3 years). The
first criticism cannot be completely dismissed, but the poor
surgery-alone survival is partly explainable. The RCT was
done at a single general hospital (a remarkable feat) and more
than 70% of patients referred to the hospital unit were
enrolled in the trial. Therefore, the patient selection forces at
work in most RCTs involving cancer surgery, especially mul-
ticenter trials, were not present. Given that the study’s pop-
ulation was unusually unselected (“all comers”) and that 80%
of the patients in the surgery-alone arm were lymph node pos-
itive, the dismal survival rate with surgery alone is not all
that surprising.

Many of the negative trials show a treatment effect that
is directionally, but nonsignificantly, in favor of chemoradia-
tion and surgery. A beneficial treatment effect, if it exists,
may be too modest to detect in relatively small (underpow-

TABLE 40.6. Neoadjuvant chemotherapy and surgery versus surgery alone: RCTs.

Study arms, Median
number of survival,

Author Year Histology patients Chemotherapy months Survival (%)

Roth62 1988 Squamous CTS, 19 Cisplatin, vindesine, 9 3 years (25%)
S, 20 bleomycin 9 3 years (5%)

Nygaard63 1992 Squamous CTS, 56 Cisplatin, bleomycin 2 years (6%)
S, 50 2 years (12%)

Schlag64 1992 Squamous CTS, 22 Cisplatin, 5-FU 10
S, 24 10

Maipang65 1994 Squamous CTS, 24 Cisplatin, vinblastine, 17 3 years (31%)
S, 22 bleomycin 3 years (36%)

17
Law66 1997 Squamous CTS, 74 Cisplatin, 5-FU 17 2 years (44%)

S, 73 13 2 years (31%)
Kok67 1997 Squamous CTS, 74 Cisplatin, etoposide 18

S, 74 11
(P = 0.002)

Kelsen68 1998 Squamous, adeno CTS, 233 Cisplatin, 5-FU 15 2 years (35%)
S, 234 16 2 years (37%)

Ancona69 2001 Squamous CTS, 47 Cisplatin, 5-FU 25 3 years (44%)
S, 47 24 3 years (42%)

MRC70 2002 Squamous, adeno CTS, 400 Cisplatin, 5-FU 17 2 years (43%)
S, 402 13 2 years (34%)

(P = 0.004)

RCTs, randomized controlled trials; Chemo, chemotherapy; CTS, chemotherapy followed by surgery; S, surgery alone; adeno, adenocarcinoma; 5-FU, 5-fluorouracil.

Only P values less than 0.05 are shown.
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ered) RCTs. Meta-analysis can be useful here, but once again,
it is not without problems. A meta-analysis showed improved
3-year survival [odds ratio (OR), 0.66; 95% CI, 0.47, 0.92; P =
0.016], and reduced locoregional recurrence (OR, 0.38, 95%
CI, 0.23, 0.63; P = 0.0002), in the chemoradiation/surgery-
treated patients.84 Subgroup analysis showed that concurrent
chemoradiation was beneficial but sequential chemoradiation
was not. In common with the neoadjuvant chemotherapy
data, there was a lower rate of esophageal resection with
induction treatment, but a higher rate of complete resection.
Treatment-related mortality was higher in the combined
modality treatment patients, but this did not quite reach sta-
tistical significance (OR, 1.63, 95% CI, 0.99, 2.68; P = 0.053).

Because only one RCT shows a significant benefit for
neoadjuvant chemoradiation and surgery, we cannot proclaim
this treatment as proven, or standard, even if a meta-analysis
is “positive.” Nevertheless, there is probably a modest sur-
vival benefit for neoadjuvant chemoradiation and surgery

over surgery alone. A cancer survival benefit may be partly
negated by treatment-related mortality. This possibility was
apparent in the French trial; disease-free survival was longer
in the experimental arm but treatment-related mortality was
higher.76 Further RCTs are needed. However, investigative
interest around the world is shifting somewhat to related clin-
ical research questions, such as does surgery add benefit over
chemoradiation?

Neoadjuvant Chemoradiation and Surgery:
Compared to the Standard of Definitive
Chemoradiation

Two recently completed RCTs have compared neoadjuvant
chemoradiation to definitive chemoradiation, and the results
are more or less consistent (Table 40.8).82,83 The French FFCD
9102 RCT compared chemoradiation without surgery (defin-

TABLE 40.7. Neoadjuvant chemoradiation and surgery versus surgery alone: RCTs.

Study arms, Median
number of survival, Three-year

Author Year Histology patients Chemotherapy RT (Gy) months survival (%)

Nygaard63 1992 Squamous CTRTS, 53 Cisplatin, bleomycin 35 7 15
S, 50 7 8

Le Prise72 1994 Squamous CTRTS, 41 Cisplatin, 5-FU 20 10 19
S, 45 11 14

Apinop73 1994 Squamous CTRTS, 35 Cisplatin, 5-FU 40 10 26
S, 34 7 20

Walsh74,75 1996 Adeno CTRTS, 58 Cisplatin, 5-FU 40 16 32
S, 55 11 6

(P = 0.01) (P = 0.01)
Bosset76 1997 Squamous CTRTS, 143 Cisplatin 37 19 39

S, 139 19 37
Law77 1998 Squamous CTRTS, 30 Cisplatin, 5-FU 40 26

S, 30 27
Walsh78 2000 Squamous CTRTS, 46 Cisplatin, 5-FU 40 12

S, 52 8
(P = 0.02)

Urba79 2001 Adeno, CTRTS, 50 Cisplatin, vinblastine, 45 17 30
squamous S, 50 5-FU 18 16

Burmeister80 2002 Adeno, CTRTS, 128 Cisplatin, 5-FU 35 22
squamous S, 128 18

Lee81 2003 Squamous CTRTS, 52 Cisplatin, 5-FU 46 28
S, 50 27

RCTs, randomized controlled trials; Chemo, chemotherapy; RT, radiation therapy; CTRTS, chemoradiation followed by surgery; S, surgery alone; adeno, adeno-
carcinoma; 5-FU, 5-fluorouracil.

Only P values less than 0.05 are shown.

TABLE 40.8. Definitive chemoradiation versus neoadjuvant chemoradiation and surgery: RCTs.

Median Treatment
survival, mortality

Author Year Pts Histology Study arms Chemotherapy RT (Gy) months Survival (%) (%)

Bedenne82 2002 259 Squamous, CTRT Cisplatin, 5-FU 66 19 2 years (40%) 1
adeno CTRTS Cisplatin, 5-FU 46 18 2 years (34%) 9

(P = 0.56) (P = 0.002)
Stahl83 2003 177 Squamous CTRT Cisplatin, 5-FU, More than 60 15 3 years (20%) 3.5

leucovorin,
etoposide

CTRTS Cisplatin, 5-FU, 40 16 3 years (28%) 10
leucovorin, (P = 0.22)
etoposide

RCTs, randomized controlled trials; PTs, number of patients; Chemo, chemotherapy; RT, radiation therapy; adeno, adenocarcinoma; CTRT, definitive chemoradi-
ation; CTRTS, chemoradiation followed by surgery; 5-FU, 5-fluorouracil.



itive chemoradiation) to neoadjuvant chemoradiation fol-
lowed by planned surgery.82 Four hundred fifty-five patients
with T3–T4, N0–N1 squamous carcinoma or adenocarcinoma
were treated with two cycles of 5-fluorouracil and cisplatin,
plus radiotherapy (46Gy). Patients showing at least a partial
response, and fit for surgery (259 patients), were randomized
to surgery or further chemoradiation (three cycles of
chemotherapy and 15–20Gy radiotherapy). Median survival
was 17.7 months in the chemoradiation plus surgery group
and 19.3 months in the chemoradiation group. Two-year sur-
vival was 34% in the chemoradiation-surgery group and 40%
in the chemoradiation group (P = 0.56). Ninety-day treatment
mortality was 9% in the patients treated surgically and 1%
in patients treated with definitive chemoradiation (P = 0.002).
After completion of treatment, 78% of patients treated with
chemoradiation plus surgery, and 87% of those treated with
definitive chemoradiation, had a World Health Organization
performance status of 0 or 1 (P = 0.08). Surgically treated
patients were less likely to need palliative endoscopic inter-
ventions for dysphagia (P values for stenting and dilatation,
0.005 and 0.07, respectively).

The German Oesophageal Cancer Study Group performed
a similar trial.83 One hundred seventy-seven patients with
locally advanced squamous cancer were randomized to treat-
ment with either (i) three cycles of chemotherapy (5-fluo-
rouracil, cisplatin, etoposide, leucovorin) followed by
chemoradiation (cisplatin, etoposide, and 40Gy) and then
surgery, or (ii) chemotherapy (same), followed by definitive
chemoradiation (cisplatin, etoposide, and more than 60Gy).
Median and 3-year survival were 16 months and 28% in the
chemoradiation-surgery group versus 15 months and 20% in
the definitive chemoradiation group (P = 0.22). There was a
trend toward better local control in the chemoradiation-
surgery group (P = 0.08) but also a higher overall treatment
mortality (10% versus 3.5%). Not surprisingly, responders in
both treatment arms fared better than nonresponders.
Although the nonresponders in the chemoradiation-surgery
arm had a dismal 3-year survival, 18%, a small subgroup that
could still undergo a complete resection did better (35% 3-
year survival). The denominator of this group is small, and
overemphasis on this point may be unwarranted.

Taken together, the French and German trials show that
definitive chemoradiation, and neoadjuvant chemoradiation
followed by surgery, provide equivalent overall survival in
patients with locoregional esophageal cancer. The inclusion
of surgery in treatment provides modest benefit in terms of
local control and palliation of dysphagia, but at the cost of
higher treatment-related mortality.

Definitive Chemoradiation with Possible 
Salvage Esophagectomy

Because definitive chemoradiation provides survival that is
equivalent (or perhaps better) to that observed with chemora-
diation plus surgery, but has a high local failure rate, it is
logical to ask the question: Is there a role for esophagectomy
as a selective salvage strategy in patients with local failures
after definitive chemoradiation? This question has been
implicit in much of the foregoing discussion, especially in the
comparisons of definitive chemoradiation and chemoradia-
tion-surgery; herein it is addressed explicitly. In part the ques-

tion of salvage esophagectomy is one of feasibility, and in part
it is one of effectiveness. RCTs have not been done, but the
U.S. Radiation Therapy Oncology Group, along with other
groups, is keenly interested in this question.

The feasibility of salvage esophagectomy for local failures
(persistent or recurrent disease) of definitive chemoradiation
relates to two major issues: properly identifying patients for
salvage surgery (true local failure, and lack of disseminated
disease), and performing salvage esophagectomy with accept-
able operative mortality.85,86 In contrast to the primary diag-
nosis of esophageal cancer, which is exceptionally simple, the
diagnosis of persistent or recurrent local disease can be very
difficult. Endoscopic biopsies can be “negative” despite the
presence of viable tumor in deeper layers of the posttreatment
esophagus. A persistent stricture is often the clue that malig-
nant disease is present, but this is hardly a specific diagnos-
tic criterion. EUS and CT scanning are also less accurate in
the posttreatment setting. An apparent paradox in relation to
diagnostic accuracy is noteworthy. In the context of neoad-
juvant chemoradiation and planned surgery, little effort is
expended in assessing the exact status of the tumor before
surgery, and an absence of viable tumor in the resected spec-
imen brings cheers from all concerned. However, in the
context of salvage esophagectomy, an inherently selective
approach, the lack of tumor in the resected specimen is a diag-
nostic failure, and a particularly difficult one should the
patient die (disease free) after surgery.

Although experience with salvage esophagectomy is
limited, there is little doubt that it is a more morbid opera-
tion than both esophagectomy alone and planned esophagec-
tomy after neoadjuvant chemoradiation.85,87 Within the
salvage esophagectomy framework there are two patient sub-
groups, each with different, but negative, implications. One
group has persistent local disease that is apparent at the com-
pletion of definitive chemoradiation, and they promptly
undergo salvage esophagectomy. This situation is very similar
to planned surgery after neoadjuvant chemoradiation
(although the radiation dose may be a bit higher), but being
nonresponders, the anticipated survival is poor. The second
group manifests local disease months after treatment. They
may have a better cancer prognosis (initially responding), but
the salvage esophagectomy can be technically difficult (later
in the evolution of radiation tissue injury). It is not surpris-
ing that taken together these two groups of patients have a
propensity for poor outcomes, but for different reasons.

Finally, a third group of patients can be considered for a
slightly different form of surgical salvage. These are patients
who are treated with definitive chemoradiation but early in
the course of treatment show features of nonresponse. The
lack of response usually portends a poor outcome irrespective
of treatment, but promptly offering an operation is sensible.
PET scanning holds tremendous promise as a response 
discriminator.14

Investigational Treatments of Some Interest

Surgery and Adjuvant Chemotherapy

Postoperative chemotherapy is an accepted therapeutic strat-
egy for several solid tumor sites (breast, colon), but it is not
very practical in postoperative esophageal cancer patients. It
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takes weeks or sometimes months for a patient to recover
after an esophagectomy; temporary nutritional compromise
and postoperative weight loss are the rule. Patients with squa-
mous cancer, in particular, are often malnourished before
esophagectomy, and they are especially frail after surgery. Pre-
dictably, trials of adjuvant chemotherapy after surgery for
squamous cancer have been characterized by a high rate of
incomplete treatments. Even patients undergoing esophagec-
tomy for adenocarcinoma have difficulty completing postop-
erative chemotherapy treatment.68

Several RCTs have studied the question of adjuvant
chemotherapy, but none has shown a benefit (Table 40.9).88–90

Admittedly, the most recent Japanese trial showed a signi-
ficant improvement in disease-free survival.90 Although a
modest beneficial effect is plausible, the current evidence
does not support the routine use of postoperative chemother-
apy after esophageal cancer resection.

Surgery and Adjuvant Chemoradiation

The question of chemoradiation after esophagectomy for
esophageal cancer has not been studied in RCTs. Several non-
randomized studies have been encouraging, but selection bias
probably plays a role in these studies;91 being fit enough to be
considered for postoperative chemoradiation could, in itself,
be a favorable prognostic factor. Postoperative chemoradia-
tion is even more taxing than postoperative chemotherapy,
and this feasibility problem has dampened interest. However,
postoperative chemoradiation was shown to be effective after
gastric cancer resection in the U.S. intergroup trial (problems
of inadequate surgery aside).92 That trial included patients
who had tumors of the cardia (patients often included in
esophageal cancer trials). Although adjuvant chemoradiation
after esophagectomy is an interesting question for study,
current investigational interest generally focuses on neoadju-
vant treatment.

Treatments Shown to Be Inferior

Radiation Alone

RCTs of concurrent chemoradiation versus radiation alone
are summarized in Table 40.4.43–52 Most researchers and clin-
icians have been convinced by the RTOG trial, and radiation
alone is no longer a standard treatment for locoregional
esophageal cancer.42 Critics could point to the many negative
trials on this subject, or suggest that very modern radiation
techniques have not been compared to chemoradiation in
proper trials, but the general oncology community is not

receptive to these arguments. If a patient is fit for chemora-
diation, chemoradiation is preferable to radiation alone.

Neoadjuvant Radiation and Surgery

Eight RCTs of preoperative radiation and surgery versus
surgery alone have been performed (some included additional
postoperative treatment).63,93–99 The trials are of historic inter-
est; they are not deemed important enough to summarize in
a table. The radiation regimens varied considerably, with
doses ranging from 20 to 53Gy. None of them showed a sur-
vival advantage for preoperative radiation. A published meta-
analysis, based on updated individual data (1,147 patients),
reported a hazard ratio of death of 0.89 (95% CI, 0.78–1.01; P
= 0.06) for the preoperative radiation patients.100 This result
could be interpreted as being consistent with a very modest
benefit. However, another meta-analysis that included an
additional published trial found a relative risk of 1.01 (95%
CI, 0.88–1.16; P = 0.90).101 The combination of neoadjuvant
radiation and surgery is no longer a valid treatment.

Surgery and Adjuvant Radiation

Four RCTs of surgery and postoperative radiation versus
surgery alone have been conducted (not summarized in table
form).99,102–104 None showed a survival benefit for postopera-
tive radiation, and in one trial the survival was actually sig-
nificantly shorter.103 Postoperative treatment impaired
quality of life in another trial.104 Postoperative radiation is not
indicated after complete resection of esophageal cancer. Most
oncologists are tempted to offer some further therapy after an
incomplete resection, but not necessarily radiation alone.
There is little evidence to guide therapy in this situation.

Treatment: Metastatic Disease, and Palliation
of Dysphagia

The primary goal of treatment in metastatic disease is palli-
ation of symptoms. Prolongation of life is a second objective.
Chemotherapy has some palliative benefit, but it has not been
shown to increase survival over supportive care, at least not
in RCTs.105,106 Few RCTs have specifically addressed this issue
in esophageal cancer. In gastric cancer, a related malignancy,
some (but not all) RCTs have shown a modest survival benefit
for chemotherapy (refer to Chapter 41).

Many different strategies can be used to palliate dyspha-
gia, and there is no single best treatment. External-beam 
radiation is the traditional standard, but brachytherapy,

TABLE 40.9. Surgery and adjuvant chemotherapy versus surgery alone: RCTs.

Study arms, Median
number of survival Five-year

Author Year Histology patients Chemotherapy (months) survival (%)

Pouliquen88 1996 Squamous SCT, 52 Cisplatin, 5-FU 13 12
S, 68 14 14

Ando89 1997 Squamous SCT, 105 Cisplatin, vindesine 48
S, 100 45

Ando90 2003 Squamous SCT, 120 Cisplatin, 5-FU 52
S, 122 61

RCTs, randomized controlled trials; Chemo, chemotherapy; SCT, surgery and postoperative chemotherapy; S, surgery alone; 5-FU, 5-fluorouracil.



chemotherapy, and a host of endoscopic treatments are also
effective. Endoscopic treatments include laser (thermal abla-
tion) therapies, stents (plastic, expandable metal, covered
expandable metal), photodynamic therapy (PDT), and ethanol
(and other chemical agents) injections into the tumor. These
endoscopic treatments have been compared in RCTs;107–117

these are briefly summarized next.
Endoscopic PDT palliates dysphagia with fewer treat-

ments than Nd:YAG laser treatment, but cost and photosen-
sitivity are drawbacks.107 Newer expandable metal stents
have justifiably replaced older plastic stents, despite their
higher per unit cost and the lack of conclusive (randomized)
supporting evidence.108 Higher per unit costs are usually
favorably offset by reduced costs of treating complications.
The slimmer introducer of the metal expandable stents min-
imizes the need for preliminary dilatation (so often the source
of complications with plastic stents), and success rates for
placement approach 100%. The multiple brands of stent are
broadly equivalent.109 Covered stents prevent tumor in-
growth, but they are more expensive than uncovered stents
and more prone to migration.110

RCTs comparing laser treatment to metal expandable
stenting are inconsistent.111,112 Because a major drawback of
laser therapy, compared to stenting, is the need for repetitive
treatments, combinations of laser therapy and radiotherapies
(external beam or brachytherapy) have been investigated.
These combinations reduce the need for repetitive laser 
interventions113,114 but they still seem inferior to stenting.115

Brachytherapy also effectively palliates dysphagia, but it
should be used cautiously in the setting of previous chemora-
diation as fistulae may result.59,116 Overall, brachytherapy is
as effective as stenting.117 Stenting palliates dysphagia imme-
diately, but the palliative effect of brachytherapy is more
durable.

What should clinicians, especially those not active in
endoscopy, think of this maze of RCTs on endoscopic pallia-
tive interventions? Although broad treatment themes are
properly shaped by RCTs, individual patient circumstances
and institutional expertise often (correctly) determine the
specifics of endoscopic palliation. Proficiency with a given
method is probably more important than the choice of
method itself.

Future Directions

It is always difficult to predict the future direction of cancer
care, but certain general themes deserve mention. Chemo-
preventative approaches for adenocarcinoma are interesting,
as are developments in the therapy of reflux. Modern RCTs
are needed to address the impact of antireflux surgery on
cancer risk. An accurate way to determine cancer risk in
patients with Barrett’s esophagus and dysplasia is needed. In
the area of treatment, a more individualized approach is desir-
able. Surgery, it can be argued, should be used more selec-
tively. Perhaps its main value is in early disease, as a sole
therapy, and in more-advanced disease as salvage therapy. The
trend toward regionalization of surgery to specialized centers
should be encouraged. PET scanning shows great promise in
assessing response to treatment, predicting outcome, and gen-
erally guiding treatment decisions. Newer chemotherapeutic

agents and targeted therapies, it is hoped, will also improve
the prospects for cure in the future. Finally, if we consider
obesity to be an important causal (versus confounding) factor
in the rise of adenocarcinoma, then the epidemic of obesity
in the West, especially in the United States, desperately needs
a solution, and preferably not one that surgically inflicts a
new disease.
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Stomach
Scott A. Hundahl, John S. Macdonald, and 

Stephen R. Smalley

eoplasms of the stomach encompass both benign and
malignant tumors, with more than 95% of the latter
consisting of adenocarcinomas. Until approximately

1980, gastric cancer was the most common solid organ tumor
in the world, and today it is eclipsed only by lung cancer in
incidence and mortality.1

This chapter addresses the classification, epidemiology,
staging, and evidence-based treatment of gastric adenocarci-
noma. Less-common gastric neoplasms, such as gastroin-
testinal stromal sarcomas (GIST), carcinoid tumors, and
gastric lymphomas, are comprehensively reviewed in other
chapters. Despite the necessary emphasis on new findings and
improved treatments, background items of historical signifi-
cance are also mentioned, lest we underappreciate previous
work and the difficulty of progress.

Gastric Adenocarcinoma

Classification

Borrmann first characterized gastric carcinoma on the 
basis of gross characteristics in 1926, based on a review of
5,000 European cases.2 He described four macroscopic tumor
growth patterns: (1) type I, nodular polypoid tumor without
ulceration and usually with a broad base; (2) type II, a fun-
gating, exophytic, circumscribed tumor with defined sharp
margins, devoid of ulceration except at its dome; (3) type III,
an ulcerating tumor with a penetrating, infiltrating ulcer
base; (4) type IV, a diffuse thickening of the gastric wall
without a discretely marginated mass or ulceration, corre-
sponding to the “leather bottle,” nondistensible stomach
termed linitis plastica. Still used today, the Borrmann classi-
fication has proved useful in guiding surgical treatment, 
especially the extent of gross tumor clearance necessary for
reliable negative margin resection.

The histology of gastric adenocarcinoma falls into two dis-
tinct subtypes, first identified by the Finnish authors Jarvi and
Lauren in 1951 and refined in 19653,4: (1) intestinal type and (2)
diffuse type. Intestinal-type cancers (Figure 41.1), often found
in association with chronic atrophic gastritis and intestinal
metaplasia, demonstrate gland formation and locally/progres-
sively invade the gastric wall. Diffuse-type cancers (Figure
41.2) present as a sheet of discohesive individual cells that dif-
fusely spread within the gastric wall, often spreading consid-
erable distances from the site of origin. Diffuse tumors elicit a
particularly brisk scirrhous proliferation of fibroblasts.

Histoepidemiologically, gastric adenocarcinomas gener-
ally sort into three broad patterns, based on simple combina-
tions of Lauren type and location within the stomach.5

1. Intestinal-type tumors arising in the antrum or
antral–corpus junction (Helicobacter pylori associated)

2. Diffuse-type cancers involving the corpus (H. pylori
associated)

3. Intestinal-type cancers of the gastroesophageal junction

In regions of high gastric cancer incidence, approximately
two-thirds of the incident cancers are of the intestinal-antral
type associated with chronic Helicobacter pylori infection,
multifocal atrophic gastritis, and intestinal metaplasia. 
This process usually begins at the lesser curve and the
antral–corpus junction, and this is the most frequent site of
cancer in high-incidence regions of the world. In such areas,
most of the remaining cancers are also associated with H.
pylori infection, but not intestinal metaplasia, and afflict
younger age groups (usually those under 50 years). In this pre-
sentation, the cancer is of the diffuse type involving the body
of the stomach and is associated with a brisk mucosal inflam-
matory infiltrate related to the H. pylori infection. Heli-
cobacter pylori (see below) is therefore associated with both
the antral-intestinal and the corpus-diffuse patterns.6,7 Gas-
troesophageal junction (GE junction) tumors, on the other
hand, tend to be associated with Barrett’s metaplasia of the
esophagus and are proportionately far less common in high-
incidence regions but are an increasingly frequent subtype in
low-incidence areas.

For the sake of completeness, a somewhat less common
fourth subset of gastric cancer is also seen: intestinal-type
cancers of the corpus associated with chronic autoimmune
gastritis, G-cell hyperplasia, and achlorhidria. This less-
common subtype is usually seen in Northern Europeans.5

Before the development of antral–intestinal-type adeno-
carcinoma, antecedent histologic changes occur that can be
viewed as tissue markers along the multistep path to frank
neoplasia. Multifocal atrophic gastritis, literally a thinning,
chronic inflammation of the gastric mucosa, is generally
thought to be the result of decades of superficial gastritis asso-
ciated with H. pylori infection (Figure 41.3) and other factors.
So-called intestinal metaplasia (Figure 41.4) is the character-
istic histologic feature of atophic gastritis, and it occurs in
two forms: (1) complete type intestinal metaplasia and (2)
incomplete type intestinal metaplasia. Complete type intesti-
nal metaplasia (Figure 41.4) closely duplicates the mucosa of
the small intestine, with small intestine-like mucin-negative
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FIGURE 41.1. Intestinal-type cancer. Hematoxylin and eosin
(H&E). (Courtesy of Alfredo Asuncion, M.D.) FIGURE 41.2. Diffuse-type cancer. H&E. (Courtesy of Alfredo

Asuncion, M.D.)

FIGURE 41.3. Helicobacter pylori (small rodlike organisms in
crypt), Warthin–Starry stain. 100¥. (Courtesy of Alfredo Asuncion,
M.D.)

FIGURE 41.4. Intestinal metaplasia. H&E. Goblet cells, not nor-
mally seen in gastric mucosa, are numerous. (Courtesy of Alfredo
Asuncion, M.D.)



absorptive cells and Alcian blue-positive, sialomucin-positive
goblet cells. This process usually begins at the antral–corpus
interface, especially along the lesser curve near the incisura.8

When antral-intestinal metaplasia is still of limited area and
spotty, and the remaining oxyntic gastric mucosa is still
pumping out acid normally, peptic ulceration of affected areas
is frequent, hence explaining the historical association
between gastric ulcer and gastric cancer. Incomplete intesti-
nal metaplasia represents a more-advanced process in which
absorptive enterocytes disappear in favor of columnar, brush-
border-free, colon-like cells with prominent mucous droplets
and sulfomucins. Additionally, in incomplete intestinal
metaplasia, Paneth cells are absent.8 In both types of intesti-
nal metaplasia, cells produce enzymes not normally present
in the stomach, including sucrase, aminopeptidase, disaccha-
ridases, and, most-importantly, alkaline phosphatase.9 The
latter enzyme may be used to grossly stain and map the 
distribution of intestinal metaplasia within the stomach 
ex vivo.8

Of the many alternative histologic gastric cancer classifi-
cation schemes based on morphology, such as the World
Health Organization Classification,10 or histogenesis-based
classifications such as that of Mulligan and Rember,11 degree
of differentiation such as Broder’s classification12 and the
Nagayo–Komagome classification,13 or classifications that
include growth pattern such as the Ming classification,14 none
has proven of more “beyond-TNM” prognostic value than the
Goseki classification.15,16 In the Goseki scheme, degree of
tubular differentiation (well versus poor) is combined with
mucin staining pattern (mucin rich versus mucin poor) to
divide gastric adenocarcinomas into four groups. Although of
apparent prognostic value, it has yet to find widespread use.

Epidemiology

In incidence and mortality, gastric cancer ranks as the second
in the world.1 In raw numbers, it ranks third.1,17 Of the esti-
mated global cancer burden of 10 million cases in the year
2000, 876,000 are stomach cancers.1,17 An estimated 38% of
incident cases in the world occurs in China, where it is the
most common cancer in both males and females.18 In almost
all registries, gastric cancer incidence for males is approxi-
mately twice that of females.19

Figure 41.5 depicts widespread variation in gastric cancer
incidence in various population-based registries around the
world. The registries selected for this figure reflect those with
both high numbers of incident cases and relatively low death-
certificate-only cases, which suggests good case-finding. The
highest world standard incidence rate (91.3 cases per age-
standardized 100,000) is reported from Yamagata, Japan. The
lowest rates are reported from Bangkok, Thailand, as well as
from England, Australia, and the United States.

Age-adjusted gastric cancer incidence rates are declining
in most countries throughout the world.18 The age adjustment
of such rates tends to obscure the fact that, as a result of pop-
ulation growth and aging, the numerical burden of gastric
cancer cases is actually expected to increase by 30% in 2010,
to approximately 1 million cases.18

Unifying a vast body of epidemiologic, pathologic, and
biologic research, Correa in 1975 proposed a multistep, mul-
ticausal model of gastric carcinogenesis, which he refined in
1988 and again in 1992.20–22 Chronic gastric mucosal irrita-

tion, particularly that associated with the gastric mucosal
bacterium Helicobacter pylori,23–25 initiates a superficial gas-
tritis, which, especially in a setting of a diet rich in salt-
preserved foods and high NaCl intake,26 progresses to atrophic
gastritis and intestinal metaplasia (first the complete type and
subsequently the higher-risk incomplete type). This transfor-
mation, and the subsequent march to dysplasia and cancer, is
facilitated by diminished oxyntic acid output, increasing
gastric pH, bacterial growth, and high-nitrate-containing diet.
In such an intragastric environment, dietary nitrates are con-
verted to carcinogenic N-nitroso compounds.27–33 Many other
carcinogenic compounds, such as polycyclic aromatic hydro-
carbons, are also implicated. Certain ingested compounds,
such as vitamin C, can interrupt this process.34–36 Additional
risk factors for epidemic gastric cancer include smoking and
a diet deficient in fresh fruits, vegetables, and antioxi-
dants.26,37,38 Blood group A,39 gastric ulcer,40 ionizing radia-
tion,41,42 family history,39,43–52 and previous gastric resection53

are also associated risk factors.
A vast body of data now supports Helicobacter pylori as

a key factor in epidemic gastric cancer,23–25 and the Interna-
tional Agency for Research on Cancer (IARC) has recognized
it as a human carcinogen with both direct and indirect
effects.54 Strains containing the cagA gene appear more dan-
gerous.55–57 Summarizing a large body of surveillance data,
Parkin and colleagues observe that more than 80% of indi-
viduals in developing countries are infected with H. pylori.
The figure for developed countries is approximately 50%.18,58

An odds ratio for H. pylori and gastric cancer of 2.1 has been
estimated.18,58 Based on this, Parkin and colleagues estimate
that 42% of the world total gastric cancer cases can be attrib-
uted to the impact of infection with this bacterium.18

Decades-long H. pylori infection, usually starting in child-
hood, begets superficial gastritis and chronic atrophic gastri-
tis and intestinal metaplasia, which, once established, usually
persists even after the H. pylori infection has disappeared
because of the resulting achlohydric gastric luminal environ-
ment (the bacterium requires an acid environment to live).
Atrophic gastritis and intestinal metaplasia were once
believed to be irreversible. This does not appear to be entirely
true, however. The pharmacologic elimination of H. pylori
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FIGURE 41.5. World Standard incidence of gastric adenocarcinoma
(rate per 100,000 World Standard population, males). (Data from
Cancer in Five Continents,19 vol VIII.)



along with favorable dietary intervention has led to 
documented regression of atrophic gastritis and intestinal
metaplasia.34,59–65 Unfortunately for the purpose of cancer pre-
vention, however, a (somewhat underpowered) Chinese H.
pylori elimination trial in Fujian Province has recently docu-
mented a significant decrease in gastric cancer incidence only
in participants without preexisting intestinal metaplasia and
no significant decrease when such metaplasia was already
established.66 Ongoing Helicobacter eradication trials include
one in Venezuela,64 and one in Japan, the Japanese Interven-
tion Trial on H. pylori.67

Molecular Biology

The genetics and molecular biology of gastric cancer continue
to be elucidated. With each clue to understanding the biology
of gastric neoplasia, both targeted prevention and targeted
therapy seem more and more feasible.

Between 8% and 10% of gastric cancer cases appear to be
associated with a hereditary component, and these cases
provide significant clues.68 Dominant inheritance patterns
and familial clusters have certainly been documented.69–71

Notably, Napoleon Bonaparte’s family was afflicted by hered-
itary gastric cancer, and this (rather than arsenic poisoning)
appears to have caused his death.72

Table 41.1 summarizes recognized hereditary conditions
associated with gastric cancer.73 Perry Guilford and colleagues
were among the first to describe germline E-cadherin muta-
tions in a Maori kindred afflicted with diffuse-type gastric
cancer,52,74 and such mutations have also been described in
African-American and European kindreds.52,75 Gastric cancer
is one of the neoplasms associated with the hereditary 
nonpolyposis colon cancer (HNPCC) syndrome, and such
HNPCC-associated cancers are almost exclusively of the
intestinal type.43,76 It is also overrepresented in those afflicted
with germline p53 mutations, Li–Fraumeni syndrome.50,77

Asian reports of association of gastric cancer with familial
polyposis coli (FAP) syndrome78 have not been reported 

for other populations,79 and the relationship remains 
controversial.

Table 41.2 summarizes genetic and molecular abnormali-
ties frequently described in sporadic cases of gastric carci-
noma. Immortalizing telomerase activity is commonly noted
in advanced gastric cancers, but not in surrounding normal
gastric mucosa,80 and is associated with a poor prognosis.81

Inactivation of the p53 gene and abnormal expression has been
detected in more than 60% of gastric cancers.82 In diffuse-type
tumors, E-cadherin expression is reduced in as many as 92%
of tumors, compared to adjacent normal tissue.83 Reduced
expression of alpha-catenin, which forms intracytoplasmic
complexes with the cadherins, is noted in 56% of tumors.84

Overexpression of the MET gene that encodes a tyrosine
kinase receptor for hepatocyte growth factor (HGF) is seen in
approximately half of gastric cancers and tends to be associ-
ated with poor prognosis.85–87 Loss of trefoil peptide, the iso-
merization of which relates to repair of gut mucosa,88 occurs
in approximately half of gastric carcinomas, especially the
intestinal type.89–92 Proliferation of gastric cancer cell lines is
decreased by this peptide.93 Expression tends to be decreased
in intestinal metaplasia.94 This family of peptides appears to
play a key role in the multistep progression to gastric cancer.95

Epidermal growth factor (EGF) is detected in more than 50%
of gastric cancers and epidermal growth factor receptor in
approximately a third, and these have been associated with
invasiveness and poor prognosis.96–99 Subtypes c-erb-B1 and 
-B2 (HER-2/neu) have also been detected100 in up to a third of
cases, and the latter has similarly been associated with poor
prognosis.100–102 Similarly, fibroblast growth factor is expressed
in 54% to 70% of gastric cancers.103,104 Cyclin D is another
protein variably overexpressed in gastric cancer, with inci-
dence of overexpression approximately 20% to 30% in 
sporadic cases,105–108 and possibly more in familial tumors.109

COX-2 is not normally expressed in gastric mucosa but is in
tumors,110,111 precancerous lesions,112 and inflammatory states
(especially those induced by H. pylori).113,114 In tumors, its pres-
ence seems to correlate with angiogenesis and invasiveness,
and it tends to inhibit apoptosis.115–117 For these reasons, 
and observational evidence of possible chemoprevention by
aspirin,118–121 COX-2 inhibitors have been proposed as chemo-
preventive agents in gastric cancer.122

Differences among molecular and genetic patterns for gas-
trointestinal cancers can also provide clues to etiology and
therapy. Ras proto-oncogene mutations, which are frequent
in colon cancer, are infrequent in gastric cancer.123

Paracrine-like interactions between gastric cancer and
fibroblasts have also been reported, particularly those involv-
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TABLE 41.1. Hereditary Syndromes in Gastric Cancer.

Well-recognized association:
Hereditary diffuse gastric cancer syndrome
E-cadherin germ-line mutation syndrome
Hereditary non-polyposis colon cancer (HNPCC)
Li–Fraumeni syndrome (p53 mutations)

Possible, weak association:
Familial adenomatous polyposis (FAP) syndrome

TABLE 41.2. Frequent genetic and molecular abnormalities in sporadic gastric cancer.

Telomerase expression 85% of advanced tumors, poor prognosis
E-cadherin In 92%, downregulation or mutation
p53 mutations More than 60% of tumors
Trefoil peptide, TFF-1 (sP2) Loss in 50% of gastric tumors, and decrease in intestinal 

metaplasia
MET, c-met Overexpression in approximately 50%, a marker for poor prognosis
Epidermal growth factor (EGF) Expression in more than 50% of advanced cancers
Fibroblast growth factor 70% expression, especially undifferentiated tumors
Cyclooxygenase 2 (COX-2) Expressed frequently in tumors and precancerous lesions, but not in 

normal mucosa



ing transforming growth factor-beta (TGF-b) and hepatocyte
growth factor (HGF),80,124 as well as other factors.125 Such
tissue interactions appear to impact on the proliferation of
neoplastic and preneoplastic cells.

Diagnosis

Data from a registry-based American College of Surgeons
Patient Care Evaluation Study nicely documents the present-
ing symptoms of patients with gastric cancer: weight loss in
62%, abdominal or epigastric pain in 52%, nausea in 34%,
anorexia or early satiety in 32%, frank dysphagia in 26%, and
melena in 18%.126 Specific signs of gastric cancer are generally
associated with more-advanced disease; these include palpa-
ble epigastric mass, ascites, left supraclavicular adenopathy,
and Blummer’s shelf palpable on rectal examination.

In low-incidence countries, fecal occult blood testing,
when positive, triggers endoscopic investigation of both upper
and lower gastrointestinal (GI) tract; this can lead to a 
diagnosis of early disease. Patients in defined higher-risk
groups (e.g., positive family history or previously documented
intestinal metaplasia) are increasingly being screened by sur-
veillance endoscopy, and this, too, leads to diagnosis of more-
localized disease. Overall in the United States and most
low-incidence regions, stage IB or less (see following for
staging) disease is detected in fewer than 23% of cases.127

In high-incidence countries, such as Japan, mass screen-
ing with upper GI contrast studies and endoscopy have proven
successful in shifting stage distribution to lower stages, with
measurable improvement in overall survival rates (level of
evidence, II-1).128–133 Pepsinogen I/II ratio of less than 2.0 (a
marker of loss of oxyntic mucosa and the extent of intestinal
metaplasia) has also been used as a mass screening tool.134 In
Japan, where mass screening has been established as national
policy, the percentage of early gastric cancer cases among
screening program participants is a staggering 74%.135 Unfor-
tunately, such mass screening is far less feasible in the poorer,
less-developed nations of the world where gastric cancer
tends to occur more frequently.136

Extent-of-Disease Evaluation

Most patients undergo upper endoscopy as part of their initial
evaluation. Key information gleaned from this examination
includes tumor location and extent of mucosal involvement,
distance from the esophagogastric junction, and Borrmann
type.

Endoscopic ultrasound examination (EUS), using a 7.5- to
12-MHz transducer at the end of an endoscope, offers a reli-
able means of preoperatively assessing the depth of tumor
penetration of the wall and a fairly reliable means of assess-
ing for gross lymph node enlargement.137–139 Concordance
of EUS and pathologic T stage in most series is 85% or
better.137,140 Endoscopic ultrasound examination appears more
accurate than even helical computed tomography.137,141

CT scanning of the abdomen and chest should be per-
formed in most cases. It is very helpful in detecting distant
metastatic disease, extraregional adenopathy, and signs of
locally-advanced disease unlikely to be removed to negative
margins with up-front surgery. Helical CT, particularly if
enhanced by the triphasic water-filling scanning technique,
appears to be more sensitive than conventional CT.142

Positron emission tomography (PET) with [18F]fluo-
rodeoxyglucose (FDG) and PET-CT fusion scanning have
enhanced detection of distant metastases in a variety of
cancers. Unfortunately, gastric adenocarcinoma is not as
suited for PET scanning as other tumors.143 Primary tumor
uptake is seen in only approximately 75% of cases, and the
technique is less sensitive than CT for detecting nodal
disease.144 Neither mucus-containing tumors nor diffuse-
type scirrhous tumors image well.145 Furthermore, different
regions of the normal stomach have different uptake of
FDG,146 thus complicating image interpretation. PET does
appear to be somewhat helpful in detecting certain distant
organ metastases, however.147,148

Laparoscopy and minilaparotomy represent invasive pro-
cedures, but can accurately detect serosal spread and small
peritoneal implants, as well as extraregional nodal disease 
and small hepatic metastases.149–151 In a recent large series,
laparoscopy outperformed EUS and CT in detecting signs of
unresectability and/or extraregional metastases.152 It consis-
tently outperforms CT.153 In a recent series, laparoscopy
proved more accurate than peritoneal fluid cytology in detect-
ing peritoneal implants.154 Lack of a prospective randomized
trial showing resultant outcome differences makes inclusion
of laparoscopy in pretreatment staging a level II-1 recom-
mendation, however.155

Staging and Prognosis

Since 1987, the American Joint Committee on Cancer (AJCC)
and the Union Internationale Contra le Cancer (UICC)
systems for the staging of cancer have been identical.156 Fifth
and sixth edition UICC/AJCC TNM staging for adenocarci-
noma of the stomach is summarized in Table 41.3.157 This
TNM staging system differs from previous versions with
respect to nodal classification. Formerly, nodal classification
was based on anatomic location of lymph nodes. In the
current fifth–sixth edition system, nodal staging is based on
the number of pathologically involved nodes, thus (at least
partially) addressing the thorny issue of stage migration
related to extent of lymphadenectomy.

The staging of tumor depth, or T staging, for this site has
not changed since 1988. The reader should be aware that T
staging for this site differs from that of colorectal cancer. 
Invasion of the lamina propria or submucosa, but not the
muscularis propria of the gastric wall, is deemed T1 disease.
Invasion of the muscularis propria or a breach of the muscu-
laris propria without a serosal breach is deemed T2 disease.
A tumor may extend into the lesser omentum or the greater
omentum adjoining the stomach and, provided the serosa (i.e.,
visceral peritoneum) is not breached, the tumor is deemed T2.
A T3 tumor breaches the serosa, thus placing the patient 
at increased risk of peritoneal dissemination. Microscopic
breach of the serosa can be difficult for the pathologist to
detect, but prognostically, presence or absence of such pene-
tration has great impact (e.g., one recent study from Hong
Kong reports 5-year survival of 64% versus 10% based on 
this feature alone).158 A T4 tumor invades adjacent structures
such as spleen, transverse colon, liver, diaphragm, pancreas,
abdominal wall, adrenal gland, kidney, small intestine, or
retroperitoneum. Intramural extension to the duodenum or
the esophagus is not considered invasion of an adjacent struc-
ture, and a tumor exhibiting such intramural extension is
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staged based on the depth of greatest invasion, as described
above.157

Nodal staging in the fifth and sixth edition UICC/AJCC
system is by number of involved nodes. Absence of nodal
metastasis is considered N0 disease. Nodal metastasis in 1 to
6 nodes is considered N1 disease and metastasis in 7 to 15

nodes is considered N2 disease. Metastasis to more than 15
lymph nodes is considered N3 disease, and most regard this
extent of nodal disease as incompatible with survival follow-
ing surgery treatment alone; hence, any N3 case is classified
as stage IV.

Nodal data for prognostic estimates in large databases
encompass hematoxylin and eosin (H&E) staining of nodes.
Methods of nodal analysis such as immunohistochemistry or
polymerase chain reaction analysis enhance sensitivity to a
degree far beyond H&E analysis. Prognostic implications for
nodes positive only by such methods are likely different, and
to a degree that remains controversial.

Distant metastasis is scored as M1 disease and all such
cases are deemed stage IV. Common sites of M1 disease
include the peritoneal cavity, extraregional lymph nodes 
(e.g., paraaortic, retropancreatic, portal, retroperitoneal, and
mesenteric lymph nodes), liver, ovaries, and, less commonly,
lung and bone.157

The TNM staging matrix for stomach cancer is summa-
rized in Table 41.3. If one creates a 2 ¥ 2 table with T stages
representing rows and N stages representing columns, stage
categories generally map to the diagonals (i.e., if the sum of
T and N is 1, stage IA; if the sum is 2, then stage IB; if the
sum is 3, then stage II; if the sum is 4, then stage IIIA). Stage
IIIB is reserved for stage T3N2M0 tumors. All cases with N3
disease, and all cases with a sum of T and N greater than 5,
are considered stage IV.

Five-year and 10-year relative survival rates for U.S. cases
treated by gastrectomy and pathologically staged according to
the fifth–sixth edition UICC/AJCC system are depicted in
Table 41.4.127 Comparison of these rates suggests that 10-year
relative survival (versus 5-year relative survival) should 
probably be considered as the preferred outcome standard for
this cancer; in modern series, survival curves tend to plateau
not at 5 years, but rather between 7 and 8 years.127

Clinicians in Japan and elsewhere often use an alternate
staging system derived from a set of “General Rules for
Gastric Cancer Study,” first published in 1963 and revised
many times since.159 A complete version of the 12th edition
of this staging system, usually referred to as the “General
Rules,” has been published in English, complete with color
tables and diagrams.159,160 The T stages in this system are
similar to those in the UICC/AJCC system, but it is other-
wise different. Nodal staging differs considerably, with node-
level definitions ranging from (regional) N1 and N2 nodal
levels to (generally considered extraregional) N3 and N4
levels. The specific definitions for such levels vary according
to location of tumor within the stomach (e.g., proximal third,
middle third, distal third). The system includes macroscopic

stomach 6 8 5

TABLE 41.3. UICC/AJCC Staging for Gastric Adenocarcinoma,
6th ed.

Primary tumor (T)
Tx Primary tumor cannot be assessed
T0 No evidence of primary tumor
Tis Carcinoma in situ: intraepithelial tumor without invasion 

of the lamina propria
T1 Tumor invades lamina propria or submucosa
T2 Invades muscularis propria or subserosaa

T2a Tumor invades mucularis propria
T2b Tumor invades subserosa
T3 Tumor penetrates serosa (visceral peritoneum) without 

invasion of adjacent structuresb,c

T4 Tumor invades adjacent structuresb,c

Regional lymph nodes (N)
NX Regional lymph nodes cannot be assessed
N0 No regional node metastasisd

N1 Metastasis in 1 to 6 regional lymph nodes
N2 Metastasis in 7 to 15 regional lymph nodes
N3 Metastasis in more than 15 regional lymph nodes

Distant metastasis (M)
Mx Distant metastasis cannot be assessed
M0 No distant metastasis
M1 Distant metastasis
a A tumor may penetrate the muscularis propria with extension into the gas-
trocolic or gastrohepatic ligaments, or into the greater or lesser omentum,
without perforation of the visceral peritoneum covering these structures. In
this case, the tumor is classified T2. If there is perforation of the visceral peri-
toneum covering the gastric ligaments or the omentum, the tumor should be
classified T3.
b The adjacent structures of the stomach include the spleen, transverse colon,
liver, diaphragm, pancreas, abdominal wall, adrenal gland, kidney, small intes-
tine, and retroperitoneum.
cIntramural extension to the duodenum or esophagus is classified by the depth
of the greatest invasion in any of these sites, including the stomach.
d A designation of pN0 should be used if all examined lymph nodes are nega-
tive, regardless of the total number removed and examined.

Stage grouping

0 TisN0M0
IA T1N0M0
IB T1N1M0

T2a/bN0M0
II T1N2M0

T2a/bN1M0
T3N0M0

IIIA T2a/bN2M0
T3N1M0
T4N0M0

IIIB T3N2M0
IV T4N1-3M0

T1-3N3M0
Any T/Any N/M1

Source: Used with the permission of the American Joint Committee on Cancer
(AJCC), Chicago, Illinois. The original source for this material is the AJCC
Cancer Staging Manual, sixth edition (2002), published by Springer-Verlag New
York, www.springer-ny.com.

TABLE 41.4. TNM staging and relative survival for U.S. cases
treated by gastrectomy, 1985–1996 (n = 50, 169).

6th edition UICC/AJCC Five-year relative Ten-year relative 
stage survival survival

IA 78% 65%
IB 58% 42%
II 34% 26%
IIIA 20% 14%
IIIB 8% 3%
IV 7% 5%

Source: Data from Hundahl et al.127



description of the tumor (e.g., early gastric carcinoma type or,
if more advanced, Borrmann type), but such description does
not directly impact on final stage assignment. Peritoneal
metastases are described separately (e.g., P0–P3), as are liver
metastases (e.g., H0–H3). Other sites are described conven-
tionally (i.e., M0, M1). In the overall “General Rules” staging
matrix, limited peritoneal or hepatic disease is lumped in
stage IVA, and other distant metastatic disease is classified as
stage IVB. In this Japanese system, nodal disease that one
might term extraregional in the UICC/AJCC classification
(e.g., General Rules N3 disease), is incorporated into stage IIIA
or IIIB if the depth of invasion is T1 or T2. Fortunately, it is
fairly easy to translate from the General Rules staging to
UICC/AJCC staging, provided accurate node counts are also
available.159

The Japanese General Rules system is of interest primar-
ily because the extent of surgical lymphadenectomy in
stomach cancer has been historically defined according to this
system’s lymph node classification. Before the mid-1990s, 
the Japanese described as an “R-level” the extent of lym-
phadenectomy according to the highest echelon of lymph
node stations completely dissected by the surgeon. To avoid
confusion with the UICC R-factor, which described com-
pleteness of resection, extent of lymphadenectomy was
described as a “D-factor” after the 12th edition of the General
Rules.159,160 In reviewing earlier literature in gastric cancer,
one should be aware of the dual use of “R” terminology. Also,
one should remember that the D-level description for level of
lymphadenectomy is based on the Japanese nodal classifica-
tion system (e.g., a lymphadenectomy is classified as D4 if all
Japanese General Rules N1–N4 nodes are surgically removed,
D3 if all N1–N3 but not all N4 nodes are cleared, etc.).159,160

In the current AJCC/UICC staging system, the choice of
numerical thresholds for nodal categories represents a point of
ongoing controversy. A number of investigators have observed
progressive decrease in survival with increasing number of
involved nodes,161–168 with an apparent dropoff in survival
when more than 3 nodes are involved.162–167,169 Another drop-
off when more than 6 nodes are involved has been
reported.163,165,167,168,170,171 Involvement beyond 15 or 16 nodes
has been observed to be largely incompatible with long-term
survival.161,169,171 UICC/AJCC cutoffs are based on these obser-
vations, but it must be recognized that differences in the patho-
logic analysis of surgical specimens and differences in the
extent of surgical lymphadenectomy can alter thresholds. A
National Cancer Data Base (NCDB) report of 50,169 cases, all
treated by gastrectomy, from 1985 through 1995, has docu-
mented that only 18% of U.S. gastric cancer cases have more
than 15 nodes analyzed by the pathologist,127 as recommended
by the AJCC for accurate nodal staging.157 The study further
documented that stage migration related to nodal analysis per-
sists in the United States despite the move to the fifth edition
AJCC staging system based on based on number of nodes pos-
itive. Inadequate nodal analysis generated observed survival
differences within assigned stage levels of up to 20%, and this
was clearly related to the number of nodes analyzed. Nodal
analysis beyond 15 nodes failed to generate any measurable
enhancement in stage-stratified survival rates. Overall, 5-year
relative survival was 28% and 10-year relative survival was
20%. Of the 10-year survivors in this series, 67% were node
negative and 98% had 8 or fewer nodes involved.127 Despite
documented variation in nodal sampling and analysis, how-

ever, assigning nodal stage categories based on the number of
involved lymph nodes does appear to generate better prog-
nostic estimates compared to previous versions of the
UICC/AJCC system172–174 and the Japanese General Rules.173

Recently, Kattan and colleagues at Memorial Sloan-
Kettering Cancer Center in the United States have published
a prognostic normogram based on multivariate analysis of
1,039 completely resected cases that somewhat corrects for
inadequate nodal analysis in gastric cancer cases. Higher
relapse risk is assigned when number of nodes analyzed is
suboptimal.175 This potentially useful prognostic tool awaits
validation in a separate cohort.

Residual disease after surgical treatment is not included
in the UICC/AJCC TNM stage grouping matrix. It nonethe-
less represents a powerful, significant, independent prognos-
tic factor.176 The UICC and AJCC code residual disease as R0
for none, R1 for microscopic residual, and R2 for macroscopic
residual tumor.157 The completeness of resection R-factor
should be specifically assigned and recorded for all patients
undergoing surgical treatment.

Surgical Treatment

Historical Overview

In the United States, increasingly radical surgical approaches
for gastric cancer during the 1940s and 1950s177–180 fell into
disfavor in the late 1960s and 1970s with recognition of the
sometimes considerable mortality such procedures entail, at
least when performed on U.S. or European patients, given the
level of patient selection and the level of postoperative care
possible in that era.181

Encouraged by generally lower surgical mortality rates
and favorable 5-year survival rates, Japanese surgeons, led
principally by Kajitani and colleagues, adopted a related, but
distinct, approach: negative-margin gastrectomy (with initial
gross margins guided by the Borrmann type of the tumor: 
2cm for exophytic nodular tumors and 5+cm for ul-
cerated infiltrating tumors or linitis plastica) combined with
aggressive removal of regional/extraregional lymph nodes,
omentum, and en bloc removal of the peritoneum lining of
the floor of the omental bursa along with the pancreatic
capsule and associated fatty nodal tissue (i.e., omentobursec-
tomy). Also, depending on tumor location, resection of 
contiguous organs such as tail of pancreas and spleen were
advocated in an effort to better clear lymph node stations
along the splenic artery and the splenic hilum.182–185 Reports
from large cancer hospitals in Japan emphasized increasingly
favorable stage-stratified results with such techniques, mul-
tiplied by screening-driven trends to earlier-stage diagnosis
and improvement in overall survival.186–189

Genuinely increased overall survival as a result of early
diagnosis in Japan has been generally accepted as valid.190–193

However, claims by Japanese surgeons that more-radical sur-
gical treatment was simultaneously generating better stage-
for-stage results189,194–198 failed to uniformly win international
acceptance, given the previous observation of high perioper-
ative mortality accompanying U.S.-style radical surgery.181 By
the late 1980s, however, remarkably low 30-day postoperative
mortality rates reported from major Japanese institutions
(e.g., 0.6% for expert institutions such as the National Cancer
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Center Hospital in Tokyo)194 stimulated renewed interest in
Japanese surgical methods. The much higher proportion of
low-stage (early gastric cancer) patients in Japanese series,
combined with marked differences between the Japanese
staging system (see earlier) and the UICC/AJCC staging
system, confounded direct international comparison of sur-
vival rates. The UICC and AJCC successfully standardized
staging worldwide in 1987,199,200 thus facilitating stage-
stratified comparisons between Japanese and non-Japanese
gastric cancer cohorts. Such comparisons revealed substantial
stage-stratified survival differences,126,201 prompting some to
question whether gastric cancer in Japan was a “different
disease” from that seen in Western industrial countries.202

Several retrospective analyses from Japan and elsewhere 
suggested that Japanese-style surgical treatment generated
higher stage-stratified survival.203–207 With seemingly uniform
UICC/AJCC staging, large apparent differences in stage-strat-
ified survival rates were noted, with 5-year survival rates for
each stage routinely much higher in the more radically
treated Japanese cohorts.126,208 Such observations set the stage
for prospective, randomized clinical trials addressing the fol-
lowing two surgical questions: (1) What is the optimal extent
of lymphadenectomy (i.e., Japanese D1 versus Japanese D2) in
the treatment of gastric cancer? and (2) Is routine total gas-
trectomy with or without extended node dissection more
effective than simple subtotal gastrectomy? Results of these
trials are summarized next and in Table 41.5.

Prospective, Randomized Trials of 
Surgical Treatment

The Cape Town South Africa Trial (1982–1986)209,210 of D1
Versus D2 Lymphadenectomy (termed Japanese R1 versus 

R2 at that time) was conducted between January 1982 and
November 1986 by Dent and colleagues. Inclusion criteria
included T1–T3, N0–N1 disease, no distant metastases,
absence of significant comorbidity, and age less than 75 years.
Patients from “remote areas” were excluded. For accurate
staging, biopsies of celiac, common hepatic, hepatic nodes,
and “any abnormal nodes” were taken for all patients. D2 (aka
R2 dissection in the nomenclature of the time) was performed
according to the Japanese methods described by Kajitani and
Nakajima (i.e., removal of omentum, superior leaf of peri-
toneum on the transverse mesocolon, removal of the capsule
of the pancreas, aka omentobursectomy, and celiac-based
lymph node dissection).182,185 For the gastric resection itself,
gross proximal clearance of 5cm was required in both arms,
and reconstructive techniques were specified. Over the period
of study, 608 cases were reportedly evaluated; 403 were
deemed surgical candidates, but only 43 (7% overall and 11%
at laparotomy) were deemed to meet all eligibility criteria.
Following treatment and discharge, patients were followed 
by examination at 3-month intervals. No attempt was made
to screen for recurrence.209,210 No survival differences were
noted. In-hospital mortality was zero for both groups. The
trial did document increased operative time (P less than
0.005), increased blood transfusions (P less than 0.005), and
longer hospital stay (P less than 0.05) for the D2 group. This
single-institution trial was halted when single-institution
accrual to adequate statistical power for the question was
deemed unlikely.209,210

The French Subtotal Versus Total Gastrectomy Trial,211 by
the French Association for Surgical Research, was conducted
between 1980 and 1985 to address the potential value of
routine total gastrectomy versus the higher mortality and
morbidity associated with this procedure, as documented by
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TABLE 41.5. Prospective, randomized surgical trials.

Lymphadenectomy Mortality/ P value
trials Inclusion criteria N Mortality/survival survival (survival) General comments

D1 D2
Cape Town209,210 T1–3; N0–1; M0, 43 0%/78% 0%/76% n.s. Solid design. Early closure due 

age <75 (3-year survival) (3-year survival) to poor accrual & inadequate
power to detect.

British Stage I–III, age 400 6%/35% 13%/33% n.s. Unique definition of “D1” and 
MRC216–218 >20 (5-year survival) (5-year survival) “D2”. Skimpy quality control.
Dutch219–220,222 Stage I–II, age 711 4%/45% 10%/47% n.s. Solid design. Despite superb 

<85 (5-year survival) (5-year survival) quality control efforts, 
substantial protocol 
noncompliance. Trial question 
confounded by adverse effect of
pancreaticosplenectomy.

D2 D4
Japanese D2 vs. Deep T2–T4 0.8%/– 0.8%/– ongoing Ongoing trial. Immature with
D4 Trial226 respect to survival.

Subtotal Total
French211 Antral tumor, 3%/48% 1%/48% n.s. Pioneering trial. Straightforward

M0 (5-year survival) (5-year survival) design.
Italian213,214 >6cm proximal 1%/65% 2%/62% n.s. D2 recommended all, but not 

margin possible (5-year survival) (5-year survival) mandated. Straightforward 
all, but not design.
mandated M0

Subtotal + D1 Total + D3
Hong Kong215 Antral >6cm 0%/1,511 3%/922 days 0.04 days Dual P values reported.

margin, M0, age median survival median survival 0.07 Transfusion issue.
<75



McNeer and others.180,212 Eligibility criteria included presence
of an adenocarcinoma located in the distal half of the
stomach, good organ function, and no evidence of nodal
involvement higher than the gastroesophageal junction or in
the splenopancreatic region. Cases of superficial carcinoma
(in situ or early T1) were to be excluded, as were cases of
obvious linitis plastica type extensive infiltration within the
gastric wall. Extensive lymph node dissection was not man-
dated, but proximal ligation/resection of the left gastric artery
was. A Billroth II gastrojejeunostomy reconstruction was used
for all subtotal gastrectomy cases, reconstruction for all total
gastrectomy cases consisted of Roux-en-Y esophagojejeunos-
tomy, and 169 patients were randomized. Somewhat para-
doxically, postoperative mortality was observed to be lower
in the total gastrectomy group (1.3% versus 3.2%). Five-year
survival rate for both groups was identical at 48%.211

The Italian Subtotal Versus Total Gastrectomy Trial213,214

was conducted from April 1982 through December 1993. Six
hundred eighteen patients with localized gastric adenocarci-
noma of the antrum were randomized to subtotal gastrectomy
versus total gastrectomy. A D2 lymphadenectomy and omen-
tobursectomy was recommended for all patients but not man-
dated. Inclusion criteria included histologic confirmation of
adenocarcinoma, age less than 75, absence of serious comor-
bid conditions, and no history of previous malignancy, gastric
surgery, or chemotherapy. Additionally, during laparotomy, all
patients were required to have a tumor-free proximal margin
of 6cm and absence of any extraregional nodes, hepatic metas-
tases, peritoneal metastases, or unresectable infiltration of
contiguous organs. Over this 1982–1993 period, 1,372 patients
from 31 Italian institutions were evaluated and 648 random-
ized; after exclusions, 311 were left in the subtotal gastrec-
tomy group and 296 in the total gastrectomy group.213,214 With
median 72-month follow-up, 5-year Kaplan–Meier survival
was 65.3% for the subtotal gastrectomy group and 62.4% for
the total gastrectomy group (P = n.s.).213,214

The Hong Kong Trial of D1 Subtotal Versus D3 Total 
Gastrectomy215 was conducted between October 1987 and
December 1991 by Robertson and colleagues at the Prince of
Wales Hospital in Hong Kong. The trial was open to patients
undergoing laparotomy for grossly localized antral tumors
that could be cleared to a 6-cm proximal margin with subto-
tal gastrectomy. Additional entry criteria included negative
distal margin, absence of liver metastases, absence of 
peritoneal metastases, age less than 75 years, and absence of
serious comorbid conditions. Neither intraoperative cytologic
nor histologic analyses were performed. In the D3 group,
distal pancreatectomy and splenectomy and D3 lymph node
dissection were routinely performed, but without omento-
bursectomy. The R1 subtotal group underwent simple distal
gastrectomy with a 6-cm proximal margin, high ligation of
the right and left gastric arteries, and simple omentectomy,
but no other node dissection. Over the study period, 55 cases
were randomized, 25 in the D1 subtotal group and 30 in the
D3 total group.215 In this trial, survival was actually better for
the more simply treated D1 subtotal group (median survival,
1511 versus 922 days; P less than 0.05). The D3 total group
had longer operative time (260 versus 140 minutes; P less
than 0.05), more transfusions (P less than 0.05), and much
longer hospital stay (16 versus 8 days; P less than 0.05). No
patient in the D1 subtotal group died postoperatively in hos-
pital, in contrast to 1 patient in the D3 total group (P = n.s.).215

The Medical Research Council (MRC) Trial of Modified
“D1” Versus Modified “D2” Lymphadenectomy216–218 was
conducted in 1986 through 1995, by Cushieri, Fielding,
Craven, Joypaul, and colleagues of the Surgical Co-operative
Group. In this trial, a D1 procedure was defined in a manner
at variance with the definition used by the JRSGC. For this
trial, a D1 lymph node dissection was one in which only those
lymph nodes within 3cm of the tumor were removed (con-
sistent with pre-1997 TNM definitions of N1 nodes). The D2
procedure was defined as one in which TNM N2 nodes 
(i.e., “celiac, hepatoduodenal, retroduodenal, splenic, and
retropancreatic nodes, depending on location of the tumor,”
as well as perigastric nodes more than 3cm from the tumor)
were removed and the omental bursa resected (omentobur-
sectomy). Distal pancreaticosplenectomy was performed
almost exclusively in the D2 group, and splenectomy in both
groups, but more frequently in the D2 group. Eligibility was
assessed at staging laparotomy. Prelaparotomy exclusions
included age less than 20 and those with serious comorbid
disease. All patients were assessed, at laparotomy, for the
presence of peritoneal implants, liver metastases, and extrare-
gional/periaortic adenopathy, particularly in the area of the
left renal vein. Those with disease in these sites were
excluded. Intraoperative peritoneal cytology was not used.
Eligible cases were deemed to have TNM stage I–III disease
with negative margins of resection and a proximal margin of
at least 2.5cm free of gross disease. Of 737 cases registered,
337 were deemed ineligible at staging laparotomy because of
advanced disease, leaving 400 cases for intraoperative ran-
domization.216–218 With median follow-up of 6.5 years, 5-year
overall survival for the D1 group was 35% versus 33% for the
D2 group (P = n.s.). Recurrence-free survival and disease-spe-
cific survival did not differ significantly. Unfortunately,
splenic resection, performed more frequently in the D2 group,
and pancreatic resection, performed almost exclusively in 
the D2 group, seriously impacted survival and proved to be
independent predictors of poor survival. Complications and
mortality were higher in the D2 group, and pancreaticos-
plenectomy appeared to be a powerful influence. The adverse
impact of pancreaticosplenectomy, particularly pancreatec-
tomy, somewhat confounded this trial with respect to the
lymphadenectomy question.216—218

The Dutch Trial of D1 Versus D2 Lymphadenectomy219,220

was conducted between August 1989 and July 1993 by sur-
geons participating in the Dutch Gastric Cancer Group. 
Eligibility criteria included age less than 85 years, adequate
physical condition with no serious comorbid diseases, no pre-
vious cancer, no previous gastric surgery, and histologically
confirmed gastric adenocarcinoma without evidence of
distant metastases. Patients in both groups underwent distal
or total gastrectomy according to the location of the tumor,
with subtotal gastrectomy allowed if a proximal tumor-free
margin of 5cm could be achieved. At the onset of the trial,
surgeons from 80 centers and 8 expert consulting surgeons
were extensively instructed concerning Japanese-type surgical
treatment according to Japan Research Society for Gastric
Cancer (JRSGC) definitions and guidelines.160,182,221 Patients
were randomized preoperatively to arrange for the intra-
operative presence of an expert consultant surgeon for all D2
cases. A Japanese expert surgeon attended every case during
the first 4 months of the trial. The D1 procedure involved
removal of all JRSGC-defined N1 nodes, generally the 
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perigastric nodes at stations 1–6 along the greater and lesser
curvatures of the stomach, along with removal of the lesser
and greater omentum. The D2 procedure involved omento-
bursectomy (i.e., removal of greater and lesser omentum, the
superior leaf of the transverse mesocolon and the capsule of
the pancreas), frequent distal pancreatectomy and splenec-
tomy (depending on tumor location), and removal of all
JRSGC-defined N2 nodes at stations 7–12 (i.e., left gastric,
celiac, common hepatic, proper hepatic, and splenic arteries
and splenic hilar nodes). Reconstruction following completion
of the D2 node dissection was left to the local institutional
surgeon, as was the postoperative care of the patient219,220. Of
the 1,078 cases randomized preoperatively, 82 (8%) were
excluded for various reasons, most commonly, unavailability
of a consultant reference surgeon (35 cases), poor physical con-
dition, or lack of histologic confirmation of the diagnosis. Of
the remaining 996 patients randomized and entered into the
study, 285 had evidence of incurable/extraregional disease and
were excluded; 711 deemed potentially curable underwent the
randomly assigned treatment (i.e., D1 or D2 resection) with
curative intent. The 380 cases in the D1 group and the 331
cases in the D2 group were well balanced with respect to age,
gender, tumor location, and tumor depth. Eighty-nine percent
of the cases in each group underwent apparent, pathologically
confirmed, negative-margin resection. A slightly higher pro-
portion of cases in the D2 group underwent total gastrectomy
(38% versus 30% in the D1 group).219,220

Among randomized cases, morbidity (25% versus 43%; P
less than 0.001) and in-hospital mortality (4% versus 10%; P
= 0.004) were higher for the D2 group. With a median follow-
up of 72 months, 5-year survival was 45% for the D1 group
and 47% for the D2 group (P = n.s.). Pancreatic and splenic
resection, performed mostly in the D2 group (and mandated
for particular tumor subsites) were associated with signifi-
cantly higher morbidity and mortality in this study. Restrict-
ing the analysis to patients who did not undergo pancreatic
or splenic resection (a post hoc, selected analysis), survival
was higher for the D2 group (59% for the D1 group versus
71% for the D2 group; P = 0.02).222 Overall, however, for those
who indeed had a negative-margin resection deemed poten-
tially curative, risk of relapse at 5 years was 43% for the D1
group versus 37% for the D2 group (difference between
relapse rates was not significant). An 11-year follow-on report
for this trial indicates that of the 89 cases with pathologic N2
disease, there were nine 10-year survivors, and 8 of the 9 were
in the D2 group (P = 0.01 for this post hoc analysis of the N2
subgroup).222 Overall survival at the 11-year mark is 31%
versus 35% for D1 and D2, respectively (P = 0.53). Post hoc
subset analysis notwithstanding, overall, this trial fails to
support routine D2 lymphadenectomy.219,220

At the time, both the MRC trial and the Dutch Trial were
initiated, pancreaticosplenectomy was still deemed a stan-
dard part of a Japanese-type operation for cancers involving
the cardia. By the mid-1990s, Japanese recommendations
with respect to pancreaticosplenectomy had shifted223–225;
however, both trials were already well under way. Perhaps in
response to MRC and Dutch Trial findings, pancreas-
preserving D2 (or D2+) operations are now favored by the
Japanese and others, unless resection of these organs is
required to achieve negative margins.223–225

A multicenter Japanese Trial of D2 Versus D4 Lym-
phadenectomy,226 initiated by Sasako, Sano, and colleagues,

dwells on the potential value of paraaortic lymph node dis-
section for deep T2 (i.e., serosal invasion suspected) and
T3–T4 proximal tumors. In both Japan and Italy, microscopic
disease in such nodes is not infrequent, and resection of such
diseased nodes can generate approximately 15% 5-year sur-
vival.227–231 This trial has now completed accrual of 523 eligi-
ble cases. Thirty-day operative mortality for both D2 and D4
groups in this trial is 0.8%.226 The trial remains immature
with respect to survival.226

Summarizing results from all these surgical trials, neither
routine D2 (or greater) lymphadenectomy with pancreatic-
splenic resection nor routine total gastrectomy can be 
routinely recommended (level of evidence, I). Overall, the
somewhat arbitrary D-level system for guiding lym-
phadenectomy has not proven helpful in increasing survival.
However, the potential value of pancreas/spleen-preserving
lymphadenectomy, particularly if performed in low-mortality
centers (e.g., those in Japan and certain other expert centers)
remains an open question.

In-Hospital Mortality Rates Associated with
Gastrectomy for Cancer

In both the MRC trial (6.5% versus 13%, P = 0.04)217 and the
Dutch Trial (4% versus 10%, P = 0.004).219,232 in-hospital mor-
tality was significantly associated with pancreatic-splenic
resection,217,232 which, in turn, was far more frequent in the
D2 group (mandated component of D2 for most nonantral
tumors). Viewed critically, in-hospital mortality was also very
high for the D1 groups. In the aforementioned Japanese mul-
ticenter D2 versus D4 trial, surgical mortality was only 0.8%
for both groups.226 Certainly, comorbid cardiovascular disease
probably differs among international patient populations, but
other factors such as surgical experience, technique, and vari-
ation in morbidity management can also play a role.233 In U.S.
studies, surgeon volume and hospital volume persistently
impact on in-hospital mortality.234–236 The mechanisms for
the volume–mortality relationship have yet to be fully eluci-
dated. Specialists, well-equipped and well-staffed operating
rooms, and specialized services, including sophisticated ICU
care, tend to be more available in larger hospitals.237,238

Additionally, when surgeons have open access to various 
hospitals, high-volume surgeons might preferentially prefer
to practice in such environments.237,238 For a major procedure
such as gastrectomy for cancer, there is evidence of both a
learning curve239 and value to volume. Referral to specialist
centers has been proposed.240,241

Maruyama Index of Unresected Disease and
Computer-Guided Lymphadenectomy

In the late 1980s, Keiichi Maruyama and colleagues at the
National Cancer Center Hospital in Tokyo created a com-
puter program (known as the Maruyama Program) that
searched a meticulously-maintained 3,843-patient database of
gastric cancer cases treated by extensive lymphadenectomy,
matching cases with similar characteristics to a given case.
With seven demographic and clinical inputs (all identifiable
preoperatively or intraoperatively), the program predicts the
statistical likelihood of nodal disease for each of 16 (JRSGC-
defined) nodal stations around the stomach (note that current
JRSGC General Rules identify 33 nodal stations, substations,
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and optional sites). Maruyama Program predictions have been
assessed in Japanese, German, and Italian populations and
found to be highly accurate.242–244 The tool is designed to be
used by surgeons preoperatively or intraoperatively as a con-
venient means of rationally planning the optimal extent of
lymphadenectomy for a given patient. Since the late 1980s,
the program has been used in exactly this way by surgeons at
the National Cancer Institute Hospital in Tokyo and by many
gastric cancer surgeons around the world. In an effort 
to expand use of this computerized tool, a CD-ROM with
expanded case volume has been prepared.245

In a prospectively planned surgical analysis of a large mul-
ticenter U.S. trial of adjuvant postoperative chemoradiation
in gastric cancer (SWOG 9008/Intergroup 0116; see follow-
ing), the extent of surgical treatment was specifically assessed
and prospectively coded through both detailed reporting
forms and review of records (e.g., operative reports). The
prospectively planned surgical analysis of survival in Inter-
group 0116 made use of a novel means of quantifying the ade-

quacy of lymphadenectomy relative to likely extent of nodal
disease: the “Maruyama Index of Unresected Diease” (MI).
The Maruyama Index of Unresected Diease was defined (by
the author, S.H.) as the sum of Maruyama Program predic-
tions for those Japanese-defined regional node stations 
(stations 1–12) left in situ by the surgeon.246 Based on the
Intergroup trial’s entry criteria, and the definition of MI, every
case registered to INT-0116 could have had an MI of 0; this
variable was under the surgeon’s control. Before any survival
analysis in this trial, it was speculated that patients with MI
less than 5 would have measurably superior survival. As
shown in Figure 41.6, this indeed proved to be the case, with
median overall survival for the MI less than 5 subgroup 91
months versus 27 months (P = 0.005). By multivariate analy-
sis, adjusting for treatment, T stage, and number of nodes pos-
itive, MI proved an independent predictor of survival (P =
0.0049). Data for disease-free survival are similar.246,247 The
overall median Maruyama Index of Unresected Diease in this
chemoradiation trial was 70 (range, 0–429), suggesting under-
treatment. An effect for “dose of surgery,” as measured by MI,
was also evident: median survival was 20 months for the
highest MI quartile and 46 months for the lowest MI quartile
(treatment-adjusted P = 0.002).246 In summary, by univariate
analysis and by multivariate analysis, MI proved to be a
strong and significant predictor of prognosis.246,248

To further assess of the utility of MI as a prognostic tool,
the Dutch Trial has recently been reanalyzed. Blinded to sur-
vival, and eliminating cases with incomplete information,
648 of the 711 patients treated with curative intent had MI
assigned. Median MI was 26 and varied according to UICC
stage, nodal stratum, T stage, D level, and tumor involvement
of overlapping sites, in that order. In contrast to D level, MI
less than 5 proved an independent predictor of both overall 
[P = 0.016, hazard ratio (HR) = 1.45, 95% confidence interval
(CI) = 1.07–1.95] and relapse risk (P = 0.010, HR = 1.72,
95% CI = 1.14–2.60).249 As shown in Figures 41.7 and 41.8, 
a dose–response effect was also evident.249 This blinded
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FIGURE 41.6. Impact of a surgical factor, Maruyama Index of Unre-
sected Disease (MI), on overall survival for cases enrolled in SWOG
9008/INT 0116, a large U.S. adjuvant trial. (Updated data courtesy of
Southwest Oncology Group.246)
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reanalysis further supports the utility of the Maruyama com-
puter program in customizing the extent of lymphadenec-
tomy in individual gastric cancer cases according to the
predicted extent of nodal disease. “Low Maruyama Index”
surgery, which can easily be accomplished by using the
Maruyama Program to prospectively plan lymphadenectomy
for a given patient, appears to enhance survival (level II-1 evi-
dence). This conclusion has yet to be validated in a prospec-
tive, randomized trial.

Endoscopic Mucosal Resection of Selected 
T1 Cancers

In countries such as Japan, where the incidence of early
gastric cancer (i.e., T1 tumor) is high, endoscopic mucosal
resection (EMR) has emerged as a reasonable option for
selected cases.250–255 In the traditional technique of endoscopic
mucosal resection, submucosal injection of saline floats the
small area of tumor-bearing mucosa off the underlying mus-
cularis propria and the lesion is resected with a special
cautery snare with hooks to preserve specimen orientation for
margin analysis. The procedure can be technically challeng-
ing, but innovations such as use of incision endo-forceps,256

aspiration mucosectomy,257 use of a stabilizing distal mag-
netic anchor,258 or use of the double endoscope resection 
technique259 can facilitate its proper execution. Percutaneous
traction assist techniques using small percutaneous ports 
and instrumentation can also facilitate the procedure,260

but percutaneous violation of the gastric lumen in such cases
can risk unnecessary intraabdominal or port site tumor
implantation. For this reason, laparoscopic resection for
superficial T1 tumors suitable for EMR has been viewed with
caution.255

Selection of cases suitable for EMR hinges on the absence
of disease in the regional lymphatics. A combined series of
5,265 surgically treated T1 cases from the National Cancer
Center Hospital and the Cancer Institute Hospital in Tokyo
offers unsurpassed level II guidance.261 For intramucosal
tumors, none of 1,230 well-differentiated cancers of less than
30mm diameter, regardless of ulceration findings, were asso-
ciated with metastases (95% CI, 0%–0.3%). Regardless of
tumor size, none of 929 cancers without ulceration were
associated with nodal metastases (95% CI, 0%–0.4%). For
submucosal cancers, there was a significant correlation
between tumor size larger than 30mm and lymphatic-
vascular involvement with an increased risk of nodal involve-
ment. None of the 145 well-differentiated adenocarcinomas
of less than 30mm diameter without lymphatic or venous
permeation were associated with nodal involvement, pro-
vided that the lesion had invaded less than 500mm into the
submucosa (95% CI, 0%–2.5%).261

In an 11-year, 445 case series by Ono and colleagues from
the National Cancer Center Hospital in Tokyo, there were no
gastric cancer related deaths during a median follow up period
of 38 months (3–120 months).250 Although bleeding and per-
foration occurred in 5%, there were no treatment-related
deaths.250 For selected superficial T1 cancers, endoscopic
mucosal resection performed by experienced personnel can
generate superb results and can certainly be recommended,
especially because local recurrences can be addressed with
salvage gastrectomy (level II-2 evidence).

Adjuvant Treatments

Radiation and Chemoradiation

For locally advanced tumors deemed unresectable to negative
margins, radiation and concomitant chemoradiation appear to
make long-term disease-free survival possible for a small, but
significant, subset of patients.262 In a Mayo Clinic series 
published in 1969, Moertel and colleagues documented rare
long-term survivals with regional chemoradiation.263 In a
follow-up prospective, randomized trial of radiation alone (n
= 23) versus concomitant bolus 5-fluorouracil (5-FU) plus radi-
ation (n = 25), mean survival was 13 months versus 6 months,
favoring combined therapy (P less than 0.05) and 5-year sur-
vival was 12% versus 0%.264 In a follow-up study, the Gas-
trointestinal Tumor Study Group randomized 90 eligible
cases to receive either combination chemotherapy alone 
or concomitant chemoradiation with further, follow-on
chemotherapy. Early nutritional and myelosuppressive com-
plications rendered initial survival of the chemoradiation arm
inferior, but with minimum 5-year follow-up, survival was
significantly higher for the chemoradiation arm, with 16%
alive disease free compared to 7% among those treated with
chemotherapy alone (P less than 0.05).265

For cases treated surgically, historical pattern-of-failure
data from clinical, operative second look, and autopsy sources
document that approximately 60% of node-positive and/or
transserosal cancers (T3 or more) recur in regional nodes,
tumor bed, or anastomosis, with 20% of tumors recurring
only locoregionally (Table 41.6).262,266–270 Such data com-
pellingly invited application of locoregional radiation or
chemoradiation as an adjuvant to surgical treatment. Figure
41.9 depicts a early proposal by Gunderson and Sosin for a
radiation treatment field encompassing frequent locoregional
areas of failure, based on Wangensteen’s University of 
Minnesota reoperative series.271

Between 1991 and 1998, the Southwest Oncology Group
and the Gastric Intergroup conducted SWOG 9008/INT 0116,
a two-armed prospective randomized trial of postoperative
adjuvant chemoradiation versus surgery alone in patients
with completely resected adenocarcinoma of the stomach and
esophagogastric junction. Eligibility criteria for this trial spec-
ified complete negative-margin resection, registration 20–41
days postoperatively, adequate organ function, good perfor-
mance status (i.e., Zubrod 1 or 2), postoperative caloric intake
of more than 1,500kcal per day, and fourth edition TNM stage
IB or higher, distant-metastasis-negative, disease.272 Of 603
cases accrued to the study, 46 (8%) were ineligible, leaving
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TABLE 41.6. Patterns of failure after “curative” resection of
gastric cancer.

Incidence in total patient group (%)

Pattern of Failure Clinical Reoperation Autopsy

A. Locoregional 38 67 80–93
B. Peritoneal seeding 23 41 30–50

—Localized -19
—Diffuse -22

C. Distant metastases 52 22 49

Modified from Smalley et al.,262 by permission of International Journal of 
Radiation Biology Oncology Physics.



556 cases; 20% of eligible cases registered had disease of the
cardia/gastroesophageal junction, and advanced-stage cases
were overrepresented. Eighty-five percent of cases were node
positive. Using AJCC/UICC fifth edition criteria, fully 69%
of the cases had AJCC IIIA or IIIB disease (46% and 23%,
respectively) and only 8% had stage IB disease.272 Of the 
cases in this trial, 54% underwent D0 (i.e., less than D1 
lymphadenectomy), a source of subsequent criticism. The
treatment consisted of one cycle of 5-FU (425mg/m2) and leu-
covorin (LV, 20mg/m2) in a daily ¥ 5 regimen followed by
4,500cGy (180cGy/day, M–F) given with 5-FU/LV (400mg/m2

and 20mg/m2) on days 1 through 4 and on the last 3 days of
radiation. On completion of the radiation, two additional
cycles of daily ¥ 5% FU/LV were given at the original dose
levels at monthly intervals.272 Results for this trial were
recently updated with more than 6 years of median follow-up
(Figure 41.10).273 Overall survival was 35 months median for
chemoradiation versus 26 months for surgery alone [P = 0.006;

hazard ratio, 1.31 (1.08–1.61)]. Disease-free survival was also
significantly different at 30 months median for chemoradia-
tion and 19 months for surgery alone [P less than 0.001;
hazard ratio, 1.52 (1.75–1.85)].273

Exploratory subgroup analyses for INT-0116 were recently
performed for six variables: gender, T stage, N stage, 
gastric subsite, D level of dissection, and diffuse versus
intestinal histology. Positive treatment effects were seen in
all subsets. A possible treatment interaction was seen, with
diffuse-type histology cases doing poorly with therapy, but
after adjusting for multiple testing, this result was not 
significant.273

The likely burden of unresected locoregional disease in
this trial is problematic.274 Less than D1 lymphadenectomy,
considered suboptimal in the opinion of most experts, was
performed in 54% of the cases.246,272 As noted in the previous
section, cases with Maruyama Index of Unresected Disease
(MI) less than 5 enjoyed significantly greater survival (median
overall survival for the MI less than 5 subgroup, 91 months
versus 27 months; P = 0.005), and this was an independent
predictor of survival.246 By D level, median survival was 27
months for D0 lymphadenectomy and 48 months for D2 lym-
phadenectomy, but only 10% of cases registered to this trial
underwent D2, and this difference was not significant.246 Sur-
gical undertreatment may have played a role in making this
a positive trial.274

On the basis of INT 0116, adjuvant chemoradiation has
been recommended in the United States for all patients with
stage IB or greater, M0 disease (i.e., locoregional disease), pro-
vided they meet criteria for adequate caloric intake (more
than 1,500cal/day), good organ function, and good perfor-
mance status.272 Do all patient subgroups really benefit? The
power to detect differing treatment effect in various sub-
groups in this trial (especially the stage IB subset) is low. Sta-
tistical tests of treatment interaction with pathology and
surgical variables have been negative, however.272 A caution-
ary note concerning the lower-risk, stage IB subgroup (i.e.,
patients with T2N0 or T1N1 disease) has been voiced.274

On the basis of this study, a new U.S. Intergroup trial,
examining postoperative etoposide, cisplatin, and 5-FU (ECF)
chemotherapy before and after radiation with continuous
infusion 5-FU versus adjuvant treatment according to the
INT-0116 protocol, is now under way, as well as other, similar
trials in Europe.

Early Postoperative Intraperitoneal Chemotherapy

Japanese investigators have advocated intraperitoneal and
intralymphatic installation of mitomycin C bound to micro-
carbon particles for some time.275 This treatment has been
tested in an Austrian prospective randomized trial with 
negative results.276 Another Austrian prospective randomized
trial of perioperative cisplatin has also been reported as neg-
ative.277 A Japanese trial of intraperitoneal OK-432 in addition
to systemic therapy has also been negative.278 Phase II inves-
tigations of intraperitoneal therapy have also been conducted
in the United States and elsewhere,279,280 with some investi-
gators enthusiastic281 and some advising caution because of
the associated morbidity.282

One positive prospective randomized clinical trial of peri-
operative intraperitoneal has been reported.283 Between 1990
and 1995, 248 Korean patients with biopsy-proven gastric
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FIGURE 41.9. Early proposal by Gunderson and Sosin for a radia-
tion treatment field encompassing frequent locoregional areas of
failure, based on Wangensteen’s University of Minnesota reoperative
series. (From Gunderson and Sosin,267 by permission of International
Journal of Radiation Oncology Biology Physics.)

FIGURE 41.10. Updated survival with more than 6 years median
follow-up for INT-0116, a trial of postoperative adjuvant chemoradi-
ation (upper curve) versus postoperative observation (see text).
(Updated data courtesy of Southwest Oncology Group.272,273)



cancer without intraoperatively detected distant organ metas-
tases were randomized intraoperatively following complete
resection and minimum D2 lymphadenectomy to receive
postoperative intraperitoneal mitomycin C and 5-FU versus
surgery alone (Figure 41.11). Stage I cases and those more 
than 70 years of age were excluded. Postoperative adjuvant
treatment, delivered intraperitoneally through a Tenckhoff
catheter, consisted of 10mg/m2 mitomycin C delivered at
body temperature in 1L dialysis solution on the first postop-
erative day, followed by 700mg/m2 5-FU plus 50mEq sodium
bicarbonate in 1L dialysis solution daily on days 2 through 5.
No further antitumor treatment was administered during the
disease-free interval. In-hospital mortality was 6.4% in the
treated group versus 1.6% in the surgery-only group (P = n.s.).
Among morbidities, intraabdominal bleeding (10% versus
1%; P = 0.002) and intraabdominal abscess/peritonitis (14%
versus 4%; P = 0.008) were more frequent among treated
cases. Follow-up consisted of regular physical examinations,
but CT scans, paracentesis, etc., were initiated only at the dis-
cretion of the surgeon to confirm clinical findings. The initial
report of this trial in 1998 reported a significant positive effect
on survival only for stage III cases.284 A subsequent follow-up
in 2001 reported significantly improved overall survival for
the treatment group (54% versus 38%; P = 0.0278).283 Subset
analysis revealed the benefit was enjoyed predominantly by
those with fifth–sixth edition UICC TNM stage III (57%
versus 23%; P = 0.0024) and stage IV (28% versus 5%; P =
0.0098) disease.283 Further subset analysis showed benefit for
those with involved lymph nodes (46% versus 22%; P =
0.0027) and those with serosal invasion (52% versus 25%; P
= 0.0004).283 Although this trial has yet to be duplicated, and
there are some methodological criticisms, it has encouraged
continued investigation of both perioperative intraperitoneal
therapy and methods to decrease the associated morbidity. In
the view of advocates, this trial constitutes level I evidence
in favor of such intraperitoneal therapy.281

Chemotherapy Without Radiation

A succession of meta-analyses concerning the value (or non-
value) of systemic chemotherapy for gastric cancer have been
conducted over the past decade. In 1993, Hermans et al. pub-
lished a meta-analysis of 11 randomized trials of adjuvant
chemotherapy, mostly involving treatment with 5-FU-based
regimens, conducted over the previous decade. The odds ratio
of 0.88 among treated patients was not significant.285 A year
later, in response to a journal letter,286 two additional trials
were added, and the addition of 318 cases from the two erro-
neously omitted trials lowered the odds ratio to 0.82; this was
of borderline significance (CI, 0.68–0.98).287 In 1999, Earle and
Maroun published a 13-trial meta-analysis of non-Asian trials
published between 1980 and 1996, with a similar odds ratio
for death in the treated group of 0.80 (95% CI, 0.66–0.97).288

In 2000, Mari et al. published a 20-article, 3,658 patient meta-
analysis with an odds ratio for the treated group of 0.82; with
the additional trials and patients, this was significant (95%
CI, 0.75–0.89; P less than 0.001).289 Nonetheless, even includ-
ing subgroup analyses, only a few trials showed significant
results favoring chemotherapy,290–295 and the authors still con-
sidered adjuvant chemotherapy as investigational.289 In 2002,
Panzini et al., from Italy, restricted meta-analysis to those
trials where all patients were treated with “radical” surgical
techniques. Of the 17 papers eligible for inclusion, 3,118
patients were available for analysis. Odds ratio for death
among the treated cases was 0.72 (95% CI, 0.62–0.84),296 and
on the basis of this, a large confirmatory randomized con-
trolled trial of cisplatin-based chemotherapy was recom-
mended.296 In 2001, a less-selective, but more-comprehensive,
meta-analysis was conducted by the Swedish Council of
Technology Assessment in Health Care (SBU),297 based on 
153 scientific papers, 18 reviews, 60 randomized studies, and
57 prospective studies encompassing 12,367 patients. The
authors’ meta-analysis of 21 randomized adjuvant studies
revealed a statistically significant survival benefit with odds
ratio 0.84 (95% CI, 0.74–0.96); however, analyzing Western
world and Asian studies separately, a statistically significant
difference was noticed: Western world studies showed an
odds ratio of 0.96 (95% CI, 0.83–1.12) and the Asian studies
an odds ratio of 0.58 (95% CI, 0.44–0.76).297 The authors con-
cluded that adjuvant chemotherapy could not be recom-
mended in Western patients, but that benefit in Japanese
series was evident.297 Overall, the benefit of adjuvant therapy
in all these meta-analyses equates to an odds ratio of approx-
imately 0.80 at best. The extent of surgical resection for
patients entered into these adjuvant studies, and the conse-
quent burden of residual locoregional microscopic disease,
may, as Panzini et al. suggest, be the key confounding vari-
able.296 Nakajima et al., in a meta-analysis of 10 Japanese
trials conducted at the Cancer Institute Hospital in Tokyo on
radically treated surgical cases from 1959 to 1982 (n = 1,177
cases), noted a much better odds ratio of 0.63 favoring the
treatment groups (P less than 0.01).298

As depicted in Table 41.7, most trials of adjuvant sys-
temic chemotherapy versus surgery alone have been nega-
tive.291,294,295,299–311 For the positive trials, unusually low
control group survival,295 or findings at odds with other
trials,294 undermine general applicability.

Following the aforementioned INT-0116 adjuvant
chemoradiation trial, for patients with disease resectable to
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FIGURE 41.11. Kaplan–Meier overall survival for group treated
with early postoperative intraperitoneal chemotherapy (mitomycin C
on postoperative day 1 and 5-fluorouracil (5-FU) daily on postopera-
tive days 2–5; upper curve) versus controls receiving surgery alone
(lower curve). With mean follow-up of 36 months, survival difference
is significant (P = 0.0278). (From Yu et al.,283 by permission of World
Journal of Surgery.)



negative margins, clinical trials involving arms with only
surgery or only postoperative adjuvant chemotherapy have
become less feasible in the United States.272,273

To date, no neoadjuvant preoperative chemotherapy
regimen has been shown superior to postoperative therapy or
surgery alone in a Phase III prospective randomized trial,
despite promising Phase II results.312 Further, a recently
reported trial of neoadjuvant FAMTX versus surgery alone
showed median survival of 18 months for the treated group
versus 30 months for the surgery-alone group (P = 0.17). On
the basis of this result, the risk that neoadjuvant treatment
with insufficiently effective chemotherapy might jeopardize
survival must be considered.311

Advanced and Metastatic Disease

A variety of combination chemotherapy regimens have been
used in the palliative management of patients with gastric
cancer.313–319 Although the EAP type regimens pioneered by

Preusser, Wilke, and colleagues317 led to a new era in combi-
nation chemotherapy, in which expectations of response rates
in excess of 30%, and some complete tumor regressions, were
possible, the EAP regimen is now utilized only rarely because
of its significant toxicity.320 There are now other regimens
that are widely used. The major regimens of current interest
include methotrexate-directed 5-FU combinations,321 infu-
sional 5-FU regimens,37,314,322 and combinations containing
taxanes316 and irinotecan-based regimens.315,323

Over the past decade, there has been interest in the use
of prolonged infusion of 5-FU as a part of the combination
chemotherapy treatment for stomach cancer. Crookes and
colleagues314 used continuous infusion 5-FU as a major com-
ponent of a neoadjuvant program described below. Webb and
colleagues reported important results with a combination
regimen designated ECF (epirubicin, cisplatin, and 5-FU).322

Of note, ECF uses protracted infusion of 5-FU at a daily rate
of 200mg/m2 with intermittent epirubicin and cisplatinum.
Epirubicin is an anthracycline analogue available in Western
Europe for several years and now commercially available in
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TABLE 41.7. Prospective randomized trials of adjuvant systemic chemotherapy.

Five-year Survival
Author Year Treatment group N survival Median survival P value

Nakajima et al.299 1984 MMC + 5-FU+araC ÆF 81 68% >60 months 0.09
MMC + ftorafur + araCÆftora 83 63% >60 months
Surgery alone 79 51% >60 months

Engstrom et al.300 1985 5-FU + MeCCNU 91 — 36.6 months 0.73
Surgery alone 89 — 32.7 months

Coombes et al.301 1990 FAM (5-FU + Adria+MMC) 148 35% 36 months 0.17
Surgery alone 133 46% 36 months

Krook et al.302 1991 5-FU + Adria 64 33% 34 months 0.88
Surgery alone 61 32% 36 months

Grau et al.291 1993 MMC 68 41% — 0.025*
Surgery alone 66 26% —

Hallissey et al.303 1994 FAM 138 19% 17.3 months 0.14
Postoperative radiotherapy 153 12% 12.9 months

alone
Surgery alone 145 20% 14.7 months

Macdonald et al.304 1995 FAM 93 — 32 months 0.57
Surgery alone 100 — 28 months

Tsavaris et al.305 1996 5-FU-epirub-MMC (FEM) 42 — 64 months ns
Surgery alone 42 — 81 months

Neri et al.295 1996 5-FU-LV-epirub 48 25% 20.4 months 0.01*
Surgery alone 55 13% 13.6 months

Grau et al.329 1998 MMC-ftorafur 43 67% — 0.04
MMC 42 44% —

Nakajima et al.306 1999 MMC-5-FU-UFT 285 85.8% >5 years 0.17
Surgery alone 288 82.9% >5 years

Cirera et al.294 1999 MMC-tegafur 76 56% 74 0.04*
Surgery alone 72 36% 29

Langman et al.307 1999 Cimetidine 221 21% 13 0.42
Surgery alone 221 18% 11

Nashimoto et al.308 2003 MMC-5-FU-araC 126 91.2% — 0.13
Surgery alone 126 86.1% —

Chipponi et al.309 2004 5-FU-LV-CDDP 101 39% — ns
Surgery alone 104 39% —

Sato et al.310 2004 5-DFUR 143 62.9% — 0.79
5-DFUR + OKT-432 144 63.8%

Hartgrink et al.311 2004 Preop (neoadjuvant) FAMTX 29 — 18 months 0.17
Surgery alone 30 — 30 months



the United States (although its approval indication is for
breast cancer, not gastrointestinal cancer, in the United
States). ECF was tested in a major Phase III randomized trial
reported in 1997.322 This study compared ECF with FAMTX
in patients with gastroesophageal adenocarcinoma. In this
study, 274 patients with adenocarcinoma or undifferentiated
cancer were randomized between FAMTX and ECF. The
FAMTX regimen caused significant hematologic toxicity and
was inferior in regard to response rate and survival when
compared to ECF. The overall response rate for ECF was 45%
versus 21% for FAMTX (P = 0.002). The median survival for
ECF was 8.9 versus 5.7 months (P = 0.0009). At 1 year, 36%
of ECF and 21% of FAMTX patients were alive. Webb and col-
leagues also assessed global quality of life scores in their
study. The global quality of life was superior for ECF at 24
weeks. This advantage in quality of life, however, did not
persist as patients were followed further on the study.322 Of
interest, Ross and colleagues performed a Phase III study of
ECF versus a very similar regimen, MCF, that substituted
mitomycin C (7mg/m2 every 6 weeks) for epirubicin and uses
somewhat different doses of 5-FU (300mg/m2/day ¥ 24 weeks)
and cisplatin (50mg/m2 every 3 weeks).324 The overall rates of
survival were no different between the ECF and MCF regi-
mens. This trial supports the use of MCF if either epirubicin
is not available or a clinician would prefer not to use an
anthracycline.320

Other, more-recent, regimens include the combination 
of docetaxel–cisplatin316 and the regimen of irinotecan–
cisplatin.315 The irinotecan and cisplatin combination has
been evaluated and shown to have good activity in gastroe-
sophageal cancers. The response rate for adenocarcinoma
with the regimen was 12 of 23 (57%), with excellent pallia-
tion of tumor-related symptoms.315 Another regimen of inter-
est recently is the combination of docetaxel and cisplatin.316

In a European study of 85 patients with advanced gastric
cancer, the overall response rate was 36%, and 7 of 85 (8%)
had complete responses. The median survival in this study
was 10 months, and grade IV toxicity was seen in only 4% of
cases.316

Data on therapy of advanced gastric cancer allow one to
draw some conclusions in regard to the standard recommen-
dations for patients with metastatic stomach cancer. It is rea-
sonable to assume that several approaches can be considered
appropriate chemotherapeutic management for patients with
advanced gastric cancer. FAMTX is well tolerated and can cer-
tainly result in some complete responses in patients with
gastric cancer, but it is no longer considered a front-line
regimen for advanced gastric cancer (level I evidence). More
promising approaches entail the use of continuous infusions
of fluorinated pyrimidines, such as 5-FU. The ECF regimen,
along with similar regimens using alternate anthracyclines,
continue to be investigated. Finally, taxane- and iritonecan-
based regimens are also of interest and appropriate for use in
patients with advanced gastric cancer (level IIc data).
However, it is important to stress that none of these regimens
results in long-term control of metastatic adenocarcinoma of
the stomach.

For a subset of cases with advanced locoregional disease
followed by major response to chemotherapy, eventual R0
surgical resection is sometimes possible, and occasional long-
term disease-free survival can result.325–327 It should also be
noted that surgical resection of isolated hepatic metastases,

before or after chemotherapy, can also result in occasional
long-term disease-free survival.328 In general, however,
although some chemotherapy regimens produce major partial
responses and complete response rates as high as 15%, such
responses are usually not durable.

References

1. Parkin DM, Bray FI, Devesa SS. Cancer burden in the year 2000.
The global picture. Eur J Cancer 2001;37(suppl 8:S4–S66.

2. Borrmann R. Geschweulste des Magens und Duodenums, vol 4.
Berlin: Springer Verlag, 1926.

3. Jarvi O, Lauren P. On the role of heterotopias of the intestinal
epithelium in the pathogenesis of gastric cancer. Acta Pathol
Microbiol Scand 1951;29(1):26–44.

4. Lauren T. The two histologic main types of gastric carcinoma.
Acta Pathol Microbiol Scand 1965;64:31–49.

5. Stemmermann G, Fenoglio-Preiser C. Gastric cancer: epidemi-
ology. In: Kelsen D, Daly J, Kern S, Levin B, Tepper J (eds). Gas-
trointestinal Oncology: Principles and Practice. Philadelphia:
Lippincott Williams & Wilkins, 2002:311–324.

6. Fenoglio-Preiser CM, Noffsinger AE, Belli J, Stemmermann GN.
Pathologic and phenotypic features of gastric cancer. Semin
Oncol 1996;23(3):292–306.

7. Stemmermann GN, Fenoglio-Preiser C. Gastric carcinoma distal
to the cardia: a review of the epidemiological pathology of the
precursors to a preventable cancer. Pathology 2002;34(6):
494–503.

8. Stemmermann GN, Hayashi T. Intestinal metaplasia of the
gastric mucosa: a gross and microscopic study of its distribution
in various disease states. J Natl Cancer Inst 1968;41(3):627–634.

9. Matsukura N, Suzuki K, Kawachi T, et al. Distribution of marker
enzymes and mucin in intestinal metaplasia in human stomach
and relation to complete and incomplete types of intestinal
metaplasia to minute gastric carcinomas. J Natl Cancer Inst
1980;65(2):231–240.

10. Watanabe H, Jass J, Sobin L. Histological typing of gastric and
oesophageal tumors. In: Organization WH (ed). International His-
tologic Classification of Tumors, 2nd ed. Berlin: Springer, 1990.

11. Mulligan RM, Rember RR. Histogenesis and biologic behavior
of gastric carcinoma: study of one hundred thirty-eight cases.
AMA Arch Pathol 1954;58(1):1–25.

12. Broders A. Carcinoma and other malignant lesions of the
stomach: pathologic considerations. In: Waltman W, Gray H,
Priestley J (eds). Carcinoma and Other Malignant Lesions of the
Stomach. Philadelphia: Sanders, 1942:127.

13. Nagayo T, Komagome T. Histological studies of gastric mucosal
cancer with special reference to relationship of histological pic-
tures between the mucosal cancer and the cancer-bearing gastric
mucosa. Gann Monogr 1961;56:101.

14. Ming SC. Gastric carcinoma. A pathobiological classification.
Cancer. Jun 1977;39(6):2475–2485.

15. Goseki N, Takizawa T, Koike M. Differences in the mode of the
extension of gastric cancer classified by histological type: new
histological classification of gastric carcinoma. Gut 1992;33(5):
606–612.

16. Songun I, van de Velde CJ, Arends JW, et al. Classification of
gastric carcinoma using the Goseki system provides prognostic
information additional to TNM staging. Cancer (Phila) 1999;
85(10):2114–2118.

17. Parkin DM. Global cancer statistics in the year 2000. Lancet
Oncol 2001;2(9):533–543.

18. Parkin DM, Pisani P, Ferlay J. Global cancer statistics. CA
Cancer J Clin 1999;49(1):33–64, 31.

19. Cancer Incidence in Five Continents, vol VIII. Lyon: IARCPress,
2002.

20. Correa P. A human model of gastric carcinogenesis. Cancer Res
1988;48(13):3554–3560.

stomach 6 9 5



21. Correa P, Haenszel W, Cuello C, Tannenbaum S, Archer M. A
model for gastric cancer epidemiology. Lancet 1975;2(7924):
58–60.

22. Correa P. Human gastric carcinogenesis: a multistep and 
multifactorial process: First American Cancer Society Award
Lecture on Cancer Epidemiology and Prevention. Cancer Res
1992;52(24):6735–6740.

23. Parsonnet J, Friedman GD, Vandersteen DP, et al. Helicobacter
pylori infection and the risk of gastric carcinoma. N Engl J Med
1991;325(16):1127–1131.

24. Parsonnet J, Vandersteen D, Goates J, Sibley RK, Pritikin J,
Chang Y. Helicobacter pylori infection in intestinal- and diffuse-
type gastric adenocarcinomas. J Natl Cancer Inst 1991;83(9):
640–643.

25. Nomura A, Stemmermann GN, Chyou PH, Kato I, Perez-Perez
GI, Blaser MJ. Helicobacter pylori infection and gastric carci-
noma among Japanese Americans in Hawaii. N Engl J Med 1991;
325(16):1132–1136.

26. Kono S, Ikeda M, Ogata M. Salt and geographical mortality of
gastric cancer and stroke in Japan. J Epidemiol Community
Health 1983;37(1):43–46.

27. Leach SD, Cook A, Challis B. Bacterially Mediated N-
Nitrosation Reactions and Endogenous Formation of N-Nitroso
Compounds, vol 84. Lyon: IARC, 1987.

28. Tannenbaum SR, Moran D, Rand W, Cuello C, Correa P. Gastric
cancer in Colombia. IV. Nitrite and other ions in gastric con-
tents of residents from a high-risk region. J Natl Cancer Inst
1979;62(1):9–12.

29. De Bernardinis G, Guadagni S, Pistoia MA, et al. Gastric juice
nitrite and bacteria in gastroduodenal disease and resected
stomach. Tumori 1983;69(3):231–237.

30. Wogan GN. Diet and nutrition as risk factors for cancer. Princess
Takamatsu Symp 1985;16:3–10.

31. Tannenbaum SR. Diet and exposure to N-nitroso compounds.
Princess Takamatsu Symp 1985;16:67–75.

32. Choi NW, Miller AB, Fodor JG, et al. Consumption of precur-
sors of N-nitroso compounds and human gastric cancer. IARC
Sci Publ 1987(84):492–496.

33. Leach SA, Thompson M, Hill M. Bacterially catalysed N-
nitrosation reactions and their relative importance in the human
stomach. Carcinogenesis (Oxf) 1987;8(12):1907–1912.

34. Sasazuki S, Sasaki S, Tsubono Y, et al. The effect of 5-year
vitamin C supplementation on serum pepsinogen level and Heli-
cobacter pylori infection. Cancer Sci 2003;94(4):378–382.

35. Bartsch H, Ohshima H, Pignatelli B. Inhibitors of endogenous
nitrosation. Mechanisms and implications in human cancer pre-
vention. Mutat Res 1988;202(2):307–324.

36. Bartsch H, Pignatelli B, Calmels S, Ohshima H. Inhibition of
nitrosation. Basic Life Sci 1993;61:27–44.

37. Webb PM, Bates CJ, Palli D, Forman D. Gastric cancer, gastritis
and plasma vitamin C: results from an international correlation
and cross-sectional study. The Eurogast Study Group. Int J
Cancer 1997;73(5):684–689.

38. Kono S, Ikeda M, Tokudome S, Kuratsune M. A case-control
study of gastric cancer and diet in northern Kyushu, Japan. Jpn
J Cancer Res 1988;79(10):1067–1074.

39. McConnell R. The Genetics of Gastro-intestinal disorders.
London: Oxford University Press, 1966.

40. Nagayo T. Microscopical cancer of the stomach: a study on his-
togenesis of gastric carcinoma. Int J Cancer 1975;16(1):52–60.

41. Brown WM, Doll R. Mortality from cancer and other causes 
after radiotherapy for ankylosing spondylitis. Br Med J 1965;
5474:1327–1332.

42. Tarbell NJ, Gelber RD, Weinstein HJ, Mauch P. Sex differences
in risk of second malignant tumours after Hodgkin’s disease in
childhood. Lancet 1993;341(8858):1428–1432.

43. Lynch HT, Smyrk T, Lynch J. An update of HNPCC (Lynch 
syndrome). Cancer Genet Cytogenet 1997;93(1):84–99.

44. Lehtola J. Family study of gastric carcinoma, with special 
reference to histological types. Scand J Gastroenterol Suppl
1978;50:3–54.

45. Lehtola J. Family behaviour of gastric carcinoma. Ann Clin Res
1981;13(3):144–148.

46. Ihamaki T, Sipponen P. Family characteristics of gastric carci-
noma. Ann Clin Res 1981;13(3):149–150.

47. Bonney GE, Elston RC, Correa P, et al. Genetic etiology of gastric
carcinoma: I. Chronic atrophic gastritis. Genet Epidemiol 1986;
3(4):213–224.

48. Mecklin JP, Jarvinen HJ. Tumor spectrum in cancer family 
syndrome (hereditary nonpolyposis colorectal cancer). Cancer
(Phila) 1991;68(5):1109–1112.

49. Keller G, Rotter M, Vogelsang H, et al. Microsatellite instabil-
ity in adenocarcinomas of the upper gastrointestinal tract. Rela-
tion to clinicopathological data and family history. Am J Pathol
1995;147(3):593–600.

50. Varley JM, McGown G, Thorncroft M, et al. An extended 
Li-Fraumeni kindred with gastric carcinoma and a codon 175
mutation in TP53. J Med Genet 1995;32(12):942–945.

51. Aarnio M, Mecklin JP, Aaltonen LA, Nystrom-Lahti M, Jarvinen
HJ. Life-time risk of different cancers in hereditary non-
polyposis colorectal cancer (HNPCC) syndrome. Int J Cancer
1995;64(6):430–433.

52. Guilford PJ, Hopkins JB, Grady WM, et al. E-cadherin germline
mutations define an inherited cancer syndrome dominated by
diffuse gastric cancer. Hum Mutat 1999;14(3):249–255.

53. Tersmette AC, Offerhaus GJ, Tersmette KW, et al. Meta-
analysis of the risk of gastric stump cancer: detection of high risk
patient subsets for stomach cancer after remote partial gastrec-
tomy for benign conditions. Cancer Res 1990;50(20):6486–6489.

54. Schistosomes, Liver Flukes, and Helicobacter pylori, vol 61.
Lyon: IARC, 1994.

55. Huang JQ, Zheng GF, Sumanac K, Irvine EJ, Hunt RH. Meta-
analysis of the relationship between cagA seropositivity and
gastric cancer. Gastroenterology 2003;125(6):1636–1644.

56. Queiroz DM, Mendes EN, Rocha GA, et al. cagA-positive Heli-
cobacter pylori and risk for developing gastric carcinoma in
Brazil. Int J Cancer 1998;78(2):135–139.

57. Grimley CE, Holder RL, Loft DE, Morris A, Nwokolo CU. Heli-
cobacter pylori-associated antibodies in patients with duodenal
ulcer, gastric and oesophageal adenocarcinoma. Eur J Gastroen-
terol Hepatol 1999;11(5):503–509.

58. Pisani P, Parkin DM, Munoz N, Ferlay J. Cancer and infection:
estimates of the attributable fraction in 1990. Cancer Epidemiol
Biomarkers Prev 1997;6(6):387–400.

59. Zhou L, Sung JJ, Lin S, et al. A five-year follow-up study on the
pathological changes of gastric mucosa after H. pylori eradica-
tion. Chin Med J (Engl) 2003;116(1):11–14.

60. Walker MM. Is intestinal metaplasia of the stomach reversible?
Gut 2003;52(1):1–4.

61. Ito M, Haruma K, Kamada T, et al. Helicobacter pylori eradica-
tion therapy improves atrophic gastritis and intestinal metapla-
sia: a 5-year prospective study of patients with atrophic gastritis.
Aliment Pharmacol Ther 2002;16(8):1449–1456.

62. van Grieken NC, Meijer GA, Kale I, et al. Quantitative assess-
ment of gastric antrum atrophy shows restitution to normal 
histology after Helicobacter pylori eradication. Digestion
2004;69(1):27–33.

63. Yamada T, Miwa H, Fujino T, Hirai S, Yokoyama T, Sato N.
Improvement of gastric atrophy after Helicobacter pylori eradi-
cation therapy. J Clin Gastroenterol 2003;36(5):405–410.

64. Munoz N, Kato I, Peraza S, et al. Prevalence of precancerous
lesions of the stomach in Venezuela. Cancer Epidemiol Bio-
markers Prev 1996;5(1):41–46.

65. Gammon MD, Terry MB, Arber N, et al. Nonsteroidal anti-
inflammatory drug use associated with reduced incidence of 
adenocarcinomas of the esophagus and gastric cardia that over-

6 9 6 chapter 41



express cyclin D1: a population-based study. Cancer Epidemiol
Biomarkers Prev 2004;13(1):34–39.

66. Wong BC, Lam SK, Wong WM, et al. Helicobacter pylori eradi-
cation to prevent gastric cancer in a high-risk region of China:
a randomized controlled trial. JAMA 2004;291(2):187–194.

67. Takahashi S. Long-term Helicobacter pylori infection and the
development of atrophic gastritis and gastric cancer in Japan. 
J Gastroenterol 2002;37(suppl 13:24–27.

68. La Vecchia C, Negri E, Franceschi S, Gentile A. Family history
and the risk of stomach and colorectal cancer. Cancer (Phila)
1992;70(1):50–55.

69. Palli D, Galli M, Caporaso NE, et al. Family history and risk of
stomach cancer in Italy. Cancer Epidemiol Biomarkers Prev
1994;3(1):15–18.

70. Goldgar DE, Easton DF, Cannon-Albright LA, Skolnick MH.
Systematic population-based assessment of cancer risk in 
first-degree relatives of cancer probands. J Natl Cancer Inst 1994;
86(21):1600–1608.

71. Videback A, Mosbeck J. The etiology of gastric carcinoma elu-
cidated by a study of 302 pedigrees. Acta Med Scand 1954;
149:159–173.

72. Powell SM, Smith MF. Gastric cancer: molecular biology and
genetics. In: Kelsen DP, Daly JM, Kern SE, Levin B, Tepper JE
(eds). Gastrointestinal Oncology: Principles and Practice.
Philadelphia: Lippincott Williams & Wilkins, 2002:325–
340.

73. El-Rifai W, Powell SM. Molecular biology of gastric cancer.
Semin Radiat Oncol 2002;12(2):128–140.

74. Guilford P, Hopkins J, Harraway J, et al. E-cadherin germline
mutations in familial gastric cancer. Nature (Lond) 1998;
392(6674):402–405.

75. Gayther SA, Gorringe KL, Ramus SJ, et al. Identification of
germ-line E-cadherin mutations in gastric cancer families of
European origin. Cancer Res 1998;58(18):4086–4089.

76. Lynch HT, Smyrk TC, Lanspa SJ, et al. Upper gastrointestinal
manifestations in families with hereditary flat adenoma syn-
drome. Cancer (Phila) 1993;71(9):2709–2714.

77. Sugano K, Taniguchi T, Saeki M, Tsunematsu Y, Tomaru U,
Shimoda T. Germline p53 mutation in a case of Li-Fraumeni
syndrome presenting gastric cancer. Jpn J Clin Oncol 1999;
29(10):513–516.

78. Utsunomiya J. The concept of hereditary colorectal cancer adn
the implications of its study. In: Utsunomiya J, Lynch HT (eds).
Hereditary Colorectal Cancer: Proceedings of the Fourth Inter-
national Symposium of Colorectal Cancer (ISCC-4), November
9–11, 1989, Kobe, Japan. New York: Springer-Verlag, 1990:3–16.

79. Offerhaus GJ, Giardiello FM, Krush AJ, et al. The risk of upper
gastrointestinal cancer in familial adenomatous polyposis. Gas-
troenterology 1992;102(6):1980–1982.

80. Tahara E. Molecular biology of gastric cancer. World J Surg 1995;
19(4):484–488; discussion 489–490.

81. Hiyama E, Yokoyama T, Tatsumoto N, et al. Telomerase activ-
ity in gastric cancer. Cancer Res 1995;55(15):3258–3262.

82. Hollstein M, Shomer B, Greenblatt M, et al. Somatic point muta-
tions in the p53 gene of human tumors and cell lines: updated
compilation. Nucleic Acids Res 1996;24(1):141–146.

83. Mayer B, Johnson JP, Leitl F, et al. E-cadherin expression in
primary and metastatic gastric cancer: down-regulation corre-
lates with cellular dedifferentiation and glandular disintegra-
tion. Cancer Res 1993;53(7):1690–1695.

84. Gofuku J, Shiozaki H, Tsujinaka T, et al. Expression of E-
cadherin and alpha-catenin in patients with colorectal carci-
noma. Correlation with cancer invasion and metastasis. Am J
Clin Pathol 1999;111(1):29–37.

85. Nakajima M, Sawada H, Yamada Y, et al. The prognostic signif-
icance of amplification and overexpression of c-met and c-erb
B-2 in human gastric carcinomas. Cancer (Phila) 1999;
85(9):1894–1902.

86. Taniguchi K, Yonemura Y, Nojima N, et al. The relation
between the growth patterns of gastric carcinoma and the
expression of hepatocyte growth factor receptor (c-met),
autocrine motility factor receptor, and urokinase-type plas-
minogen activator receptor. Cancer (Phila) 1998;82(11):
2112–2122.

87. Yokozaki H, Kuniyasu H, Yasui W, Tahara E. [Genetic charac-
teristics of scirrhous gastric carcinomas.] Gan To Kagaku Ryoho
1994;21(14):2371–2377.

88. Marchbank T, Westley BR, May FE, Calnan DP, Playford RJ.
Dimerization of human pS2 (TFF1) plays a key role in its pro-
tective/healing effects. J Pathol 1998;185(2):153–158.

89. Luqmani Y, Bennett C, Paterson I, et al. Expression of the pS2
gene in normal, benign and neoplastic human stomach. Int J
Cancer 1989;44(5):806–812.

90. Muller W, Borchard F. pS2 protein in gastric carcinoma and
normal gastric mucosa: association with clinicopathological
parameters and patient survival. J Pathol 1993;171(4):263–
269.

91. Machado JC, Carneiro F, Ribeiro P, Blin N, Sobrinho-Simoes M.
pS2 protein expression in gastric carcinoma. An immunohisto-
chemical and immunoradiometric study. Eur J Cancer 1996;
32A(9):1585–1590.

92. Wu MS, Shun CT, Wang HP, Lee WJ, Wang TH, Lin JT. Loss of
pS2 protein expression is an early event of intestinal-type gastric
cancer. Jpn J Cancer Res 1998;89(3):278–282.

93. Calnan DP, Westley BR, May FE, Floyd DN, Marchbank T, 
Playford RJ. The trefoil peptide TFF1 inhibits the growth of 
the human gastric adenocarcinoma cell line AGS. J Pathol 1999;
188(3):312–317.

94. Fujimoto J, Yasui W, Tahara H, Tahara E, Kudo Y, Yokozaki H.
DNA hypermethylation at the pS2 promoter region is associated
with early stage of stomach carcinogenesis. Cancer Lett 2000;
149(1-2):125–134.

95. Katoh M. Trefoil factors and human gastric cancer (review). Int
J Mol Med 2003;12(1):3–9.

96. Onda M, Tokunaga A, Nishi K, et al. The correlation of epider-
mal growth factor with invasion and metastasis in human
gastric cancer. Jpn J Surg 1990;20(3):269–274.

97. Yasui W, Sumiyoshi H, Hata J, et al. Expression of epidermal
growth factor receptor in human gastric and colonic carcinomas.
Cancer Res 1988;48(1):137–141.

98. Yoshiyuki T, Shimizu Y, Onda M, et al. Immunohistochemical
demonstration of epidermal growth factor in human gastric
cancer xenografts of nude mice. Cancer (Phila) 1990;65(4):
953–957.

99. Gamboa-Dominguez A, Dominguez-Fonseca C, Quintanilla-
Martinez L, et al. Epidermal growth factor receptor expression
correlates with poor survival in gastric adenocarcinoma from
Mexican patients: a multivariate analysis using a standardized
immunohistochemical detection system. Mod Pathol 2004;
17(5):579–587.

100. Pinto-de-Sousa J, David L, Almeida R, et al. c-erb B-2 expression
is associated with tumor location and venous invasion and
influences survival of patients with gastric carcinoma. Int J Surg
Pathol 2002;10(4):247–256.

101. Aoyagi K, Kohfuji K, Yano S, et al. Evaluation of the epidermal
growth factor receptor (EGFR) and c-erbB-2 in superspreading-
type and penetrating-type gastric carcinoma. Kurume Med J
2001;48(3):197–200.

102. Ghaderi A, Vasei M, Maleck-Hosseini SA, et al. The expression
of c-erbB-1 and c-erbB-2 in Iranian patients with gastric carci-
noma. Pathol Oncol Res 2002;8(4):252–256.

103. el-Hariry I, Pignatelli M, Lemoine N. Fibroblast growth factor 1
and fibroblast growth factor 2 immunoreactivity in gastroin-
testinal tumours. J Pathol 1997;181(1):39–45.

104. Ueki T, Koji T, Tamiya S, Nakane PK, Tsuneyoshi M. Expression
of basic fibroblast growth factor and fibroblast growth factor

stomach 6 9 7



receptor in advanced gastric carcinoma. J Pathol 1995;177(4):
353–361.

105. Yu J, Leung WK, Ebert MP, et al. Absence of cyclin D2 expres-
sion is associated with promoter hypermethylation in gastric
cancer. Br J Cancer 2003;88(10):1560–1565.

106. Oshimo Y, Nakayama H, Ito R, et al. Promoter methylation 
of cyclin D2 gene in gastric carcinoma. Int J Oncol 2003;23(6):
1663–1670.

107. Takano Y, Kato Y, Masuda M, Ohshima Y, Okayasu I. Cyclin
D2, but not cyclin D1, overexpression closely correlates with
gastric cancer progression and prognosis. J Pathol 1999;189(2):
194–200.

108. Muller W, Noguchi T, Wirtz HC, Hommel G, Gabbert HE.
Expression of cell-cycle regulatory proteins cyclin D1, cyclin E,
and their inhibitor p21 WAF1/CIP1 in gastric cancer. J Pathol
1999;189(2):186–193.

109. Yu J, Miehlke S, Ebert MP, et al. Expression of cyclin genes in
human gastric cancer and in first degree relatives. Chin Med J
(Engl) 2002;115(5):710–715.

110. Uefuji K, Ichikura T, Mochizuki H, Shinomiya N. Expression 
of cyclooxygenase-2 protein in gastric adenocarcinoma. J Surg
Oncol 1998;69(3):168–172.

111. Ristimaki A, Honkanen N, Jankala H, Sipponen P, Harkonen M.
Expression of cyclooxygenase-2 in human gastric carcinoma.
Cancer Res 1997;57(7):1276–1280.

112. Sheu BS, Yang HB, Sheu SM, Huang AH, Wu JJ. Higher gastric
cycloxygenase-2 expression and precancerous change in Heli-
cobacter pylori-infected relatives of gastric cancer patients. Clin
Cancer Res 2003;9(14):5245–5251.

113. Buskens CJ, Ristimaki A, Offerhaus GJ, Richel DJ, van Lanschot
JJ. Role of cyclooxygenase-2 in the development and treatment
of oesophageal adenocarcinoma. Scand J Gastroenterol Suppl
2003(239):87–93.

114. Sakamoto C. Roles of COX-1 and COX-2 in gastrointestinal
pathophysiology. J Gastroenterol 1998;33(5):618–624.

115. Yu LZ, Gao HJ, Bai JF, et al. Expression of COX-2 proteins in
gastric mucosal lesions. World J Gastroenterol 2004;10(2):292–
294.

116. Xue YW, Zhang QF, Zhu ZB, Wang Q, Fu SB. Expression of cyclo-
oxygenase-2 and clinicopathologic features in human gastric
adenocarcinoma. World J Gastroenterol 2003;9(2):250–253.

117. Tatsuguchi A, Matsui K, Shinji Y, et al. Cyclooxygenase-2
expression correlates with angiogenesis and apoptosis in gastric
cancer tissue. Hum Pathol 2004;35(4):488–495.

118. Jolly K, Cheng KK, Langman MJ. NSAIDs and gastrointestinal
cancer prevention. Drugs 2002;62(6):945–956.

119. Gonzalez-Perez A, Garcia Rodriguez LA, Lopez-Ridaura R.
Effects of non-steroidal anti-inflammatory drugs on cancer sites
other than the colon and rectum: a meta-analysis. BMC Cancer
2003;3(1):28.

120. Zaridze D, Borisova E, Maximovitch D, Chkhikvadze V. Aspirin
protects against gastric cancer: results of a case-control study
from Moscow, Russia. Int J Cancer 1999;82(4):473–476.

121. Wong BC, Zhu GH, Lam SK. Aspirin induced apoptosis in gastric
cancer cells. Biomed Pharmacother 1999;53(7):315–318.

122. Jiang XH, Wong BC. Cyclooxygenase-2 inhibition and gastric
cancer. Curr Pharm Res 2003;9(27):2281–2288.

123. Koshiba M, Ogawa O, Habuchi T, et al. Infrequent ras mutation
in human stomach cancers. Jpn J Cancer Res 1993;84(2):163–167.

124. Inoue T, Chung YS, Yashiro M, et al. Transforming growth
factor-beta and hepatocyte growth factor produced by gastric
fibroblasts stimulate the invasiveness of scirrhous gastric cancer
cells. Jpn J Cancer Res 1997;88(2):152–159.

125. La Rosa S, Uccella S, Erba S, Capella C, Sessa F. Immunohisto-
chemical detection of fibroblast growth factor receptors in
normal endocrine cells and related tumors of the digestive
system. Appl Immunohistochem Mol Morphol 2001;9(4):
319–328.

126. Wanebo HJ, Kennedy BJ, Chmiel J, Steele G Jr, Winchester D,
Osteen R. Cancer of the stomach. A patient care study by the
American College of Surgeons. Ann Surg 1993;218(5):583–
592.

127. Hundahl SA, Phillips JL, Menck HR. The National Cancer Data
Base Report on poor survival of U.S. gastric carcinoma patients
treated with gastrectomy: fifth edition American Joint Com-
mittee on Cancer staging, proximal disease, and the “different
disease” hypothesis. Cancer (Phila) 2000;88(4):921–932.

128. Fujii M. [Results of mass gastric examination in Fukuoka pre-
fecture, with special reference to the comparison with detection
of stomach diseases among out-patients.] Igaku Kenkyu 1970;
40(5):459–476.

129. Okui K, Tejima H. Evaluation of gastric mass survey. Acta Chir
Scand 1980;146(3):185–187.

130. Takagi K. [Japanese cancer: retrospective and prospective views,
gastric cancer.] Gan To Kagaku Ryoho 1984;11(3 pt 2):716–726.

131. Fukutomi H, Sakita T. Analysis of early gastric cancer cases col-
lected from major hospitals and institutes in Japan. Jpn J Clin
Oncol 1984;14(2):169–179.

132. Hisamichi S, Sugawara N. Mass screening for gastric cancer by
X-ray examination. Jpn J Clin Oncol 1984;14(2):211–223.

133. Kampschoer GH, Fujii A, Masuda Y. Gastric cancer detected by
mass survey. Comparison between mass survey and outpatient
detection. Scand J Gastroenterol 1989;24(7):813–817.

134. Yoshihara M, Sumii K, Haruma K, et al. The usefulness of gastric
mass screening using serum pepsinogen levels compared with
photofluorography. Hiroshima J Med Sci 1997;46(2):81–86.

135. Sasamori N, Hinohara S, Tamura M, et al. Results of screening
for cancer in Japanese in the prime of life: an analysis of nation-
wide MHTS and human dry dock statistics. Preventive Medi-
cine Committee of the Japan Hospital Association. Jpn Hosp
1999(18):71–78.

136. Rozen P. Cancer of the gastrointestinal tract: early detection or
early prevention? Eur J Cancer Prev 2004;13(1):71–75.

137. Habermann CR, Weiss F, Riecken R, et al. Preoperative staging
of gastric adenocarcinoma: comparison of helical CT and endo-
scopic US. Radiology 2004;230(2):465–471.

138. Botet JF, Lightdale C. Endoscopic sonography of the upper gas-
trointestinal tract. AJR Am J Roentgenol 1991;156(1):63–68.

139. Botet JF, Lightdale CJ, Zauber AG, et al. Preoperative staging of
gastric cancer: comparison of endoscopic US and dynamic CT.
Radiology 1991;181(2):426–432.

140. Smith JW, Brennan MF, Botet JF, Gerdes H, Lightdale CJ. Preop-
erative endoscopic ultrasound can predict the risk of recurrence
after operation for gastric carcinoma. J Clin Oncol 1993;
11(12):2380–2385.

141. Kienle P, Buhl K, Kuntz C, et al. Prospective comparison of
endoscopy, endosonography and computed tomography for
staging of tumours of the oesophagus and gastric cardia. Diges-
tion 2002;66(4):230–236.

142. Takao M, Fukuda T, Iwanaga S, Hayashi K, Kusano H, Okudaira
S. Gastric cancer: evaluation of triphasic spiral CT and 
radiologic-pathologic correlation. J Comput Assist Tomogr
1998;22(2):288–294.

143. Ho CL. Clinical PET imaging: an Asian perspective. Ann Acad
Med Singapore 2004;33(2):155–165.

144. Mochiki E, Kuwano H, Katoh H, Asao T, Oriuchi N, Endo K.
Evaluation of 18F-2-deoxy-2-fluoro-D-glucose positron emission
tomography for gastric cancer. World J Surg 2004;28(3):247–
253.

145. Stahl A, Ott K, Weber WA, et al. FDG PET imaging of locally
advanced gastric carcinomas: correlation with endoscopic and
histopathological findings. Eur J Nucl Med Mol Imaging 2003;
30(2):288–295.

146. Koga H, Sasaki M, Kuwabara Y, et al. An analysis of the physi-
ological FDG uptake pattern in the stomach. Ann Nucl Med
2003;17(8):733–738.

6 9 8 chapter 41



147. Yeung HW, Macapinlac H, Karpeh M, Finn RD, Larson SM.
Accuracy of FDG-PET in gastric cancer. Preliminary experience.
Clin Positron Imaging 1998;1(4):213–221.

148. Yoshioka T, Yamaguchi K, Kubota K, et al. Evaluation of 18F-FDG
PET in patients with a metastatic or recurrent gastric cancer. 
J Nucl Med 2003;44(5):690–699.

149. Giger U, Schafer M, Krahenbuhl L. Technique and value of
staging laparoscopy. Dig Surg 2002;19(6):473–478.

150. Ozmen MM, Zulfikaroglu B, Ozalp N, Ziraman I, Hengirmen S,
Sahin B. Staging laparoscopy for gastric cancer. Surg Laparosc
Endosc Percutan Tech 2003;13(4):241–244.

151. Lavonius MI, Gullichsen R, Salo S, Sonninen P, Ovaska J. Staging
of gastric cancer: a study with spiral computed tomography,
ultrasonography, laparoscopy, and laparoscopic ultrasonography.
Surg Laparosc Endosc Percutan Tech 2002;12(2):77–81.

152. Clements DM, Bowrey DJ, Havard TJ. The role of staging inves-
tigations for oesophago-gastric carcinoma. Eur J Surg Oncol
2004;30(3):309–312.

153. Blackshaw GR, Barry JD, Edwards P, Allison MC, Thomas GV,
Lewis WG. Laparoscopy significantly improves the perceived
preoperative stage of gastric cancer. Gastric Cancer 2003;6(4):
225–229.

154. Wilkiemeyer MB, Bieligk SC, Ashfaq R, Jones DB, Rege RV,
Fleming JB. Laparoscopy alone is superior to peritoneal cytology
in staging gastric and esophageal carcinoma. Surg Endosc 2004;
18(5):852–856.

155. Rau B, Hunerbein M. Diagnostic laparoscopy: indications and
benefits. Langenbecks Arch Surg 2005;390:187–196.

156. Sobin LH, Hermanek P, Hutter RV. TNM classification of malig-
nant tumors. A comparison between the new (1987) and the old
editions. Cancer (Phila) 1988;61(11):2310–2314.

157. Fleming ID, Cooper JS, Henson DE, et al. AJCC Cancer Staging
Manual, 5th ed. Philadelphia: Lippincott-Raven, 1997.

158. Hayes N, Ng EK, Raimes SA, et al. Total gastrectomy with
extended lymphadenectomy for “curable” stomach cancer:
experience in a non-Japanese Asian center. J Am Coll Surg
1999;188(1):27–32.

159. Japanese Gastric Cancer A. Japanese Classification of Gastric
Carcinoma, 2nd English ed. Gastric Cancer 1998;1(1):10–24.

160. Japanese Classification of Gastric Carcinoma, 1st English ed.
Tokyo: Kanehara, 1995.

161. Ichikura T, Fujino K, Ikawa H, Tomimatsu S, Uefuji K,
Tamakuma S. Proposal of a risk score for recurrence in patients
with curatively resected gastric cancer. Surg Today 1993;23(9):
759–764.

162. Shiu MH, Perrotti M, Brennan MF. Adenocarcinoma of the
stomach: a multivariate analysis of clinical, pathologic and
treatment factors. Hepatogastroenterology 1989;36(1):7–12.

163. Okusa T, Nakane Y, Boku T, et al. Quantitative analysis of nodal
involvement with respect to survival rate after curative gastrec-
tomy for carcinoma. Surg Gynecol Obstet 1990;170(6):488–494.

164. de Manzoni G, Verlato G, Guglielmi A, Laterza E, Genna M,
Cordiano C. Prognostic significance of lymph node dissection in
gastric cancer. Br J Surg 1996;83(11):1604–1607.

165. Jatzko GR, Lisborg PH, Denk H, Klimpfinger M, Stettner HM.
A 10-year experience with Japanese-type radical lymph node 
dissection for gastric cancer outside of Japan. Cancer (Phila)
1995;76(8):1302–1312.

166. Bottcher K, Becker K, Busch R, Roder JD, Siewert JR. [Prognos-
tic factors in stomach cancer. Results of a uni- and multivariate
analysis.] Chirurg 1992;63(8):656–661.

167. Makino M, Moriwaki S, Yonekawa M, Oota M, Kimura O,
Kaibara N. Prognostic significance of the number of metastatic
lymph nodes in patients with gastric cancer. J Surg Oncol
1991;47(1):12–16.

168. Adachi Y, Kamakura T, Mori M, Baba H, Maehara Y, Sugimachi
K. Prognostic significance of the number of positive lymph
nodes in gastric carcinoma. Br J Surg 1994;81(3):414–416.

169. Ichikura T, Tomimatsu S, Okusa Y, Uefuji K, Tamakuma S.
Comparison of the prognostic significance between the number
of metastatic lymph nodes and nodal stage based on their loca-
tion in patients with gastric cancer. J Clin Oncol 1993;11(10):
1894–1900.

170. Jaehne J, Meyer HJ, Maschek H, Geerlings H, Burns E, Pichlmayr
R. Lymphadenectomy in gastric carcinoma. A prospective and
prognostic study. Arch Surg 1992;127(3):290–294.

171. Roder JD, Bottcher K, Busch R, Wittekind C, Hermanek P,
Siewert JR. Classification of regional lymph node metastasis
from gastric carcinoma. German Gastric Cancer Study Group.
Cancer (Phila) 1998;82(4):621–631.

172. Karpeh MS, Leon L, Klimstra D, Brennan MF. Lymph node
staging in gastric cancer: is location more important than
Number? An analysis of 1,038 patients. Ann Surg 2000;
232(3):362–371.

173. Ichikura T, Tomimatsu S, Uefuji K, et al. Evaluation of the New
American Joint Committee on Cancer/International Union
against cancer classification of lymph node metastasis from
gastric carcinoma in comparison with the Japanese classifica-
tion. Cancer (Phila) 1999;86(4):553–558.

174. Yoo CH, Noh SH, Kim YI, Min JS. Comparison of prognostic sig-
nificance of nodal staging between old (4th edition) and new 
(5th edition) UICC TNM classification for gastric carcinoma.
International Union Against Cancer. World J Surg 1999;23(5):
492–497; discussion 497–498.

175. Kattan MW, Karpeh MS, Mazumdar M, Brennan MF. Post-
operative nomogram for disease-specific survival after an R0 
resection for gastric carcinoma. J Clin Oncol 2003;21(19):
3647–3650.

176. Siewert JR, Bottcher K, Stein HJ, Roder JD. Relevant prognostic
factors in gastric cancer: ten-year results of the German Gastric
Cancer Study. Ann Surg 1998;228(4):449–461.

177. McNeer G, Sunderland D, McInnes G. A more thorough opera-
tion for gastric cancer: anatomical basis and description of tech-
nique. Cancer (Phila) 1951;4:957–967.

178. Lewis F, Wangensteen O. Exploration following resection of the
colon, rectum, or stomach for carcinoma with lymph node
metastases. Surg Forum 1950;1950:535–540.

179. Remine W, Priestley L. Late results after total gastrectomy. Surg
Gynecol Obstet 1952;94:519–525.

180. McNeer G, Pack G. Neoplasms of the Stomach. Philadelphia:
Lippincott, 1967.

181. Gilbertson V. Results of treatment of stomach cancer: an
appraisal of efforts for more extensive surgery and a report of
1,983 cases. Cancer (Phila) 1969;23:1305–1308.

182. Kajitani T. The general rules for the gastric cancer study in
surgery and pathology. Part I. Clinical classification. Jpn J Surg
1981;11(2):127–139.

183. Kajitani T, Hoshino T. Studies on five-year survivals after
surgery for gastric carcinoma. Rev Surg 1965;22(6):398–399.

184. Kajitani T, Nishi M. [Surgical treatment of gastric cancer: pyloric
gastrectomy.] Gan No Rinsho 1972;Suppl:269–274.

185. Nakajima T, Kajitani T. Surgical treatment of gastric cancer with
special reference to lymph node dissection. In: Friedman M,
Ogawa M, Kisner D (eds). Diagnosis and Treatment of Upper 
Gastrointestinal Tumors. Amsterdam: Excerpta Medica, 1981:
207–223.

186. Takagi K, Nishi M, Kajitani T. Surgical treatment of gastric
cancer today. Wien Klin Wochenschr 1987;99(12):410–415.

187. Nakajima T, Fukami A, Ohashi I, Kajitani T. Long-term follow-
up study of gastric cancer patients treated with surgery and adju-
vant chemotherapy with mitomycin C. Int J Clin Pharmacol
Biopharm 1978;16(5):209–216.

188. Ohta K, Nishi M, Nakajima T, Kajitani T. [Indications for total
gastrectomy combined with pancreaticosplenectomy in the
treatment of middle gastric cancer.] Nippon Geka Gakkai Zasshi
1989;90(9):1326–1330.

stomach 6 9 9



189. Maruyama K, Okabayashi K, Kinoshita T. Progress in gastric
cancer surgery in Japan and its limits of radicality. World J Surg
1987;11(4):418–425.

190. Watanabe S, Arimoto H. Standardized mortality rates of cancer
by prefecture in 1979–1981 and 1984–1986 in Japan. Jpn J Clin
Oncol 1990;20(3):316–337.

191. Davis DL, Hoel D, Fox J, Lopez A. International trends in cancer
mortality in France, West Germany, Italy, Japan, England and
Wales, and the USA. Lancet 1990;336(8713):474–481.

192. The Third Japan-US Conference on Biostatistics in the Study of
Human Cancer. November 11–13, 1988, Hiroshima, Japan. Pro-
ceedings. Environ Health Perspect 1990;87:1–178.

193. Nagata T, Ikeda M, Nakayama F. Changing state of gastric cancer
in Japan. Histologic perspective of the past 76 years. Am J Surg
1983;145(2):226–233.

194. Maruyama K, Gunven P, Okabayashi K, Sasako M, Kinoshita T.
Lymph node metastases of gastric cancer. General pattern in
1931 patients. Ann Surg 1989;210(5):596–602.

195. Maruyama K, Sasako M, Kinoshita T. Wert der systematischen
erweiterten Lymphknotendissektion: Ergebnisse in Japan. [Value
of systematic extended lymph node dissection: results in Japan.]
Langenbecks Arch Chir Suppl Kongressbd 1992:130–135.

196. Sakakibara N, Asakura A. [Evaluation of 5-year survival after
extensive radical surgery for gastric carcinoma.] Geka Chiryo
1966;15(2):156–161.

197. Kodama Y, Kano T, Tamada R, Kumashiro R, Okamura T,
Inokuchi K. Combined effect of prophylactic lymphadenectomy
and long term combination chemotherapy for curatively resected
carcinoma of the stomach. Jpn J Surg 1982;12(4):244–248.

198. Kaibara N, Okamoto T, Kimura O, et al. Possible role of lymph
node dissection in the surgical treatment of gastric cancer with
disseminating peritoneal metastasis. Jpn J Surg 1983;13(5):
404–408.

199. Manual for Staging of Cancer, 3rd ed. Philadelphia: Lippincott,
1988.

200. Hutter RV. At last: worldwide agreement on the staging of
cancer. Arch Surg 1987;122(11):1235–1239.

201. Bollschweiler E, Boettcher K, Hoelscher AH, et al. Is the prog-
nosis for Japanese and German patients with gastric cancer
really different? Cancer (Phila) 1993;71(10):2918–2925.

202. Fielding JW. Gastric cancer: different diseases. Br J Surg 1989;
76(12):1227.

203. Kodama Y, Sugimachi K, Soejima K, Matsusaka T, Inokuchi K.
Evaluation of extensive lymph node dissection for carcinoma of
the stomach. World J Surg 1981;5(2):241–248.

204. de Aretxabala X, Konishi K, Yonemura Y, et al. Node dissection
in gastric cancer. Br J Surg 1987;74(9):770–773.

205. Csendes A, Caracci M, Parr G, Pavez J, Venturelli A. [Clinical
and therapeutic aspects of gastric cancer (1973–1979). A cooper-
ative interhospital study.] Rev Med Chil 1983;111(3):262–267.

206. Shiu MH, Moore E, Sanders M, et al. Influence of the extent 
of resection on survival after curative treatment of gastric 
carcinoma. A retrospective multivariate analysis. Arch Surg
1987;122(11):1347–1351.

207. Hundahl SA, Stemmermann GN, Oishi A. Racial factors cannot
explain superior Japanese outcomes in stomach cancer. Arch
Surg 1996;131(2):170–175.

208. Miwa K. Evolution of the TNM classification of stomach cancer
and proposal for its rational stage grouping. Jpn J Clin Oncol
1984;14(3):385–410.

209. Dent DM. Radical surgery for curable gastric carcinoma. S Afr
Med J 1994;84(2):56–57.

210. Dent DM, Madden MV, Price SK. Randomized comparison of 
R1 and R2 gastrectomy for gastric carcinoma. Br J Surg 1988;
75(2):110–112.

211. Gouzi JL, Huguier M, Fagniez PL, et al. Total versus subtotal
gastrectomy for adenocarcinoma of the gastric antrum. A French
prospective controlled study. Ann Surg 1989;209(2):162–166.

212. McNeer G, Bowden L, Booner RJ, McPeak CJ. Elective total 
gastrectomy for cancer of the stomach: end results. Ann Surg
1974;180(2):252–256.

213. Bozzetti F, Marubini E, Bonfanti G, et al. Total versus subtotal
gastrectomy: surgical morbidity and mortality rates in a multi-
center Italian randomized trial. The Italian Gastrointestinal
Tumor Study Group. Ann Surg 1997;226(5):613–620.

214. Bozzetti F, Marubini E, Bonfanti G, Miceli R, Piano C, Gennari
L. Subtotal versus total gastrectomy for gastric cancer: five-year
survival rates in a multicenter randomized Italian trial. Italian
Gastrointestinal Tumor Study Group. Ann Surg 1999;230(2):
170–178.

215. Robertson CS, Chung SC, Woods SD, et al. A prospective ran-
domized trial comparing R1 subtotal gastrectomy with R3 total
gastrectomy for antral cancer. Ann Surg 1994;220(2):176–182.

216. Cunha P, Cunha JF, Burnay MO, Galhordas A, Fernandes R,
Calinas F. [Gastric adenocarcinoma and carcinoid.] Acta Med
Port 1998;11(6):577–580.

217. Cuschieri A, Fayers P, Fielding J, et al. Postoperative morbidity
and mortality after D1 and D2 resections for gastric cancer: pre-
liminary results of the MRC randomised controlled surgical
trial. The Surgical Cooperative Group. Lancet 1996;347(9007):
995–999.

218. Cuschieri A, Weeden S, Fielding J, et al. Patient survival after
D1 and D2 resections for gastric cancer: long- term results of the
MRC randomized surgical trial. Surgical Co- operative Group.
Br J Cancer 1999;79(9-10):1522–1530.

219. Bonenkamp JJ, Hermans J, Sasako M, van de Velde CJ. Extended
lymph-node dissection for gastric cancer. Dutch Gastric Cancer
Group. N Engl J Med 1999;340(12):908–914.

220. Bonenkamp JJ, Songun I, Hermans J, et al. Randomised compar-
ison of morbidity after D1 and D2 dissection for gastric cancer
in 996 Dutch patients. Lancet 1995;345(8952):745–748.

221. The general rules for gastric cancer study in surgery. Jpn J Surg
1973;3(1):61–71.

222. Hartgrink HH, van de Velde CJ, Putter H, et al. Extended lymph
node dissection for gastric cancer: who may benefit? Final
results of the randomized Dutch gastric cancer group trial. J Clin
Oncol 2004;22(11):2069–2077.

223. Maruyama K, Sasako M, Kinoshita T, Sano T, Katai H, Okajima
K. Pancreas-preserving total gastrectomy for proximal gastric
cancer. World J Surg 1995;19(4):532–536.

224. Uyama I, Ogiwara H, Takahara T, et al. Spleen- and pancreas-
preserving total gastrectomy with superextended lymphadenec-
tomy including dissection of the para-aortic lymph nodes for
gastric cancer. J Surg Oncol 1996;63(4):268–270.

225. Kaminishi M, Shimoyama S, Yamaguchi H, et al. Results of
subtotal gastrectomy with complete dissection of the N2 lymph
nodes preserving the spleen and pancreas in surgery for gastric
cancer. Hepatogastroenterology 1994;41(4):384–387.

226. Sano T. Update on D2 versus D4 trial. Presented at: 4th Inter-
national Gastric Cancer Congress, 2001; New York.

227. Baba M, Hokita S, Natsugoe S, et al. Paraaortic lymphadenec-
tomy in patients with advanced carcinoma of the upper-third of
the stomach. Hepatogastroenterology 2000;47(33):893–896.

228. De Manzoni G, Di Leo A, Guglielmi A, et al. [Abdominal metas-
tasis of cardiac adenocarcinoma.] Minerva Chir 2000;55(3):
105–111.

229. Kunisaki C, Shimada H, Yamaoka H, et al. Indications for
paraaortic lymph node dissection in gastric cancer patients with
paraaortic lymph node involvement. Hepatogastroenterology
2000;47(32):586–589.

230. Kunisaki C, Shimada H, Yamaoka H, et al. Significance of 
para-aortic lymph node dissection in advanced gastric cancer.
Hepatogastroenterology 1999;46(28):2635–2642.

231. De Manzoni G, Di Leo A, Borzellino G, et al. [Para-aortic lymph
node involvement in gastric adenocarcinoma.] Ann Chir 2001;
126(4):302–306; discussion 306–307.

7 0 0 chapter 41



232. Hartgrink HH, Van De Velde CJ, Putter H, et al. Extended lymph
node dissection for gastric cancer: who may benefit? Final
results of the Randomized Dutch Gastric Cancer Group Trial. 
J Clin Oncol 2004;22:2069–2077.

233. Sasako M, Katai H, Sano T, Maruyama K. Management of com-
plications after gastrectomy with extended lymphadenectomy.
Surg Oncol 2000;9(1):31–34.

234. Maerki SC, Luft HS, Hunt SS. Selecting categories of patients
for regionalization. Implications of the relationship between
volume and outcome. Med Care 1986;24(2):148–158.

235. Romano PS, Roos LL, Jollis JG. Adapting a clinical comorbidity
index for use with ICD-9-CM administrative data: differing per-
spectives. J Clin Epidemiol 1993;46(10):1075–1079; discussion
1081–1090.

236. Hannan EL, Radzyner M, Rubin D, Dougherty J, Brennan MF.
The influence of hospital and surgeon volume on in-hospital
mortality for colectomy, gastrectomy, and lung lobectomy in
patients with cancer. Surgery (St. Louis) 2002;131(1):6–15.

237. Kizer KW. The volume-outcome conundrum. N Engl J Med
2003;349(22):2159–2161.

238. Birkmeyer JD, Stukel TA, Siewers AE, Goodney PP, Wennberg
DE, Lucas FL. Surgeon volume and operative mortality in the
United States. N Engl J Med 2003;349(22):2117–2127.

239. Irvin TT, Bridger JE. Gastric cancer: an audit of 122 consecutive
cases and the results of R1 gastrectomy. Br J Surg 1988;75(2):
106–109.

240. Luft HS. Hospital Volume, Physician Volume, and Patient Out-
comes: Assessing the Evidence. Ann Arbor: Health Administra-
tion Press Perspectives, 1990.

241. Parikh D, Johnson M, Chagla L, Lowe D, McCulloch P. D2 gas-
trectomy: lessons from a prospective audit of the learning curve.
Br J Surg 1996;83(11):1595–1599.

242. Kampschoer GH, Maruyama K, van de Velde CJ, Sasako M,
Kinoshita T, Okabayashi K. Computer analysis in making pre-
operative decisions: a rational approach to lymph node dissec-
tion in gastric cancer patients. Br J Surg 1989;76(9):905–908.

243. Bollschweiler E, Boettcher K, Hoelscher AH, et al. Preoperative
assessment of lymph node metastases in patients with gastric
cancer: evaluation of the Maruyama computer program. Br J Surg
1992;79(2):156–160.

244. Guadagni S, de Manzoni G, Catarci M, et al. Evaluation of the
Maruyama computer program accuracy for preoperative estima-
tion of lymph node metastases from gastric cancer. World J Surg
2000;24(12):1550–1558.

245. Siewert JR, Kelsen D, Maruyama K, et al. Gastric cancer diag-
nosis and treatment: an interactive training program. Spinger
Electronic Media [CD-ROM]. New York: Springer, 2000.

246. Hundahl SA, Macdonald JS, Benedetti J, Fitzsimmons T. Surgi-
cal treatment variation in a prospective, randomized trial of
chemoradiotherapy in gastric cancer: the effect of undertreat-
ment. Ann Surg Oncol 2002;9(3):278–286.

247. Hundahl SA, Macdonald JS, Benedetti J. Durable survival impact
of “Low Maruyama Index Surgery” in a trial of adjuvant
chemoradiation for gastric cancer. 2004 ASCO GI Symposium,
San Francisco, January 22, 2004, p 48.

248. Hundahl SA, Macdonald JS, Benedetti J. Durable survival impact
of “Low Maruyama Index Surgery” in a trial of adjuvant
chemoradiation for gastric cancer. San Francisco: 2004 ASCO GI
Symposium; January 22, 2004 (abstract #48).

249. Peeters KCMJ, Hundahl SA, Kranenbarg EK, Hartgrink H, 
vandeVelde CJH. “Low-Maruyama-Index” surgery for gastric
cancer—a blinded re-analysis of the Dutch D1-D2 Trial. World
Journal of Surgery. 2005; in press.

250. Ono H, Kondo H, Gotoda T, et al. Endoscopic mucosal resection
for treatment of early gastric cancer. Gut 2001;48(2):225–229.

251. Pathirana A, Poston GJ. Lessons from Japan: endoscopic man-
agement of early gastric and oesophageal cancer. Eur J Surg
Oncol 2001;27(1):9–16.

252. Sano T, Katai H, Sasako M, Maruyama K. The management of
early gastric cancer. Surg Oncol 2000;9(1):17–22.

253. Sasako M. Treatment of early gastric cancer. Chir Ital 1997;
49(3):9–13.

254. Hiki Y. [Endoscopic mucosal resection (EMR) for early gastric
cancer.] Nippon Geka Gakkai Zasshi 1996;97(4):273–278.

255. Kobayashi T, Kazui T, Kimura T. Surgical local resection for
early gastric cancer. Surg Laparosc Endosc Percutan Tech 2003;
13(5):299–303.

256. Yamamoto H, Sekine Y, Higashizawa T, et al. Successful en bloc
resection of a large superficial gastric cancer by using sodium
hyaluronate and electrocautery incision forceps. Gastrointest
Endosc 2001;54(5):629–632.

257. Yoshikane H, Sakakibara A, Hidano H, Niwa Y, Goto H, Yokoi
T. Piecemeal endoscopic aspiration mucosectomy for large
superficial intramucosal tumors of the stomach. Endoscopy
2001;33(9):795–799.

258. Kobayashi T, Gotohda T, Tamakawa K, Ueda H, Kakizoe T.
Magnetic anchor for more effective endoscopic mucosal resec-
tion. Jpn J Clin Oncol 2004;34(3):118–123.

259. Kuwano H, Mochiki E, Asao T, Kato H, Shimura T, Tsutsumi S.
Double endoscopic intraluminal operation for upper digestive
tract diseases: proposal of a novel procedure. Ann Surg 2004;
239(1):22–27.

260. Kondo H, Gotoda T, Ono H, et al. Percutaneous traction-assisted
EMR by using an insulation-tipped electrosurgical knife for 
early stage gastric cancer. Gastrointest Endosc 2004;59(2):
284–288.

261. Gotoda T, Yanagisawa A, Sasako M, et al. Incidence of lymph
node metastasis from early gastric cancer: estimation with a
large number of cases at two large centers. Gastric Cancer
2000;3(4):219–225.

262. Smalley SR, Gunderson L, Tepper J, et al. Gastric surgical adju-
vant radiotherapy consensus report: rationale and treatment
implementation. Int J Radiat Oncol Biol Phys 2002;52(2):
283–293.

263. Moertel CG, Childs DS Jr, Reitemeier RJ, Colby MY Jr, Holbrook
MA. Combined 5-fluorouracil and supervoltage radiation
therapy of locally unresectable gastrointestinal cancer. Lancet
1969;2(7626):865–867.

264. Holbrook MA. Cancer of the gastrointestinal tract. Radiation
therapy. JaAMA 1974;228(10):1289–1290.

265. Schein PS, Smith FP, Woolley PV, Ahlgren JD. Current manage-
ment of advanced and locally unresectable gastric carcinoma.
Cancer (Phila) 1982;50(suppl 11):2590–2596.

266. Smalley S, Gunderson LL. Stomach. In: Perez C, Brady LW (eds).
Principles and Practice of Radiation Oncology. Philadelphia: 
Lippincott-Raven, 1997.

267. Gunderson LL, Sosin H. Adenocarcinoma of the stomach: areas
of failure in a re-operation series (second or symptomatic look)
clinicopathologic correlation and implications for adjuvant
therapy. Int J Radiat Oncol Biol Phys 1982;8(1):1–11.

268. Landry J, Tepper JE, Wood WC, Moulton EO, Koerner F, Sullinger
J. Patterns of failure following curative resection of gastric car-
cinoma. Int J Radiat Oncol Biol Phys 1990;19(6):1357–1362.

269. McNeer G, Vandenberg H Jr, Donn FY, Bowden L. A critical
evaluation of subtotal gastrectomy for the cure of cancer of the
stomach. Ann Surg 1951;134(1):2–7.

270. Thompson FB, Robbins RE. Local recurrence following subtotal
resection for gastric carcinoma. Surg Gynecol Obstet 1952;95:
341–344.

271. Gunderson LL, Sosin H. Areas of failure found at reoperation
(second or symptomatic look) following “curative surgery” for
adenocarcinoma of the rectum. Clinicopathologic correlation
and implications for adjuvant therapy. Cancer (Phila) 1974;
34(4):1278–1292.

272. Macdonald JS, Smalley SR, Benedetti J, Hundahl SA et al.
Chemoradiotherapy after surgery compared with surgery alone

stomach 7 0 1



for adenocarcinoma of the stomach or gastroesophageal junc-
tion. N Engl J Med 2001;345(10):725–730.

273. Macdonald JS. Postoperative combined radiation and
chemotherapy improves disease-free survival (DFS) and overall
survival (OS) in resected adenocarcinoma of the stomach and
gastroesophageal junction: update of the results of Intergroup
Study INT-0116 (SWOG 9008). Presented at: 2004 Gastroin-
testinal Cancers Symposium, 2004, San Francisco.

274. Kelsen DP. Postoperative adjuvant chemoradiation therapy for
patients with resected gastric cancer: intergroup 116. J Clin
Oncol 2000;18(suppl 21):32S–34S.

275. Takahashi T, Sawai K, Hagiwara A, Takahashi S, Seiki K, Tokuda
H. Type-oriented therapy for gastric cancer effective for lymph
node metastasis: management of lymph node metastasis using
activated carbon particles adsorbing an anticancer agent. Semin
Surg Oncol 1991;7(6):378–383.

276. Rosen HR, Jatzko G, Repse S, et al. Adjuvant intraperitoneal
chemotherapy with carbon-adsorbed mitomycin in patients
with gastric cancer: results of a randomized multicenter trial of
the Austrian Working Group for Surgical Oncology. J Clin Oncol
1998;16(8):2733–2738.

277. Schiessel R, Funovics J, Schick B, et al. Adjuvant intraperitoneal
cisplatin therapy in patients with operated gastric carcinoma:
results of a randomized trial. Acta Med Aust 1989;16(3-4):68–69.

278. Sugimachi K, Maehara Y, Akazawa K, et al. Postoperative
chemotherapy including intraperitoneal and intradermal admin-
istration of the streptococcal preparation OK-432 for patients
with gastric cancer and peritoneal dissemination: a prospective
randomized study. Cancer Chemother Pharmacol 1994;33(5):
366–370.

279. Leichman L, Silberman H, Leichman CG, et al. Preoperative 
systemic chemotherapy followed by adjuvant postoperative
intraperitoneal therapy for gastric cancer: a University of South-
ern California pilot program. J Clin Oncol 1992;10(12):
1933–1942.

280. Glehen O, Mohamed F, Gilly FN. Peritoneal carcinomatosis
from digestive tract cancer: new management by cytoreductive
surgery and intraperitoneal chemohyperthermia. Lancet Oncol
2004;5(4):219–228.

281. Sugarbaker PH, Yu W, Yonemura Y. Gastrectomy, peritonec-
tomy, and perioperative intraperitoneal chemotherapy: the evo-
lution of treatment strategies for advanced gastric cancer. Semin
Surg Oncol 2003;21(4):233–248.

282. Hall JJ, Loggie BW, Shen P, et al. Cytoreductive surgery with
intraperitoneal hyperthermic chemotherapy for advanced gastric
cancer. J Gastrointest Surg 2004;8(4):454–463.

283. Yu W, Whang I, Chung HY, Averbach A, Sugarbaker PH. Indi-
cations for early postoperative intraperitoneal chemotherapy of
advanced gastric cancer: results of a prospective randomized
trial. World J Surg 2001;25(8):985–990.

284. Yu W, Whang I, Suh I, Averbach A, Chang D, Sugarbaker PH.
Prospective randomized trial of early postoperative intraperi-
toneal chemotherapy as an adjuvant to resectable gastric cancer.
Ann Surg 1998;228(3):347–354.

285. Hermans J, Bonenkamp JJ, Boon MC, et al. Adjuvant therapy
after curative resection for gastric cancer: meta-analysis of ran-
domized trials. J Clin Oncol 1993;11(8):1441–1447.

286. Pignon JP, Ducreux M, Rougier P. Meta-analysis of adjuvant
chemotherapy in gastric cancer: a critical reappraisal. J Clin
Oncol 1994;12(4):877–878.

287. Hermans S, Benekamp K. In reply. J Clin Oncol 1994;12:
879–880.

288. Earle CC, Maroun JA. Adjuvant chemotherapy after curative
resection for gastric cancer in non-Asian patients: revisiting a
meta-analysis of randomised trials. Eur J Cancer 1999;35(7):
1059–1064.

289. Mari E, Floriani I, Tinazzi A, et al. Efficacy of adjuvant
chemotherapy after curative resection for gastric cancer: a meta-

analysis of published randomised trials. A study of the GISCAD
(Gruppo Italiano per lo Studio dei Carcinomi dell’Apparato
Digerente). Ann Oncol 2000;11(7):837–843.

290. Estape J, Grau JJ, Lcobendas F, et al. Mitomycin C as an adju-
vant treatment to resected gastric cancer. A 10- year follow-up.
Ann Surg 1991;213(3):219–221.

291. Grau JJ, Estape J, Alcobendas F, Pera C, Daniels M, Teres J. Pos-
itive results of adjuvant mitomycin-C in resected gastric cancer:
a randomised trial on 134 patients. Eur J Cancer 1993;3:340–342.

292. Chou FF, Sheen-Chen SM, Liu PP, Chen FC. Adjuvant
chemotherapy for resectable gastric cancer: a preliminary report.
J Surg Oncol 1994;57(4):239–242.

293. Douglas HO, Stablein DM. A comparison of combination
chemotherapy and combined modality therapy for locally
advanced gastric carcinoma. Gastrointestinal Tumor Study
Group. Cancer (Phila) 1982;49(9):1771–1777.

294. Cirera L, Balil A, Batiste-Alentorn E, et al. Randomized clinical
trial of adjuvant mitomycin plus tegafur in patients with
resected stage III gastric cancer. J Clin Oncol 1999;17(12):
3810–3815.

295. Neri B, de Leonardis V, Romano S, et al. Adjuvant chemother-
apy after gastric resection in node-positive cancer patients: a
multicentre randomised study. Br J Cancer 1996;73(4):549–552.

296. Panzini I, Gianni L, Fattori PP, et al. Adjuvant chemotherapy in
gastric cancer: a meta-analysis of randomized trials and a com-
parison with previous meta-analyses. Tumori 2002;88(1):21–27.

297. Janunger KG, Hafstrom L, Nygren P, Glimelius B. A systematic
overview of chemotherapy effects in gastric cancer. Acta Oncol
2001;40(2-3):309–326.

298. Nakajima T, Ota K, Ishihara S, Oyama S, Nishi M, Hamashima
N. [Meta-analysis of 10 postoperative adjuvant chemotherapies
for gastric cancer in CIH.] Gan To Kagaku Ryoho 1994;
21(11):1800–1805.

299. Nakajima T, Takahashi T, Takagi K, Kuno K, Kajitani T. Com-
parison of 5-fluorouracil with ftorafur in adjuvant chemothera-
pies with combined inductive and maintenance therapies for
gastric cancer. J Clin Oncol 1984;2(12):1366–1371.

300. Engstrom PF, Lavin PT, Douglass HO Jr, Brunner KW. Postoper-
ative adjuvant 5-fluorouracil plus methyl-CCNU therapy for
gastric cancer patients. Eastern Cooperative Oncology Group
study (EST 3275). Cancer (Phila) 1985;55(9):1868–1873.

301. Coombes RC, Schein PS, Chilvers CE, et al. A randomized 
trial comparing adjuvant fluorouracil, doxorubicin, and mito-
mycin with no treatment in operable gastric cancer. Interna-
tional Collaborative Cancer Group. J Clin Oncol 1990;8(8):
1362–1369.

302. Krook JE, O’Connell MJ, Wieand HS, et al. A prospective, ran-
domized evaluation of intensive-course 5-fluorouracil plus dox-
orubicin as surgical adjuvant chemotherapy for resected gastric
cancer. Cancer (Phila) 1991;67(10):2454–2458.

303. Hallissey MT, Dunn JA, Ward LC, Allum WH. The second
British Stomach Cancer Group trial of adjuvant radiotherapy or
chemotherapy in resectable gastric cancer: five-year follow-up.
Lancet 1994;343(8909):1309–1312.

304. Macdonald JS, Fleming TR, Peterson RF, et al. Adjuvant
chemotherapy with 5-FU, adriamycin, and mitomycin-C (FAM)
versus surgery alone for patients with locally advanced gastric
adenocarcinoma: A Southwest Oncology Group study. Ann Surg
Oncol 1995;2(6):488–494.

305. Tsavaris N, Tentas K, Kosmidis P, et al. A randomized trial com-
paring adjuvant fluorouracil, epirubicin, and mitomycin with no
treatment in operable gastric cancer. Chemotherapy 1996;
42(3):220–226.

306. Nakajima T, Nashimoto A, Kitamura M, et al. Adjuvant mito-
mycin and fluorouracil followed by oral uracil plus tegafur in
serosa-negative gastric cancer: a randomised trial. Gastric
Cancer Surgical Study Group. Lancet 1999;354(9175):273–
277.

7 0 2 chapter 41



307. Langman MJ, Dunn JA, Whiting JL, et al. Prospective, double-
blind, placebo-controlled randomized trial of cimetidine in
gastric cancer. British Stomach Cancer Group. Br J Cancer
1999;81(8):1356–1362.

308. Nashimoto A, Nakajima T, Furukawa H, et al. Randomized trial
of adjuvant chemotherapy with mitomycin, fluorouracil, and
cytosine arabinoside followed by oral fluorouracil in serosa-
negative gastric cancer: Japan Clinical Oncology Group 9206-1.
J Clin Oncol 2003;21(12):2282–2287.

309. Chipponi J, Huguier M, Pezet D, et al. Randomized trial of adju-
vant chemotherapy after curative resection for gastric cancer.
Am J Surg 2004;187(3):440–445.

310. Sato Y, Kondo M, Kohashi S, et al. A randomized controlled
study of immunochemotherapy with OK-432 after curative
surgery for gastric cancer. J Immunother 2004;27(5):394–
397.

311. Hartgrink HH, van de Velde CJ, Putter H, et al. Neo-adjuvant
chemotherapy for operable gastric cancer: long term results of
the Dutch randomised FAMTX trial. Eur J Surg Oncol 2004;
30(6):643–649.

312. VanCutsem E. Neoadjuvant and adjuvant treatment of gastric
cancer. Presented at 2004 Gastrointestinal Cancers Symposium,
Jan. 22–24, 2004, San Francisco.

313. Cascinu S, Labianca R, Alessandroni P, et al. Intensive weekly
chemotherapy for advanced gastric cancer using fluorouracil,
cisplatin, epi-doxorubicin, 6S-leucovorin, glutathione, and fil-
grastim: a report from the Italian Group for the Study of Diges-
tive Tract Cancer. J Clin Oncol 1997;15(11):3313–3319.

314. Crookes P, Leichman CG, Leichman L, et al. Systemic
chemotherapy for gastric carcinoma followed by postoperative
intraperitoneal therapy: a final report. Cancer (Phila) 1997;79(9):
1767–1775.

315. Ilson DH, Saltz L, Enzinger P, et al. Phase II trial of weekly
irinotecan plus cisplatin in advanced esophageal cancer. J Clin
Oncol 1999;17(10):3270–3275.

316. Ridwelski K, Gebauer T, Fahlke J, et al. Combination chem-
otherapy with docetaxel and cisplatin for locally advanced and
metastatic gastric cancer. Ann Oncol 2001;12(1):47–51.

317. Preusser P, Wilke H, Achterrath W, et al. Phase II study with the
combination etoposide, doxorubicin, and cisplatin in advanced
measurable gastric cancer. J Clin Oncol 1989;7(9):1310–1317.

318. Wils J, Bleiberg H, Dalesio O, et al. An EORTC Gastrointestinal
Group evaluation of the combination of sequential methotrex-

ate and 5-fluorouracil, combined with adriamycin in advanced
measurable gastric cancer. J Clin Oncol 1986;4(12):1799–1803.

319. Wils JA, Klein HO, Wagener DJ, et al. Sequential high-dose
methotrexate and fluorouracil combined with doxorubicin: a
step ahead in the treatment of advanced gastric cancer. A trial
of the European Organization for Research and Treatment of
Cancer Gastrointestinal Tract Cooperative Group. J Clin Oncol
1991;9(5):827–831.

320. Macdonald JS. Chemotherapy in the management of gastric
cancer. J Clin Oncol 2003;21(suppl 23):276s–279s.

321. Kelsen D, Atiq OT, Saltz L, et al. FAMTX versus etoposide, dox-
orubicin, and cisplatin: a random assignment trial in gastric
cancer. J Clin Oncol 1992;10(4):541–548.

322. Webb A, Cunningham D, Scarffe JH, et al. Randomized trial
comparing epirubicin, cisplatin, and fluorouracil versus fluo-
rouracil, doxorubicin, and methotrexate in advanced esopha-
gogastric cancer. J Clin Oncol 1997;15(1):261–267.

323. Ajani JA. Irinotecan and other agents in upper gastrointestinal
and colorectal carcinomas. The University of Texas M.D. 
Anderson Cancer Center Investigators’ Workshop, vol 3. Intro-
duction. Oncology (Huntingt) 2003;17(9 suppl 8):10–12.

324. Ross P, Nicolson M, Cunningham D, et al. Prospective ran-
domized trial comparing mitomycin, cisplatin, and protracted
venous-infusion fluorouracil (PVI 5-FU) with epirubicin, cis-
platin, and PVI 5-FU in advanced esophagogastric cancer. J Clin
Oncol 2002;20(8):1996–2004.

325. Fink U, Stein HJ, Schuhmacher C, Wilke HJ. Neoadjuvant
chemotherapy for gastric cancer: update. World J Surg 1995;
19(4):509–516.

326. Fink U, Schuhmacher C, Stein HJ, et al. Preoperative chemother-
apy for stage III-IV gastric carcinoma: feasibility, response and
outcome after complete resection. Br J Surg 1995;82(9):
1248–1252.

327. Ajani JA, Mansfield PF, Ota DM. Potentially resectable gastric
carcinoma: current approaches to staging and preoperative
therapy. World J Surg 1995;19(2):216–220.

328. Ochiai T, Sasako M, Mizuno S, et al. Hepatic resection for
metastatic tumours from gastric cancer: analysis of prognostic
factors. Br J Surg 1994;81(8):1175–1178.

329. Grau JJ, Estape J, Fuster J, et al. Randomized trial of adjuvant
chemotherapy with mitomycin plus ftorafur versus mitomycin
alone in resected locally advanced gastric cancer. J Clin Oncol
1998;16(3):1036–1039.

stomach 7 0 3



7 0 4

Colon, Rectal, and Anal
Cancer Management

John M. Skibber and Cathy Eng

Treatment of Precancerous Conditions

Neoplastic Polyps (Adenomas)

Adenomas are the most common neoplasms in the large
bowel. They are classified into three types—tubular,
tubulovillous, and villous—according to the histologic
appearance. Tubular adenomas account for 75% of polyps
found, tubulovillous adenomas account for 25%, and villous
adenomas account for 10%.1 The malignancy rate of tubular
adenomas is about 5%, but it rises to about 40% in villous
adenomas. The entire colon should be examined if a histo-
logically proven adenoma has been removed from the colon
or is found on endoscopic biopsy.2,3 Endoscopic removal of
polyps should be performed to confirm the diagnosis of a
benign or malignant polyp.4 Polyps with a stalk can be
removed by endoscopic snare polypectomy. Judgment must
be used to assess the practicality of attempting endoscopic
removal of sessile polyps, especially in the relatively thin-
walled abdominal colon.5

Further management and timing of surveillance depends
on the characteristics of the adenomas removed initially, as
well as on their number and the clinical risk status of the
patient. Follow-up of small adenomas containing in situ 
carcinoma or severe dysplasia that have been completely
removed is the same as that for benign adenomas: routine
follow-up colonoscopy at 3-year intervals once the colon is
cleared.6 Patients having multiple adenomas are at higher risk
for oversight of synchronous adenomas, and therefore these
patients should be examined at 1 year. Small polyps (less than
1cm) carry a low likelihood of malignancy and are adequately
treated with excisional biopsy.7

Villous adenomas (i.e., more than 2cm in diameter) 
have a malignant potential that is significantly greater 
than that for other adenomatous polyps. Villous adenomas
require complete excision for adequate histologic examina-
tion. Large sessile polyps with villous features have a 
significant rate of local recurrence.8 Even if endoscopic 
excision of a large sessile polyp is done, the patients should
be reexamined 3 months later to evaluate the completeness
of resection.9 Ultimately, surgery can be required, as 
these polyps are highly likely to harbor invasive cancer. For
rectal polyps, local excision techniques may be an acceptable
form of excisional biopsy. Submucosal techniques of
transanal excision are appropriate in the excision of rectal
villous adenomas.10

Management of Malignant Polyps

A malignant polyp is one where cancer cells have extended
into the submucosal layer. Theoretically, this results from the
cancer cells gaining access to lymphatics and blood vessels in
this layer and thereby having the potential for regional and
systemic spread.11,12 In a pedunculated malignant polyp, there
is an opportunity for complete excision because of the stalk.
Sessile tumors often cannot be endoscopically completely
excised in a manner that allows for an accurate examination
of the margin and the completeness of excision.13

Essentially, the risk of local recurrence of a malignant
polyp or undetected regional lymph node spread must be
weighed against the patient’s operative risk.14 The risk of local
recurrence is related to the completeness of excision and
resection margin. The definition of an adequate resection
margin varies from 3 to 1mm or simply the absence of malig-
nant cells at the cut edge.15–17 In one study, simply the assess-
ment of the adequacy of the resection by the endoscopist was
an adequate criteria for a low risk of recurrence.18 Piecemeal
excision or improper retrieval or processing of the polyp
makes assessment of the margin indeterminate.

The risk of regional lymphatic spread appears to be
increased in cases in which the malignant component has
poor differentiation or lymphatic/vascular invasion. Poor dif-
ferentiation appears to be a factor correlated with lymph node
metastases in endoscopically removed polyps.18 Vascular and
lymphatic or perineural invasion increases the risk of lym-
phatic metastases.19–22

Haggitt et al.23 (1985) have described various levels of
invasion of carcinoma into pedunculated polyps (Table 42.1).
They noted that, in a pedunculated polyp, an invasive com-
ponent in the head of the polyp may be a substantial distance
from the submucosa and therefore may be resected endo-
scopically with a significant margin. In a sessile polyp, the
invasive component has early access to the submucosa and
therefore has an earlier opportunity for dissemination. Sessile
polyps have a higher incidence of lymph node metastasis than
pedunculated polyps with invasive cancer.24 When the inva-
sive cancer is limited to the head of a pedunculated polyp,
lymph node metastasis rates appear to be approximately 3%,
in contrast to 10% to 25% for sessile polyps (Table 42.2).

The operative mortality for elective colon resection scores
from 0.2% to 2%.25,26 For low-risk malignant polyps, the inci-
dence of residual disease appears to be less than this.25,27,28 The
criteria of incomplete excision or poor histologic appearances
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or identifiers for a high risk of an adverse outcome has been
confirmed on long-term follow-up.29,30 Patients with poor
prognostic factors can have local, regional, or systemic spread
in 8.5% to 14.4% of cases.31 In cases where operative risk is
higher (in the elderly), the mortality associated with resection
may exceed the risk of residual disease.32,33 As laparoscopic
techniques for colon resection become more common, it will
be important to include the tattooing of suspected malignant
polyp sites for identification of the polypectomy site.34 Intra-
operative colonoscopy may be an important aid in the iden-
tification of the polyp site.35 Most commonly, the issue
dictating surgical resection will be an inadequate or ques-
tionable margin.36

After colonoscopic removal of the malignant polyp, it is
important to document carefully the site of polypectomy in
the event that surgical resection is warranted. We commonly
perform this procedure using endoscopically placed clips,
which are both palpable and evident on abdominal radi-
ographs. Follow-up colonoscopy is generally performed 3 to 
6 months after removal of a malignant polyp to assess the
polypectomy site for any residual mass. Presence of a mass is
an indication for surgical resection. In patients in whom there
is no further evidence of residual carcinoma, colonoscopic
follow-up can be carried out at 1 year.37

Management of Potentially Curable 
Colon Cancer

Pretreatment Evaluation

Surgical management is required for most patients with a
diagnosis of colon carcinoma. The appropriateness of a surgi-

TABLE 42.1. AJCC/UICC TNM staging of colon and rectal
cancer.

Primary tumor (T)
TX Primary tumor cannot be assessed
T0 No evidence of primary tumor
Tis Carcinoma in situ: intraepithelial or invasion of lamina

propriaa

T1 Tumor invades submucosa
T2 Tumor invades muscularis propria
T3 Tumor invades through muscularis propria 

into subserosa, or into nonperitonealized 
pericolic or perirectal tissues

T4 Tumor directly invades other organs or structures, 
and/or perforates visceral peritoneumb,c

Regional lymph nodes (N)
NX Regional lymph nodes cannot be assessed
N0 No regional lymph node metastasis
N1 Metastasis in 1 to 3 regional lymph nodes
N2 Metastasis in 4 or more regional lymph nodes

Distant metastasis (M)
MX Distant metastasis cannot be assessed
M0 No distant metastasis
M1 Distant metastasis
a This includes cancer cells confined within the glandular basement membrane
(intraepithelial) or lamina propria (intramucosal) with no extension through the
muscularis mucosae into the submucosa.
b Direct invasion in T4 includes invasion of other segments of the colorectum
by way of the serosa, for example, invasion of the sigmoid colon by a carci-
noma of the cecum.
c Tumor that is adherent to other organs or structures, macroscopically, is clas-
sified R4. However, if no tumor is present in the adhesion, microscopically, the
classification should be pT3. The V and L substaging should be used to iden-
tify the presence or absence of vascular or lymphatic invasion.

Source: Used with the permission of the American Joint Committee On
Cancer (AJCC), Chicago, Illinois. The original source for this material is the
AJCC Cancer Staging Manual, sixth edition (2002), published by Springer-
Verlag New York, www.springer-ny.com.

TABLE 42.2. Cancer in polyps: risk of lymph node metastases.

Lymph node
Patients resected metastases

Sessile polyps with invasive cancer:
Grinnelle and Lane359 13 3
Waye and Frankel360 9 1
Wolff and Shyna361 5 2
Lock et al.362 12 4
Kodaira et al.363 34 2
Nivatvongs364 25 3

Lymph nodes with metastases = 15%
Pedunculated polyps with invasive cancer:
Grinnell and Lane359 39 3
Waye and Frankel360 8 0
Wolff and Shinya361 11 0
Shatney et al.365 23 1
Lock et al.362 15 1
Coutsoftides et al.366 13 0
Colachio et al.367 24 6
Kodaira et al.363 64 3
Shatney et al.365 16 3

Lymph nodes with metastases = 8%
Pedunculated polyps with invasive cancer limited to head of polyp:
Grinnell and Lane359 28 0
Shatney et al.365 14 0
Nivatvongs364 12 0
Colachio et al.367 11 2

Lymph nodes with metastases = 3%

Source: Used by permission of Nivatvongs S. Management of polyps containing invasive carcinoma. In: Codner IJ, Fry
RD, Roe JP (eds.). Colon, Rectal, and Anal Surgery. St. Louis: Mosby, 1985:183.



cal resection will be determined by the extent of disease and
comorbidities. In cases of metastatic colorectal carcinoma,
surgery may be required for palliation. Some authors have
documented an ability to manage colon cancer patients non-
operatively in the presence of metastatic disease without 
significant complications from bleeding, perforation, or
obstruction.38

A well-conducted history and physical examination will
provide a great deal of information about the patient’s extent
of disease and suitability for treatment. Specific aspects of the
history taking should focus on a personal history of cancer or
polyps and family history of colorectal cancer or polyps.

Complete colonic examination not only allows a biopsy
of the index lesion but also provides information about the
exact location of the lesion. Additionally, it provides infor-
mation on the presence or absence of synchronous colon
cancers, which are present in 1.5% to 7.6% of cases. In addi-
tion, significant synchronous polyps can occur in 25% to 40%
of patients.39–41 The colon should be endoscopically cleared of
these lesions. If polyps cannot be removed endoscopically,
they should be included in the planned resection. Preopera-
tive colonoscopy can change the nature of the planned surgi-
cal procedures in about 10% to 13% of cases.42–44

Computed tomography (CT) scanning is used to reveal
clinically unapparent liver metastases or local extension to
adjacent organs. The negative predictive value of CT scan for
synchronous liver metastases has been estimated at 90%.45

The argument has been made that a CT scan often does not
change management compared to the findings at operation
alone.46

The value of a chest X-ray for the primary workup of a
patient may be in evaluating the patient for comorbid diseases
that would have an effect on planning for surgery, as well as
to indicate the presence of pulmonary metastases. It is inter-
esting to note that even in patients with liver metastases,
when the initial chest X-ray is negative, chest CT is positive
in about 30% of patients. However, Kronawitter and associ-
ates found that only 5% of high-risk patients had malignant
lesions identified.47

In those who are curatively treated, there is little prog-
nostic value to preoperative carcinoembryonic antigen (CEA)
levels.48,49 Preoperative CEA levels have been demonstrated
to have prognostic value and to be correlated with stage. CEA
levels are increased in 65% to 85% of patients with Dukes’
D colorectal cancers.50 Among patients with high-risk (i.e., C1
and C2 disease) cancers, high (greater than 5mg/ml) CEA
levels preoperatively correlated with significantly shorter sur-
vival. In this retrospective study of 218 patients, CEA was not
useful to predict survival in Dukes’ A or B patients.51

The value of preoperative 18F-fluorodeoxyglucose positron
emission tomography (FDG-PET) scanning in the primary
evaluation of patients with colorectal cancer has only
recently been addressed. In a study of 38 consecutive patients
with colorectal primary cancers, PET was compared to CT
and sonography. Its accuracy for liver metastases was about
91%, which was similar to CT. In this study, PET is said to
have changed the treatment modality in 8% of patients and
the extent of surgery in 13%. The studies demonstrated extra-
hepatic lesions in 4 of 38 patients that could be identified as
malignant. Overall, most of the change in therapy (3 of 6
cases) was to avoid operation at all in cases of “generalized
malignancy.” In 2 of 6 cases, the patient underwent surgery

anyway, and in 1 of 6 of the patients the nature of the surgery
was changed to a smaller palliative procedure.52 In other
single institutional studies, the predictive accuracy in the
detection of liver metastases in those with primary colon and
rectal cancer is greater than with CT.53 It has yet to be demon-
strated in long-term follow-up that clinical management deci-
sions made on the basis of PET scanning will produce either
survival or quality of life benefits.

Surgical Management of Carcinoma of the Colon

Radical resection with curative intent is appropriate for 80%
to 90% of patients with colon carcinoma.54 Surgical resection
is the mainstay of treatment for curable colorectal cancer. It
is the only treatment required for tumors limited to the bowel
wall. Although this is commonly accomplished by palpation
and inspection, intraoperative ultrasonography of the liver
has increased the rate of detection of small metastases.55,56

The findings of exploration in regard to the fixation or extent
of the primary tumor, local or regional adenopathy, involve-
ment of adjacent structures, and sites of metastases should be
documented in the surgical report.57

Extent of Resection

The extent of colonic resection is determined by the blood
vessels that must be divided to remove the lymphatic
drainage of the tumor-bearing portion of the colon with
tumor-free margins.58 This is the primary treatment approach
in patients with colon carcinoma.59 Resection of intermedi-
ate and principal nodes requires ligation and division of the
main vascular trunks to the affected colon segment.60 Tumor-
free margins usually are accomplished by resection of at least
5cm of normal bowel proximal and distal to the tumor.61

Uncontrolled data exist to demonstrate improvement in out-
comes from extending this resection.62

Extent of Lymph Node Resection

Adequate lymphadenectomy is crucial. In addition to its ther-
apeutic benefits of preventing local progression and subse-
quent development of symptoms caused by mesenteric
recurrence, lymphadenectomy is critical in the staging of
patients with colon carcinoma.63 In colon cancer, recovery of
cancer-bearing lymph nodes is the parameter most often used
for adjuvant therapy recommendations in the United States.64

Mesenteric resection should be extensive enough to harvest
at least 12 lymph nodes for examination to allow for accurate
staging.65

Controversy exists over the curative efficacy of extensive
lymphadenectomy in patients with colon carcinoma. Excel-
lent results have been obtained with wide mesenteric resec-
tion.66,67 Other studies have found patients with principal
node involvement to be incurable.68 Slanetz and Grimson69

reviewed 2,409 cases of curative resections. They found that
specific groups of patients benefited from high ligation of the
vascular pedicle; these were the patients with transmural
node-negative tumors and those with limited nodal spread.
Those in whom the highest nodes were involved did not
appear to benefit. A prospective multicenter study was unable
to confirm a survival benefit confined by wider mesenteric
resection in left colon cancer.70
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Sentinel Lymph Node Biopsy for Colon Cancer

In an effort to increase the detection of lymphatic metastases
in patients undergoing the resection of a colon cancer, sen-
tinel lymph node biopsy has been used. In colon cancer, it is
used to stage the patient in a more-sensitive way as opposed
to eliminating or minimizing the extent of the lymphatic
resection (Table 42.3).

Among patients with node-positive cancers, survival can
be affected by the number of positive nodes. Patients with one
positive node may have survival rates in the 69% to 75% range
whereas 5-year survival for those with four or more positive
nodes or metastases along a named vascular trunk are in the
27% to 40% range.71 Overall, survival rates for patients with
node-positive cancers appear to be approximately 40% to 50%.
The analysis by Cohen et al.72 of node-positive colon cancer
patients treated with resection alone showed a significant dif-
ference in survival for patients having one to three positive
nodes (66% 5-year survival) and those with four or more posi-
tive nodes (37% 5-year survival). It has been demonstrated,
however, that up to 75% of all positive nodes in resectable
colon cancer may be under 2mm in size and therefore gross
dissection alone may underestimate nodal status.73

Contiguous Organ Involvement

For tumors that are adherent to adjacent organs, adhesions
should not be divided. In one-half of cases, the adherence may
be caused by malignant invasion of these adjacent organs.74

Separation of sites of adherence can disrupt the tumor,
increase recurrence, and reduce survival rates. Adjacent organ
involvement should be resected in continuity with the colon
and primary tumor. Radical resection may still be curative in
20% to 50% of patients, even if adjacent tissues are invaded
by malignant infiltration.74 In a review of 25 patients with
locally advanced colon cancer requiring en bloc resection,
median survival was 38.2 months and 5-year survival was
49%. External-beam and intraoperative therapy was used to
obtain these results.75

Surgical Technique

Molecular techniques have enhanced the ability to detect
cancer cells released into the circulation during operative

manipulation.76 A prospective, randomized trial by Wiggers 
et al.77 showed that in patients who underwent preliminary
ligation of vessels liver metastases appeared later than in
patients who did not undergo this procedure. However, no
overall survival benefit was demonstrated.

Possibly because the local recurrence rate for colon cancer
approximates 4%, surgical technique for colon resection may
be seen as less critical in many cases.78,79 Hospital volume
seemed to have a greater effect on patient outcome than did
individual surgeon volume in a review of a large administra-
tive database.80

Laparoscopic Colectomy

Laparoscopic techniques have become widely used in the
management of benign and malignant colorectal conditions.81

With laparoscopic colectomies, there is a theoretical advan-
tage of a shortened hospital stay and a more rapid recovery.82

The overall complications of laparoscopic colorectal
surgery were comparable to those of open resection in a large
randomized trial of laparoscopic and open colectomy in the
United States.83 Data that are available on the extent of lym-
phadenectomy and resection margins suggest that oncologic
laparoscopic resection is comparable to open colectomy for
cancer.84 Studies have documented estimated recurrence rates
in port sites of 1.08% to 3.8% after laparoscopic resection.
These recurrence rates are similar to those associated with
laparotomy wounds in patients treated by open resection.83

Two prospective, randomized trials have been done to
compare the efficacy of laparoscopic colectomy with open
colectomy for carcinoma.85,86 The COST study involves
patients with right, left, or sigmoid colon adenocarcinoma,
and patients are randomly assigned to laparoscopically
assisted or open colectomy. The primary endpoints of the
study are disease-free and overall survival. The secondary
endpoints are examinations of morbidity, cost-effectiveness,
and quality of life (Table 42.4).

The COST trial demonstrated, in a multiinstitutional
trial, that rates of recurrence and overall survival rates were
equivalent for open and laparoscopic colectomy.85 Wound
recurrence rates were less than 1% in both groups. Compli-
cation rates were similar in both groups. It is important to
recognize that this trial excluded rectal cancer and transverse
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TABLE 42.3. Sentinel lymph node biopsy in colon cancer.

IHC Upstage SN false
Study N Used (H&E or IHC) SCN detected True positive (-)

Prospective consecutive cases: 100 Yes 24% 97% 95% 5%
Wood et al.326

Prospective consecutive cases: 50 Yes Gy IHC 98% 93.8% 6%
Trocha et al.327 20.5%
Not stated: Paramo et al.328 45 Yes 11% 82% 98% 3%
Multicenter prospective: 203 Yes 14% 98% — —
Saha et al.329

Multicenter prospective: 40 Yes 10% 100% 100% 0
Bilchick et al.330

Not stated: Joosten et al.331 50 Yes N/A 70% NS 24%
Prospective: Merrie et al.332 26 No N/A 88% 55% 45%

N, number of patients; IHC, immunohistochemical staining; H&E, hemotoxylin and eosin staining; SN, sentinel node; NS, not significant.



colon cancer. The authors also had strict controls over the
quality of the surgery and the experience of the surgeons
before enrolling patients in the study.

In the study by Lacy et al., the criteria for entry were
similar; however, it was conducted in a single hospital unit.86

This study favors laparoscopic resection in terms of survival
and recurrence rates. Lower rates of wound infection and ileus
were noted in the laparoscopic resection group, and this was
responsible for an overall lower morbidity rate for this group.
The cancer-related probability of survival was significantly
higher in the laparoscopic resection group.

Prophylactic Oophorectomy

Ovarian metastases and colorectal cancer can occur at the
time of presentation in 2% to 8% of patients and as a subse-
quent site of metastases in 1% to 7% of curatively resected
patients. Survival from ovarian metastases is poor in both set-
tings, being 9% with synchronous metastases and 20% with
metachronous metastases.87

Prophylactic removal of the ovaries at the time of col-
orectal cancer resection has been considered to reduce the
risks of poor survival from metachronous metastases; this is
pertinent only for the 1% to 7% of women who develop
metachronous metastases, of whom only 6% to 20% have
disease confined to the ovaries.

In a study of prophylactic oophorectomy in post-
menopausal women by Sielezneff et al.,88 the incidence of
occult ovarian metastases was 2.4%. The 5-year survival rates
in this study were equal, whether or not a prophylactic
oophorectomy was performed.89 In a preliminary report of a
randomized trial of prophylactic oophorectomy in patients
with Dukes’ stage B and C colorectal cancer treated at the
Mayo Clinic, no incidence of gross or microscopic ovarian
metastases was found in 77 patients randomized to oophorec-
tomy. No differences were seen in overall survival, whether
or not patients were randomized to oophorectomy. A trend
was noted toward an improved recurrence-free survival with
prophylactic oophorectomy. No selection criteria based on
tumor size, grade, or other characteristics exist at this time.90

Oncologic Results of Surgical Management

For node-negative patients, survival with surgery alone varies
between 75% and 90%.71 Even in these cancers, such factors
as depth of penetration, contiguous organ involvement, lym-
phatic and vascular invasion, differentiation and perineural
invasion, as well as molecular and cellular characteristics,
will affect survival.91

Important issues in surgically resected, apparently node-
negative colon cancer are the methods of lymph node evalu-
ation and the detection of occult metastatic disease. Studies
have indicated that 12 to 15 lymph nodes should be exam-
ined to indicate true nodal negativity.65,92,93 Standardizing

node evaluation and using immunohistochemical techniques
can identify occult nodal metastases in up to 26% of those
whose nodes test negatively by routine techniques.94 There
is a high likelihood that standard dissection will identify
node-negative patients if an adequate number of nodes are
examined.73 Some have questioned the relevance of occult
micrometastatic disease in patients who have undergone
curative resection.95 In a group of surgically resected patients
with micrometastases in resected nodes and original Dukes’
stage A or B colorectal cancer, survival time was 48 months,
which equaled the survival time for patients without
micrometastases. In a review of 243 cases from NSABP trials
that were node negative by standard techniques, immuno-
histochemical demonstration of nodal micrometastases did
not correlate with overall or recurrence-free survival in node-
negative patients.96

Specific Management Problems

Synchronous Cancer

Synchronous cancers are relatively uncommon, having an
incidence of 3.4%, as described by Finan et al.97 In addition
to the presence of another malignancy, there can be up to 30%
to 40% incidence of synchronous neoplastic polyps in the
colon of a patient with a large bowel carcinoma.98

If removal of all polyps cannot be accomplished owing to
obstructive lesions or an emergency operation for perforation,
the index lesion should be addressed at the time of surgery
and subsequent complete colonoscopic examination should
be carried out in the early postoperative period.99

Passman et al.100 conducted an 18-year multiinstitutional
database study of 4,878 patients with colon cancer. They
found a 3.3% incidence of synchronous tumors; they also
found that patients with synchronous colon cancers have 
the same survival rate as patients with solitary colon 
tumors when the highest stage of the synchronous tumor is
considered.100

Obstructing Cancers

Intestinal obstruction is the most common emergency pre-
sentation of colorectal carcinoma.101 Poor prognosis is associ-
ated with this presentation, even when analyzed stage for
stage, with an overall survival rate of 31% at 5 years. Patients
who present with this problem are frequently elderly or in
poor condition because of dehydration, and operative mortal-
ity can approach 28%.101

Staged resection is most useful in elderly persons with
multiple comorbidities.101 Further alternatives for obstruc-
tion lesions distal to the splenic flexure have been studied.
The first is subtotal colectomy, the second is an extended
right colectomy to include the obstruction lesion without
colonic decompression, and a third is the use of intraopera-
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TABLE 42.4. Laparoscopic versus open resection for colon cancer.

Open Laparoscopic Laparoscopic
recurrence rate recurrence rate Open survival survival

COST85 (n = 872) 18 16 85 86
Lacy et al.86 (n = 219) 27 18 ~75 ~85



tive colonic lavage and segmental resection. Nyam et al.89

reported on a series of 103 patients with obstructing left-side
colon carcinomas undergoing an extended right colectomy
without colonic decompression or a segmental left colectomy
with intraoperative lavage. They found that both procedures
had an acceptably low anastomotic leak rate and mortality.
Poon et al.102 studied emergency primary resection and anas-
tomosis with intraoperative colonic lavage for left-sided
obstruction. Hospital mortality rate was 5% to 9%; the anas-
tomotic leak rate with this approach was 4%.

The alternative approach of subtotal colectomy with ile-
orectal anastomosis has been compared with intraoperative
lavage in primary colonic anastomosis in a randomized
trial.103 This trial showed no difference in mortality or mor-
bidity rates. However, patients with subtotal colectomy had
a higher postoperative frequency of bowel movements.103

Perforating Cancers

Perforation of the colon due to carcinoma can occur either at
the site of the colon tumor itself (in approximately 65% to
82% of patients with perforation) or in the bowel proximal 
to an obstructing tumor (in 18% to 35% of patients).104

Overall 5-year survival for patients with localized perforation
is approximately 44%. This complication occurs in 2% to 8%
of all patients with colorectal cancer.

The presence of a perforation or fistula increases cancer
recurrence rates. Local recurrence rates of 23% have been
reported by Carraro et al.104 in a study of 83 patients with large
bowel perforation and colorectal cancer; this compares with
figures of 28% to 44% reported in the literature. Peritoneal
seeding is a particularly common failure in patients with per-
forated colorectal cancers, with carcinomatosis rates of 17%
to 18%.

Radiation Therapy for Colon Cancer

The overall component that local failure contributes to the
recurrence of resected colon cancer is low. However, it has
been possible to demonstrate that those with obstruction or
perforation have higher local recurrence rates compared to
those without these complications of colon cancer. In a re-
trooperative study of 77 patients with obstruction and 34
patients with perforated colon cancers, the local failure rates
were 42% and 44%, respectively, compared with a local
failure rate of 14% in other resected patients without these
features.105 From subset analysis of colon cancer adjuvant
trials it has been implied that local recurrences can occur in
20% to 27% of resected node-positive patients and that this
is not changed by 5-fluorouracil-based chemotherapy. This
analysis further concluded that the addition of whole abdom-
inal irradiation reduced local relapse rates to 12% for these
high-risk colon cancers.106

Postoperative irradiation alone was demonstrated to
reduce local failure rates compared to historical control rates
where doses of 4,300 to 6,300cGy were delivered to the tumor
bed.107 In another study of postoperative radiation therapy in
Astler–Coller stage B2, B3, and C patients, local failure rates
were reduced to 8%, 21%, and 31%, respectively, in those
receiving radiotherapy compared to 31%, 36%, and 53%,
respectively, in those treated with surgery alone.108 A later
follow-up of this series after 5-fluorouracil-based therapy was
added to node-positive patients identified Astler–Coller stage

B3 and C3 patients. Tumors associated with abscess or fistula
formation and a subset of those with residual gross disease
after resection are potential candidates for this approach.109

Similar results were obtained in B2 and C colon cancer
patients when doses of 50 to 55cGy were given along with
fluorouracil. In this study, local control rates dropped from
96% with doses of radiation of 50 to 55Gy to 76% when less
than 45Gy was given.110 A 10-year retrospective analysis of
this approach also confirmed this management in reducing
local failure in this group of patients.111

Two studies looked at the effect of whole abdominal radi-
ation after the resection of high-risk colon cancer with 5-
fluorouracil. In an analysis of 18 patients, local failure was
seen in 17%, whereas 28% of patients required treatment
breaks of 2 weeks or more and 11% had grade 3 or 4 toxic-
ity.112 In another pilot study, 41 transmural node-negative
patients were treated with postoperative 5-fluorouracil,
whole abdominal irradiation to 30Gy, and a boost to the
tumor bed. Local control rates compared favorably with
similar patients treated with chemotherapy alone. However,
17% of patients had severe toxicity and 7% had life-threat-
ening toxicity. These studies demonstrate positive results
with this approach but confirm substantial toxicity for whole
abdominal irradiation.113

On an examination of the role of intraoperative radiation
therapy (IORT) in advanced colon cancer where postoperative
radiation and chemotherapy were also used, it was found that
IORT reduced local failure rate in these with residual disease
from 82% to 1%. This result was associated with a 5-year 
survival improvement for those with residual disease who
were treated with IORT compared with external-beam 
treatment alone.114 For patients with recurrent colon cancer
who undergo resection, IORT and external-beam radiation
can produce long term survival.115

Chemotherapy for Colon Carcinoma

The treatment of colon carcinoma with curative intent is best
achieved in the earliest stages of diagnosis. The estimated 5-
year survival of a patient with American Joint Committee on
Cancer (AJCC) stage I is approximately 90% with surgery
alone. However, the majority of patients present with AJCC
stage II/III disease; more than 80% will be rendered disease
free following surgical resection but approximately 50% of
these patients will develop recurrent disease.116 It is presumed
the etiology for the resurgence of colon carcinoma is at-
tributed to microscopic disease that is not self-evident on 
surgical or radiologic assessment. Therefore, adjuvant
chemotherapy is often considered to prevent the manifesta-
tion of recurrent tumor that may not be amenable to treat-
ment. Existing heterogeneity in stage II/III patients including
surgical technique, the number of lymph nodes involved,
colonic obstruction, visceral perforation, histology, age at pre-
sentation, coexisting morbidities, and molecular makeup
confound the medical oncologist’s perspective of what is
deemed a simple categorical AJCC stage II or III that can be
further subdivided into AJCC subgroups of A, B, or C. For 
the purposes of this chapter, the discussion of adjuvant
chemotherapy is only in reference to surgically resected AJCC
stage II (Duke’s B2) and III (Dukes’ C) patients.

A meta-analysis of 17 randomized adjuvant chemotherapy
trials involving 6,791 patients was conducted and published
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in 1988.117 When evaluating all clinical trials published in the
English periodical literature through the year 1987, the 
benefits of adjuvant chemotherapy could not be determined.
However, when evaluating 5-fluorouracil (5-FU)-only-
containing regimens (n = 4,700), the odds of death were 
10% lower in comparison to the control arm, and the 
estimated benefit in 5-year survival was 2.3% to 5.7% higher
relative to the control arm, although not statistically signifi-
cant. If the treatment provided was prolonged for 1 year or
more, the absolute 5-year survival benefit was disappoint-
ingly less than 5%. Such a small risk-to-benefit ratio in the
setting of a patient population that has been surgically cured
could not support the use of adjuvant chemotherapy in this
setting.

The National Surgical Adjuvant Breast and Bowel Project
(NSABP) cooperative group conducted the first large-scale
study to evaluate the potential benefits of adjuvant chemother-
apy, NSABP C-01.118,119 More than 1,100 patients with AJCC
stage II and stage III colon cancer were randomized to (a) obser-
vation alone, (b) 5-FU, semustine, and vincristine (MOF), or (c)
inoculation with the bacillus Calmette–Guerin (BCG) vaccine.
The initial use of MOF relative to the control arm indicated a
benefit in disease-free survival (DFS) (P = 0.02) and overall sur-
vival (P = 0.05); these findings were not supported after a
median follow-up of 8 years (P = 0.10 and P = 0.12, respec-
tively).120 A considerable drawback to the use of the MOF
regimen was the development of chemotherapy-related
leukemia. There was no survival benefit with the use of 
BCG.

5-FU/Levamisole

Immunomodulation of 5-FU with levamisole has been exten-
sively investigated in several randomized trials. Traditionally,
levamisole was used as an antihelminthic agent in animals
and humans. Its mechanism of action relative to 5-FU is
poorly understood but may result in selective stabilization 
of mRNA.121 The North Central Cancer Treatment Group
(NCCTG) completed the first study to examine the potential
immunomodulatory effects of levamisole on 5-FU.122 Four
hundred eleven Dukes’ B2 or C patients following surgical
resection were randomized to (a) observation, (b) single-agent
levamisole (50mg t.i.d., days 1–3 every 14 days ¥ 1 year), or
(c) 5-FU (450mg/m2/day ¥ 5 days every 28 days ¥ 1 year)/lev-
amisole (same schedule and dose as single-agent arm).
Patients were followed closely for more than 5 years. It should
be noted that two-thirds of patients were Dukes’ C colon car-
cinoma patients; a minority of rectal carcinoma patients were
represented. After a median follow-up of 7 years, 5-FU/lev-
amisole versus observation resulted in superiority of disease-

free survival (DFS) (P = 0.02) and overall survival (OS) (P =
0.03) in Dukes’ C patients only; no benefit could be derived
in Dukes’ B2 patients. The levamisole-alone arm demon-
strated a trend in improved DFS and OS but this finding was
not statistically significant (P = 0.06).

To verify the findings reported in the NCCTG study,
Intergroup study, INT-0035, involving members of the
NCCTG, Southwest Oncology Group (SWOG) and the
Eastern Cooperative Group (ECOG) was completed.123 A total
of 1,296 patients were enrolled in this study; three-fourths of
the patients were Dukes’ C patients. Eligibility criteria were 
identical to that of the original NCCTG study but rectal 
carcinoma patients were not included. Preliminary results
after a median follow-up of 3.5 years concluded that 5-FU/
levamisole provided a significant reduction in recurrence and
OS (Table 42.5). Toxicities associated with 5-FU and lev-
amisole were considered to be tolerable. Results of the Dukes’
B2 colon carcinoma patients (n = 318) were premature and
were reported at a later date. This pivotal trial culminated in
the Consensus Panel of the National Institute of Health (NIH)
recommending 5-FU/levamisole as adjuvant therapy for all
node-positive (AJCC stage III/Dukes’ C) colon carcinoma
patients and became widely accepted as the standard of care
in the United States.64 The NIH Consensus Panel concluded
that Dukes’ B2 (AJCC stage II) colon cancer patients are 
at high risk for recurrence and warrant further evaluation.
After a median follow-up of 7 years, the superior benefits 
of 5-FU/levamisole were confirmed in Dukes’ C patients.124

Single-agent levamisole failed to provide any clinical benefit
in the adjuvant setting.

Altering the Paradigm of Adjuvant Chemotherapy
to 5-FU/Leucovorin

Whether levamisole provided any true benefit to 5-FU is ques-
tionable and may in part be attributed to the large number of
patients accrued. An oversight in initial trial design of INT-
0035 was to not include an 5-FU-only arm to determine the
actual additive benefit of levamisole in this setting.

During the next 5 years, levamisole shortly became
replaced by leucovorin (folinic acid), an immunomodulatory
agent whose mechanism of action is clearly defined. Leucov-
orin (LV) biochemically modifies 5-FU by stabilizing the
metabolite 5-FdUMP (5-fluorodeoxyuridine monophosphate)
to thymidylate synthase (TS), enhancing inhibition of 5-FU
on TS. Initial interest in LV in the adjuvant setting developed
after a meta-analysis of 18 randomized trials determined
superiority in response rate and 1-year overall-survival.125

Hence, the adjuvant setting appeared to be the most appro-
priate for evaluating a survival benefit.
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TABLE 42.5. INT-0035: Adjuvant chemotherapy in Dukes’ C colon patients (n = 929).

5-Fluorouracil
Observation Levamisole (5-FU)/levamisole

Reduction in recurrence — NS 41% (P < 0.0001)
Decrease in mortality — NS 33% (P = 0.006)
Overall survival 55% NS 71% (P = 0.0064)

NS, not statistically significant.



Multiple trials have since been conducted examining 
5-FU/LV in the adjuvant setting (Table 42.6). NSABP C-03
randomized 1,081 patients with Dukes’ B2 and C colon cancer
between the years of 1987 and 1989 to MOF or 5-FU /LV on
the basis of the promising results of NSABP C-01 using MOF
as the control arm.120 Results from this study clearly desig-
nated 5-FU/LV as superior to MOF with an advantage in both
DFS (13%) and OS (12%).

Despite the earlier recommendations by the NIH Con-
sensus Panel, doubt in the international community existed
regarding the use of adjuvant chemotherapy. A pooled analy-
sis of three cooperative groups, the International Multicentre
Pooled Analysis of Colon Cancer Trials (IMPACT), was
created randomizing 1,526 patients to 5-FU/LV versus obser-
vation only following a surgical resection.126 The IMPACT
study concluded that the use of 5-FU/LV is an effective adju-
vant chemotherapy regimen for Dukes’ C colon carcinoma
patients (Table 42.7). A subset analysis of Dukes’ B2 patients
failed to demonstrate any benefit in DFS or OS for patients
receiving 5-FU/LV. With the advent of adjuvant chemother-
apy in the setting of Dukes’ C patients, the optimal schedule
and use of levamisole, leucovorin, or the combination of 
levamisole/leucovorin, with 5-FU remained undefined.

These concerns were addressed by O’Connell and col-
leagues who conducted an intergroup trial led by the NCCTG
with the National Cancer Institute of Canada Clinical Trials
Group assessing appropriate duration of treatment.127 After
a median follow-up of 5.1 years, it was concluded that the
doublet 5-FU/levamisole for 1 year was inferior to the triplet
combination of 5-FU/levamisole/leucovorin for 6 months 
(P less than 0.01). Greater grade 3–4 gastrointestinal toxici-
ties were observed in the three-drug combination arm (P less
than 0.0005). This study failed to directly compare 5-FU/LV
to 5-FU/levamisole.

Two landmark trials, NSABP C-04 and INT-0089, pro-
vided the impetus for the extinction of levamisole in the
treatment of colon carcinoma.128 NSABP C-04 accrued 2,151
patients in less than 2 years to the doublet regimens of 5-
FU/levamisole or LV versus that of the triplet combination of
5-FU/LV/levamisole (see Table 42.7). At the conclusion of this

study, a survival advantage was not detected in any arm.
However, superior DFS (P = 0.04) was achieved with 5-FU/LV
relative to 5-FU/levamisole. The addition of levamisole to 
5-FU/LV did not confer any additional benefit in DFS or OS.

INT-0089 is the single largest study created to examine the
benefits of adjuvant chemotherapy in Dukes’ B2 and C colon
carcinoma patients.129 Dukes’ B2 patients represented 20% of
all patients accrued. Patients were randomized to one of four
arms: (1) 5-FU/levamisole ¥ 1 year, (2) 8 months of 5-FU/LV
(Roswell Park), (3) six cycles of 5-FU/LV (Mayo Clinic), or (4)
six cycles of the Mayo regimen of 5-FU/LV + levamisole. Initial
results were presented in 1996 and updated in 1998. Final eval-
uation of the Dukes’ B2 patients was reported in a separate
study. A subset analysis determined the triplet combination of
Mayo Clinic regimen of 5-FU/LV + levamisole was superior in
OS relative to 5-FU/levamisole but equivalent to that of the
Mayo Clinic regimen alone. The benefits of levamisole were
determined to be negligible, and its use could not be advocated.
Furthermore, the Roswell Park schedule was equivalent in
response and 5-year overall survival to that of the Mayo Clinic
regimen (Table 42.8). At the conclusion of the study, 5-FU/LV
scheduled in either fashion was recommended as the standard
of care in patients with high-risk colon cancer (AJCC stage
III/Dukes’ C). Remarkably, the final publication regarding this
breakthrough study has yet to be published.

Novel Chemotherapeutics in 
Adjuvant Chemotherapy

IRINOTECAN (CPT-11)
For the past four decades, 5-FU has been the sole chemother-
apy agent for both the adjuvant and metastatic settings. Other
than biomodulation with levamisole or leucovorin, few mod-
ifications in this regimen had occurred. The topoisomerase 
I inhibitor, irinotecan, and the third-generation platinum 
analogue, oxaliplatin, were to shortly alter the approach 
to chemotherapy.

Two large Phase III clinical trials conducted both in the
United States and Europe provided the foundation for com-
bined chemotherapy with 5-FU/LV in advanced colorectal
cancer. Both clinical trials randomized AJCC stage IV
advanced colorectal cancer patients to a regimen of weekly
bolus irinotecan/5-FU/LV (IFL) versus bolus 5-FU/LV or
irinotecan/infusional 5-FU/LV (FOLFIRI) versus infusional 
5-FU/LV, respectively (Table 42.9). In short, the combined
irinotecan/5-FU/LV arms demonstrated exceptional time to
progression, response rate, and OS relative to the 5-FU/LV
arms.130,131

The use of infusional 5-FU/LV is commonplace in the
European community rather than the bolus 5-FU/LV as in the
Mayo Clinic or Roswell Park regimens. Of interest is that pre-
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TABLE 42.6. Adjuvant chemotherapy trials of 5-fluorouracil (5-FU)/leucovorin (LV) following surgical resection.

Reduction in
Adjuvant treatment N Three-year DFS Three-year OS mortality

NSABP C-03358 MOF ¥ 5 524 64% (95% CI, 60%–68%) 77% —
5-FU/LV ¥ 6 cycles 521 73% (95% CI, 69%–77%) 84% (P = 0.003) 32%

IMPACT126 Observation 772 62% 78% —
5-FU  (370–400mg/m2)/ 754 71% 83% 22%
LV (200mg/m2) daily ¥ 5
days, every 28 days

MOF, 5-FU, semustine, and vincristine; DFS, disease-free survival; OS, overall survival.

TABLE 42.7. NSABP C-04.

Chemotherapy regimen N Five-year DFS Five-year OS

5-FU/LV 691 65% (P = 0.04) 74% (P = 0.07)
5-FU/levamisole 691 60% 70%
5-FU/levamisole/LV 696 65% (P = 0.67) 74% (P = 0.99)

DFS, disease-free survival; OS, overall survival.



vious studies had determined infusional 5-FU/LV resulted in
a higher response rate (32.6% versus 14.4%) and progression-
free survival (27.6 versus 22 months) when compared to the
Mayo Clinic 5-FU/LV but no statistical benefit in overall 
survival (P = 0.067).132

The irinotecan/infusional 5-FU/LV regimen reported by
Douillard and colleagues131 was found to be superior in OS,
but the positive results of the IFL regimen reported by Saltz
and colleagues130 led the U.S. Food and Drug Administration
(FDA) to approve weekly bolus irinotecan/5-FU/LV (IFL) as
front-line therapy in advanced colorectal cancer. Subse-
quently, in the year 2000, the weekly bolus IFL regimen
became the standard of care for all patients in the United
States with advanced stage IV disease unless clinically con-
traindicated.

Hence, interest in the use of irinotecan/5-FU/LV in the
adjuvant setting arose. The largest study to examine 
the impact of IFL as adjuvant treatment was created by the
Cancer and Leukemia Group B (CALGB). CALGB 89803 ran-
domized 1,263 patients with stage III colon carcinoma to
either the Roswell Park regimen of 5-FU/LV or to weekly
bolus IFL.133,134 Paradoxically, a recent interim analysis after
a median follow-up of 2.1 years found no difference in time
to progression (TTP) or OS between the treatment arms.
Thus, the use of weekly bolus IFL cannot be advocated as
adjuvant treatment for stage III colon cancer. Whether irinote-
can/infusional 5-FU/LV will also be of negative benefit in
stage II or III colon cancer is unclear at this time; two Phase
III European trials (PETAC 3 and ACCORD02) have com-
pleted patient accrual (N = 1,250), with final results to be
reported at a later date.

OXALIPLATIN

For the past decade, the diaminocyclohexane platinum ana-
logue oxaliplatin (Eloxatin) has been extensively investigated
as a single agent and in combination with other chemother-
apy agents. Oxaliplatin is the first platinum agent that has
demonstrated activity in colorectal cancer and lacks cross-
reactivity with other platinum agents. Potential adverse tox-
icities unique to oxaliplatin compared to other platinum
agents may include cold pharyngeal dysesthesia and cumula-

tive reversible peripheral neuropathy. Its activity as a single
agent is rather disappointing and is reported 10% at best.135

However, when combined with infusional 5-FU/LV synergis-
tic cytotoxic activity is evident.136–138

De Gramont and colleagues proceeded to evaluate oxali-
platin in combination with infusional 5-FU/LV. 136 Despite a
superior difference in relative risk (RR) and TTP, this study
was not powered to establish a benefit in OS. Consequently,
the Oncologic Drugs Advisory Committee (ODAC) and the
FDA did not approve the first-line indication of oxaliplatin in
advanced colorectal cancer. Clinical investigators continued
to explore its role.

A large, pivotal intergroup study headed by the North
Central Cancer Treatment Group, NCCTG 9741, accrued 741
chemotherapy-naïve patients with advanced stage IV col-
orectal cancer, randomizing them to (a) weekly bolus IFL, (b)
oxaliplatin/infusional 5-FU/LV (FOLFOX 4), or (c) oxali-
platin/irinotecan.139 The infusional 5-FU/LV (FOLFOX 4)
regimen prevailed after a median follow-up of 20.4 months
with an impressive median OS of 19.8 months, the longest
median overall survival reported to date with standard
chemotherapy agents. This study was fraught with questions
regarding its clinical trial design for second-line therapy. Sixty
percent of patients with progression of disease (PD) while on
FOLFOX4 were allowed to receive irinotecan as second-line
therapy versus only 24% of patients on the IFL arm who were
able to receive oxaliplatin because it was not FDA approved
at the time of the study. Regardless, this trial established
oxaliplatin as a valuable agent in the armamentarium against
advanced colorectal cancer. Its effectiveness as second-line
therapy after irinotecan is less than 10% but clearly demon-
strates a clinical benefit.138 In September 2002, the FDA advo-
cated the use of oxaliplatin/infusional 5-FU/LV as second-line
therapy after irinotecan-treated failures. Worldwide, it is
accepted as front-line therapy in the treatment of advanced
colorectal cancer.

The role of oxaliplatin may not be limited to the advanced
disease setting. The multicenter international study of oxali-
platin/5-FU/LV in the adjuvant treatment of colon cancer
“MOSAIC” trial has recently reported promising preliminary
results from a large randomized Phase III study of FOLFOX4
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TABLE 42.9. Efficacy of bolus and infusional irinotecan/5-FU/LV in advanced colorectal cancer.

N RR TTP Median OS

Saltz et al.130

Bolus irinotecan/5-FU/LV (IFL), weekly ¥ 4 of every 6 weeks 231 21% 4.3M 12.6
Mayo Clinic 5-FU/LV 226 39% 7.0M 14.8
Douillard et al.131

Infusional 5-FU/LV 187 22% 4.4M 14.1M
Irinotecan/infusional 5-FU/LV 198 41% 6.7M 17.4M

RR, relative risk; TTP, time to progression; M, months.

TABLE 42.8. Variable schedules in 5-fluorouracil (5-FU)/leucovorin (LV) administration as adjuvant chemotherapy.

Regimen Dose and schedule Five-year OS Common toxicities

Mayo 5-FU (425mg/m2)/LV (20mg/m2) daily ¥ 5 days, repeat every 28 days 66% Stomatitis, leukopenia
Roswell 5-FU (500mg/m2)/LV (500mg/m2) daily ¥ 5 days, repeat every 28 days 65% Diarrhea

5-FU, 5-fluorouracil; LV, leucovorin.



versus infusional 5-FU/LV as adjuvant therapy. This impres-
sive study accrued 2,246 patients diagnosed with Dukes’
B2/Dukes’ C colon carcinoma who were subsequently treated
for a 6-month duration (Table 42.10).140 Although the final
analysis of this study will be reported at a later date, these
encouraging findings may permanently alter the approach to
adjuvant therapy. Furthermore, this may be the first study to
indicate additional benefit for adjuvant chemotherapy in
Dukes’ B2 colon carcinoma.

The Controversy of Stage II/Dukes’ B2 Patients

Although a patient with stage II colon cancer has a more
favorable prognosis than that of a stage III patient, poor prog-
nostic markers may place the stage II patient at increased risk
for local or metastatic disease recurrence.105,141–144 Of the four
largest clinical studies conducted over the past decade to eval-
uate this subpopulation of patients, the overwhelming major-
ity of studies have reported no added benefit in OS when
adjuvant chemotherapy is administered.

After a median follow-up of 7 years, investigators of INT-
0035 substratified the stage II/Dukes’ B2 patients (n = 318),
reporting a trend in reduced recurrence with the use 5-FU/
levamisole versus that of observation only (32% decline; P =
0.10).145 The investigators of the International Multicentre
Pooled Analysis of Colon Cancer Trials (IMPACT) created a
pooled analysis of five separate clinical trials, IMPACT B2,
involving 1,016 patients. Patients had been randomized to six
adjuvant cycles of 5-FU/LV versus that of observation alone.146

After a median follow-up of 5.75 years, patients who had
received chemotherapy did not experience an improvement
in event-free survival (EFS) (76% versus 73%) or OS (82%
versus 80%). After a median follow-up of 5 years, Intergroup
Study 0089 failed to validate a benefit in OS for Dukes’ B2
patients with the use of either leucovorin and/or levamisole
when combined with 5-FU, in doublet or triplet combina-
tion.129 Likely, this study was inadequately powered to eval-
uate this subgroup with only 20% of all patients accrued with
Dukes’ B2 disease. Hence, the consideration of adjuvant
chemotherapy for a stage II patient was not recommended.

The only positive pooled analysis before to the MOSAIC
study134 was conducted by the NSABP in Dukes’ B2 and C
patients. Patients of four separate trials, C-01, C-02, C-03, and
C-04, addressed the plausible benefit of not one particular
regimen but simply the benefit of 5-FU-based chemotherapy
overall. Of the 4,006 patients enrolled, 41% of patients (n =
1,565) were diagnosed with a Dukes’ B2 carcinoma. In brief,
C-01 and C-02 compared 5-FU/LV to observation only, and
Studies C-03 and C-04 compared 5-FU/LV with either MOF
or the combination of 5-FU/LV/levamisole. When the data of
all four studies were combined, a 30% reduction in mortal-
ity was determined in Dukes’ B2 patients and an 18% reduc-

tion was noted in Dukes’ C patients. Despite these positive
findings, this study was heavily criticized and not advocated
to alter the standard of care at the time the study was con-
ducted as a result of the lack of uniformity among the
chemotherapy regimens. In contrast, the recent findings sup-
ported by the MOSAIC study may result in a paradigm shift
in the consideration of treatment for all Dukes’ B2/stage II
patients unless contraindicated.147

Microsatellite Instability (MSI) on the Decision of
Adjuvant Therapy

Significant discussion has recently risen when considering
adjuvant chemotherapy for high-frequency microsatellite
instability (MSI) patients. MSI results in a defect in DNA 
mismatch repair as a result of frame-shift mutations and 
base-pair substitutions found in short, tandemly repeated
nucleotide sequences. MSI is associated with familial inher-
ited malignancies as the hereditary nonpolyposis colorectal
cancer (HNPCC, or Lynch syndrome) but may be found in
approximately 15% of sporadic colorectal carcinomas also as
a result of hypermethylation of the promoter region on
MLH1.148,149 High-frequency MSI has been determined to be
an independent prognostic factor and is a positive predictive
survival factor.148 Whether adjuvant chemotherapy provides
additional benefit in these patients is unclear. Conflicting
results have been reported in both stage II and stage III
patients.148,150 Ribic and colleagues confirmed that patients
with high-frequency MSI had longer OS and DFS but con-
cluded that adjuvant 5-FU/LV was of no benefit in OS (P =
0.12) or DFS (P = 0.06) for stage II/III patients exhibiting
MSI.150 Elsaleh and colleagues have suggested that sex, loca-
tion, and MSI status may have a bearing on survival follow-
ing adjuvant 5-FU/LV.151 It is not the intent of this chapter to
elaborate in full detail regarding MSI status and outcome but
to note that additional clinical studies are warranted to clarify
this issue further.

Management Options for Rectal Carcinoma

Improving the management of resectable rectal cancer
involves the optimization of patient outcomes through (1) a
detailed understanding of the pathology of rectal cancer and
its relation to surgical techniques; (2) multidisciplinary man-
agement; and (3) organ and function conservation. The goal
of the treatment of rectal carcinoma is cure or local control
of disease with maintenance of quality of life. The biology of
a particular patient’s tumor is the most important factor in
overall outcome. Adequate surgical removal of the tumor 
is the major treatment factor affecting local control and
cure.152 Appropriate adjuvant therapies can enhance local
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TABLE 42.10. The Phase III MOSAIC Trial.

Infusional 5-FU/LV FOLFOX4 Risk reduction

Stage II (Dukes’ B2) 83.9% 86.6% 18%
Stage III (Dukes’ C) 65.5% 71.8% 24%
Overall 3-year DFS 72.8% 77.9% 23% (P < 0.01)

FOLFOX4, oxaliplatin/infusional 5-FU/LV; DFS, disease-free survival.



control, reduce systemic recurrence, and increase organ
preservation.153–155

The chief reason for this difference between colon cancer
and rectal cancer outcomes is related to a difference in local
recurrence.156 Abdominoperineal resection (APR) has been
used for management with excellent results. However, APR
requires a permanent colostomy, which adversely affects the
patient’s quality of life.157 Advances in rectal cancer manage-
ment and surgical techniques have improved our ability to
achieve oncologic control and optimal patient function
without APR, even in patients with low rectal cancers.158

Even in the absence of adjuvant therapy, 79 of 95 patients
with T3 N0 rectal cancer had sphincter-preserving procedures
with local recurrence rates less than 10%.159 This study as
well as others have continued to demonstrate that there is 
no difference in local recurrence rates between sphincter-
preserving surgery for rectal cancer and APR.160

Surgical Approaches and Techniques

Local Excision

Full-thickness local excision can be effective in the treatment
of selected early low rectal cancers. Local excision can be used
as curative therapy for patients who have superficial tumors
(Table 42.11).

Transanal excision is the most common method of local
excision. Selection factors based on tumor size and degree of
circumferential involvement predict the potential for a suc-
cessful transanal excision. The local excision is performed in
a full-thickness manner.

Transanal endoscopic microsurgery can be done with
success and low complication rates.161–163 Whichever method
is selected, the full-thickness excision must have at least 
1-cm margins of normal tissue surrounding the tumor. An
inadequate margin is a predictor of failure.164 Piecemeal sub-
mucosal excision is not considered adequate surgical treat-
ment of invasive rectal cancer. Fragmentation of the tumor is
associated with an increased incidence of local recurrence.165

If the lesion cannot be adequately resected by local excision,
then a more standard surgical approach should be used. In a
curative case, the patient should be counseled to consider
local excision as a form of definitive biopsy, especially when
transmural penetration or adverse histologic characteristics
are found in the local excision specimen. In a retrospective
review of 155 patients it was found that disease-free survival
was 94.1% for the group undergoing immediate surgery for
adverse findings after local excision, compared to 55% for the
delayed salvage group.165

The criteria used to select patients for local excision are
intended to make a negative-margin, full-thickness local exci-
sion technically feasible and to ensure a low risk of lymph
node metastasis (Table 42.12). The most useful test in this

regard has been found to be endorectal ultrasound.166 Factors
that can help identify patients who are at low risk for lym-
phatic metastasis include small tumors, absence of lymphatic
and vascular invasion, well- or moderately differentiated
tumor, and absence of clinical or radiologic evidence of
enlarged lymph nodes. The assumed low risk in patients
treated with local excision alone is accepted because such
procedures do not involve resection of the mesorectal lymph
nodes.

The major factor predicting patient survival and perirec-
tal lymph node metastasis is the depth of penetration of the
primary tumor. In 1966, Morson167 reported that lymphatic
metastasis arose from 10% of tumors confined to the sub-
mucosa, 12% of tumors invading the muscularis propria, and
58% of tumors extending beyond the bowel wall. In a study
of tumors treated by radical resection, the incidence of lym-
phatic metastasis was 12% for T1 tumors and 22% for T2
tumors.168

The incidence of lymph node metastasis in patients with
T1 tumors approximates the recurrence rate for T1 cancers
treated by local excision alone. Studies describe a 3% to 10%
rate of local recurrence after excision alone.169 Survival rates
in patients with T1 rectal carcinomas treated with local exci-
sion alone or radical resection are 90% to 100%.170 Local exci-
sion alone is a reasonable treatment for T1 carcinoma of the
rectum if the tumor meets the previous selection criteria. A
caveat is that blood vessel or lymphatic invasion is a signifi-
cant predictor of lymph node involvement and poor survival.
In such cases, either a standard surgical therapy involving
total mesorectal excision or, if the patient refuses or cannot
tolerate standard surgical therapy, the use of adjuvant therapy
after local excision should be considered.

In patients with T2 rectal carcinomas, the risk of lymph
node metastasis is 10% to 30%.167,168 Recurrence rates range
from 17% to 24% in patients with T2 tumors. Survival rates
are 78% to 82% with excision alone.

Many studies, mostly retrospective and single-institution,
have examined the results of local excision alone in the man-
agement of T1/T2 rectal cancer. Graham et al.169 found the
combined local recurrence rate for T1 lesions to be 5% (range,
0%–12%) and for T2 lesions, 18% (range, 8%–27%). The clin-
ically significant rate of local recurrence, especially compared
with lower rates of local recurrence in historical series of
similar patients treated with APR (0%–10%),170–172 has driven
multiple studies examining the use of both postoperative
radiotherapy and postoperative chemoradiation after local
excision in selected patients.

In one of the first series with an adequately long follow-
up, Bailey et al.173 reported their experience with local exci-
sion between 1978 and 1988. Of the 65 study patients, 34
(54%) received postoperative radiotherapy, and 2 of those
(5.9%) had local recurrences. The crude 5-year survival rate
in this series was 74.3% and the 5-year disease-specific sur-
vival rate was 90.3%. This study provided some of the first

7 1 4 chapter 42

TABLE 42.11. Local excision without adjuvant radiotherapy.

N Local recurrence

Mellgren et al.333 108 28%
Balani et al.334 20 0%
Garcia-Aguilar et al.335 82 24%
Paty et al.280 97 17%

TABLE 42.12. Indications for the local excision of rectal cancer.

Tumor less than 3cm in greatest dimension.
Invades only the submucosa or superficial muscularis.
Favorable pathologic grade.

Source: From Nivatvongs and Wolff,336 by permission of World Journal of
Surgery.



indirect evidence regarding the long-term efficacy of adjuvant
radiotherapy.

In a similar report from the Massachusetts General and
Emory University Hospitals, 52 patients were treated with
local excision alone while 47 patients were given postopera-
tive adjuvant radiotherapy.174 Although the patients chosen to
receive postoperative radiotherapy were at higher risk of local
failure because they had higher-stage lesions than the patients
treated with local excision alone (70% T2 versus 15% T2,
respectively), 5-year local recurrence-free survival (LRFS) 
and disease-free survival (DFS) rates were significantly 
better in the patients who received adjuvant therapy (LRFS,
10% versus 28%; DFS, 74% versus 66%). The authors con-
cluded that adjuvant chemoradiation should be offered to 
all T2 patients undergoing local excision as well as all T1
patients with high-risk histologic features (advanced grade or
lymphatic/vascular invasion).

A prospective series from The University of Texas M.D.
Anderson Cancer Center reported excellent local control rates
for 46 patients treated with local excision and postoperative
chemotherapy or radiation therapy.175 T3 tumors were also
treated in this way in patients who were medically compro-
mised or refused standard therapy. All patients underwent
negative-margin, full-thickness excisions. The overall sur-
vival rate at 3 years was 93%. Table 42.13 shows the pattern
of treatment failure by the American Joint Committee on
Cancer (AJCC) T stage. Local recurrence-free survival at 3
years was 90%. None of the patients with T1 tumors demon-
strated treatment failure. An update of the M.D. Anderson
Cancer Center experience with local excision seems to
support these findings, with 4-year LRFS rates of 9%, 80%,
and 73% for T1, T2, and T3 tumors, respectively.164

Perhaps the best data regarding the modern-day approach
to local excision for T1/T2 rectal cancer come from the initial
results of a Cancer and Leukemia Group (CALG) prospective
Phase II trial.176 This study enrolled patients who met the
usual criteria for the local excision of distant rectal can-
cer: mobile tumors confirmed up to the rectal wall (T1/T2),
less than 4cm in size, less than 40% of the bowel wall cir-
cumference in size, and with no evidence of lymph node
involvement. Patients were registered after a negative-
margin, full-thickness local excision. Patients with T1
tumors received no further treatment whereas patients with
T2 tumors received adjuvant chemoradiation therapy.

A total of 110 eligible patients completed the study pro-
tocol, 59 with T1 tumors and 51 with T2 tumors. The 6-year
overall disease-free survival rates were 85% and 78%.
Overall, 9 patients (2 with T1 tumors, 7 with T2 tumors) had
local recurrence of disease, and 4 of them died of the disease.

Table 42.14 shows the timing of local recurrence in
selected large series of patients who did or did not receive

postoperative radiotherapy. As the data suggest, postoperative
radiotherapy seems to result in a shift toward later local
failure when compared with local excision alone. In the 
combined experience of Massachusetts General and Emory
University Hospitals, the median time to local recurrence
was 13.5 months for patients treated with local excision 
alone and 55 months for patients treated with postoperative
radiotherapy.174

Results of attempted surgical salvage in patients with
local recurrence after local excision (with or without adjuvant
therapy) are summarized in Table 42.15. In these combined
series comprising 493 patients, 73 patients suffered local
failure either alone or in combination with distant disease. 
In 44 (60%) of these patients, a potentially curative, margin-
negative salvage procedure had been performed, most often
by APR. Of these 44 patients, 21 (48%) had no evidence of
disease at varying lengths of follow-up. Salvage seems to be
possible in more than half of patients with isolated local
failure after local excision; however, more than 50% of those
patients will eventually die of their disease. Therefore, it
appears that the argument for a liberal approach to select-
ing patients for local excision based on good salvage potential
in patients whose disease recurs is not supported by the 
literature.

Baron et al.177 examined the issue of salvage after local
excision at the Memorial Sloan-Kettering Cancer Center.
They compared the outcome in 21 patients who had under-
gone local excision followed by immediate APR or low ante-
rior resection (LAR) for tumors with adverse histologic
features with the outcome in 21 patients who underwent
local excision followed by LAR or APR at the time of clini-
cal local recurrence. Disease-free survival was significantly
improved in the patients undergoing immediate LAR or APR
(94.1% versus 55.5%; P less than 0.05), a finding that again
emphasizes that salvage after local excision does not seem to
be an optimal strategy.

Alternative forms of local therapy for T1 and T2 rectal
cancer have been reported, including endocavitary irradia-
tion, fulguration, cryosurgery, and Nd:YAG laser therapy.178

Of these modalities, endocavity irradiation has received the
most attention. In Papillon’s179 initial experience with this
technique in 1972, the local recurrence rate was 7% and the
5-year overall survival rate was 72% among a selected low-
risk group of patients. The potential advantage of endocavi-
tary irradiation over external-beam radiotherapy is the ability
to deliver a higher dose of radiation in a more concentrated
fashion to the tumor. Both Papillon and others have subse-
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TABLE 42.13. Patterns of failure by AJCC T stage of disease after
local excision and adjuvant therapy.

T1 T2 T3 Total 
(n = 16) (n = 15) (n = 15) (n = 46)

Local recurrence only 0 0 2 2 (4%)
Distant recurrence only 0 0 4 4 (7%)
Combined recurrence 0 1 1 2 (4%)

Source: From Ota et al.,175 by permission of Surgical Clinics of North America.

TABLE 42.14. Patterns of local recurrence (LR) following local
excision with and without the use of postoperative radiotherapy.

LR (n) more than 2 
Series N LR (n) years postoperative

Local excision alone:
Chakravarti et al.174 52 10 2 (20%)
Bailey et al.173 28 2 1 (50%)
Willett et al.337 40 6 1 (17%)
Biggers et al.338 141 36 4 (11%)
Local excision + postoperative radiotherapy:
Chakravarti et al.174 47 8 6 (75%)
Bailey et al.173 34 2 1 (50%)
Willett et al.337 26 4 2 (50%)



quently reported similar results, again among highly selected
low-risk patients.180–182 Birnbaum et al.183 identified “ideal”
characteristics of rectal lesions for treatment by combination
endocavitary and external beam irradiation (Table 42.16).
Among 72 patients, they found that recurrence was signifi-
cantly less likely in those patients with “ideal” tumors than
in those with nonideal tumors (15% versus 48%,;P = 0.01).
These authors stressed the importance of careful clinical and
endorectal ultrasound staging to identify patients ideally
suited to this treatment approach.

Transanal endoscopic microsurgery (TEM), in which
either submucosal excision (for adenomas) or full-thickness
excision (for invasive carcinomas) is performed through an
operating rectoscope, has recently emerged as an option for
the local treatment of rectal cancer.184,185 In a recent series,
local recurrence occurred in 2 of 16 patients (12.5%) with T1
lesions undergoing TEM.184 However, the authors of this
series thought that TEM alone was not appropriate treatment
for T2 lesions.

Despretz et al.186 reported results in 25 patients with rectal
cancer treated with preoperative external radiation therapy
(35Gy) followed by local excision and brachytherapy. Local
recurrence developed in 5 of the 25 patients. Mohiuddin et
al.187 reported results in 14 patients who underwent preoper-
ative radiation (45Gy) followed by a full-thickness excision;
local recurrence developed in 3 patients. The preoperative use
of chemotherapy and radiation therapy to downstage the
disease and permit a more satisfactory local excision may 
be feasible.188 In a series of 10 patients with T2/T3 primary
tumors, such an approach demonstrated an absence of local
recurrence and a 78% 2 year survival.189

Pretreatment Locoregional Staging for 
Rectal Cancer

Two factors can make pretreatment locoregional staging
important in the evaluation of patients with resectable rectal
cancer. First is the use of local excision, which could be con-
sidered in tumors confined to the bowel wall. Second, and
much more common, is the use of preoperative radiation or
chemoradiation, which is used in tumors considered to be
high risk. This approach has been favored in decision analy-
sis.190 These are usually tumors that are transmural or those
with evidence of metastatic perirectal lymph nodes.

The modalities used for determining the depth of pene-
tration of the primary tumor and enlargement of perirectal
lymph nodes are CT, magnetic resonance imaging (MRI), and
endorectal ultrasound (EUS) Digital rectal exam (DRE) has
been estimated to be a poor selector of patients for preopera-
tive treatment.191 Table 42.17 shows the accuracy of EUS,
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TABLE 42.15. Surgical salvage of locoregional recurrence following local excision of T1/T2 rectal
carcinoma.

Salvage
Series N LR (n)a Salvaged (n)b procedure Outcome

Chakravarti et al.174 99 18 10 (56%) 9 APR 5, DOD
1, exenteration 3, DOC

2, NED
Wong et al.245 25 6 5 (83%) 4, APR 3, DOD

1, exenteration 2, NED
Steele et al.176 59 (T1) 3 2 (67%) All APR 1, DOD

1, NED
51 (T2) 7 7 (100%) All APR 3, DOD

4, NED
Bailey et al.173 53 4 3 (75%) 2, APR 1, DOD

1, LE 2, NED
Bleday et al.339c 48 4 3 (75%) All APR 1, DOD

1, AWD
1, NED

Valentini et al.340 21 3 2 (67%) All APR 1, DOD
1, NED

Taylor et al.341 47 17 7 (50%) 5, APR 3, DOD
2, LE 1, AWD

3, NED
Bouvet et al.164 90 11 5 (45%) All APR 5, NED

APR, abdominoperineal resection; LE, local excision; DOD, dead of disease; DOC, dead of other causes; AWD, alive with
disease; NED, no evidence of disease.
a Local recurrences alone and combined with distant recurrences.
b Number of potentially curative (margin-negative) salvage procedures.
c Five patients had T3 tumors.

TABLE 42.16. Ideal characteristic of rectal cancer lesions for
combination endocavitary and external-beam radiation.

• Well or moderately differentiated
• Mobile
• Not ulcerated
• Less than 3cm in diameter
• Less than 12cm from the anal verge

Source: From Birnbaum et al.,183 by permission of Diseases of the Colon
andRectum.



MRI, and CT for the T and N staging of rectal cancer preop-
eratively. Overall, it appears EUS is the most accurate way to
stage the depth of penetration.

MRI has been shown to predict the potential for a posi-
tive circumferential margin better than DRE or EUS.191 In a
treatment algorithm where preoperative treatment was used
for those with deep mesorectal invasion or extension of the
mesorectal fascia, MRI was the dominant strategy over DRE
or EUS in terms of cost-effectiveness.191 In another study 
of cost-effectiveness, a strategy of CT and EUS dominated 
CT- and MRI-only approaches when the demonstration of
transmural rectal cancer was the prompt for preoperative
radiotherapy.192

In the staging of patients after neoadjuvant therapy, the
dominant component of the lesion seen on EUS is fibrosis.
Thus, the technique really stages the extent of fibrosis and
not the true residual tumor, which may be microscopic
only.193 Overall accuracy for pathologic T stage may drop to
48% in preoperatively treated patients who are restaged with
EUS. From these data, it appears that EUS is unreliable in
evaluating the degree of residual disease after neoadjuvant
therapy.194 CT and MRI suffer from similar limitations in the
restaging of irradiated rectal cancers.195,196

When PET scanning is used to stage primary rectal cancer,
in a preoperative study where EUS or MRI/CT was also used,
78% of cases had no change in management and in an addi-
tional 4% there were changes in treatment independent of 
the PET results. The management changes appear to result
chiefly from the detection or confirmation of metastatic
disease.51 After neoadjuvant chemoradiation, PET has been
used to identify tumor response.197 In a preoperative study of
restaging with PET scanning, the degree of rectal cancer
response was not able to be differentiated between macro-
scopic residual disease versus microscopic residual disease
after chemoradiation.198 A prospective study of PET restaging

in 15 resectable high-risk rectal cancer patients found that
visual assessment of the response in PET correlated with
pathologic response in 60% of cases.199 Lymph node staging
by PET scanning appears to be limited even before changes
induced by chemoradiation with a sensitivity of 22% to
29%.52

Locoregional Resection for Rectal Cancer

Patients with stage II or III rectal cancer have tumors that are
large and biologically aggressive. Disease at this stage carries
a higher risk of local and systemic recurrence after surgi-
cal treatment. Accordingly, strategies have been developed 
to address these issues through locoregional resection and
multimodality therapy.200 However, adequate surgical resec-
tion and choice of technique are the most critical treat-
ment factors determining patient outcome.201,202

The risk of spread to local lymph nodes and the risk of
local recurrence increase as tumor penetration of the rectal
wall increases. This understanding has led to the develop-
ment of operations such as the APR that achieve tumor-free
proximal and distal tissue margins and remove the upward
pathways of lymphatic spread from rectal cancer.203 The distal
margin has been shown to be adequate when it is 2cm from
the edge of the tumor in unirradiated patients.204,205 However,
more recently the work of Quirke and others has dramatically
demonstrated the importance of lateral tumor spread in the
local recurrence of resected rectal cancers.206,207

Among patients with local recurrence, tumor involve-
ment at the circumferential margin of resection has been
found in 85% of cases.206 Because of problems in obtaining
adequate exposure in the low pelvis and surrounding struc-
tures, circumferential margins around rectal cancers can be
highly variable and minimal. In this regard, surgeon experi-
ence and surgical technique play key roles in the prevention
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Table 42.17. Accuracy of locoregional staging for rectal cancer.

EUS, % MRI, % CT, %

DRE, % T N T N T N

Harewood et al.166 91 82 71 76
Brown et al.191 40 48 88
Panzironi et al.342 100 72 92 76 75 88
Shami et al.343 89 85 45 68
Mathur et al.344 76 41
Fuchsjager et al.345 64 70 64 62
Nesbakken et al.346 74 65
Marusch et al.347 63
Tobaruela et al.348 72
Gagliardi et al.349 86 69
Kim et al.350 81 64
Garcia-Aguilar et al.351 69 64
Gualdi et al.352 77 84
Beets-Tan et al.353 83
Hunerbein et al.354 86 86
Chiesura-Corona et al.355 82 79
Civelli et al.356 86 73
Akasu et al.357 96 72

DRE, digital rectal examination; EUS, endorectal ultrasound; MRI, magnetic resonance imaging; CT, computed 
tomography.



of local recurrence.208 Involvement of the circumferential
margins can result from direct spread, mesenteric implants,
vascular or lymphatic invasion, or cancer-bearing lymph
nodes.209 Tumor involvement of the circumferential margins
of resection is frequently due to spread in the mesorectum
distal to the tumor (Table 42.18).207 The long-term outcome
is poor in the presence of a positive circumferential margin.207

Total mesorectal excision has been demonstrated to be effec-
tive in the surgical management of rectal cancer.210

McAnena and coworkers described the long-term
outcome of 57 patients treated by this approach.210 The mean
follow-up was 4.8 years. Local recurrence was seen in only
3.5% of the patients, and overall 5-year survival rate was
81%. It should also be noted that “serious” postoperative
complications occurred in 17% of patients. This effect of the
adaptation of total mesorectal excision on complication rates
has been confirmed by others.211 In a subsequent larger review
of their experience with total mesorectal excision for rectal
cancer, MacFarlane and colleagues212 studied 135 patients
with Dukes’ B and C rectal cancers who were treated with
surgery only, by one surgeon over a 13-year period with a
mean follow-up of 7.5 years. None of these patients received
adjuvant radiation or chemotherapy, yet there was only a 5%
local recurrence rate. Further long-term follow-up of a larger
group of patients confirmed these findings by finding a 10-
year local recurrence rate of 4% and a 10-year disease-free sur-
vival rate of 78%.213 These results compare favorably with the
results from the North Central Cancer Treatment Group
study that form the basis for current recommendations for
adjuvant therapy in the United States.214

In North America, similar results have been obtained
with high rates of local recurrence-free survival when a total
mesorectal excision is done by meticulous sharp dissection
along the pelvic sidewalls. Enker’s report215 on this subject
called for full rectal mobilization along anatomic planes to
obtain complete mesorectal excision. In a series of 42 men
who underwent sphincter-preserving surgery for low rectal
cancer with this technique, only 1 had local recurrence
(median follow-up, 20 months). Moreover, potency was pre-
served in 88% of the patients.

Wide pelvic lymphadenectomy has been proposed for the
treatment of rectal cancer. Although there is little doubt that
the presence of metastasis in such lymph nodes is a highly
significant negative prognostic factor, there is no evidence 
to support a therapeutic benefit of the routine addition of
extensive lymphadenectomy to standard locoregional 
procedures.216–218

To address the effect of training and experience in rectal
cancer surgery in a region of Sweden where all rectal cancer
surgery has been concentrated in one colorectal unit, survival
seems to have improved and local recurrence rates have
dropped.219 Over the past 5 years, several studies have sug-

gested that the surgeon’s experience is an important prog-
nostic factor in rectal cancer. In a population-based study of
683 patients, Porter and colleagues220 found a significant local
recurrence and survival advantage among the patients of sur-
geons with colorectal surgery fellowship training or surgeons
with a higher caseload. In addition, a greater rate of sphinc-
ter preservation for low rectal cancer was also found to be
associated with these surgeon groups. Other studies suggest
that hospital volume, hospital type (university versus com-
munity), and surgeon experience influence survival and recur-
rence outcomes.221–223

In general, three operative procedures can be performed
for resectable rectal cancer, all of which conform to the prin-
ciples of total mesorectal excision: LAR, APR, and total proc-
tectomy with coloanal anastamosis (CAA).157,160,224

Low anterior resection involves the transabdominal resec-
tion of the rectum and mesorectum above the level of the
levator ani complex. After complete mobilization of the
rectum en bloc with the mesorectum, the rectum is divided
at least 2cm below the distal edge of the tumor. There is evi-
dence that total mesorectal excision is not required for upper
rectal cancers.225 Reconstruction of the rectum is then carried
out between the completely mobilized left colon and the
remaining rectal stump. The double-stapled technique has
permitted an easier and lower anastomosis, with leak rates
(clinical or radiographic) similar to or better than those
obtained with hand-sewn techniques.226–228 Second, although
5cm was previously thought to be the minimum acceptable
distal margin, acceptance of a 2-cm distal margin has allowed
lower tumors to be resected by LAR.155,205

Abdominoperineal resection involves a combined trans-
abdominal and perineal approach to complete resection of the
rectum, mesorectum, levator muscles, and anus with forma-
tion of a permanent colostomy. The rectum and mesorectum
are mobilized via an abdominal approach. A perineal approach
is used to widely resect the levator complex and anus along
with an appropriate margin of perianal skin. A permanent end
colostomy is carried out. As sphincter preservation has
increased, the overall proportion of rectal cancer patients
undergoing APR has decreased.219

Proctectomy with CAA has emerged as a well-accepted
surgical option in carefully selected patients. This approach
can spare patients a permanent colostomy while still pro-
ducing good functional and cancer-related outcomes. A recent
review of 117 patients from the Mayo and Cleveland Clinics
provides a perspective on the utility of proctectomy and CAA
for patients with low rectal cancer.229 The patients were
treated over a 10-year period (1981–1991). The median dis-
tance of the tumor from the anal verge was 6 to 7cm. The
technique that was used required complete mobilization of
the rectum to the levators, transanal transaction of the
rectum, complete mobilization of the left colon, and endanal
anastomosis. The authors recommended loop ileostomy for
most patients. The effectiveness of this procedure in pre-
venting local recurrence was demonstrated by the low local
recurrence rate of 7%. Fecal continence was satisfactory in
78% of the cases. There were no surgery-related deaths. Early
and late complications were related mainly to the anastomo-
sis leaking (10%) and healing with a stricture (21%).

Several groups have reported on patients who had a 6- to
10-cm colonic J-pouch reservoir constructed with no addi-
tional risk or compromise of the anastomosis.230 The forma-
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TABLE 42.18. Importance of distal mesorectal spread in producing
an involved radial margin.

Curative resection Distal mesorectal Involvement of
specimens (n = 20) spread radial margin

16 Negative 2 (13%)
4 Positive 2 (50%)

Source: From Adam et al.,207 by permission of Lancet.



tion of the colon pouch has been compared with the straight
CAA in randomized clinical trials.231 Physiologic measures
and short-term outcomes seem to be improved with the
pouch, although these findings are disputed by some.232,233

However, these differences in function may disappear with
time.

Major long-term postoperative problems after CAA are
related to rectal capacitance and compliance and manifest as
urgency and frequency of bowel movements. In a series from
the Mayo Clinic described by Drake and colleagues,234

patients who had a CAA for malignancies had a stool fre-
quency of 2.6 per 24 hours, and only 1 of 19 patients was
incontinent. Results from the Mayo and Cleveland Clinics
Study are similar to those of others describing proctectomy
and CAA for rectal cancer.235 Even when combined with pre-
operative irradiation, coloanal anastomosis can result in good
to excellent bowel function in 77% of patients. The median
number of bowel movements per day was 2 in a Phase I/II
trial.236

In a randomized clinical trial by the Gastrointestinal
Tumor Study Group intended to examine the benefit of adju-
vant therapy in rectal cancer, patients who underwent APR
had a higher recurrence rate than did patients undergoing
LAR (P less than 0.05),237 and this has been seen in other
studies.238 However, this probably reflected the presence of
larger, more-advanced tumors in the patients undergoing
APR. Several other studies involving large numbers of rectal
cancer patients have shown no significant differences in local
recurrence or survival rates between patients undergoing APR
and those undergoing sphincter preservation.239–242 In
summary, there is no evidence that, in appropriately selected
patients, sphincter-preserving locoregional procedures com-
promise oncologic outcome.

Adjuvant Radiation and Chemoradiation for
Resectable Rectal Cancer

The first adjuvant therapy in rectal cancer to be assessed for
efficacy was postoperative radiotherapy. Both the Gastroin-
testinal Tumor Study Group and the National Adjuvant
Breast and Bowel Project performed randomized clinical trials
and found decreased local recurrence rates, but not improved
survival, in stage II and III rectal cancer patients receiving
postoperative radiotherapy compared with patients undergo-
ing surgery alone.204,237

The addition of chemotherapy to postoperative radiother-
apy seemed logical in an effort to influence the development
of systemic disease and increase the therapeutic effect of radi-
ation. A study conducted by the North Central Cancer Treat-
ment Group was reported in 1991 by Krook and colleagues.
This large, randomized trial for high-risk (stage II and III)
rectal cancer patients compared postoperative fluorouracil
and radiation with postoperative radiation alone.214 Reduced
local recurrence, systemic recurrence, and cancer-related
death as well as improved overall survival were seen in
patients randomly assigned to receive chemotherapy in addi-
tion to postoperative radiotherapy.

Another major step in adjuvant therapy for rectal cancer
came from a report from an Intergroup trial testing the role
of protracted or continuous intravenous infusion of fluo-
rouracil combined with radiation therapy as postoperative
therapy. The rationale for this protocol was based on in vitro

studies indicating that optimal cytotoxicity was obtained by
continuous exposure of tumor cells to fluorouracil after irra-
diation.243 A study by Rich and coworkers244 showed the
regimen to be well tolerated during radiation therapy. In a
trial of 680 patients, significant reductions were seen in
overall rates of tumor relapse and distant metastasis.245 Sur-
vival was significantly increased in those who received the
protracted infusion of fluorouracil during irradiation. The
National Institutes of Health Consensus Conference has 
recommended a standard approach widely used in North
America for postoperative chemoradiation.64

Neoadjuvant Therapy

Although there have been many randomized clinical trials
comparing preoperative radiation with surgery alone, most of
these trials did not use radiotherapy dosing strategies cur-
rently considered appropriate.246–248 Local recurrence seemed
to be reproducibly reduced with preoperative radiotherapy
compared to surgery alone.249,250 However, more recently, the
Swedish Rectal Cancer Study showed a significant improve-
ment in local recurrence and survival with the use of a short
course of radiotherapy versus surgery alone.251 Notably,
patients in this trial did not receive chemotherapy, and the
delivery of radiotherapy (25Gy, given over 5 days beginning
1 week preoperatively) differed substantially from the deliv-
ery strategy traditionally used in North America (45–50Gy,
given over 25–30 days beginning 4–6 weeks preoperatively).
A French study that examined the issue of interval between
completion of radiotherapy and surgery found that a longer
period was beneficial in terms of response and sphincter
preservation.252

In a meta-analysis of the results of 19 randomized trials
of preoperative radiotherapy and 9 trials of postoperative radi-
ation therapy by the Colorectal Cancer Collaborative Group,
the absolute risks of any recurrence and local recurrence were
reduced significantly by the use of radiotherapy either preop-
eratively or postoperatively. Trials of preoperative radiation
therapy appeared to have a greater effect on the reduction of
local recurrence at lower radiation doses than did postopera-
tive radiation regimens. Early deaths for noncancer cases
appeared to increase when radiation was carried out.253 The
effect of short-course preoperative radiation alone seen in the
randomized Swedish Rectal Cancer Trial was to reduce local
recurrence rates from 27% to 12% in the group receiving
surgery and radiation254; this result indicated that this
approach did not result in greater late-term morbidity.255

The improvement in local recurrence rate with preopera-
tive short-course radiation therapy is still seen when modern
rectal cancer surgery techniques of total mesorectal excision
and quality control of the circumferential margin are carried
out.256 The randomized Dutch trial indicates that radiother-
apy is helpful along with this technique.257,258

Minsky and colleagues235 reported on the efficacy and tox-
icity of preoperative radiation with proctectomy and CAA for
low rectal cancer in patients who otherwise would have
required an APR. Twenty-two patients with a diagnosis of
invasive resectable T2 or T3 primary adenocarcinoma of the
distal rectum (median distance from anal verge, 4cm) were
treated. External-beam radiation therapy was given to a total
dose of 50.4Gy. Four to 5 weeks later, resection was performed
in 21 of those 22 patients, and 10% of patients had a complete
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response. Therapy was well tolerated, and the anastomotic
leak rate was only 6%. Eighty-nine percent had a good or
excellent functional result. Local failure alone occurred in 5%.
These data reveal acceptable local control, survival, and func-
tional results in selected patients treated with preoperative
radiation therapy and proctectomy with CAA as an alterna-
tive to APR. Outstanding sphincter-preserving results in the
treatment of low rectal cancers after preoperative radiation
have been described by Marks and coworkers258a at Thomas 
Jefferson University. They demonstrated long-term adequate
sphincter function in 91% of patients, with local recurrence
rates of less than 13%. The addition of preoperative endocav-
itary boost dose to low rectal cancers treated with external-
beam radiation improved sphincter preservation rates over
external-beam treatment alone.259

Prolonging the interval between radiation and surgery did
not appear to significantly change the ability to do sphincter
preservation in a randomized trial despite greater tumor
response with a longer interval.260 Similar results were seen
when chemoradiation was used preoperatively.261 Radiation
alone has produced complete pathologic response rates of
10% to 17%.247,248,262 Concurrent preoperative chemoradiation
has produced complete response rates of 20% to 30%.263

Among patients who had tumors less than 7cm from the anal
verge and who underwent preoperative chemoradiation,
Janjan and coworkers264 found a high rate of sphincter preser-
vation in patients who had a complete response compared to
those who did not (53% versus 38%).

However, the meaning of a pathologic complete response
for a patient in long-term follow-up is unclear, although pre-
liminary evidence suggests that it may be a prognostic factor
for improved survival.265 Moreover, the absence of mucosal
tumor clearly does not assure a complete response because
residual tumor may be found within or beyond the rectal wall
or within lymph nodes in the absence of residual mucosal
tumor.263,265 Among 41 patients with partial or complete
primary tumor response to preoperative chemoradiation, 9
(16%) were found to have metastatic disease in mesorectal
lymph nodes.265 In a larger series of patients, similar results
were seen despite an overall decrease in the number of
patients with positive mesorectal nodes.266 Obviously, shrink-
ing the tumor may allow achievement of acceptable negative
margins and may facilitate sphincter preservation. In a review
of 94 patients from a preoperative database where preopera-
tive chemoradiation was given for low rectal cancers, distal
margins of 1cm or more did not compromise local control
rates.267 Although overall these effects tend to produce the
ability to perform more sophisticated low rectal cancer oper-
ations that preserve sphincter function, they do not appear to
support local excision in all but highly selected patients.268,269

Preoperative chemoradiation therapy has been demon-
strated to be less toxic than postoperative chemoradiation.270

Minsky et al. reported that when identical chemoradiation
regiments were given preoperatively or postoperatively, sig-
nificantly fewer patients experienced grade 3 or 4 toxic effects
when the adjuvant treatment was given preoperatively. In this
study,270 13% of patients treated preoperatively experienced
gastrointestinal toxicity, whereas 48% of patients treated
postoperatively had grade 3 or 5 gastrointestinal or geni-
tourinary toxic effects.

The addition of chemotherapy to preoperative irradiation
for rectal cancer was studied across two different institutions.

In a multivariate analysis of 403 patients, the use of con-
comitant 5-FU resulted in an increase in sphincter preserva-
tion rates for patients with tumors less than 6cm from the
anal verge.271 Similar to the results of an endocavitary boost
with radiotherapy alone, the use of an external-beam boost
dose to the tumor bed increased sphincter preservation for
low rectal tumors.272 Even among patients thought to require
APR or initial assessment, up to 85% can be treated with
sphincter preservation after such regimens.273

Rich and colleagues274 reported on the outcome of 77
patients treated with preoperative chemoradiation therapy
who then underwent resection of low rectal T3 cancers staged
by ultrasonography.274 The preoperative treatment given 
was continuous-infusion fluorouracil (300mg/m2/day) given
with daily irradiation (45Gy in 25 fractions over 5 weeks).
Sphincter preservation was accomplished in 67% of these
patients, in whom the mean distance of the tumor from the
anal verge was 5cm. A complete pathologic response was
found in 29% and local recurrence in 4% of cases.

There are data comparing preoperative chemoradiation
versus postoperative chemoradiation in resectable rectal
cancer. This type of regimen given preoperatively can result
in high sphincter preservation rates without compromising
local recurrence rates, as previously mentioned. A preli-
minary report of the NSABP R-03 randomized trial of 5-
fluorouracil and levocorin and 50.4Gy given pre- or postop-
eratively indicated that sphincter preservation was increased
from 33% to 50% in the preoperatively treated group. Com-
plications of surgery were similar in both groups.275 In a
recently reported trial of a preoperative versus postoperative
chemoradiation with continuous infusion 5-FU and stan-
dardized surgery with total mesorectal excision (TME), 628
patients with high risks (pT3/4 or N+) cancer were random-
ized. The trial showed postoperative complications were 12%
to 13% in both arms. This result confirmed that neoadjuvant
therapy did not carry a higher risk of perioperative morbid-
ity.276 In a later report of this trial with 825 patients random-
ized and with a median follow-up of 43 months, pelvic and
distant recurrence rates were reduced in the preoperative
treatment while overall survival rates were similar. Fewer
patients were found to have anastomotic stenosis in the pre-
operative group whereas overall postoperative morbidity was
equivalent between the two groups. In a subgroup of patients
with low-lying tumors who were randomized, sphincter
preservation rates were significantly increased to 39% in the
preoperatively treated group, compared to 19% in the other
group. This is a major step forward in confirming the value
of preoperative conventional dose chemoradiation in the
management of high-risk rectal cancer.277

If function is poor after sphincter-preserving surgery, then
the patient’s quality of life may be impaired more than if a
permanent colostomy is present.278 Kollmorgen and cowork-
ers279 studied the long-term effects of chemoradiation therapy
on bowel function when this adjuvant therapy was given 
postoperatively. One hundred patients were studied after
extensive exclusions were made to minimize confounding
variables affecting outcomes. The group of patients who did
not receive postoperative treatment uniformly had fewer
problems with bowel function. In contrast, clustering of
bowel movements, stool frequency, and fecal soiling were all
increased when the reconstructed rectum was postoperatively
irradiated (Table 42.19). As is clear from this study, long-term
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detrimental effects on bowel function can result from post-
operative chemoradiation. Further support for this conclusion
can be drawn from the results of a study by Paty and col-
leagues on the outcomes of CAA for rectal cancer.280

Sphincter preservation during multivisceral resections for
locally advanced rectal cancer can be performed in patients
who have involvement of adjacent pelvic organs. Selected
patients may benefit from intraoperative radiation therapy or
brachytherapy.281

Anal Cancer

Anal cancer is an uncommon malignancy in the digestive
tract and will be found in about 4,000 patients each year.282

Although a variety of histologic types of cancer can be located
in the anal canal, the most common type is squamous cell
carcinoma.283,284 Basiloid and cloacogenic subtypes of anal
cancer have the same survival and treatment responses as
squamous cell cancer (SCC).284,285 This discussion is limited
to the treatment of invasive epidermoid or squamous cell
cancer of the anal canal.

The lining of the upper anal canal is the anal transition
zone and the lower portion is lined by the nonkeratinized ano-
dermis.286 The dentate line divides these. The lymphatic
drainage above the dentate line is primarily to the perirectal
and inferior mesenteric nodes and secondary to the internal
iliac nodes. Below the dentate line the drainage is primarily
to the inguinal lymph nodes and secondarily to the internal
iliac nodes.287

Prognosis

The staging of anal cancer is based on tumor size and the pres-
ence of nodal and distant metastases.288 Failures of therapy
occur more commonly in T3 and T4 tumors than in T1 and
T2 cases.289,290 Multiple studies have identified positive
inguinal or perirectal lymph nodes as a factor that predicts
higher rates of cancer death, local failure, and the need for
colostomy formation and salvage surgery.291–293 Sentinel
lymph node biopsy is feasible in these patients and may help
to tailor radiation treatment fields.294

Surgery

In an analysis of local excision alone for small and superfi-
cially invasive cancers, Boman et al. found that it was suc-
cessful in 12 of 13 patients so selected. However, in a larger
group of patients treated by APR, the recurrence rate was 40%
with survival of only 71%. This finding was probably due to

the larger size of tumors selected for APR as a treatment along
with the higher likelihood of nodal metastases in such
patients. Even in patients undergoing APR, the predominant
site of failure was still in the pelvis in 80%.295 This failure
pattern has been noted by others and is believed to be at-
tributable to residual pelvic nodal disease after surgical
approaches, with positive nodes being seen in surgical speci-
mens in 30% to 60% of patients.296

Radiation Alone

Treatment with external-beam radiation alone can result in
high rates of local control for early-stage tumors. When this
approach was used for T1 and T2 cancers, local control rates
were 100% but the doses were up to 67Gy.297 When radiation
alone was delivered to doses of 60 to 62Gy, the 5-year sur-
vival was noted to be 84% for T1 and T2 tumors but only
58% to 74% for T3 and T4 tumors. Although local control
rates were 76%, the overall anal conservation rate was only
62% and normal anal function was maintained in only 55%
of patients. The results are indicative of the local toxicity of
high-dose external beam irradiation alone for SCC of the
anus.298 Total radiation dose was the factor that correlated
best with late severe complications of radiation resulting in
the need for colostomy formation.289 In an additional series,
primary radiation alone resulted in 5-year survivals of 57%
with local recurrence rates of 14%.299

Definitive Treatment with Chemoradiation

The initial report of the potential success of definitive
chemoradiation was from Nigro et al., who reported complete
responses to a preoperative complete responses to a preoper-
ative combination of 30Gy external-beam radiotherapy and
5-fluorouracil and mitomycin-C in patients then treated with
APR.300 A later report by the same group revealed an even
more limited role for surgery. Twenty-eight patients were
given this combined chemoradiation treatment preopera-
tively and, of the 12 who underwent APR, 7 had no residual
cancer in the specimen while 1 patient had only microscopic
disease 4 to 6 weeks after completion of chemoradiation. The
reliability of the clinical evaluation of the response to treat-
ment was verified in 14 patients from this series who had a
clinical complete response. They had excision of the scar, and
none were found to have residual disease. Two additional
patients with complete response on clinical examination
were followed without biopsy and remained free of disease.300

Single-institution studies showed control of SCC of the
anus was improved by the addition of chemotherapy; this was
especially true for larger tumors with moderate doses of radi-
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TABLE 42.19. Long-term effect of postoperative chemoradiation therapy on bowel function in rectal
cancer patients.

Median
Percent of patients

bowel Clustering
Postoperative movement of bowel Fecal incontinence
therapy per day movements Occasional Frequent Urgency

None 2 3% 7% 0% 19%
Chemoradiation 7 42% 39% 17% 17%

Source: From Kollmorgen et al.,279 by permission of Annals of Surgery.



ation. Sischy demonstrated a control rate of 89% for SCC of
the anus in 29 patients with 5-FU and mitomycin-C.301 Leich-
man et al. reported a complete response rate of 84% in
patients treated with this regimen with no recurrence among
these patients with a complete response.302 Flam et al.
reported even 5- and 10-year treatment with 41.4Gy and 5-
FU with mitomycin-C resulted in survival of 92% and 85%,
respectively. Grade 3 or 4 late toxicity in this study was
limited to 15% of patients, mainly in the form of chronic diar-
rhea. These excellent results were confirmed in T3–T4 and
node-positive patients.303 Local control rates of 84% with
preservation of sphincter function in 80% of patients have
been demonstrated with such regimens.304

A retrospective comparison of radiation therapy alone
(using a brachytherapy boost) and chemoradiation for anal
cancer failed to show a local control, survival, or sphincter
preservation advantage to the combined approach.305 How-
ever, in a much larger study of 191 patients treated according
to sequential protocols of radiation, radiation with 5-FU and
mitomycin-C, and radiation with 5-FU, it was found that
radiation with both 5-FU and mitomycin-C was superior to
the other approaches. The control with 5-FU and mitomycin-
C was 86% versus 56% to 60% for the other regimens.291 In
a comparison of the quality of life in anal cancer survivors
treated with or without chemotherapy, there did not appear
to be a difference on long-term follow-up.306

The definitive advantage of chemoradiation over radiation
alone has been demonstrated in two randomized prospective
trials. In the UKCCCR trial involving 585 randomized
patients, results were compared between radiation alone and
radiation with 5-FU and mitomycin-C. The chief endpoint
was local failure. Treatment with chemoradiation reduced
local failure rates from 59% to 36%. The risk of death from
anal cancer was also significantly reduced, but overall 
survival was not different in the groups.307 In another trial
with 110 randomized patients, the addition of 5-FU and 
mitomycin-C to 45Gy radiation over 5 weeks with an exter-
nal beam boost of 15 to 20Gy was studied. In this EORTC
study, the addition of chemotherapy increased complete
remission rates to 80% from 54%. In this study, significant
improvements in local control and colostomy-free survival
were found for combined treatment.308

In a Phase III randomized trial, the role of mitomycin-C
in addition to 5-FU during chemoradiation was studied in a
cooperative group setting. Treatment groups were random-
ized to radiation and 5-FU or radiation with 5-FU and 
mitomycin-C. Patients who achieved less than a complete
response 4 to 6 weeks after treatment underwent biopsy. 
If the biopsy revealed residual cancer, an additional 9Gy 
radiation and cisplatin was given with concurrent 5-FU. Per-
sistence of disease beyond 4 to 6 weeks after treatment was
evaluated by biopsy and if confirmed was treated with APR.
Patients receiving mitomycin-C had a higher rate of complete
response with a corresponding increase in colostomy-free sur-
vival. The colostomy rate was lowered from 22% to 9% by
the addition of the mitomycin-C. However, the group treated
with mitomycin-C had a higher rate of complete response
with a corresponding increase in colostomy-free survival. The
colostomy rate was lowered from 22% to 9% by the addition
of the mitomycin-C. However the group treated with mito-
mycin-C had a higher rate of grade 4 toxicity and two deaths
due to neutropenic sepsis.293 Because of concerns over this

toxicity, the alternative use of cisplatin has been advocated.
The use of 5-FU and cisplatin with radiation has been shown
in a retrospective study of 92 patients to produce 5-year sur-
vival rates of 85% with colostomy-free survival rates of 82%;
this was accomplished with few grade 4 toxicities and mod-
erate (55Gy) doses of radiation.309 Others have demonstrated
high complete response rates for this regimen when induc-
tion chemotherapy is used followed by chemoradiation with
5-FU and cisplatin. In a Phase II study of this approach, com-
plete response rates of 93% were seen even in poor prognosis
tumors.310

Management of Persistent or Recurrent Disease

In 8% to 10% of patients, there will be residual disease 4 to
6 weeks after the completion of initial therapy,307 which may
be a residual ulcer or a mass. Despite this, regression has been
documented more than 3 to 12 months after therapy.291 In
addition to having concern over being misled by the biopsy
of a regressing lesion, there can be concern over poor healing
and fibrosis of the anal canal from biopsy in a heavily irradi-
ated field. Excisional biopsy has been correlated with grade 4
long-term morbidity in irradiated patients.311

Most authors have defined persistent disease as the diag-
nosis of persistent tumor or recurrent tumor within the first
6 months after multimodality treatment. Recurrent disease
has been considered the diagnosis of recurrent tumor at least
6 months after a complete clinical response. The largest series
on salvage APR consist of 35 and 38 patients, respec-
tively.312,313 The prognosis after failure of primary chemoradi-
ation therapy is dire. Table 42.20 illustrates the selected series
that have been published after salvage APR for failure of
primary treatment, mainly radiation combined with
chemoradiation. The overall 5-year survival has been reported
to be between 0% and 60%, and the overall recurrence rate
is between 42% and 62%.284,312–318

After salvage APR, the major morbidity is related to the
perineal wounds. Perineal wound problems, including infec-
tion and nonhealing wounds, have been reported to occur in
at least 30% to 60% of the patients after salvage APR.312,317

The use of musculocutaneous flaps offers tissue both to oblit-
erate the pelvic defect and for vaginal reconstruction. Tei 
et al. reported on 14 patients who underwent vertical rectus
abdominis musculocutaneous flap reconstruction to cover
the perineal defect after salvage APR.319

Management of Lymph Node Metastasis

Studies of surgical lymphadenectomy alone can have local
failure rates of 20% to 40%.295,320 There are reports of a long-
term disease-free interval in 60% of patients with inguinal
lymph node metastasis managed by limited groin dissection
following 45-Gy radiation therapy.321 Others have reported
control of clinically abnormal nodes in 71% of patients with
high-dose radiation alone. In a review of 270 patients with
inguinal lymph node metastases, treatment of synchronous
metastases with irradiation and 5-FU with cisplatin resulted
in a 5-year survival rate of 54%.322

Clinically evident metachronous lymph node metastases
will be isolated treatment failures after radiation in approxi-
mately 8% of patients. Metachronous lymph node metasta-
sis can be resected with a 5-year survival rate as high as 55%
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following lymphadenectomy.323 The lymphadenectomy can
be accompanied by significant morbidity in terms of wound
problems related to seromas or infections.324 In patients 
who have received no prior inguinal irradiation for initial
therapy, a program of chemoradiation after inguinal dissec-
tion achieved a 5-year survival rate of 41%.322 Ilioinguinal
lymph node dissections can be carried out with a higher rate
of morbidity from lymphedema, but again with some degree
of success.325
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Adenocarcinoma and
Other Small Intestinal

Malignancies
John H. Donohue

espite the enormous surface area of the small intesti-
nal mucosa and the rapid turnover of the enterocytes,
malignancies of the small bowel are uncommon. Of

the more than 250,000 digestive system cancers projected for
diagnosis in the United States in 2003, only an estimated
5,300 were small intestinal malignancies.1 There is a slight
predominance of men diagnosed with these tumors. An esti-
mated 1,100 Americans died of small intestinal malignancies
in 2003.1 Because of the low incidence of small bowel cancers
and the common occurrence of four distinct histologic types,
namely adenocarcinoma, lymphoma, gastrointestinal stromal
tumor (GIST), and carcinoid tumor, even major clinical
centers have limited experience in treating patients with
these diseases. As a result, controlled data evaluating treat-
ment variables and other aspects of small intestinal malig-
nancies are virtually nonexistent.

This chapter reviews what is known about the etiology,
diagnosis, treatment, and outcomes for adenocarcinoma, 
lymphoma, and GIST of the small intestine. Carcinoid
tumors are reviewed in Chapter 60.

Etiology

A number of protective factors have been proposed to explain
the low incidence of malignant transformation in the small
intestinal mucosa, especially when compared to the large
bowel. First of all, the liquid chyme is less irritating to the
mucosa than solid fecal matter. Both the rapid transit of
digesting food through the small intestine and the rapid
turnover of enterocytes limit the exposure time of ingested
carcinogens to individual mucosal cells. The alkaline pH of
the small bowel contents, mucosal hydroxylases, and a
several-log-lower concentration of bacteria than that present
in the colon all lead to lower rates of carcinogen formation in
the small intestine. Last, secretory IgA levels are significantly
higher in the small bowel and may provide additional pro-
tection against malignant transformation.2

Most patients diagnosed with small bowel malignancies
have no apparent underlying predisposition. Evidence for an
adenoma–carcinoma sequence similar to that well-docu-
mented progression in colon cancers has been reported in the
small intestine.3 Facts supporting this theory include these:
(1) a third of all small bowel adenomas contain cancer, (2) the

distributions of benign and malignant growths within the
small intestine are the same, and (3) the mean age of patients
with benign adenomas is lower than that for adenocarcino-
mas, whereas the gender ratios are identical for both types of
tumor.3

Among patients with inherited causes for colorectal
cancer, both those with familial adenomatous polyposis (FAP
is the result of a mutation of the APC gene)4,5 and hereditary
nonpolyposis colorectal carcinoma [HNPCC is due mostly to
mutations of the mismatch repair (MMR) enzyme genes
hMLH1 and hMSH2]6,7 are known to have increased risk of
small intestinal adenocarcinoma. In FAP patients, the major-
ity of small bowel cancers are duodenal adenocarcinomas,
most of which arise in the periampullary area subsequent to
total proctocolectomy.5 In sharp contrast, small intestinal
adenocarcinomas in HNPCC families are more evenly dis-
tributed throughout the small bowel and at least half may be
the first tumor diagnosed in these kindreds.8 In both FAP and
HNPCC patients, the lifetime risk of small intestinal adeno-
carcinoma has been estimated to be more than 100 times that
of the normal population.8

Peutz–Jeghers syndrome (PJS; the result of a mutation of
the LKB1 gene that encodes a serine threonine kinase, STK11)
results in the development of multiple hamartomatous
polyps of the small intestine.9 Although the nonneoplastic
nature of the PJS polyps was long believed not to put these
patients at increased risk of gastrointestinal malignancy, this
hypothesis is now known to be false.10,11 PJS patients are esti-
mated to have an 18-fold-increased risk of intestinal cancer.11

Most of the small bowel cancers in PJS appear to arise from
hamartomas that transform into adenomas which then follow
the usual adenoma–carcinoma sequence.12 Given the wide
distribution of hamartomatous polyps, small intestinal ade-
nocarcinomas in PJS patients appear to be distributed differ-
ently than sporadic tumors, although the documentation of
this pattern is incomplete.13

Several inflammatory conditions of the intestinal tract are
also well recognized as risk factors for cancers of the small
intestine. Crohn’s disease is an idiopathic transmural inflam-
matory disease that may involve any part of the gastroin-
testinal tract but most commonly affects the terminal ileum.
Although sporadic small bowel carcinomas are most common
in the duodenum and rarest in the ileum, approximately two-
thirds of adenocarcinomas in patients with Crohn’s disease
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occur in the ileum, 30% in the jejunum, and rarely in the
duodenum.14 The estimated risk of adenocarcinoma in
Crohn’s disease has varied significantly because of small
sample sizes but is likely more than 100 times that of the
normal population.15 Factors that especially increase the risk
of cancer in Crohn’s disease include male gender, excluded
loops of diseased bowel, long duration of disease, fistula
tracts, and multiple strictures.16 Approximately 10 patients
with small intestinal lymphoma in the setting of chronic
Crohn’s disease have been reported.17 Although a causal link
between these conditions may exist, the rare combination of
Crohn’s disease and small bowel lymphoma has prevented a
quantitative analysis of risk.

Celiac disease, or celiac sprue, is a chronic inflammatory
disease of the small intestine caused by exposure to dietary
glutens. Patients with celiac disease are at increased risk for
both intestinal and extraintestinal malignancies, a predispo-
sition that a gluten-free diet seems to reverse. In a study of
235 celiac disease patients with more than 250 cancers, more
than half were malignant lymphomas, incredibly with 80%
of these tumors occurring in the small intestine.18 These
tumors are most commonly T-cell lymphomas of the
jejunum, whereas sporadic small intestinal lymphomas are
predominantly of B-cell origin and occur most often in the
ileum. These so-called enteropathy-associated T-cell lym-
phomas (EATL) presumably arise from intraepithelial-
infiltrating lymphocytes, a routine finding in celiac disease
patients. Because many patients with mild celiac disease
symptoms are not diagnosed, the true prevalence of small
intestinal lymphoma in celiac disease is unknown, but risk
estimates range from 25 to 120 times that for the general 
population.17 The next most common type of malignancy in
celiac disease patients is small intestinal adenocarcinoma,
occurring at a prevalence 83 times greater than in unaffected
patients.18 The majority of these cancers occur in the
jejunum.17

A small number of patients have been reported with 
ileal adenocarcinomas after a long-standing Brooke
ileostomy,19 Kock pouch,20 or ileal pouch–anal anastomosis21

following total proctocolectomy. Most of these patients had
chronic ulcerative colitis as the reason for their proctocolec-
tomy. The patients with both pouch reconstructions had
chronic, severe inflammation of the pouch mucosa.20,21 In
Brooke ileostomy patients, colonic metaplasia and dysplasia
have been described as histologic precursors of adenocarci-
noma.19 In patients with FAP and an ileal pouch–anal anas-
tomosis, the probability of an adenomatous polyp in the
pouch increases from 7% at 5 years to 75% at 15 years after
the operation.22 Because most of these reports have been pub-
lished in the last 15 years, ileal cancers following procto-
colectomy will likely become a more common problem in the
future.

Patients with both inherited forms of immunosuppres-
sion (e.g., Wiskott–Aldrich syndrome and ataxia telangiecta-
sia) and acquired immunocompromise, including
immunosuppressive treatment for solid organ transplantation
and human immunodeficiency virus (HIV) infection, are at
significantly higher risk of non-Hodgkin’s lymphoma. Extra-
nodal sites, including the gastrointestinal tract, are more
common than in patients without immunosuppression. Only
a small number of these lymphomas, however, originate in
the small intestine.23

Basic Science and Pathology

Adenocarcinoma

Although the duodenum makes up only 4% of the total
length of the small intestine, 50% of small bowel adenocar-
cinomas occur there, and more than half of duodenal carci-
nomas occur in the periampullary region. Bile exposure has
been hypothesized as an explanation for this distribution, but
this speculation about bile as a carcinogen has not been
proven. The proximal duodenum originates from the foregut,
whereas the remainder of the small intestine arises from the
midgut. This distinction has been hypothesized as another
possible cause for the significant difference in cancer preva-
lence between these parts of the small bowel.24 Jejunal ade-
nocarcinomas are more common than ileal tumors, but
because of similarities between cancers at these two sites and
the small numbers at both locations, these malignancies are
usually combined in discussions of small bowel carcinoma.

In the colon cancer adenoma–carcinoma sequence, early
mutations usually occur in the APC and cyclooxygenase
(COX-2) genes, with subsequent mutations in K-ras, SMAD4,
DCC, and P53 genes being commonplace. Another pathway,
seen in patients with HNPCC, involves DNA mismatch
repair enzyme gene mutations (mismatch repair or MMR
phenotype). Many of the later genetic alterations seen in the
first pathway also occur in HNPCC patients. The published
data on genetic mutations in small bowel carcinomas are
sparse because of the rarity of these tumors. A recent sum-
mary of published data showed no one mutation present in
more than 45% of tumors and some possible differences in
the genetic mutation pathways leading to malignant trans-
formation in duodenal and jejunuoileal carcinomas24 (Table
43.1). One small study analyzing 12 duodenal cancers found
a clear distinction in gene mutations between tumors fol-
lowing the classic adenoma–carcinoma pathway and those
with an MMR phenotype,25 but this has not been a consistent
finding. In a recent study of 35 small bowel cancers (12 duo-
denal, 23 jejunal or ileal), 40% overexpressed P53 protein
whereas only 9% of tumors had a mutation at codon 12 in
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TABLE 43.1. Prevalence of genetic mutations in small bowel adenocarcinomas.

Gene mutation (n)

Tumor location APC K-ras p53 DCC MMR

Duodenum 18% (32) 34% (38) 32% (41) 9% (32) 15% (20)
Jejunum/ileum 6% (35) 25% (43) 44% (36) 6% (35) 37% (8)

APC, adenomatous polyposis coli; DCC, detected in colon cancer; MMR, mismatch repair.

Source: Data from Hutchins et al.24



the K-ras gene. The latter finding led the authors to conclude
that the adenoma–carcinoma sequence was not of great
importance in the development of most small bowel
tumors.26 Other reports have shown strong COX-2 expression
and high levels of other eicosanoid production enzymes in
most small bowel cancers27 and frequent 18q chromosomal
deletions that result in SMAD4 mutations.28 These findings
support a molecular pathway similar to that noted in large
bowel tumor development. In another report,29 among 89
small intestine adenocarcinomas studied, 16 (18%) showed
microsatellite instability, an indicator of MMR phenotype.
MLH1 mutations were the cause of these abnormalities in
about half the patients, with MSH2 mutations accounting for
most of the remaining MMR mutations in younger patients.29

This prevalence of MMR abnormalities is similar to that
found in colorectal cancer patients. We have recently found
replication errors to be significantly more common in small
bowel adenocarcinomas arising in patients with celiac disease
compared to sporadic small intestinal cancers.29a More genetic
analyses on larger numbers of tumors are needed to better
clarify the prevalence and types of genetic alterations that
occur in small intestinal adenocarcinomas.

Lymphoma

The gastrointestinal tract is the most common site of extra-
nodal lymphomas, with the stomach being involved most
commonly (approximately two-thirds of primary gastroin-
testinal lymphomas) and the small intestine and colon having
similar numbers of tumors.30 Although many advanced-stage
nodal lymphomas involve the gastrointestinal tract, primary
intestinal lymphomas can be distinguished by the absence 
of peripheral or mediastinal adenopathy, a normal peripheral
blood smear and bone marrow biopsy, and a primary tumor
of the bowel with or without mesenteric nodal involvement.31

The majority of intestinal lymphomas in the United States
are non-Hodgkin’s lymphomas of B-cell origin and occur most
commonly in the ileum, less frequently in the jejunum, and
least often in the duodenum. This distribution correlates with
the amount of mucosal-associated lymphoid tissue (MALT) 
in the different parts of the small intestine. Table 43.2 
outlines the classification system for gastrointestinal 
non-Hodgkin’s lymphomas.32

The predominant type of small bowel lymphoma differs
significantly from one part of the world to another. In the
Western world, high-grade MALT lymphomas are the most
common histologic type of lymphoma in adults. Although
gastric low-grade MALT lymphomas usually occur with Heli-
cobacter pylori infestation and regress with treatment that
eliminates this bacterium, no link with H. pylori infection
has been determined for small intestinal lymphoma. In chil-
dren in both the West and parts of the Middle East, Burkitt’s-
like lymphomas of the ileocecal region are the most common
form of intestinal lymphoma.32 Around the Mediterranean
Sea and, less commonly, in the rest of Africa, Eastern Asia,
and Latin America, a very different MALT-type lymphoma is
the most common intestinal lymphoma. Immunoprolifera-
tive small intestinal disease (IPSID) is a disease of younger
persons (peak incidences in the second and third decades),
usually in poorer socioeconomic classes, that involves the
jejunum most often but in later stages causes diffuse disease
of the small intestine. Because of the epicenter of the disease

and the usual detection of an alpha heavy-chain protein,
IPSID has also been termed Mediterranean lymphoma or
alpha heavy-chain disease. In the earliest stage of IPSID, the
tumor often responds to treatment with broad-spectrum
antibiotics, consistent with a benign immunoproliferative
disorder arising in response to bacterial flora antigen(s). Over
time, the malignant centrocytic-like cells that are initially
confined to the bowel and regional lymph nodes spread to
distant sites. Progression of IPSID carries a poorer prognosis
and requires chemotherapy for treatment.33 In countries
where celiac disease is common (e.g., the United Kingdom),
up to a third of small intestinal lymphomas are of T-cell
origin, so-called enteropathy-associated T-cell lymphomas
(EATL).34 The link between celiac disease and EATL has long
been suspected, but only recently have molecular studies
clearly shown these conditions to be related. Patients with
celiac disease have a chronic inflammatory infiltration of the
small bowel mucosa that generally improves with a gluten-
free diet. Patients who no longer respond to a gluten-free diet
have refractory sprue, and their involved mucosa contains a
monoclonal T-cell population, a finding that is also present
in ulcerative jejunitis, another complication of celiac disease.
These monoclonal T-cell populations have been shown to be
clonally identical to those found in subsequent EATLs.35

Patients with refractory sprue and ulcerative jejunitis require
chemotherapy for their neoplastic T-cell disease.

Multiple lymphomatous polyposis (MLP) of the gastroin-
testinal tract is a rare lymphoma that presents with multiple
polyps located anywhere from the stomach to the rectum,
with small bowel involvement in almost all patients. A bulky
tumor mass is often present and occurs most commonly in
the ileocecal region. Given the histologic, immunohisto-
chemical, and molecular characteristics of MLP, it is con-
sidered the gastrointestinal form of mantle cell lymphoma, a
more indolent form of lymphoma.36 Follicular lymphoma, a
common type of non-Hodgkin’s nodal lymphoma (NHL),
rarely occurs in the small intestine. The distal ileum is the
most common site within the bowel. The histologic appear-
ance, surface markers, and molecular changes [increased BCL-
2 expression caused by a t(14:18) involving the BCL-2 and
immunoglobulin heavy-chain loci] are comparable to nodal
follicular lymphomas. The intestinal form of follicular lym-
phoma rarely spreads to sites away from the gastrointestinal
tract. These lymphomas appear to arise from a mucosal 
population of B cells.37,38 Hodgkin’s disease is also a common
form of nodal lymphoma and the bowel is often involved in

adenocarcinoma and other small  intestinal  malignancies 7 3 5

TABLE 43.2. Classification of primary gastrointestinal non-
Hodgkin’s lymphomas.

B-cell
Mucosa-associated lymphoid tissue (MALT) type

Low-grade
High-grade ± low-grade component
Immunoproliferative small intestinal disease (IPSID)

Low-grade
High-grade ± low-grade component

Mantel-cell (lymphomatous polyposis)
Burkitt’s-like and Burkitt’s
Other lymphomas corresponding to lymph node equivalents

T-cell
Enteropathy-associated T-cell lymphoma (EATL)
Non-EATL

Source: Data from Isaacson.32



advanced stages of disease; however, primary gastrointes-
tinal Hodgkin’s disease is very uncommon. Many intestinal
Hodgkin’s disease cases have arisen in patients with chronic
inflammatory bowel disease treated with immunosuppres-
sive medications. The tumor cells demonstrate infection with
Epstein–Barr virus, the likely stimulus for lymphoprolifera-
tion in this unusual disease.39

Gastrointestinal Stromal Tumors

Gastrointestinal stromal tumor (GIST) is the most common
type of mesenchymal tumor of the small intestine. The preva-
lence of this neoplasm in the different parts of the small
bowel is proportional to the length of these segments, with
most occurring in the jejunum, the next largest number 
in the ileum, and the fewest in the duodenum.40 Once classi-
fied as smooth muscle tumors and called leiomyomas or
leiomyosarcomas depending on whether they histologically
appeared benign or malignant, GIST are now thought to arise
from the interstitial cell of Cajal (pacemaker cell of the gut)
or a pluripotential stem cell.41 GIST generally express CD117
(KIT, a tyrosine kinase receptor for stem cell factor) and have
either a spindle cell or epithelioid histologic pattern. Muta-
tions in exon 11 (and rarely either exon 9 or exon 13) of the
c-kit gene are common in GIST. These mutations are gener-
ally activation mutations and are thought to be the molecu-
lar cause for tumorigenesis in GIST.41 A recent evaluation 
of nearly 300 GIST revealed differences in surface marker
expression between sites in the gastrointestinal tract. CD34
(a hematopoietic progenitor cell antigen) is present in only
half of small intestinal GIST but approximately 90% of

gastric GIST. Small bowel GIST are slightly more likely to
stain for smooth muscle actin and S100 protein than gastric
GIST, but tumor cells at both sites rarely express desmin.42

GIST with benign and malignant behavior both have similar
DNA losses, including deletions in chromosomes 14q and
22q, but DNA copy gains are seen predominantly in malig-
nant GIST. Specific tumor suppressor gene loss and oncogene
activation mutations responsible for GIST development, and
different biologic behaviors have as yet not been identified.41

Prognostic Factors

As with most adult cancers, stage is the strongest predictor
of survival for small bowel adenocarcinomas. The most
recent American Joint Commission on Cancer Staging
System for Small Bowel Carcinomas (sixth edition) is shown
in Table 43.3.43 The largest reported series of almost 5,000
small bowel adenocarcinomas treated between 1985 and 1995
in the United States was retrieved from the National Cancer
Data Base.44 In this publication, higher tumor stage, patient
age greater than 75 years, and duodenal origin were adverse
predictors of disease-specific survival using multivariate
analysis. Figure 43.1 shows the survival curves of patients by
tumor stage with 5-year disease-specific survivals of 65%,
48%, 35% and 4% for stages I, II, III, and IV, respectively. In
Figure 43.2, the outcomes of jejunal and ileal adenocarcinoma
patients are seen as essentially identical (both 38% 5-year
disease-specific survival) and significantly better than duode-
nal adenocarcinomas (28% 5-year disease-specific survival; P
less than 0.0001).44 Tumor grade, when comparing poorly dif-
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TABLE 43.3. American Joint Committee on Cancer (AJCC) staging for small intestinal cancers.

Primary tumor (T)
TX Primary tumor cannot be assessed
T0 No evidence of primary tumor
Tis Carcinoma in situ
T1 Tumor invades lamina propria or submucosa
T2 Tumor invades muscularis propria
T3 Tumor invades through muscularis propria into the subserosa or into the nonperitonealized 

perimuscular tissue (mesentery or retroperitoneum) with extension 2cm or lessa

T4 Tumor perforates visceral peritoneum or directly invades other organs or structures (includes 
other loops of small intestine, mesentery, or retroperitoneum more than 2cm, and abdominal 
wall by way of serosa; for duodenum only, invasion of pancreas)

Regional lymph nodes (N)
NX Regional lymph nodes cannot be assessed
N0 No regional lymph node metastasis
N1 Regional lymph node metastasis
Distant metastases (M)
MX Distant metastasis cannot be assessed
M0 No distant metastasis
M1 Distant metastasis
a The nonperitonealized perimuscular tissue is, for jejunum and ileum, part of the mesentery and, for duodenum in areas
where serosa is lacking, part of the retroperitoneum.

Stage grouping

0 Tis N0 M0
I T1/2 N0 M0
II T3/4 N0 M0
III Any T N1 M0
IV Any T Any N M1

Used with the permission of the American Joint Committee on Cancer (AJCC), Chicago, Illinois. The original source
for this material is the AJCC Cancer Staging Manual, sixth edition (2002), published by Springer-Verlag New York,
www.springer-ny.com.



Ann Arbor classification, namely, extension to an adjacent
structure, rather than extranodal disease in general. Stage 
III has been eliminated and is included with stage IV. The
stage of disease at presentation has routinely been found 
to be a significant prognostic factor for small intestinal 
lymphomas.30,34,51–54

Other adverse prognostic factors have been described for
small intestinal lymphomas. In general, T-cell lymphomas
have a worse prognosis than B-cell phenotypes.34,49,54 Older
patient age,52,54 B symptoms,54 perforation,34,52 and multifocal
disease34,52 have all been reported as adverse prognostic indi-
cators. Higher-grade lesions have been found to have poorer
outcome in some studies,34,50 but stage and other variables
have not always been accounted for in these analyses.

There is currently no formal staging system for GIST.
Because lymph node metastases are very uncommon, GIST
presents with either localized disease or distant metastases
(most commonly liver, lung, or bone). Not surprisingly,
patients with localized GIST have better survival than those
who present with metastatic disease. In an effort to classify
primary GIST by their risk of metastasis, pathologists sepa-
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FIGURE 43.1. Patient survival for small bowel adenocarcinoma by
tumor stage. Data from the National Cancer Data Base (NCDB).
(From Howe et al.,44 by permission of Cancer.)

FIGURE 43.2. Patient survival for adenocarcinomas of the duode-
num, jejunum, and ileum. The difference in outcome for duodenal
cancer patients compared to the other two sites was highly signifi-
cant (P < 0.0001). Data from the NCDB. (From Howe et al.,44 by per-
mission of Cancer.)

TABLE 43.4. Gastrointestinal lymphoma staging systems.

Modified Ann Arbor48 Musshoff49 Rohatiner50

IE Single GI focus only IE GI tumor alone I GI tumor alone
IIE GI focus, nodal involvement on one side IIE1 GI tumor and regional nodal involvement II Tumor involving other abdominal 

diaphragm (i.e. mesentery celiac) structures
IIIE GI focus, nodal involvement on both IIE2 GI tumor and extraregional II1 Local nodes (i.e., para-intestinal)

sides of diaphragm involvement subdiaphragmatic nodal II2 Distant nodes (i.e. mesenteric 
(paraaortic) paraaortic)

IIIES Spleen involved IIIE GI tumor and nodal involvement on both IIE Penetration of serosa with adjacent
sides of the diaphragm organ involvement [If both nodes 

and organ involved, each is noted
(i.e., II1E pancreas)]

IVE GI focus, disseminated extranodal site(s) IVE GI tumor with other extranodal site(s) of IV GI tumor with supradiaphragmatic 
involvement (e.g. bone marrow, liver) involvement (i.e., bone marrow, liver) nodal or disseminated extranodal 

involvement
GI, gastrointestinal; E, extranodal. GI, gastrointestinal; E, extranodal. GI, gastrointestinal; E, extension to 

adjacent structures.

ferentiated tumors with either moderately or well-differenti-
ated adenocarcinomas, revealed a significant survival differ-
ence, whereas the latter two tumor grades had similar
survivals.44 Other much smaller patient series45,46 have also
found grade to be a significant predictor of patient outcome,
but only in univariate analysis. Vascular invasion and incom-
plete excision have also been reported as adverse prognostic
indicators,46,47 but these studies lack multivariate analysis
and significant patient numbers. No molecular markers have
been reported as prognostic indicators for patients with small
intestinal adenocarcinomas.

Extranodal lymphomas have traditionally been staged
using a modification of the Ann Arbor system.48 As refor-
mulated by Musshoff in 1977, this nomenclature included
designations for extranodal origin (E) and subcategories of
regional nodal involvement for mesenteric and paraaortic
locations (stages IIE1 and IIE2, respectively).49 Within the past
decade, a new staging system has been proposed.50 These
three systems for staging gastrointestinal lymphomas are 
displayed in Table 43.4.48–50 In the latest staging system, the
E designation has returned to the original meaning within the



rate them into low-risk and high-risk categories. The criteria
used for this distinction include tumor diameter (less than 
5cm versus 5cm and more), mitotic rate [fewer than 
2 mitoses/10 high-power fields (hpf) versus 2 or more
mitoses/hpf], and the proliferation index (10% or less versus
more than 10%). Low-risk tumors include those that are less
than 5cm with fewer than 2 mitoses/hpf and tumors that are
either 5cm or more in diameter or have 2 or more mitoses/hpf
with a proliferation index of 10% or less. High-risk GIST have
both larger size and higher mitotic index, or either of these
factors plus a proliferation index greater than 10%.55 Tumor
size has consistently been a predictor of patient outcome both
when evaluating smooth muscle tumors of the gastrointesti-
nal tract40,56 and with analysis of only GIST.57,58

Some low-risk GIST do metastasize. Recent findings of
activation mutations in the KIT gene seem to correlate 
with malignant behavior in GIST. About 40% to 50% of
GIST, most with a malignant phenotype, have a missense
mutation in the juxtamembrane portion of the KIT molecule
(exon 11), and the presence of this mutation correlates 
with poor prognosis.59,60 New mutational hot spots have
recently been detected in tumors lacking a mutation in exon
11. These mutations localized to exons 9 and 13 of KIT 
have occurred uncommonly (less than 10%) in the GIST
screened and correlate with malignant tumor behavior.61

Mutations in exon 9 were seen mostly in small bowel GIST
in one report,61 whereas this correlation did not occur in a
second study.62 The number of DNA sequence copy number
changes57 and loss of p16INK4 protein expression in GIST have
also been correlated with poorer patient outcome. Other still
undiscovered mutations activating KIT or having another
effect on GIST behavior are likely to exist and will impact on
tumor biology.

Diagnosis

Small intestinal malignancies do not produce any specific
symptoms or signs, with the exception of carcinoid tumors.
Because of their insidious presentation and the inability to
directly visualize most tumors, the diagnosis of small bowel
cancer is often delayed. Compounding this problem is the fre-
quent cessation of the diagnostic evaluation of the gastroin-
testinal tract once the large bowel, esophagus, and stomach
have been deemed normal. In patients with evidence of gas-
trointestinal blood loss, partial bowel obstruction, or both,
the workup is never complete until the small intestine has
also been fully evaluated for a source of these abnormalities.
The presence of a genetic mutation or inflammatory bowel
disease that places a patient at higher risk for these rare
tumors (see section on Etiology) should only heighten the
clinician’s level of suspicion. In FAP patients, the duodenum
should be routinely screened for polyps to prevent malignant
degeneration and to detect duodenal cancers at an earlier
stage.

Abdominal pain, ranging from a vague, dull discomfort to
diffuse, acute signs of peritonitis, when a bowel perforation
has occurred, is the most common symptom of small bowel
malignancy. Up to 30% of small bowel lymphomas present
with a surgical emergency. Progressive cramping pain with
nausea, vomiting, and change in bowel habits caused by a
partial luminal obstruction occurs frequently. Blood loss is

usually occult and chronic in nature, but may be clinically
apparent and massive, especially in a patient with a GIST.
Symptoms of malabsorption, especially in a patient with
celiac disease, may be a sign of lymphoma. Periampullary
duodenal cancers, especially adenocarcinomas, may initially
present as obstructive jaundice. Jaundice can also occur with
extensive hepatic involvement from small intestinal adeno-
carcinoma or GIST. As with any other primary cancer, weight
loss, evidence of malnourishment, and decreased perfor-
mance status are commonly the result of advanced disease.63

Most duodenal adenocarcinomas occur within the first
two portions of the duodenum and are detected during the
course of a routine upper endoscopy. All duodenal neoplasms
and some proximal jejunal cancers can be visualized with an
extended upper endoscopy using a standard endoscope or
colonoscope. More extensive direct visualization of the small
intestinal mucosa can be accomplished with push or Sonde
enteroscopy.64,65 Intraoperative or laparoscopic enteroscopy
are also options, but most small bowel malignancies are
apparent with visual inspection and palpation at laparoscopy
or laparotomy, making these diagnostic tools of less value
than with benign small bowel pathology. Compared to radio-
graphic studies of the small bowel, endoscopy offers the
advantage of pathologic sampling of any abnormality that can
be visualized.

A plain film of the abdomen will rarely provide a diagno-
sis, but findings that may lead to the diagnosis of a small
bowel malignancy include air–fluid levels indicative of a
partial bowel obstruction plus a proximal or distal location,
a mass effect from a large lymphoma or GIST, and calcifica-
tions within a GIST. Because many small bowel tumors are
inaccessible to endoscopy, contrast radiography continues to
have a role in their diagnosis. Standard barium upper gas-
trointestinal series with small bowel follow-through will
detect an abnormality in one-half to three-quarters of malig-
nant tumors, but only 30% to 40% will show direct evidence
of the cancer.66 Enteroclysis has been shown to have a higher
detection rate for several small bowel pathologies, including
malignancies. In one comparison of enteroclysis and small
bowel follow-through, enteroclysis had a sensitivity of 95%
and detection rate of 90% compared to a sensitivity of 61%
and tumor detection of 33% for small bowel follow-through.67

If a patient has a palpable tumor or evidence of a small
bowel malignancy is detected on a contrast study, two-dimen-
sional imaging is usually obtained to better define the site,
local extent of the primary neoplasm, and evidence of regional
or distant metastases. Although computerized tomography
(CT) is more commonly utilized, magnetic resonance imaging
(MRI) can be more accurate, especially in patients with a
high-grade bowel obstruction where luminal contrast cannot
be used. A recent study comparing MRI and helical CT scans
in patients with bowel obstruction showed the sensitivity,
specificity, and accuracy of MRI (95%, 100%, and 96%,
respectively) to be superior to helical CT scan (71%, 71%, and
71%, respectively).68

Although not all small intestinal malignancies can be dif-
ferentiated by their radiographic characteristics, many can be
distinguished from one another based on the radiologic find-
ings. Adenocarcinomas most commonly cause a discrete
“apple core” lesion on both contrast and cross-sectional
imaging studies (Figure 43.3). This stricture is usually rigid,
whereas strictures from lymphoma and GIST may alter on

7 3 8 chapter 43



fluoroscopic imaging with compression. A polypoid intralu-
minal mass most commonly occurs with a duodenal adeno-
carcinoma, although more distal polypoid small bowel
cancers can present with intussusception. Large high-grade
carcinomas may ulcerate and be difficult to distinguish from
other small intestinal cancer, especially lymphomas. The
cross-sectional images should be assessed for growth into
adjacent structures, regional adenopathy, peritoneal seeding,
and hepatic metastases. Small bowel lymphomas can be mul-
ticentric, but most commonly they present as a segmental
infiltrating mass that markedly thickens the bowel wall and
often has aneurysmal dilatation of the intestinal lumen
(Figure 43.4). Regional lymph nodes are commonly enlarged
in lymphoma patients and may form a bulky mass of matted
nodes with secondary involvement of small intestinal loops.
Small intestinal GIST are generally discrete, round or lobu-
lated, solitary tumors. Larger GIST often have heterogeneous

contrast uptake and may display central necrosis, sometimes
with calcifications (Figure 43.5). Large GIST show a predom-
inant exenteric growth pattern, but some GIST have pre-
dominantly an endoenteric location. The latter growth
pattern causes an eccentric stricture of the bowel lumen with
or without ulceration that can frequently be demonstrated on
either contrast or cross-sectional images.66,69

Recently, use of a miniature video capsule for diagnosing
occult small bowel pathology has been reported.70 This tech-
nology provides frequent, but not continuous, imaging of the
entire bowel. The capsule cannot control its orientation
during passage through the gastrointestinal tract. Although
this technology will continue to improve and provide a diag-
nosis in subtle and early-stage small intestinal neoplasms,
because most small bowel cancers present at a size amenable
to detection with standard imaging, its role may remain a
limited one for these tumors.
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FIGURE 43.3. Computed tomography (CT)
image showing tumor mass and luminal nar-
rowing (apple-core lesion) of an adenocarci-
noma of the fourth portion of the
duodenum.

FIGURE 43.4. CT image of an ileal B-cell lymphoma with segmen-
tal thickening of bowel wall and aneurysmal dilatation of the bowel
lumen.

FIGURE 43.5. CT image of jejunal gastrointestinal stromal tumor
(GIST) with predominant exenteric growth pattern and heteroge-
neous vascularity of tumor mass.



Treatment

Adenocarcinoma

Small bowel adenocarcinomas are best treated surgically with
a segmental bowel resection and removal of the regional
lymph nodes most likely to be involved by metastases (Table
43.5). In the jejunum and all but the terminal ileum, the
optimal operative procedure consists of removal of a wide
margin (more than 10cm proximally and distally) of adjacent
bowel and mesentery with a primary anastomosis. All clini-
cally involved mesenteric lymph nodes should be removed
with the cancer, but the proximal mesenteric resection is
limited by the superior mesenteric vessels. Any structure
adherent to the primary cancer should be resected en bloc
when a curative operation is possible. For cancers of the ter-
minal ileum, a right colectomy should be performed to
remove the draining lymph nodes along the ileocolic vessels.
Among 779 jejunal and 602 ileal carcinomas included in the
National Cancer Data Base review, approximately 90%
underwent some type of resection (curative operations were
not distinguished from noncurative procedures).44

Invasive duodenal adenocarcinomas of the periampullary
region can only be cured by a pancreaticoduodenectomy.
Villous adenomas of the duodenum, especially those pre-
senting with jaundice or other signs of malignancy, are more
prone to contain malignancy. The sensitivity of endoscopic
biopsy for malignancy in these polyps can be as low as 50%,

making a pancreaticoduodenectomy, especially for peri-
ampullary tumors, the best operative choice.71,72 For distal
duodenal tumors, the lymphatic drainage includes lymph
nodes along the superior mesenteric vessels that are not
included in a standard pancreaticoduodenectomy. Although
several older papers73,74 advocated pancreaticoduodenectomy
for all duodenal adenocarcinomas, more-recent publica-
tions75–78 have found equally good outcomes with segmental
duodenectomy for distal duodenal adenocarcinomas. In indi-
vidual institutional reports of duodenal carcinomas,75,76,79–81

the resectability rates of patients surgically explored range
from 53% to 87%, and 5-year survivals for curatively resected
patients are between 45% and 60%. Data from the National
Cancer Data Base for 1,425 duodenal carcinomas indicated
only 52% of patients had some type of cancer resection.44

At the present time, no adjuvant therapy can be recom-
mended based on objective data for small intestinal adeno-
carcinomas. Similarities between small and large bowel
adenocarcinomas have led some investigators to treat small
bowel cancers with chemotherapy regimens of benefit in
colon carcinoma, such as 5-fluorouracil and leucovorin. No
controlled data exist showing an impact of these treatments
in small intestinal cancers. Similarly, patients with duodenal
cancers requiring pancreaticoduodenectomy are commonly
recommended for adjuvant chemoradiation therapy,82

although no significant survival benefit has been apparent in
retrospective reports.76,81 No major clinical trials looking at
adjuvant or palliative treatment in small bowel adenocarci-
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TABLE 43.5. Summary of small intestinal cancers.

Small intestinal cancers are rare.
Etiology

Inherited: Familial adenomatous polyposis (FAP), hereditary nonpolyposis colorectal carcinoma (HNPCC), 
Peutz–Jeghers— adenocarcinoma

Inflammation: Crohn’s disease—adenocarcinoma (lymphoma)
Celiac disease—T-cell lymphoma (adenocarcinoma)

Immunosuppression: Wiskcott–Aldrich syndrome, organ transplantation, human immunodeficiency (HIV) lymphoma
Basic science/pathology

Adenocarcinoma: Most common in duodenum, least frequent in ileum
Adenoma–carcinoma sequence and mismatch repair (MMR) pathways

Lymphoma: Most common in ileum, least common in duodenum
Most B-cell non-Hodgkin’s lymphoma (NHL) of mucosal-associated lymphoid tissue (MALT) origin
T-cell lymphoma in celiac disease

GIST: Most common in jejunum, less in ileum, least frequent in duodenum
Express CD117 (KIT) and most have c-kit activation mutations

Prognosis
Tumor stage most important

Adenocarcinoma: TNM staging, duodenal tumors poorer outcome
Lymphoma: Modified Ann Arbor and other staging systems

T-cell lymphoma poor outcome
GIST: No definite staging system

Metastasis implies poor outcome
Diagnosis

GI source of pathology not excluded without evaluating small bowel
Duodenum, proximal jejunum–extended upper endoscopy
Most jejunum, ileum–enteroclysis, enteroscopy, video capsule
CT/MR scan to stage disease

Treatment
Adenocarcinoma: Segmental resection of bowel and adjacent lymph nodes

(Whipple for periampullary duodenal cancers)
Colon carcinoma chemotherapy

Lymphoma: Resection of primary tumor to prevent complications
Combination chemotherapy dependent on histology

GIST: Resection primary tumor (lymphadenectomy unnecessary)
Imitinab for metastatic tumors that express KIT



noma are currently under way, in large part because of the
rarity of this condition.

Lymphoma

Because patients with gastrointestinal lymphomas amenable
to complete gross resection more often survive than those
with unresected lymphoma,83,84 many surgeons continue to
recommend operative intervention for all early-stage lym-
phomas.85 Experience with gastric lymphomas treated with
primary chemotherapy and consolidation radiation therapy,
when indicated, provides comparable survival to patients 
initially treated with resection and later with chemotherapy.
Despite concerns about hemorrhage and perforation with
primary chemotherapy in gastrointestinal lymphomas, very
few patients with gastric lymphoma need any surgical treat-
ment.86,87 Because small intestinal lymphomas are even rarer
than gastric lymphomas, no controlled or even large-scale
uncontrolled data exist comparing primary surgical and
neoadjuvant therapy of these cancers. Most recent reports on
small intestinal lymphoma88–90 have recommended combina-
tion therapy with surgical removal of all disease when feasi-
ble and multidrug chemotherapy dependent on the tumor
histology. Some data indicate a trend toward treatment
without operative intervention. In one study,89 a complete
remission rate of nearly 50% was noted with chemotherapy
in advanced-stage (stage IV) small bowel lymphoma patients,
irrespective of whether initial debulking was performed. In
another study,88 early-stage (stages I and II) patients had
similar complete rates of response, survival, and disease-free
survival regardless of whether complete resection, limited
tumor removal, or no resection was performed.

At present, most clinicians still recommend complete
tumor removal in early-stage disease when feasible, to avoid
tumor perforation or obstruction, and selective surgical inter-
vention for advanced-stage small intestinal lymphomas. All
patients except those with low-grade lymphomas limited to
the submucosa should be considered for postoperative combi-
nation chemotherapy.89 For intermediate- and high-grade lym-
phomas, CHOP (cyclophosphamide, doxorubicin, vincristine,
and prednisone) remains the treatment of choice. For indolent
lymphomas, such as mantle cell and follicular lymphomas, the
anti-CD20 antibody rituximab has shown excellent promise
in enhancing the response to chemotherapy.85 Intestinal T-cell
lymphomas are generally unresponsive to traditional combi-
nation chemotherapy and have a significantly worse prognosis
compared to B-cell non-Hodgkin’s lymphomas.91 Lymphomas
associated with HIV infection generally have a poor prognosis
due to treatment- and underlying disease-related complica-
tions plus low complete response rates with standard
chemotherapy.92 Although radiation therapy has been recom-
mended for bulky and advanced-stage lymphomas, the inci-
dence of complications is high for gastrointestinal
lymphomas,85 and many advanced-stage patients do not
survive long enough to receive treatment.91 In general, 5-year
disease-free survival for small intestinal lymphomas is approx-
imately 50% to 70% following combination therapy.85

Gastrointestinal Stromal Tumors

Complete surgical excision of GIST is the treatment of
choice. In most portions of the small intestine, this involves

a segmental bowel resection with en bloc excision of any
adherent structures, but not extensive removal of the mesen-
tery, because nodal metastases are uncommon. Duodenal
GIST, especially of the proximal duodenum, may require 
pancreaticoduodenectomy to achieve complete removal,
although segmental resection may be feasible if the GIST does
not involve the periampullary region and clear margins can
be achieved with a less-extensive excision. If all tumor is
removed, the 5-year survival rate ranges from 50% to 65%.93

Palliative tumor resection is indicated in metastatic GIST,
especially with hemorrhage or perforation.

Following complete tumor removal, local recurrence and
peritoneal and hepatic metastases are the most common
types of tumor recurrence,94 at a median time of 20 months.95

Up to one-third of patients with recurrent GIST are amenable
to total removal of recurrent tumor, but the median survival
following a second operation is only 15 months with no
further treatment. Patients with isolated hepatic metastases
have the longest survival.95 Postoperative intraperitoneal
mitoxantrone appears to reduce the prevalence of peritoneal
recurrence but has no impact on the development of hepatic
metastases following recurrent GIST excision.96

GIST have been notoriously resistant to conventional
chemotherapy and radiation therapy. In the recent past, ima-
tinib mesylate, a competitive inhibitor of several tyrosine
kinases, including c-kit, c-ABL, and platelet-derived growth
factor receptor, has been shown to be an effective treatment
for metastatic and unresectable GIST. In a Phase II trial of 147
patients, 38% had a partial tumor response (greater than 50%
tumor volume reduction), and the U.S. Food and Drug
Administration approved imatinib mesylate for use in the
treatment of patients with advanced GIST.97 From data pre-
sented in two recent publications,98,99 it appears that GIST
with activating mutations of KIT at exon 11 respond best to
imatinib mesylate (83.5% partial response rate, compared to
48% with KIT mutations in exon 9). No responses were seen
in 9 patients without detectable KIT or platelet-derived
growth factor receptor alpha mutations.99 Two Phase III trials
evaluating the impact of imitinab in metastatic GIST have
been completed, but the results have not been published yet.
A third prospective, randomized study of the effect of adju-
vant imitinab in high-risk primary GIST following complete
resection is currently under way.
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Hepatocellular Carcinoma

Hepatocellular carcinoma (HCC) is the fifth most common
neoplasm in the world and the third most common cause of
cancer death worldwide.1 More than 500,000 deaths per year
are attributed to HCC, representing 10% of all deaths from
cancer. In select areas of Asia and Africa, HCC is the most
common cause of death due to cancer. The incidence in
Europe and the United States is relatively low but is increas-
ing. In Europe, HCC is now the leading cause of death among
patients with cirrhosis.2 In the United States, epidemiologic
studies have demonstrated a doubling of HCC incidence over
the past two decades.3 This increase, which has been attrib-
uted to the increasing prevalence of chronic hepatitis C virus
(HCV) infection, is expected to continue over the next two
decades, given the lag time between the onset of chronic
hepatitis and development of HCC.

Etiology

Unique among many other cancers, HCC has well-defined
major risk factors. Cirrhosis is the strongest predisposing
factor for development of HCC, present in 80% of patients.
Chronic viral infection is the most frequent major risk factor
for development of HCC. In Asia and Africa, hepatitis B viral
(HBV) infection is common, whereas in the West and Japan,
hepatitis C virus (HCV) is the main risk factor. The associa-
tion of HCC and HBV infection is one of the most well 
recognized etiologic relationships in cancer biology.4 In epi-
demiologic studies, the prevalence of HBV carriers correlates
with incidence of HCC. Chronic HBV carriers have a 100-fold
relative risk of developing HCC compared with noncarriers.5

Up to 40% of HBV carriers who develop HCC do not have
evidence of cirrhosis, demonstrating the direct carcinogenic
potential of HBV infection.6 Prevention of HBV infection
reduces the incidence of HCC, as demonstrated in Taiwan,
where vaccination of infants reduced the incidence of HBV
carriers and simultaneously decreased the incidence of HCC
by 60% compared with nonimmunized children.7,8 In devel-
oped countries, HCC arises in cirrhotic livers as a result of
HCV infection or excessive alcohol intake. Approximately
170 million people are infected with HCV.9 Vaccination for

prevention of HCV infection is currently not available. Pre-
vention is focused on preventing transmission by transfusion
of blood products and in halting the progression of infected
individuals to cirrhosis by antiviral regimens such as pegy-
lated interferon and ribavirin. Cirrhosis independent of the
etiology is thought in most instances to increase the risk of
HCC. The degree of association between cirrhosis and HCC,
however, is dependent on the primary condition. Cirrhosis
from HCV, HBV, alcohol abuse, and hemochromatosis 
portends a greater risk for HCC than other conditions such
as autoimmune hepatitis, primary biliary cirrhosis, a1-
antitrypsin deficiency, and Wilson’s disease, where HCC is
uncommon.10

The environmental carcinogen aflatoxin B1 (produced by
Aspergillus flavus) is a contaminant found in corn, peanuts,
and rice that increases the risk of HCC threefold due to a spe-
cific mutation on codon 249 of the p53 tumor suppressor
gene, leading to unregulated cell growth.11 Aflatoxins do not
cause chronic hepatitis, but metabolite intermediates bind
selectively to guanine residues in hepatocyte DNA, resulting
in mutations of the p53 tumor suppressor gene that lead to
unregulated cell proliferation.12 Clinically, aflatoxins likely
act as cocarcinogens in the pathogenesis of HCC in patients
with underlying cirrhosis or hepatitis.

Clinical Evaluation

Patients with HCC typically present with either constitu-
tional symptoms or abdominal complaints due to advanced
disease. Abdominal pain is present in nearly one-half of
patients; anorexia, nausea, weight loss, and fatigue also occur
commonly. Presentation may also be related to the degree of
cirrhosis and hepatic decompensation manifested by ascites,
gastrointestinal hemorrhage, or encephalopathy. Physical
examination may be significant only for signs of cirrhosis;
however, a discrete mass may be palpable in large tumors.

Serum a-fetoprotein levels are increased in more than
80% of patients with HCC, and this marker provides a sen-
sitivity of 85% and specificity of 90% for detecting the pres-
ence of HCC. The presence of a liver mass with an
a-fetoprotein level of 500ng/mL or more is virtually diag-
nostic of HCC. Serum des-g-carboxyprothrombin, a precursor
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of prothrombin, has a sensitivity and specificity similar to 
a-fetoprotein but is less commonly used.

An accurate assessment of the number, size, and location
of HCC is best obtained by using multiple complementary
imaging studies. The goals of imaging are to define the
number and location of lesions and the relationship of the
HCC to major hepatic and portal veins and hepatic ducts 
and to delineate cirrhosis, splenomegaly, ascites, regional
adenopathy, and presence of metastatic disease. Abdominal
ultrasonography is a useful initial study in suspected patients
based on its noninvasive and cost-effective profile. After the
basic characteristics of HCC are defined with ultrasonogra-
phy, additional imaging with rapid contrast-enhanced com-
puted tomography (CT) is recommended. In addition to
confirming ultrasonographic findings, CT further defines 
evidence for local invasion, vascular invasion, regional and
distant metastases, and portal hypertension. It also provides
the ability to calculate the resection volume and the expected
remnant volume in resection planning, which are essential in
determining the functional resectability of HCC, particularly
in patients with cirrhosis. Magnetic resonance imaging (MRI)
is an accurate method for imaging HCC. It is the single best
imaging method to simultaneously evaluate the liver, tumor
vascularity, vascular structural relationships, and bile duct
anatomy but lacks the clarity of CT for assessment of extra-
hepatic disease. MRI has largely supplanted the need for
angiography in most patients and is the study of choice for
patients with impaired renal function. Hepatic angiography
in our practice has a decreasing role in diagnostic evaluation,
and its primary use is directed in therapy. Hepatic angiogra-
phy with the contrast agent lipiodol is particularly accurate
for the diagnosis of small HCC when CT and MRI are inde-
terminate. Hepatic angiography with chemoembolization is
used to reduce the size of HCC to enhance resectability, as
neoadjuvant therapy in patients before transplantation, or as
palliative treatment for patients with unresectable disease.
Portal vein embolization can be used to increase resectabil-
ity by inducing hypertrophy of the contralateral lobe when
the predicted postresection remnant is small and the risk of
hepatic failure is increased.13–15

Staging and Prognosis

Prognostic modeling in HCC is complex, because survival is
determined not only by the tumor characteristics and metas-
tases but also by the underlying liver function, which in turn
affects the applicability of treatment options. HCC is staged
according to the tumor, node, and metastases classification of
the American Joint Committee on Cancer or the Interna-
tional Union Against Cancer (AJCC-UICC) scheme (Table
44.1). Although improvements in the prognostic value of this
staging system have been realized with modifications, accu-
racy is still limited because of its predominant histopatho-
logic focus and neglect of accounting for underlying liver
function. The Okuda classification includes variables related
to pathologic staging and liver function and has been used
extensively, but it is unable to distinguish between early and
advanced stages.16 Multiple other classifications have been
proposed but have not been fully validated or have not
received universal acceptance.

Management

The treatment of HCC is broadly divided into curative and
palliative. Curative treatments include resection, liver trans-
plantation, and percutaneous ablation and induce complete
responses in a high proportion of patients. Palliative treat-
ments are not aimed at cure but may exhibit partial response
rates and even improve survival. In the West, only 30% to
40% of patients undergo curative treatments. In Japan, this
percentage is increased to 60% to 90%, which is largely
attributed to implementation of surveillance. No level I evi-
dence is currently available evaluating the different methods
of curative treatment.

Resection

Hepatic resection aimed at complete extirpation of the tumor
is the treatment of choice for HCC in noncirrhotic patients.
The treatment of patients with underlying cirrhosis may
involve either hepatic resection or transplantation, depending
on hepatic function and organ availability. Despite the enthu-
siasm and theoretical advantages of liver transplantation for
HCC patients with cirrhosis, hepatic resection plays a pre-
dominant role in the treatment of select patients with well-
preserved liver function (Child–Pugh class A) as a result of
the lack of organ availability for liver transplantation. There
are currently no well-designed controlled trials comparing
hepatic resection with transplantation for patients with HCC
and cirrhosis.

Hepatic resection is reserved for those patients with HCC
grossly limited to the liver and is primarily dependent on the
intrahepatic extent of the HCC and the hepatic function. Cri-
teria for resectability are exclusion of extrahepatic metas-
tases, anatomic intrahepatic accessibility of the tumor, and
adequate hepatic functional reserve. Major resections in expe-
rienced centers can be performed with minimal mortality and
excellent outcome. Table 44.2 lists the large contemporary
series of hepatic resection in patients with HCC. Overall mor-
tality of hepatic resection is 1% to 15% with an overall 5-
year survival of 25% to 50%. Perioperative morbidity and
mortality is adversely affected by the presence of cirrhosis,
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TABLE 44.1. American Joint Committee on Cancer (AJCC)
staging of hepatocellular carcinoma (HCC) and intrahepatic
cholangiocarcinoma.

Stage Tumor Node Metastasis

I T1 N0 M0
II T2 N0 M0
IIIA T3 N0 M0
IIIB T4 N0 M0
IIIC Any T N1 M0
IV Any T Any N M1

T1, solitary tumor without vascular invasion; T2, solitary with vascular inva-
sion or multiple tumors less than 5cm; T3, multiple tumors greater than 5cm
or tumor involving a major branch of the portal or hepatic vein(s); T4, tumors(s)
with direct invasion of adjacent organs other than the gallbladder or with 
perforation of visceral peritoneum; N1, regional lymph node metastases; M1,
distant metastases.

Source: Used with the permission of the American Joint Committee on Cancer
(AJCC), Chicago, Illinois. The original source for this material is the AJCC
Cancer Staging Manual, 6th Edition (2002), published by Springer-Verlag 
New York, www.springer-ny.com.



which is present in up to 80% of patients. The most frequent
serious complications after liver resection in patients with
HCC remain perioperative bleeding and liver failure. Several
important considerations should be understood when inter-
preting reports on hepatic resection in patients with HCC.
First, each series of patients is highly selected, and overall
resectability rate is only 10% of all patients with HCC.
Second, the definition of resectability varies widely, with
some series excluding patients on the basis of tumor size, vas-
cular invasion, lymph node metastases, and degree of portal
hypertension. Third, 75% to 80% of patients who undergo
resection have underlying cirrhosis. The degree of hepatic
dysfunction, although progressive, may fluctuate and influ-
ence perioperative hepatic decompensation and mortality.
Moreover, the cause of cirrhosis varies, and the natural
history of the underlying liver disease also varies widely.
Clearly, there is substantial heterogeneity among patients
with resected HCC, and overall comparison of patients fre-
quently neglects these differences.

Tumor recurrence complicates 70% of patients at 5 years,
including both true recurrence and de novo tumor.17 Several
predictors of recurrence that have been established include
microvascular invasion, poor histologic differentiation, and
satellite tumors.18,19

Liver Transplantation

Liver transplantation is a well-established treatment option
in cirrhotic patients with HCC. Theoretical advantages
include simultaneous cure of the tumor and the underlying
cirrhosis. Early reports of transplantation for patients with
HCC described poor results, with tumor recurrence rates of
32% to 54% and 5-year survival of less than 40%.20 Careful
scrutiny of these reports, however, has enabled identification
of optimal candidates for transplantation. With highly
selected patients, transplantation has been shown to provide
excellent 5-year survival and decreased recurrence rates.
Established criteria include patients with one HCC smaller
than 5cm or up to three nodules smaller than 3cm. 
With these criteria, 5-year survival of up to 70% and 
recurrence rates less than 15% have been reported.17,21–24

Expansion of these criteria has been proposed but remains to
be validated.

A crucial consideration in the role of transplantation for
treatment of HCC is organ availability, and thus the waiting
time, which can exceed 12 months in many centers, results
in a dropout rate of 20% to 50%.18,25 However, because of the
disparate number of patients with HCC needing liver trans-
plantation compared to the number of available donors, the
United Network of Organ Sharing (UNOS) has adapted 
the model for end-stage liver disease (MELD) to prioritize the
waiting list. This model provides consideration for patients
with HCC and underlying liver disease. Living donor liver
transplantation is emerging as the most feasible alternative
to deceased donor liver transplantation. The theoretical
unlimited availability of donors is encouraging but is
presently unrealized.

Percutaneous Ablation

For patients with HCC who are not operative candidates, per-
cutaneous approaches are the best option for potential cura-
tive treatment. Multiple destructive techniques have been
described including both chemical (alcohol, acetic acid) and
temperature modification (radiofrequency, microwave, and
cryoablation). Percutaneous ethanol injection has been exten-
sively evaluated. Advantages are its procedural simplicity,
low cost, and minimal adverse effects. Response rates of 90%
to 100% in HCC smaller than 2cm, 70% in those up to 3cm,
and 50% in those up to 5cm in diameter have been
reported.26,27 Selected patients with a complete response have
been reported to achieve a 5-year survival of 50%.26,28

Radiofrequency ablation (RFA) represents an alternative per-
cutaneous treatment option for patients with unresectable
HCC. Potential advantages over ethanol injection include
fewer treatment sessions and better local tumor control. In
one randomized controlled trial comparing percutaneous
ethanol injection and radiofrequency ablation, RFA-treated
patients were associated with better local tumor control;
however, there was no difference in overall survival.29

Arterial Embolization

Arterial embolization is frequently used for treatment for
patients with unresectable HCC. Embolization agents, typi-
cally gelatin, may be administered alone or in combination
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TABLE 44.2. Hepatic resection for hepatocellular carcinoma.

Median
Level of follow-up Mortality 5-year disease-free 5-year actuarial

Reference Year N evidence (months) (%) survival (%) survival (%)

Wayne162 2002 249 III 42 6 N/A 41
Poon163 2001 203 III 102 N/A 20a 37a

Fong164 1999 154 III 27 4.5 44b 37
Lise165 1998 100 III 29 7 26 38
Mazziotti166 1998 229 III 40 5 N/A 41
Takenaka167 1996 280 III N/A 2 29 50
Vauthey168 1995 106 III 52 6 N/A 41
Kawasaki169 1995 112 III N/A 2 33c 79c

N/A, not available.
aActual survival data.
bFor tumors less than 5cm.
c3-year survival data.



with selective intraarterial chemotherapy (chemoemboliza-
tion). Arterial embolization achieves partial responses in 15%
to 55% of patients and substantially delays tumor progression
and vascular invasion.30–33 A meta-analysis of randomized
controlled trials comparing arterial embolization or chemo-
embolization with conservative management demonstrated a
survival benefit for chemoembolization.34

Systemic Treatment

The majority of patients presenting with HCC have advanced
disease at the time of presentation. It is estimated that only
15% to 30% of patients have potentially resectable disease.
However, on further evaluation only about one-half of these
patients truly have tumors that are resectable. For patients
with unresectable disease confined to the liver, several
options of therapy are available, including chemoemboliza-
tion and alcohol ablation. For patients with disease that has
spread beyond the liver, few effective options are available.
Despite multiple prior studies of chemotherapy, either as
single agents or in combination, only limited benefit for
patients with unresectable or metastatic HCC has been
observed (Table 44.3).

A variety of studies have assessed single-agent chemother-
apy. Anthracyclines, particularly doxorubicin, have often
served as the chemotherapy drug of reference. Only level II
and III evidence exists for the efficacy of doxorubicin. Objec-
tive responses to doxorubicin have generally been about 10%
with an associated short median survival.35–40 Limited data
from trials with epirubicin suggest better response rates but
not necessarily longer survival.41,42 A variety of phase II
studies with an anthracycline combined with another agent
have not led to a consistent improvement in outcome com-
pared to single-agent studies. However, no phase III trials have
been performed.

Fluorouracil (5-FU)- and platinum (CDDP)-based regi-
mens have been evaluated in a large number of clinical trials.
All these trials provide level II or III evidence of activity. A
combination of 5-FU, CDDP, doxorubicin, and interferon
(PIAF) has frequently been cited as an active regimen. Fol-
lowing a complete response to this regimen in a case report,43

a subsequent phase II clinical trial in 50 patients reported a
26% partial response rate and median overall survival rate of
8.9 months.44 Although the proportion of patients responding
to this regimen was not notably different from that in other
platinum-based regimens, 9 of the 13 responding patients
were able to undergo surgical resection of previously unre-
sectable tumors. The use of regimens such as PIAF has been
limited by the toxicity of the regimens and frequently by the
advanced stage of liver dysfunction in most patients with
HCC.

Several meta-analyses of published trials have concluded
that systemic chemotherapy offers little benefit to patients
with HCC.45–47 Given the apparent limited benefit of
chemotherapy, other agents have been evaluated, including
hormonal therapy.

Preclinical studies have shown varying levels of sex
hormone receptors in HCC, leading to an evaluation of hor-
monal agents in HCC.48,49 Several older underpowered phase
II trials showed potential benefit with tamoxifen compared to
a placebo.50,51 Subsequently, a number of randomized multi-
center trials of tamoxifen, compared to best supportive care,

have shown no benefit for tamoxifen.52–55 Phase II trials of
other hormonal-based therapies have not clearly shown a
benefit,56–59 although several small clinical trials have sug-
gested potential activity that has yet to be confirmed.60,61

Several clinical trials have evaluated the role of adjuvant
therapy for patients undergoing surgical resection of HCC. In
one of these trials, 49 patients were randomized to receive
chemotherapy with epirubicin and mitomycin or observa-
tion.62 A lower rate of recurrence and better overall survival
were observed in patients receiving chemotherapy. The small
size of this trial provides only level II evidence of benefit.
Most trials have evaluated liver-directed therapy rather than
systemic chemotherapy.63 To date, the various approaches
assessed have not shown any clear improvement in overall
survival or disease-free survival compared to surgery alone.

Cholangiocarcinoma

Cholangiocarcinoma is the second most common primary
liver cancer in the world, after the more common hepatocel-
lular carcinoma. The tumor usually occurs over the age of 50
to 60 years and is slightly more frequent in men than in
women. In the United States, the annual incidence of cholan-
giocarcinoma is approximately 7 per million.64 Recently,
several epidemiologic studies have been published demon-
strating an increase in the incidence and mortality of intra-
hepatic cholangiocarcinoma over the past 30 years in the
United States,64 as well as in numerous other countries.65,66

According to these analyses, the age-adjusted death rates in
the United States increased from 0.15 per 100,000 in the
1970s to 0.66 per 100,000 in the 1990s; similar data were
reported for many other Western countries, especially
England, Wales, and Australia. The reason for the rising inci-
dence and mortality of cholangiocarcinoma is as yet unclear;
it may in part be better recognition of the intrahepatic form
of this disease, and some authors have suggested that new and
not yet defined environmental factors might contribute to a
more frequent development of this disease.

Etiology and Pathogenesis

In contrast to hepatocellular carcinoma, cholangiocarcinoma
does not develop preferentially in the cirrhotic liver; in some
studies only 4% to 7% of cholangiocarcinomas originated
from cirrhotic livers.67 A number of risk factors have been
established, including primary sclerosing cholangitis, liver
fluke infestation, Caroli’s disease, congenital choledochal
cysts, chronic hepatolithiasis, and Thorotrast deposition.
However, many patients who are diagnosed with cholangio-
carcinoma have none of these factors in their history.

In the United States and Europe, primary sclerosing
cholangitis (PSC) is one of the most important risk factors.
The estimated risk of a patient with PSC for cholangiocarci-
noma is approximately 0.5% to 1.5% per year after diagnosis,
and about 10% to 20% of patients with PSC eventually
develop cholangiocarcinoma.68,69

Other established risk factors for cholangiocarcinoma
include liver flukes (infection with Clonorchos sinensis or
Opisthorchis viverrini), Caroli’s disease, congenital chole-
dochal cysts, and chronic hepatolithiasis.70 In Japan, hepatitis
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TABLE 44.3. Review of clinical trials of systemic therapy for hepatocellular carcinoma.

No. Level of
Regimen of patients Response (95% CI) Overall survival Reference evidence

Gemcitabine-based
Gemcitabine 1250mg/m2 weekly ¥ 3 over 28 PR—17.8% (2.7–32.9%) 4.8 months Yang170 II

30min
Gemcitabine 1000mg/m2 weekly ¥ 3 over 20 PR—5% 7.5 months Kubicka134 II

30min
Gemcitabine 1000mg/m2 weekly ¥ 3 over 30 No responses 6.9 months Fuchs171 II

30min
Gemcitabine 1. 25 1. PR—4% (0.1–20.4%) 3.2 months Guan172 II
1. 1250mg/m2 weekly ¥ 2 over 30min 2. 23 2. No responses
2. 1250mg/m2 weekly ¥ 2 at 10mg/m2/min
Gemcitabine 2200mg/m2 every 2 weeks over 17 No responses 8.5 months Ulrich- II

30min Pur173

Gemcitabine 1250mg/m2 over 30min days 34 PR—11.8% (0.8–22.8%) 4.6 months Yang174 II
1,8 + doxorubicin 30mg/m2 day 1

1. Gemcitabine 1000mg/m2 at 10mg/m2/min 1. 11 1. PR—10% 5 months Taieb175 III
day 1 + oxaliplatin 100mg/m2 day 2 2. 10 2. PR—10%

2. Gemcitabine 1500mg/m2 over 30min +
oxaliplatin 85mg/m2, day 1

Fluorouracil-based
5-FU 370mg/m2 + LV 200mg/m2 ¥ 5 days 14 No responses 3.2 months Zaniboni176 III
5-FU 425mg/m2 + LV 20mg/m2 ¥ 5 days 29 PR—10% 5.5 months van Eeden177 II
5-FU 250–450mg/m2, days 1–5 + LV 500mg/ 15 PR—7% 3.8 months Tetef178 II

m2/d CI days 1–5
5-FU 370mg/m2/d + LV 200mg/m2/d, 25 1 CR + 6 PR: 28% Not stated Porta179 II

days 1–5 (10.1–45.9%)
5-FU + LV + Hydrea Gebbia180

5-FU 750mg/m2 weekly + IFN 9MU TIW 10 No responses 10 months Stuart181 III
5-FU 200mg/m2/d ¥ 21 days + IFN 4MU/m2 36 PR—14.3% (4–32.7%) 15.5 months Patt182 II

TIW
UFT 300mg/m2/d + LV 90mg/d PO TID 14 No responses >10 months Mani183 II

¥ 28 days
Eniluracil 10mg/m2 + 5-FU 1mg/m2 45 No responses 11.5 months Llovet184 II

PO BID ¥ 28 days
Eniluracil 10mg/m2 + 5-FU 1mg/m2 36 No responses 8 months Benson185 II

PO BID ¥ 28 days
Platinum-based
CDDP 90mg/m2 9 PR—11% 2.3 months Ravry143 III
CDDP 75mg/m2 35 PR—6% (0–17%) 3.5 months Falkson186 II
CDDP 80mg/m2 26 PR—15.4% (4.4–34.9%) Not stated Okada187 II
5-FU 170mg/m2/d CI ¥ 7 days + CDDP 37 PR—47% 6.1 months Tanioka188 II

3mg/m2/d ¥ 5 days, weekly ¥ 3
5-FU 250mg/m2 ¥ 5 days + CDDP 10mg/m2 6 PR—33% Not stated Komorizono189 III

¥ 5 days + IFN 2.5MU TIW
5-FU 400mg/m2 days 1–4 + doxoubicin 50 PR—26% 8.9 months Leung44 II

40mg/m2 day 1 + CDDP 20mg/m2

days 1–4 + IFN 5MU/m2 days 1–4
5-FU 200mg/m2/d ¥ 21 days + epirubicin 7 PR—29% 8 months Ellis151 III

50mg/m2 day 1 + CDDP 60mg/m2 day 1
5-FU 200mg/m2/d ¥ 21 days + epirubicin 21 PR—14.5% (1–28%) 10 months Boucher190 III

60mg/m2 day 2 + CDDP 50mg/m2 day 2
Oxaliplatin 85–110mg/m2 day 1 + topotecan 13 PR—8% 8 months Alexandre191 III

0.5–1.5mg/m2/d ¥ 5 days
CDDP 20mg/m2 + topotecan 1.25mg/m2 10 PR—10% Not stated Lee192 III

¥ 5 days
Anthracycline-based
Doxorubicin 60mg/m2 109 No responses Not stated Sciarrino37 III
Doxorubicin 75mg/m2 46 PR—11% 4.2 months Chlebowski35 III
1. Doxorubicin 60–75mg/m2 1. 60 PR—3.3% 1. 2.5 months Lai36 II
2. Observation 2. 46 2. 1.8 months
Liposomal doxorubicin 30mg/m2 16 No responses 4.6 months Halm38 II
Liposomal doxorubicin 30–45mg/m2 40 PR—13% (2–24%) 3 months Hong39 II
Liposomal doxorubicin 40mg/m2 17 CR—7% 12 months Schmidinger40 II
Epirubicin varying doses 18 PR—17% (0–34%) 3 months Hochster41 III
Epirubicin 20mg/m2 days 1, 8, 15 44 1 CR + 3 PR: 36% 13.7 months Pohl42 II
Doxorubicin 20mg/m2 + IFN 20MU/m2 21 PR—10% Not stated Feun193 II
Doxorubicin 20mg/m2, weekly + 5-FUDR 30 PR—7% 3 months Feun194 II

80mg/kg, weekly + IFN 6MU/m2, TIW
Epirubicin 25mg/m2, weekly + IFN 3MU/m2, 30 PR—3% 9.5 months Bokemeyer195 II

days 1–5
Epirubicin 40mg/m2 day 1 + VP-16 36 1 CR + 13 PR: 39% (23–55%) 10 months Bobbio196 II

120mg/m2 days 1,3,5
(continued)



C virus infection is frequently found in patients with cholan-
giocarcinoma,71 and Kobayashi et al. found that 3.5% of HCV-
infected patients developed cholangiocarcinoma within a
10-year observation period.72 Moreover, dietary habits have
been suggested to contribute to the regional variability in
incidence, especially the regular intake of certain salted fish
products in Asia, which can contain the bacterial product
dimethylnitrosamine.73,74

Most of these risk factors have in common that they are
causes of chronic inflammation and/or cholestasis. Thus, as

is the case in many other gastrointestinal tumors, chronic
inflammation of the biliary tree appears to be an important
factor in the development of cholangiocarcinoma.

A large number of molecular alterations have been found
in human cholangiocarcinoma (Table 44.4). However, it 
must be noted that the most of these alterations have 
been described in intrahepatic mass-forming cholangiocarci-
nomas, and their relevance to the ductal-infiltrating and
intraductal growth forms as well as extrahepatic tumors is
unclear.
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TABLE 44.3. Review of clinical trials of systemic therapy for hepatocellular carcinoma. (continued)

No. Level of
Regimen of patients Response (95% CI) Overall survival Reference evidence

Epirubicin 40–60mg/m2 day 1 + 5-FU 22 14 11.7 months Kajanti197 II
800mg/m2 days 1

Hormonal-based
Flutamide 750mg QD 32 No responses 2.5 months Chao56 II
Megestrol 160mg QD 11 No responses 3 months Colleoni57 III
Megestrol 160mg QD 46 No responses 4 months Chao58 II
Octreotide 30mg IM 21 PR—5% 4.2 months Raderer59 II
Tamoxifen 20mg BID 33 No responses 6 months Engstrom198 II
1. Tamoxifen 60mg QD 44 Not stated 1. 17 months Elba50 II
2. Placebo 2. 12 months
1. Tamoxifen 10mg BID 36 Not stated 1. 8.6 months Martinez51 II
2. Placebo 2. 5.7 months
1. Tamoxifen 20mg QD 120 No responses 1. 20 months Castells52 I
2. Placebo 2. 17 months
1. Tamoxifen 40mg QD 77 Not stated 1-year survival Riestra199 II
2. Placebo 1. 30%

2. 37.8%
1. Tamoxifen 40mg QD 480 Not stated 1. 15 months Perrone53,200 I
2. No treatment 2. 16 months
1. Tamoxifen 30mg QD 119 Not stated 1. 1.5 months Liu54 I
2. Placebo 2. 1.5 months
1. Tamoxifen 120mg QD 1. 130 Not assessed 1. 2.2 months Chow55 I
2. Tamoxifen 60mg QD 2. 74 2. 2.1 months
3. Placebo 3. 120 3. 2.7 months
Tamoxifen 40mg/day + VP-16 50mg/m2 33 PR—24.2% (11–42%) Not stated Cheng201 II

days 1–21
Tamoxifen 40mg QID, days 1–7 + 36 PR—33.3% (17–51%) Not stated Cheng202 II

doxorubicin 60mg/m2 day 4
1. Doxorubicin 60mg/m2 59 1. PR—11% 1. 2 months Melia203 II
2. Tamoxifen 10mg BID, daily + doxorubicin 2. PR—16% 2. 2.5 months

60mg/m2, day 1
1. Tamoxifen 30mg BID 1. 16 Not stated 1. 3.2 months Schachschal204 III
2. Tamoxifen 30mg BID, daily + doxorubicin 2. 16 2. 4.9 months

50mg/m2, day 1
1. Octreotide 250mcg SQ BID 1. 28 Not stated 1. 13 months Kouroumalis60 II
2. Observation 2. 30 2. 4 months
1. Octreotide 30mg IM 1. 35 No responses 1. 1.9 months Yuen205 II
2. Observation 2. 35 2. 2 months
1. Tamoxifen + Octreotide 1. 24 1. 4 CR + 7 PR 1. 12.8 months Pan61 II
2. 5-FU + MMC 2. 15 2. No responses 2. 5.5 months
Other agents
CPT-11 125mg/m2 14 PR—7% (0–20%) 8.2 months O’Reilly206 II
Ifosfamide 2.5gm/m2/d CI ¥ 5 days 10 No responses 3 months Lin207 III
MMC varying doses 30 PR—48% 7 months Cheirsilpa208 III
Mitoxantrone 12mg/m2 18 PR—23% (10–47%) 5 months Colleoni209 II
Mitoxantrone 12mg/m2, day 1 + IFN varying 38 PR—23% (11–40%) 8 months Colleoni210 II

doses
Paclitaxel 175mg/m2 20 No responses 3 months Chao211 II
Thalidomide 200–600mg QD 63 1 CR + 3 PR: 6.3% (0–12.5%) 4.5 months Hsu212 II
Topotecan PR—13.9% (4.7–29.5%) 8 months Wall213 II
Vindesine 3mg/m2 16 No responses 5 months Falkson214 II

PR, partial response; CR, complete response.



As some of the molecular and genetic changes of cholan-
giocarcinoma can already be detected in preneoplastic inflam-
matory bile duct lesions, it is generally presumed that chronic
inflammation or cholestasis or both cause a sequence of
events leading first to hyperplasia and dysplasia of the biliary
epithelia, and eventually to the development of carcinoma.
Figure 44.1 gives an overview of this hypothesis.

Chronic Inflammation: DNA Damage

Chronic inflammation is associated with generation of
cytokines both by inflammatory cells and by cholangiocytes.
A key proinflammatory cytokine is interleukin 6, a strong
mitogen for cholangiocytes and cholangiocarcinoma cells.
Proinflammatory cytokines including interleukin 6, inter-
leukin 1, interferon-g, and tumor necrosis factor-a cause
cholangiocytes to express the inducible form of nitric oxide
synthase (iNOS), a potent generator of nitric oxide (NO). NO
itself or NO derivatives (Figure 44.2) can modify or alter DNA
bases, resulting in direct DNA damage.75 NO may also nitro-
sylate and inactivate DNA repair proteins, leading to an accu-
mulation of damaged DNA bases, thereby further promoting
mutagenesis [76]. In addition, NO has been shown to also
disable proapoptotic proteins such as caspases.77

Consistent with these data, iNOS expression and genera-
tion of NO can often be detected in diseases that predispose
to cholangiocarcinoma; for example, cholangiocytes in PSC
and cholangiocarcinoma cells have been shown to express
iNOS,78 and elevated serum nitrate values as a result of iNOS
activity can be observed in patients with fluke infections.79

Therefore, it has been proposed that iNOS expression and NO
generation play an important role in the pathogenesis of
cholangiocarcinoma, and that iNOS inhibitors may be
chemopreventive in diseases predisposing to the development
of cholangiocarcinoma such as PSC, especially because in
animal models of intestinal and lung cancer, deletion or inhi-
bition of iNOS can be chemopreventive.80,81

Bile Acids: Regulation of Proliferation 
and Apoptosis

Cholangiocarcinomas often grow within or along the bile
duct lumen, suggesting that they may not only have devel-
oped mechanisms to survive the toxic constituents in bile but
actually use bile to promote growth and survival. Indeed,
cholangiocytes and cholangiocarcinoma cells are resistant to
apoptosis when exposed to bile acids in vitro, in contrast to
hepatocytes and hepatoma cells, for which most bile acids are
toxic. Furthermore, bile acids have been shown to transacti-
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TABLE 44.4. Molecular alterations in cholangiocarcinoma.

Molecular finding Biologic effect

Chronic inflammation/growth factors
INOS overexpression DNA damage and mutation

Inhibition of DNA repair
COX-2 and IL-6 overexpression
Inhibition of apoptosis
Angiogenesis

COX-2 overexpression Inhibition of apoptosis
Angiogenesis

IL-6/gp130 overexpression iNOS induction
Proliferation

HGF/c-met overexpression Proliferation
c-erbB-2 overexpression Proliferation

Tumor suppressors/oncogenes
K-ras mutation/activation Proliferation
Retinoblastoma/p16/CDK4 Loss of cell-cycle control

inactivation
p14/MDM/p53 inactivation Loss of cell-cycle control

Apoptosis resistance
p53 mutation/overexpression Loss of cell-cycle control

Apoptosis resistance
Apoptosis resistance and immune escape

Mcl-1 overexpression Inhibition of apoptosis
Bcl-2 overexpression Inhibition of apoptosis
Disruption of TGF-beta Inhibition of apoptosis

signaling Loss of cell-cycle control
FasL expression T-cell apoptosis

Other
Telomerase reverse transcriptase Immortalization

FIGURE 44.1. Molecular alterations in reactive hyper- and dyspla-
sia and in cholangiocarcinoma. Chronic inflammation and cholesta-
sis cause premalignant hyper- and dysplasia of biliary epithelia with
distinct molecular alterations such as inducible nitric oxide synthase
(iNOS) overexpression, upregulation of growth factors and their
receptors, cyclooxygenase (COX)-2 overexpression, increased proli-
feration, and telomerase activity. With the development of cholan-
giocarcinoma, malignant cells constitutively express growth factors,
mutation of tumor suppressor genes occurs, and oncogenes are
observed. There is also dysregulation of antiapoptotic proteins along
with expression of classic tumor markers.

FIGURE 44.2. Nitric oxide in cholangiocarcinogenesis. In chronic
inflammation of the bile ducts [e.g., in sclerosing cholangitis (PSC)],
cytokines cause biliary epithelia to express iNOS, which in turn gen-
erates nitric oxide (NO); NO contributes to carcinogenesis by dam-
aging DNA and inhibiting DNA repair proteins leading to mutation,
by inactivating caspases and thus inhibiting apoptosis, by promoting
angiogenesis, and by inducing COX-2 expression, which also inhibits
apoptosis and triggers angiogenesis.



vate the epidermal growth factor receptor in cholangiocarci-
noma cells and induce expression of cyclooxygenase (COX)-
2,82 an enzyme that generates prostanoids and can inhibit
apoptosis, facilitate growth, and promote angiogenesis in a
variety of malignancies.83 In addition to inducing COX-2
expression, bile acids also enhance the cellular protein levels
of myeloid cell leukemia protein 1 (Mcl-1), a potent anti-
apoptotic protein, in vitro.84 Mcl-1 protein levels are also fre-
quently elevated in human cholangiocarcinoma in vivo.85

Thus, chronic inflammation as well as the ability to
survive and proliferate in the toxic bile milieu appears to con-
tribute to the development of cholangiocarcinoma. It remains
to be elucidated whether cholestasis alone, or alterations in
bile composition caused by chronic inflammation, or both are
responsible for the antiapoptotic and growth-promoting
effects of bile on cholangiocarcinoma.

Histology

Histologically, most cholangiocarcinomas are well to moder-
ately differentiated tubular adenocarcinomas, with formation
of glands and an abundance of dense desmoplastic stroma; cal-
cification may be present. Mucus, but not bile secretion, is
observed in the majority of tumors. The glandular lumens are
lined by well-differentiated columnar or cuboidal cells with
uniform nuclei and small nucleoli. In poorly differentiated
adenocarcinoma, a definite tubular formation is rarely found,
and the cells are pleomorphic with irregular nuclei.

In addition to the most common tubular form of cholan-
giocellular adenocarcinoma, other variants have been
described, such as papillary adenocarcinoma, signet-ring car-
cinoma, squamous cell or mucoepidermoid carcinoma, a
spindle cell variant, and a lymphoepithelioma-like form.

Classification

Cholangiocarcinoma is broadly classified as intrahepatic or
extrahepatic. Extrahepatic cholangiocarcinoma is further
classified as perihilar, midduct, and distal. Major differences
in presentation, evaluation, staging, and operative manage-
ment warrant separate discussion of intrahepatic and extra-
hepatic cholangiocarcinoma.

Intrahepatic Cholangiocarcinoma

Intrahepatic cholangiocarcinoma (ICC) is the second most
common primary liver cancer after HCC, with a prevalence
of 10% to 30%.86,87 Cholangiocarcinoma of the intrahepatic
ducts is far less common than that of the extrahepatic ducts, 
typically accounting for less than 10% of all cholangio-
carcinoma.

Clinical Evaluation

In a review of 61 patients with ICC surgically treated at the
Mayo Clinic over a 31-year period, the most common pre-
senting symptom was abdominal pain, followed by signs of
weight loss and anorexia. Jaundice is an unusual finding in
ICC that is present in only 15%.88 The physical examination

is frequently nonspecific for ICC; an abdominal mass is the
most common finding but is present in only one-third of
patients. Other signs such as ascites, cachexia, and
splenomegaly are infrequent and nonspecific. Typically, when
patients with ICC present with symptoms, the disease is fre-
quently advanced and the likelihood of a curative resection
is low.

Other than mild increases in alkaline phosphatase and
aminotransferases, laboratory findings are typically normal in
patients with ICC. Tumor markers such as the carcinoem-
bryonic antigen (CEA) and a-fetoprotein are infrequently
increased, whereas the carbohydrate antigen 19-9 is more 
frequently elevated in patients with ICC.

The imaging of ICC is similar to that of HCC. Frequently
ultrasonography is the initial diagnostic evaluation that is
useful to identify the tumor location and characteristics. As
for HCC, CT is an excellent imaging modality to assess the
tumor location, extent of invasion, and evidence of extrahep-
atic disease. Because of the intense fibrosis associated with
cholangiocarcinoma, a decreased tumoral vascularity of ICC
is frequently noted compared to that of HCC.

Pathology and Staging

The gross appearance of intrahepatic cholangiocarcinomas is
of a gray-white scirrhous mass, with an abundance of stroma
and mucin secretion, but little vascularization. The masses
may be solitary or multinodular and can be relatively well
demarcated or infiltrating, growing along the intrahepatic bile
ducts.

The Liver Cancer Study Group of Japan has further clas-
sified intrahepatic cholangiocarcinoma into three principal
types: a mass-forming type that is usually localized with a
round shape and distinct borders, a periductal-infiltrating
type with diffuse infiltration along the bile ducts, and an
intraductal growth type showing intraductal papillary or gran-
ular growth.89 Among these, the mass-forming type is the
most frequent and the intraductal growth type the rarest;
overlap, especially between the mass-forming and the
periductal-infiltrating type, is very common. This new clas-
sification appears to be useful, because the three forms have
been shown to differ not only in gross appearance but also in
their genetic alterations and prognosis.90,91 ICC is staged using
the same AJCC tumor, node, and metastases classification as
for HCC (see Table 44.1).

Operative Management

Resection remains the only curative treatment in the man-
agement of ICC. In our experience, patients with resected ICC
are the only long-term survivors, with a 3-year survival of
60% with resection compared to 7% without resection.88

Operative mortality and morbidity for resection in patients
with ICC are typically less than 2% and 15%, respectively.

Hepatic resection is the standard for intrahepatic cholan-
giocarcinoma. The extent of resection is determined by the
anatomic location of the tumor and by the objective of achiev-
ing a complete macroscopic and microscopic (R0) resection.
Recent series of outcomes after resection of ICC are shown
in Table 44.5. Factors associated with decreased survival are
stage, vascular invasion, intrahepatic metastases, and positive
lymph nodes. Intrahepatic cholangiocarcinoma spreads along
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Glisson’s sheath by way of lymphatics to metastasize to
regional lymph nodes. The incidence of lymph node metas-
tases for ICC ranges from 6% to 46%.92,93 In an autopsy series
of ICC, lymph node metastases were present in up to 72%.94

Patients with lymph node metastases have an extremely poor
prognosis. Inohue and colleagues evaluated 52 patients with
intrahepatic cholangiocarcinoma and reported an overall 5-
year survival rate of 36%, but no long-term survivors among
21 patients with lymph node metastases.95 Routine lymph
node dissection in patients with ICC remains controversial.
Currently, there is no strong evidence to suggest that lymph
node dissection offers a survival benefit, and no randomized
trials have been performed. Additionally, hilar lymphadenec-
tomy does not ensure removal of lymph node metastases
because the lymphatic drainage of the liver is not exclusively
via the hepatoduodenal ligament but also through the coro-
nary, falciform, and triangular ligaments. The presence of
lymph node metastases, however, is an ominous finding and
should preclude hepatic resection.95,96 Routine lymphadenec-
tomy with frozen section analysis before proceeding to
hepatic resection has been advocated.96

Extrahepatic Cholangiocarcinoma

Perihilar cholangiocarcinoma (PCC) accounts for approxi-
mately 60% of extrahepatic cholangiocarcinomas. Midduct
(15%) and distal (20%) cholangiocarcinomas comprise the
remainder.

Clinical Evaluation

The majority of patients with extrahepatic cholangiocarci-
noma present with progressive, painless jaundice. Bio-
chemical confirmation typically prompts diagnostic
ultrasonography. Albeit operator dependent, ultrasonography
can demonstrate several salient features of PCC such as
tumor morphology, portal vein or hepatic artery obstruction,
intrahepatic metastases, and regional lymph node metastases.
Because distant disease precludes curative resection and evi-
dence of unresectability will prompt palliative stenting, CT

should precede cholangiographic evaluation. CT provides an
excellent overall assessment and can characterize local tumor
extension, hepatic lobar atrophy, portal vein compression in
invasion, and lymph node and other metastases. The presence
of lobar atrophy is frequently associated with ipsilateral
portal vein involvement, is a major harbinger of unresectable
disease, and should prompt a thorough vascular evaluation.

Cholangiography provides the best evaluation of ductal
involvement and extension. Critical in the ductal evaluation
is the proximal extent of the disease. Clear delineation of the
confluence and proximal biliary system is imperative to cor-
rectly classify the tumor and plan surgical resection and
reconstruction. Endoscopic retrograde cholangiography (ERC)
may not provide sufficient evaluation of the proximal extent
of the disease, and percutaneous transhepatic cholangiogra-
phy may be necessary. The Bismuth–Corlette classification,
although not intended to stage PCC, provides a useful con-
ceptualization based on preoperative imaging when consider-
ing the extent of resection necessary for a curative intent and
communication in reporting (Figure 44.3).

Magnetic resonance imaging (MRI) provides several
advantages in the evaluation of cholangiocarcinoma. It pro-
vides a noninvasive assessment of the liver, bile ducts, and
vessels. Unlike direct cholangiography, however, MRI does
not provide equivalent cholangiographic image resolution,
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TABLE 44.5. Hepatic resection for perihepatic cholangiocarcinoma.

Level of Mortality Hepatectomy Negative 5-year survival
Reference Year N evidence (%) (%) margin (%) (%)

Rea122 2004 46 III 9 100 80 26
Jarnagin101 2001 80 III 10 78 78 27
Kitagawa215 2001 110 III 10 95 N/A 31a

Nimura102 2000 142 III 9b 90 76 26
Gazzaniga111 2000 75 III 10 67 61 18
Lee119 2000 128 III 6 87 70 22c

Launois216 1999 40 III 13 63 80 13
Neuhaus120 1999 80 III 8 83 44 22
Burke97 1998 30 III 7 73 83 45
Iwatsuki217 1998 34 III 15 100 59 9
Miyazaki218 1998 76 III 15 86 71 26

N/A, not available.
aFor node-negative patients
bFor patients with curative resection.
cFor patients with hepatic resection.

FIGURE 44.3. Bismuth–Corlette classification of perihilar cholan-
giocarcinoma. (Reprinted by permission of Mayo Foundation for
Medical Education and Research.)



access for brush cytology, or the ability of biliary ductal
drainage for relief of obstruction and palliation.

A thorough clinical evaluation of the patient’s functional
status and coexisting medical comorbidities is important
before extensive radiographic evaluation. Patients deemed
unfit for operative intervention do not need such extensive
evaluations, and alternate palliative goals should be 
considered.

In determining the resectability of PCC, four key issues
must be addressed: extent of biliary involvement, vascular
(hepatic artery or portal vein) invasion, hepatic atrophy, and
metastatic disease. Specific criteria of unresectability have
been suggested97: these include (1) bilateral ductal extension
to the secondary or segmental biliary radicals; (2) encasement
or occlusion of the main portal vein proximal to its bifurca-
tion; (3) lobar atrophy with encasement of the contralateral
portal vein branch or hepatic artery; (4) lobar atrophy with
contralateral involvement of secondary biliary radicals; (5)
unilateral segmental ductal extension with contralateral 
vascular encasement; and (6) distant metastases.

Pathology and Staging

Extrahepatic cholangiocarcinomas have also been subclassi-
fied based on their gross appearance as either papillary,
nodular, or sclerosing.98,99 Sclerosing tumors comprise approx-
imately 70% of hilar cholangiocarcinomas and cause an
annular thickening of the bile duct wall with longitudinal and
radial tumor infiltration as well as infiltration and fibrosis of
the periductal tissue. Nodular tumors are characterized by a
firm nodule projecting into the bile duct lumen. Tumors fea-
turing characteristics of both nodular and sclerosing forms are
relatively frequent. The papillary variant only accounts for
approximately 10% and is most commonly seen in the distal
bile duct; its prognosis is generally more favorable than that
of the two other forms.98,100 Extrahepatic cholangiocarcinoma
is staged according to the AJCC-UICC tumor, node, and
metastases classification (Table 44.6). Unlike intrahepatic
cholangiocarcinoma where staging is combined with other
primary liver tumors, the extrahepatic cholangiocarcinoma
staging system is unique to cholangiocarcinoma and has
undergone significant revisions. Previous editions of the

AJCC staging were criticized for neglect of vascular invasion
or hepatic atrophy, which are thought to affect resectability
and outcome. Jarnagin and colleagues, in a review of 225
patients with hilar cholangiocarcinoma, proposed a modifi-
cation of the T staging to include these two factors.101 On uni-
variate analysis, both vascular invasion and hepatic lobar
atrophy were prognostic indicators; however, on multivariate
analysis they failed to demonstrate prognostic validity.
Although both these factors are clinically useful for evaluat-
ing resectability and planning resection, the staging system
proposed by Jarnagin and colleagues does not appear to have
been adapted by others, albeit the AJCC Cancer Staging
Manual, 6th Edition now includes vascular invasion as part
of the tumoral staging.

Operative Management

Complete tumor resection currently offers the only opportu-
nity for cure. As such, all patients with cholangiocarcinoma
should be offered an attempt at resection unless specific con-
traindications exist. Both patient-related factors and tumor-
related factors must be considered when assessing patients for
potential operative intervention. Clearly, the patient’s func-
tional status must be sufficient to tolerate a major operation,
and the preoperative tumor assessment must suggest that a
curative resection is possible with opportunity for prolonged
survival.

The role of preoperative percutaneous or endoscopic
biliary drainage in patients with PCC remains an area of 
controversy. Proponents argue that the improved hepatic
function, reduction of cholangitis, and assistance with 
hilar dissection afforded by biliary drainage warrant its
use.102,103 Opponents claim that the increased rate of wound
infection, bacterobilia, and potential for tumor seeding 
contraindicate preoperative biliary drainage.104 Outcome
comparisons regarding regeneration after portal vein
embolization, hepatic function, and liver failure with or
without drainage for hepatic resection in patients with PCC
are lacking, and practice guidelines are based on institutional
preference.

Patients in whom resection of up to 70% to 75% of the
functional liver volume is expected are candidates for portal
vein embolization (PVE). The rationale for PVE is to induce
hypertrophy and hyperplasia in the anticipated hepatic
remnant before resection, theoretically increasing functional
capacity and decreasing the risk of postoperative liver failure.
In a prospective nonrandomized trial of patients undergoing
right hepatectomy for either primary or metastatic liver
disease, Farges and colleagues demonstrated a decreased inci-
dence of postoperative complications including liver dys-
function or failure among patients with chronic liver disease
who had preoperative PVE.13 Similar findings of reduced post-
operative liver dysfunction or failure were reported by
Hemming and colleagues in patients undergoing extended
hepatectomy with PVE compared to those without PVE.14 No
randomized controlled trials have been performed assessing
the role and utility of PVE in patients undergoing major
hepatic resection. The authors have not employed PVE to
treat PCC. Although the potential use of PVE has merit,
extended hepatic resections are generally well tolerated if the
planned liver remnant is well drained preoperatively and if
evidence for adequate hepatic function exists.
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TABLE 44.6. American Joint Committee on Cancer (AJCC)
staging for extrahepatic cholangiocarcinoma.

Stage Tumor Node Metastasis

0 Tis N0 M0
IA T1 N0 M0
IB T2 N0 M0
IIA T3 N0 M0
IIB T1–3 N1 M0
III T4 Any N M0
IV Any T Any N M1

Tis, carcinoma in situ; T1, tumor confined to the bile duct histologically; T2,
tumor invades beyond the wall of the bile duct; T3, tumor invades the liver,
gallbladder, pancreas, and/or unilateral branches of the portal vein (right or left)
or hepatic artery (right or left); T4, tumor invades any of the following: main
portal vein or its branches bilaterally, common hepatic artery, or other adja-
cent structures, such as colon, stomach, duodenum, or abdominal wall; N1,
regional lymph node metastases; M1, distant metastases.

Source: Used with the permission of the American Joint Committee on Cancer
(AJCC), Chicago, Illinois. The original source for this material is the AJCC
Cancer Staging Manual, 6th Edition (2002), published by Springer-Verlag New
York, www.springer-ny.com.



Intraoperative assessment of patients undergoing explo-
ration for potential curative resection includes exclusion of
metastases and assessment of the extent of local invasion.
Overall resectability among patients undergoing exploration
is nearly 65%. The pendulum of operative management of
extrahepatic cholangiocarcinoma has swung from a bile-duct-
only resection to that of a combined bile duct and hepatic
resection. This change is attributed to the recognition of the
propensity for intrahepatic ductal extension and hepatic
parenchymal invasion as well as the ability to perform
hepatic resection with lower morbidity and mortality. With
bile duct resection alone, resectability rates of 15% to 20%
were reported.105–107 Multiple reports have confirmed that
increases in hepatic resection for PCC correlate with
increases in negative margin resections (R0 resection).108,109

With hepatic resection rates of 20% to 29%, negative margin
rates were achieved in only 15%, compared to a negative
margin rate of 60% to 88% with hepatic resection rates of
60% to 89%. Multiple other series have demonstrated that
resectability rates parallel hepatic resection rates.110–112 Level
I data are currently unavailable comparing outcomes of 
bile-duct-only resection versus that combined with hepatic
resection. Outcomes of aggressive hepatic resection for man-
agement of PCC are shown in Table 44.5.

Significant consideration has been given to the caudate
lobe in the operative management of PCC. Caudate biliary
ductal tributaries frequently drain into the posterior aspect of
the right or left hepatic ducts near the confluence.113,114

Careful histopathologic examination of resected specimens
has demonstrated caudate lobe involvement in 42% to 100%
of patients.114–117 The impact of caudate lobe resection for
treatment of PCC is evident by a 20% local recurrence in the
caudate lobe when it is not resected.110 In contrast, when the
caudate lobe was incorporated into the hepatic resection,
local recurrence decreased and 5-year survival increased from
8% to 25%.111

Resection of PCC mandates removal of the gallbladder,
the extrahepatic duct from the hepatic hilus to the pancreas,
regional lymphadenectomy, and Roux-en-Y hepaticojejuno-
stomy. Hepatic resection is generally not required for
Bismuth–Corlette type I PCC. Type II and III require resec-
tion of caudate and additional segments, dependent on local
invasion or ductal extension.

Perioperative mortality and 5-year survival for patients
with hepatic resection are shown in Table 44.5. The most 
frequent serious complications after hepatic resection for
PCC are hepatic failure, infection, hemorrhage, and renal or
cardiorespiratory failure.

Although no level I data are available comparing out-
comes of patients with resected versus nonresected PCC, sur-
vival of patients with unresected or advanced-stage PCC has
ranged from 6 to 12 months.118 Before acceptance of hepatic
resection, 5-year survival was infrequent and only marginally
better than patients without resection.105 In contrast, the 5-
year survival in series utilizing hepatic resection ranges from
9% to 45% (see Table 44.5).

Clearly, the major predictor of long-term survival is com-
plete resection with negative margins (R0 resection).102,119,120

Existing data suggest that patients with positive margins at
resection demonstrate no consistent survival advantage com-
pared to patients without resection.101,121 In a recent review of
our experience with 46 patients undergoing major hepatic

resection for PCC, an R0 resection was achieved in 80% with
an operative mortality rate of 9%. Actual 1-, 3-, and 5-year
survival rates were 80%, 39%, and 26%, respectively.122 On
multivariate analysis, the only predictor of recurrence was
tumor grade 3 or 4, whereas negative predictors of survival
were history of hepatitis, direct bilirubin at presentation
greater than 6.4mg/dL, blood transfusion requirement greater
than 4 units, and male sex. Factors demonstrated to be
adversely associated with survival include distant lymph
node metastases, vascular invasion, and lobar atrophy.102,119,120

Systemic Treatment

The role of palliative chemotherapy in patients with unre-
sectable hepatobiliary cancer has been assessed in a number
of clinical trials. The potential benefit of chemotherapy for
this group of cancers is derived primarily from trials provid-
ing level II and III evidence (Table 44.7), consisting primarily
of phase II and insufficiently powered phase III clinical trials.
As such, the standards of therapy for unresectable disease
remain uncertain. Even less evidence exists on the potential
benefit of either adjuvant or neoadjuvant therapy.

For patients with metastatic disease, chemotherapy
remains the primary form of therapy, principally for pallia-
tion of symptoms. A randomized trial of chemotherapy [5-
fluorouracil (5-FU) and leucovorin (LV) or 5-FU, LV, and etopo-
side] and best supportive care compared to best supportive
care alone in patients with metastatic pancreatic or biliary
tract cancers demonstrated improved quality of life and
overall survival in those receiving chemotherapy.123

A variety of chemotherapy agents have been evaluated,
but in general the response to these agents has been limited
(see Table 44.7). Several older studies evaluated 5-FU alone 
or in combination with other forms of chemotherapy and
showed mixed results. Many of these studies were statisti-
cally underpowered and combined biliary cancers with pan-
creatic cancer or hepatocellular carcinoma, making their
interpretation difficult. In general, 5-FU as a single agent pro-
duces few responses and an overall survival of less than 6
months.124,125 However, several recent small trials have sug-
gested high-dose 5-FU or 5-FU in combination with other
agents may produce partial responses in up to one-third of
patients.126–130 Despite improved response rates, the duration
of response is generally short and little increase in overall sur-
vival with 5-FU is seen. Only one phase III study has been
performed to assess the added benefit of 5-FU combined with
other agents to 5-FU alone.124 That trial indicated that 5-FU,
used alone, was equivalent to or superior to combination
therapy. However, this trial provided only level II evidence
based on the inadequate sample size.

More recently, trials have focused on gemcitabine as well
as other newer agents. Several recent case reports have sug-
gested that gemcitabine may have activity in biliary tract and
gallbladder carcinoma.131,132 A variety of phase II trials have
now been published providing level II evidence for the use of
gemcitabine.127,133–139 The appropriate dose and schedule 
of gemcitabine continue to be evaluated. In a phase II trial 
of gemcitabine in patients with biliary tract or gallbladder 
carcinoma, two different schedules were evaluated.139

Gemcitabine at 1,200mg/m2 given weekly for 3 weeks, 
followed by a 2-week rest period, resulted in 4 of 24 patients
(17%) achieving a partial response. The median survival was
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TABLE 44.7. Review of clinical trials of systemic therapy for biliary tract and gallbladder cancer.

Level of
Regimen No. of patients Response (95% CI) Overall survival Reference evidence

Gemcitabine-based
Gemcitabine 800mg/m2 weekly over 30min Gallbladder—14 PR—30% 14 months Tsavaris133 II

Biliary tract—14
Gemcitabine 1000mg/m2 weekly ¥ 3 over Biliary tract—23 PR—30% 9.3 months Kubicka134 II

30min
Gemcitabine 1000mg/m2 weekly ¥ 3 over Gallbladder—26 PR—36% (17.1–57.9%) 7.5 months Gallardo135 II

30min
Gemcitabine 1200mg/m2 weekly ¥ 3 over Gallbladder—5 PR—16% 6.5 months Raderer127 II

30min Biliary tract—14
Gemcitabine 2200mg/m2 every 2 weeks Gallbladder—10 PR—21.9% (9.3–40%) 11.5 months Penz136 II

over 30min Biliary tract—22
Gemcitabine 1000mg/m2 weekly ¥ 3 over Gallbladder—5 PR—60% 9.8 months Teufel137 III

30min
Gemcitabine 1000mg/m2 weekly ¥ 3 over Biliary tract—13 PR—8% 16 months Metzger138 III

30min
Gemcitabine 1. Gallbladder—8 1. PR—16.7% (5–37%) 1. 6.8 months Valencak139 III
1. 1200mg/m2 weekly ¥ 3 over 30min Biliary tract—16 2. PR—28.6% (8–58%) 2. 10.5 months
2. 2200mg/m2 every 2 weeks over 30min 2. Gallbladder—5

Biliary tract—9
Gemcitabine 24-h infusion weekly ¥ 3 Biliary tract—9 1. PR—8% Not stated Eckel219 III
1. 150mg/m2 (no prior therapy) Pancreas—15 2. 0%
2. 100mg/m2 (prior therapy) Unknown—1
Gemcitabine 1000mg/m2 weekly ¥ 3 over Gallbladder—case PR Not stated Castro131 IV

30min report
Gemcitabine 1000mg/m2 weekly ¥ 3 over Gallbladder—case PR Not stated Gallardo132 IV

30min report
Gemcitabine 1000mg/m2 over 30min + 5-FU Biliary tract—9 PR—33% Not stated Murad140 III

500mg/m2 over 3h, weekly ¥ 3
Gemcitabine 1000mg/m2 over 30min + 5-FU Gallbladder—1 PR—25% 14.8 months Boxberger141 IV

variable doses, weekly ¥ 3 Biliary tract—3
Gemcitabine 1000mg/m2 over 30min, days Gallbladder—11 CR—9% 10.5 months Malik220 III

1,8 + CDDP 70mg/m2 day 1 PR—55%
Gemcitabine 1000mg/m2 over 30min + CPT- Gallbladder—10 PR—14% Not stated Bhargava221 II

11,100mg/m2, day 1, 8 Biliary tract—6 (interim report)
Gemcitabine 1000mg/m2 over 30min + Gallbladder—26 PR—9.3% 11 months Kuhn222 II

docetaxel 35mg/m2 over 3h, weekly ¥ 3 Biliary tract—15
Fluorouracil-based
5-FU 375mg/m2/d + LV 25mg/m2/d, days 1–5 Gallbladder—9 CR—2% 6 months Choi223 II

Biliary tract—19 PR—25%
5-FU 2600mg/m2 + LV 150mg/m2 over 24h, Gallbladder—6 PR—33% (14–57%) 7.0 months Chen126 II

weekly ¥ 6 Biliary tract—13
UFT 300mg/m2/d + LV 90mg/d daily for 28 Gallbladder + No responses 7 months Mani224 II

days Biliary tract—13
1. 5-FU 600mg/m2/d ¥ 5 1. 30 patients GB Biliary GB Biliary Falkson124 II
2. 5-FU 600mg/m2/d + STZ 500mg/m2/d, 2. 26 patients 1. 11% 8% 1. 5.25 5.25

days 1–5 3. 31 patients 2. 13% 0 2. 3.5 3.0
3. 5-FU 500mg/m2/d, days 1–5 + MeCCNU 3. 5% 17% 3. 2.5 2.0

150mg/m2, day 1
5-FU 750mg/m2/d days 1–5 + IFN_2b Gallbladder—25 PR—34% (18.6–53.2%) 12 months Patt182 II

5MU/m2, days 1, 3, 5 Biliary tract—10
5-FU 2000mg/m2 + LV 500mg/m2 over 24h, Gallbladder—7 No responses 7.3 months Eckel225 II

weekly ¥ 6 + CTX 300mg/m2 monthly + Biliary tract—23
tamoxifen 20mg BID

5-FU 400mg/m2 + LV 200mg/m2, days 1–4 + Gallbladder—7 PR—25% 9.5 months Raderer127 II
mito C 8mg/m2, day 1 Biliary tract—13

5-FU 2600mg/m2 + LV 150mg/m2 over 24 Gallbladder—3 PR—26% (14–57%) 6 months Chen128 II
hours, weekly ¥ 6 + MMC 10mg/m2 day Biliary tract—22
1, every 8 weeks

5-FU 350mg/m2 + LV 350mg/m2, days 1–4 + Gallbladder—4 PR—23% (5–54%) 4.5 months Polyzos129 II
MMC 10mg/m2, day 1 Biliary tract—9

5-FU 600mg/m2, days 1, 8, 29, 36 + ADR Biliary tract—17 PR—31% Not stated for Harvey130 II
30mg/m2, days 1, 29 + MMC 10mg/m2, entire group
day 1

1. 5-FU 310mg/m2, days 1–5, 22–26 1. Gallbladder—10 No responses in either Not stated Takada125 II
2. 5-FU 310mg/m2, days 1–5, 22–26 + ADR Biliary tract—8 arm

12mg/m2, day 8 + MMC 6mg/m2, day 1 2. Gallbladder—10
Biliary tract—8

5-FU 600mg/m2 + epirubicin 20mg/m2 + Gallbladder—6 No responses 9 months Kajanti226 II
MTX 150mg/m2, weekly ¥ 3 Biliary tract—16



6.8 months and the time to progression was 3.5 months. In
the second arm of this study, gemcitabine 2,200mg/m2 was
given every 2 weeks, and 4 of 14 patients (29%) achieved a
partial response. The median survival with this schedule was
10.5 months and the median time to progression was 4.8
months. In 2002, on review of the available data, the FDA
approved a diagnosis of cholangiocarcinoma as an indicator
for the use of gemcitabine. Phase III studies to establish the
efficacy of gemcitabine have yet to be performed.

Gemcitabine combined with other agents have produced
responses ranging from 25% to 64% with median survivals
of 10 to 15 months.140–142 However, this finding is based on
level III and IV evidence and as such is of uncertain value. No
phase III trials or appropriately powered phase II trials have
been published. It therefore remains unclear if multiagent
therapy, using gemcitabine, has any benefit over gemcitabine
alone. The potential added toxicity of a second agent has also
not been assessed in comparison to gemcitabine.

In addition to 5-FU and gemcitabine, platinum com-
pounds represent the other most commonly evaluated
chemotherapy drugs. Most studies have evaluated cisplatin
(CDDP) alone or in combination with 5-FU and LV and
provide level II or III evidence of activity.143–147 There appears
to be no justification for the use of single-agent CDDP, with
less than 10% of patients having a response and overall sur-
vival under 6 months.143,144 An improved response rate is seen
with the addition of 5-FU and LV. Prolonged infusion of 5-FU
appears to increase the response rate to approximately one-

third of patients.146 However, overall survival does not appear
to differ between infusional and bolus regimens of 5-FU.145,146

The use of other platinum drugs, such as carboplatin
(CBDCA) or oxaliplatin, also does not appear to change
response rates or overall survival.148,149 Finally, the addition of
an anthracycline (doxorubicin or epirubicin) to CDDP and 5-
FU does not improve its activity.150–152 No level I evidence is
currently available to establish the activity of platinum-based
regimens in comparison to other regimens or single agents
such as gemcitabine.

The activity of several newer chemotherapy drugs has
been assessed in phase II trials. These trials have shown no
obvious improvement in outcome, based on level II evidence,
when the drugs CPT-11, docetaxel, or paclitaxel were
used.153–156 Clinical trials with novel or targeted agents have
not yet been published.

Until recently, no randomized trials had assessed the
potential benefit of chemotherapy following resection of gall-
bladder or biliary tract carcinoma. In a study of resected pan-
creatic (n = 173), bile duct (n = 135), gallbladder (n = 140), or
ampulla of Vater (n = 56), patients were randomized to either
surgery alone or to adjuvant chemotherapy following
surgery.157 For those randomized to adjuvant chemotherapy,
patients were given mitomycin C (MMC) and 5-FU for two
cycles followed by oral 5-FU until the time of recurrence.
Patients with resected gallbladder cancer who received adju-
vant chemotherapy had a significantly better 5-year survival
rate if they received chemotherapy (26% versus 14%; P =
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TABLE 44.7. (continued)

Level of
Regimen No. of patients Response (95% CI) Overall survival Reference evidence

Platinum-based
CDDP 90mg/m2 every 3 weeks Biliary tract—9 No responses Not stated Ravry143 III
CDDP 80mg/m2 every 4 weeks Gallbladder—1 PR—7.7% (0.2–36%) 5.5 months Okada144 II

Biliary tract—12
5-FU 1000mg/m2/d ¥ 5 days + CDDP Gallbladder—11 PR—25% (6–42%) 10 months Ducreux145 II

100mg/m2 day 2 Biliary tract—14
LV 200mg/m2 days 1, 2 + 5-FU 400mg/m2 Gallbladder—6 CR 1 + PR 9: 34% 9.5 months Taieb146 II

bolus followed by 2200mg/m2 over 22h, Biliary tract—23 (23–45%)
days 1, 2 + CDDP 50mg/m2 day 2

LV 500mg/m2 + 5-FU 2–2.6g/m2 weekly ¥ 6 Biliary tract—4 No responses 3.9 months Caroli- III
+ CDDP 50mg/m2 every other week Bosc147

5-FU 500mg/m2/d ¥ 5 days + epirubicin Gallbladder—32 PR—19% (6–32%) 6 months Morizane150 II
50mg/m2 day 1 + CDDP 80mg/m2 day 1 Biliary tract—5

5-FU 200mg/m2/d ¥ 21 days + epirubicin Gallbladder—9 PR—40% (19–64%) 11 months Ellis151 II
50mg/m2 day 1 + CDDP 60mg/m2 day 1 Biliary tract—12

5-FU 500mg/m2/d ¥ 3 days + doxoubicin Gallbladder—19 1 CR + 7 PR 21% 14 months Patt152 II
40mg/m2 day 1 + CDDP 80mg/m2 day 1 + Biliary tract—22 (10–37%)
IFN

5-FU 400mg/m2 + LV 25mg/m2, days 1–4 + Gallbladder—4 1 CR + 2 PR 21.4% 5 months Sanz-Altamira148 II
CBDCA 300mg/m2 day 1 Biliary tract—10

LV 500mg/m2 days 1, 2 + 5-FU 1.5–2g/m2 Gallbladder—7 PR—19% (0–41%) 9.5 months Nehls149 II
over 22h, days 1, 2 + oxaliplatin 85mg/m2 Biliary tract—9
day 1

Other agents
CPT-11 100–125mg/m2 weekly ¥ 4 Gallbladder—24 1 CR + 2 PR: 8% 6.1 months Alberts153 II

Biliary tract—15 (2–23%)
CPT-11 125mg/m2 weekly ¥ 4 Gallbladder—10 PR—8% (0–18%) 10 months Sanz- II

Biliary tract—15 Altamira154

Docetaxel 100mg/m2 every 3 weeks Gallbladder—16 2 CR + 3 PR—20% 8 months Papakostas155 II
Biliary tract—9 (4–36%)

MMC 15mg/m2 every 6 weeks Gallbladder—13 PR—10% (2–27%) 4.5 months Taal227 II
Biliary tract—17

Paclitaxel 170–240mg/m2 every 21 days Gallbladder—4 No responses Not stated Jones156 II
Biliary tract—11



0.0367). No benefit of adjuvant chemotherapy was seen in
patients with resected bile duct cancers. Although this study
provides level I evidence for use of adjuvant chemotherapy, at
least for resected gallbladder cancer, further studies are
needed to confirm the findings of this study and to evaluate
the potentially more active chemotherapy drugs including 
gemcitabine.

The role of adjuvant radiotherapy with or without
chemotherapy in combination with hepatic resection for
extrahepatic cholangiocarcinoma remains controversial.
Although some institutions have demonstrated improved
local control and improved overall survival,158,159 others have
reported no benefit.160,161
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n 2001, a number of prominent pancreas cancer special-
ists from the medical community met with industry and
pancreatic cancer advocacy partners to make comprehen-

sive formal recommendations for the National Cancer Insti-
tute’s pancreatic cancer research agenda. They published an
executive summary identifying barriers to progress and high-
lighted research priorities that could lead to real progress for
this cancer.1 As we approach the end of 2004, much has
changed, yet much has remained the same for the manage-
ment of pancreatic cancer. We now have an understanding of
how normal duct epithelium progresses to infiltrating cancer
at the molecular level.2 We finally have available reliable
mouse models of early pancreatic ductal lesions3 that will
provide unprecedented potential to identify early pancreatic
lesions and allow testing of new drugs for prevention and
treatment. The technology for pancreatic tumor animal
xenografting exists that will allow more efficient testing of
new drugs and identifying mechanisms of drug resistance.

Despite reason for optimism that meaningful progress is
on the horizon, the current reality is that 5-year survival
remains approximately 15% to 20% for resectable disease and
3% for all stages combined.4 There remains no current uni-
versal standard of care for adjuvant therapy. Gemcitabine still
remains the standard of care for metastatic disease.

Therapy for Adjuvant Disease

The current standard of 5-fluorouracil (5-FU)-based combined
modality chemoradiotherapy is based on in vitro data, animal
studies, and a series of human studies, most notable from the
Gastrointestinal Tumor Study Group (GITSG). This study
utilized split-course irradiation in modest doses with con-
current bolus 5-FU followed by maintenance 5-FU. The study
reported a survival advantage for adjuvant chemoradiotherapy
in comparison to surgery alone.5 While criticized for slow and
limited accrual, the GITSG study was the first and only study
to document that adjuvant therapy following surgical resec-
tion for pancreatic surgery prolonged survival. Additional
studies by the GITSG demonstrated the benefit of combined
chemoradiotherapy versus chemotherapy alone or radiation
therapy alone for patients with resectable disease.6

Subsequently, additional groups have further developed
this approach4–21 (Table 45.1). The Johns Hopkins Hospital
published results of two single-institution prospective but
nonrandomized trials that were designed to evaluate survival
benefit in patients with pancreatic cancer following surgical
resection.10 This report, involving 174 patients, demonstrated
that patients receiving GITSG-style chemoradiotherapy with
maintenance 5-FU truncated at 6 months (rather than 2
years), or a more-intensive regimen involving higher doses 
of irradiation as well as hepatic irradiation administered
without interruption and with continuous-infusion 5-FU
chemotherapy augmented with leukovorin, did better than
patients receiving no postsurgical therapy. The median sur-
vival for the more-standard regimen was 21 months, with 1-
and 2-year survival at 80% and 44%, respectively. For the
intensive regimen, the median survival was 17.5 months with
1- and 2-year survival at 70% and 22%, respectively. For the
control arm, the median survival was 13.5 months with 1-
and 2-year survival at 54% and 30%, respectively. The inten-
sive therapy had no survival advantage when compared to the
standard therapy group, but there was a statistically signifi-
cant difference between the standard arm versus control with
P less than 0.002. Multivariate analysis confirmed prognostic
factors for disease recurrence including margin and lymph
node status, tumor size, and degree of differentiation. This
approach, showing the importance of multiple prognostic
factors in addition to adjuvant therapy on postsurgical out-
comes, has been further refined by Sohn et al.4 and Abrams
et al.12 The critical factors appear to be the histologic status
of resection margins, lymph node involvement (especially
more than three lymph nodes involved), tumor size greater
than 3cm, and the presence of a poorly differentiated com-
ponent within the tumor. Using these factors, patients can be
segregated into high-risk and low-risk groups, with median
survival after standard adjuvant therapy being 30.5 months
for low-risk patients and 14.0 months for high-risk patients.

In an effort to enhance the activity of chemotherapy in
pancreatic cancer, other agents have been examined in com-
bination with 5-FU. Mitomycin-C (MMC) is an antitumor
antibiotic with activity in several gastrointestinal cancers
including pancreatic cancer. The UCLA group has published
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their experience using MMC (10mg/m2 IV q 6 weeks) and 5-
FU (200mg/m2/day administered via continuous infusion), in
combination with leukovorin (30mg/m2 weekly) and dipyri-
damole (75mg po daily) in 38 patients with locally advanced
pancreatic carcinoma.11 There were 14 partial responders with
1 complete response. The median survival for all patients was
15.5 months, which is an improvement over historical data
for locoregional advanced disease. This regimen has subse-
quently been applied to pancreatic cancer in combination
with radiotherapy. The Hopkins group recently presented
data of 39 patients with pancreatic cancer following surgi-
cal resection treated with combined radiotherapy (50Gy in 
25 fractions with planned 2-week break after 25Gy) and
chemotherapy consisting of 5-FU 400mg/m2 days 1–3, MMC
10mg/m2 day 1, leukovorin 20mg/m2 days 1–3, and dipyri-
damole 75mg po qid days 0–4 administered on weeks 1 and
4. One month following combined chemoradiotherapy,
patients received four additional cycles (4 months) of the
same chemotherapy alone. At 12.6 months median follow-
up, median survival was 16 months.12

Subsequently, the Stanford group published their experi-
ence of 52 patients with pancreatic cancer following defini-
tive surgical resection to combined radiotherapy (45Gy to
tumor bed and nodes in 1.8-Gy fractions with boost to total
of 54Gy if surgical margins were positive) and chemothe-
rapy (5-FU 200–250mg/m2/day administered without break
throughout radiation therapy). All patients were able to com-
plete therapy without grade IV toxicities. With median
follow-up of 24 months, the median survival was reported 
at 32 months.15

The Virginia Mason Medical Center published their expe-
rience of 33 patients with resected pancreatic adenocarci-
noma who received combined radiotherapy (external beam at
a dose of 45–54Gy in standard fractions, days 1–35) and
chemotherapy (5-FU 200mg/m2/day as continuous infusion,
weekly cisplatin 30mg/m2 IV bolus, interferon-a 3 million
units SQ every other day) during radiation or GITSG-type
chemotherapy with radiation therapy. Following combined
modality chemoradiotherapy, chemotherapy alone was adm-
inistered (5-FU 200mg/m2/day as continuous infusion) in 
two 6-week courses during weeks 9–14 and 17–22. Of note,
13 of 17 patients randomized to the interferon-based
chemoradiotherapy had positive lymph nodes compared to 7
of 16 patients randomized to the GITSG-based chemoradio-
therapy. There were significant grade III/IV gastrointestinal
(GI) toxicities including vomiting, mucositis, diarrhea, and GI
bleeding in the interferon-based chemotherapy, requiring
hospitalization in 35% of patients. However, the majority of
patients were still able to receive more than 80% of planned
therapy. The median overall survival and 2-year actuarial sur-
vival rate were 18.5 months and 54% for patients receiving
GITSG-based chemoradiotherapy. In contrast, the median
survival and 2-year survival were more than 24 months and
84% for the interferon-based chemoradiotherapy.16 The
Virginia Mason Group has recently presented a follow-up
study of 53 patients with resected pancreas cancer treated
with similar interferon-based chemoradiotherapy. Toxicities
including anorexia, dehydration, diarrhea, mucositis, nausea,
and vomiting necessitated hospitalization in 23 of 53
patients. However, the clinical efficacy remains very encour-
aging, with median survival of 46 months and 2-year survival
of 53%.19 As such, The American College of Surgery Oncol-

ogy Group (ACOSOG) has opened a multiinstitutional Phase
II study in patients with pancreatic adenocarcinoma who are
candidates for resection.

In July 2002, the Radiation Therapy Oncology Group
(RTOG) closed R97-04. This Phase III study of 518 pancreatic
cancer patients randomized between 5-FU continuous infu-
sion (250mg/m2/day for 3 weeks), followed by 5-FU conti-
nuous infusion (250mg/m2/day) during radiation therapy
(50.4Gy in 1.8-Gy fractions), followed by two cycles 5-FU
continuous infusion, versus gemcitabine 1,000mg/m2 weekly
¥ 3, followed by 5-FU continuous infusion during radiation
therapy, followed by three cycles gemcitabine alone. The
experimental question being asked was whether gemcitabine
before and after 5-FU-based chemoradiotherapy would be
more efficacious than continuous infusion 5-FU before and
after the same 5-FU-based chemoradiotherapy. In 1997, when
this study was designed, there was inadequate knowledge
regarding how to safely administer gemcitabine concurrently
with irradiation to allow for concurrent gemcitabine and
radiotherapy. This study was the first North American Co-
Operative group trial since the GITSG trial. Although the sur-
vival results for this trial will not be known until possibly
late 2004, a number of important observations have already
been made: neither arm was associated with unacceptable
acute toxicity during the trial, accrual was quite rapid (12–14
patients per month), reflecting the support of both the Eastern
Co-Operative Oncology Group and the Southwest Oncology
Group, and the willingness of patients and their physicians
to participate in adjuvant trials for pancreatic cancer.

Despite a growing body of literature supporting the
benefit of adjuvant combined modality therapy following
potentially definitive resection in patients with high risk for
recurrence, adjuvant chemoradiation has not been universally
accepted as a standard of care. One of the criticisms has been
that none of these studies included an observation-only arm.
There have been three studies that have demonstrated con-
trasting conclusions.

A European Organization for Research and Treatment of
Cancer (EORTC) trial randomized 218 patients with pancre-
atic and nonpancreatic periampullary adenocarcinoma 2 to 8
weeks following potentially curative resection to either
observation or to combined radiotherapy (40Gy using a three-
or four-field technique in 2-Gy fractions with 2-week break
at midtreatment) and chemotherapy (5-FU administered as a
continuous infusion 25mg/kg/day during the first week of
each 2-week radiation therapy module only). No postradia-
tion chemotherapy was administered. Median progression-
free survival was 16 months in the observation arm versus
17.4 months in the treatment arm (P = 0.643). Median sur-
vival was 19 months in the observation group versus 24.5
months in the treatment group, but this was not statistically
significant (P = 0.737). For the subgroup of patients with pan-
creatic adenocarcinoma (n = 114), the median survival was
12.6 months in the observation group versus 17.1 months in
the treatment arm, but this was not statistically significant
(P = 0.099). Of note, 21 of 104 patients randomized to the
treatment arm were not treated. In addition, although 
the original dose of 5-FU was already modest, 35 patients in
the treatment arm received only 3 days of 5-FU during the
second module of radiotherapy secondary to grade I/II toxici-
ties. Therefore, this study could be better described as an
underpowered positive study.13
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The European Study Group for Pancreatic Cancer (ESPAC)
randomized 541 patients with pancreatic adenocarcinoma in
a four-arm design based on a two-by-two factorial design: (a)
observation; (b) concomitant chemoradiotherapy alone (20Gy
in 10 fractions over 2 weeks with 500mg/m2 5-FU IV bolus
during the first 3 days of radiation therapy; the module is
repeated after a planned 2-week break) followed by no addi-
tional chemotherapy; (c) chemotherapy alone (leukovorin 
20mg/m2 bolus followed by 5-FU 425mg/m2 administered for
5 consecutive days repeated every 28 days for six cycles); and
(d) chemoradiotherapy followed by chemotherapy.18 The data
set for 289 patients randomized just through the two-by-two
design was recently reported.21 The four arms were subse-
quently uniquely combined to make additional comparisons
(no chemoradiotherapy versus chemoradiotherapy and no
chemotherapy versus chemotherapy). There appeared to be a
survival advantage for patients receiving no chemoradiother-
apy (17.9 months) versus chemoradiotherapy (15.9 months, P
= 0.05). In addition, there was a survival advantage for those
who received chemotherapy (20.1 months) versus those who
did not receive chemotherapy (15.5 months, P = 0.009). When
the four arms were analyzed individually, there appeared to be
a survival benefit for chemotherapy alone (median survi-
val, 21.6 months) versus observation alone (16.9 months),
chemoradiotherapy alone (13.9 months), or chemoradiother-
apy followed by chemotherapy (19.9 months). However, the
study was not powered to examine these arms separately. 
Multivariate analysis for known prognostic factors including
margin status, lymph node involvement, and tumor grade and
size did not alter the effect for chemoradiotherapy treatment.
The study authors concluded that there was no survival benefit
for adjuvant chemoradiotherapy. In addition, the authors con-
cluded that a potential benefit existed for adjuvant chemother-
apy alone following surgical resection. Based on these results,
the follow-up ESPAC study (ESPAC-3) does not include radia-
tion therapy and is designed as a randomized study of three dif-
ferent chemotherapy schedules (5-FU and leukovorin versus
gemcitabine versus observation) following surgery.

Although this was a randomized study consisting of more
than 500 patients with a smaller subset of 289 patients
included in the two-by-two design, the conclusions of the
study should be carefully measured. To encourage maximal
patient recruitment, the study was modified in that 68
patients were assigned separately and randomized to either
chemoradiotherapy or observation. In addition, 188 patients

were subsequently assigned separately and randomized to
either chemotherapy alone or observation. In a sense, three
randomizations were possible for inclusion into the same
original study design. Also, patients in the additional two ran-
domizations could have received “background chemotherapy
or chemotherapy,” which was not specifically defined. The
background treatment was not known in 82 eligible patients.
Of note, these patients were still assigned into an arm of the
study despite lack of definitive knowledge of prior therapy.
Finally, 25 of the eligible 541 patients refused to accept their
randomization and an additional 25 patients withdrew sec-
ondary to treatment toxicities.

Although the smaller subset of 289 patients does not
include these additional “randomized” patients, other fun-
damental issues concerning these are patients worthy of
comment. First, the absence of a central review of radiother-
apy fields and quality control/assurance is essential in such a
study design and alone could explain the results of the study.
Equally important, the radiation as well as the chemotherapy
used in the ESPAC-1 study are not considered contempo-
rary therapy. Doses of radiation therapy integrated with
chemotherapy are currently in the range of 45 to 54Gy. The
lower doses of radiation used in ESPAC-1 might explain the
high incidence of local recurrence in 109 of 158 patients (62%)
with recurrent disease.

As the debate continues, several studies have recently
opened or have been proposed by either the cooperative
groups or through single institutions. Table 45.2 summarizes
open or planned studies in the adjuvant setting. These future
studies will be characterized by the addition of multiagent
chemotherapy to irradiation at the cooperative group level by
the addition of Gemcitabine to the period of chemoradiation
and by the use of conformal, three-dimensional (3-D) irradia-
tion planned to patient-specific anatomic and surgical patho-
logic data.

Future Concepts for Adjuvant Therapy

The identification of overexpressed/underexpressed genes,
tumor-dependent growth pathways, and the search for tumor-
specific proteins or antigens have for many years been the
triple holy grail for oncologists. The impact from such dis-
coveries would potentially not only revolutionize the man-
agement of disease but would also have implications for early
detection and for monitoring disease. A number of these mol-

TABLE 45.2. Active or planned adjuvant or neoadjuvant studies.

Study Regimen Study phase

EORTC Arm I: Gemcitabine weekly ¥ 3 every 4 weeks ¥ 2 cycles followed by Gem/EBRT II/III
Arm II: Observation

ACOSOG EBRT (50Gy/5-FU CI/cisplatin/IFN, 5-FU CI) ¥ 2 cycles II
Johns Hopkins GM-CSF allo vaccine, 5-FU CI, 5-FU CI/XRT, 5-FU CI ¥ 2 cycles followed by GM-CSF allogeneic II

vaccine X 4
ECOG 1200 Arm A: Gem 500mg/m2 over 50min weekly ¥ 6 with EBRT 50.4  followed by surgery, gem 1,000mg/m2 II

over 100min ¥ 5 cycles
Arm B: Gem 175mg/m2 over 30min days 1, 5, 29, 33/cisplatin 20mg/m2 days 1–4, 29–33, 5-FU 

600mg/m2 over 21 hours days 1–4, 29–32 followed by EBRT 50.4, surgery, gemcitabine ¥ 3 cycles
ESPAC-3 Arm I: Observation III

Arm II: 5-Fluorouracil/LV days 1–5 ¥ 6 cycles
Arm III: Gemcitabine weekly ¥3 every 4 weeks ¥ 6 cycles

gem, gemcitabine; IFN, interferon-alpha; RTOG, Radiation Therapy Oncology Group; CI, continuous infusion; ACOSOG, American College of Surgery Oncology
Group; ECOG, Eastern Cooperative Oncology Group.



ecular targeted drugs (Cetuximab and Bevacizumab) have
been approved by the U.S. Food and Drug Administration
(FDA) for other malignancies and are currently being tested
in combination with Gemcitabine in patients with metasta-
tic pancreatic cancer. To date, no molecular targeted agents
have been tested in the adjuvant setting.

Immune-based therapy is a novel therapeutic approach
that has the ability to recruit and activate tumor-specific T
cells and induce a cytotoxic response. The potential of this
approach is attractive for many reasons.22 First, tumor killing
by activated tumor-specific T cells occurs via a mechanism
that is distinct from chemotherapy or radiation therapy and
would represent a noncross-resistant treatment with an
entirely different spectrum of toxicities. Second, the immune
system is capable of recognizing a broad diversity of potential
antigens with selective and specific cytotoxic responses.
These features may be essential in recognizing and eliminat-
ing a heterogeneous tumor population while avoiding normal
tissue toxicity. Third, preclinical animal models using active
immunotherapy (vaccines) have been able to eliminate small
burdens of established tumors, a situation that corresponds
to the state of minimal residual disease commonly found after
resection of human tumors. Fourth, there are data to suggest
that human tumor-specific antigens can be manipulated to be
effectively recognized by the immune system and that these
antigens may be shared broadly among tumors of similar his-
tologies.23 Finally, vaccine cells do not need to be HLA com-
patible with host immune cells to effectively prime both the
CD4+ T-cell (regulatory) arm and the CD8+ T-cell (cytolytic)
arm of the immune response.24,25

Although the use of autologous tumor cells may preserve
unique antigens expressed by each patient’s cancer, the devel-
opment of an autologous vaccine has limitations that pre-
clude the use of autologous cellular vaccine for most cancers
including pancreatic adenocarcinoma. Recent data support
the immunologic rationale for using allogeneic tumor cells
rather than autologous cells as the source of antigen used for
the vaccination.24 Taken together, the data suggest that rele-
vant tumor antigens can be delivered by an allogeneic tumor
and still sufficiently mount an effective immune response.

The Johns Hopkins group has developed allogeneic cell
lines from neoplastic tissue harvested from the surgical spec-
imens of patients undergoing pancreaticoduodenectomy at
the Johns Hopkins Hospital. All these cell lines have been
characterized as 100% epithelial by cytokeratin staining. In
addition, all these cell lines carry the same k-ras mutation as
the original tumor specimen, which supports the conclusion
that these lines are derived from malignant pancreatic tumor
cells. Two cell lines had been chosen for further testing
because they contain the most common k-ras mutation at
codon 12 found in greater than 90% of pancreatic cancer.
These lines were genetically modified to secrete granulocyte-
macrophage colony-stimulating factor (GM-CSF). These lines
were previously tested for safety in 14 patients with stage 1,
2, or 3 pancreatic adenocarcinoma.26

This study was the first clinical trial to test the hypothe-
sis that allogeneic GM-CSF-secreting pancreatic tumor cell
lines can prime a systemic immune response in patients with
resected pancreatic adenocarcinoma. Fourteen patients with
stage 2 or 3 disease received an initial vaccination 8 weeks
following resection; this was a dose escalation study in which
3 patients each received 1 ¥ 107, 5 ¥ 107, and 1 ¥ 108 tumor

cells. An additional 5 patients received 5 ¥ 108 vaccine cells.
Study patients were jointly enrolled in an adjuvant chemora-
diation protocol for 6 months. Following the completion of
adjuvant chemoradiation, patients were reassessed, and those
who were still in remission were treated with three additional
vaccinations given 1 month apart at the same original dose
that they received for the first vaccination. Toxicities were
limited to grade I/II local reactions at the vaccine site. Post-
vaccination delayed-type hypersensitivity (DTH) responses to
autologous tumor cells have been used in previously reported
vaccine studies as a surrogate to identify and characterize
specific immune responses that are associated with vaccina-
tion. In the pancreatic cancer vaccine trial, postvaccination
DTH responses to autologous tumor cells were observed in 1
of 3 patients receiving 1 ¥ 108 and in 2 of 4 patients receiving
5 ¥ 108 vaccine cells.

The major limitation of defined antigen-based vaccines
has been the lack of identified pancreatic tumor antigens that
are the known targets of the immune response. Thus, current
immune-based approaches either target a small group of can-
didate antigens expressed by the tumor or rely on whole
tumor cells as the immunogen. In addition, postvaccination
DTH response to autologous tumor provided only indirect
evidence of vaccine-derived antitumor immune response.
However, with the recent sequencing of the human genome
and the development of rapid methods for identifying genes
that are differentially expressed by tumor cells,2 potential
candidate immune targets were expected to be discovered
that may serve as immunogens for treatment as well as pre-
vention. Recently, mesothelin, a transmembrane glycopro-
tein member of the mesothelin/megakaryocyte potentiating
factor (MPF) family, was identified by differential gene expres-
sion to be overexpressed by most pancreatic adenocarcino-
mas.27 Mesothelin has been shown to be recognized by
vaccinated uncultured CD8+ T cells isolated from the three
patients who are long-term survivors from the previously
described phase I GM-CSF pancreatic cancer vaccine study
but not in the other patients who received the vaccine but
subsequently relapsed.28 These data suggest that mesothelin
may be used as an in vitro marker of vaccine-specific T-cell
responses to correlate with in vivo DTH response to autolo-
gous tumors and to clinical responses.

Based on the phase I study, the Johns Hopkins Hospital
initiated a 60-patient study, administering a total of five vac-
cinations integrated around chemoradiotherapy for patients
with resected pancreatic adenocarcinoma. The study is
planned to complete accrual by the end of 2004.

Role of Neoadjuvant Therapy

Neoadjuvant therapy is a potentially attractive alternative to
current standard adjuvant chemoradiation for several reasons:
(1) radiation is more effective on well-oxygenated cells that
have not been devascularized by surgery, (2) contamination
and subsequent seeding of the peritoneum with tumor cells
secondary to surgery could theoretically be reduced, (3)
patients with metastatic disease on restaging following adju-
vant therapy would not need to undergo definitive resection
and might benefit from palliative intervention, and (4) the risk
of delaying adjuvant therapy would be eliminated because it
would be delivered in the neoadjuvant setting. A number of
groups have further developed this approach9,29–41 (Table 45.3).
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The Fox Chase Cancer Center published their experience
of 53 patients with localized resectable pancreatic cancer who
were treated preoperatively with radiation therapy (5,040cGy
in 180-cGy fractions) and chemotherapy (MMC 10mg/m2 on
day 2 with 5-FU 1,000mg/m2/day by continuous infusion on
days 2–5 and 29–32). Forty-one patients subsequently under-
went exploratory laparotomy at the conclusion of preopera-
tive chemoradiation. From this group of patients, 17 were not
resectable (including 11 patients with hepatic or peritoneal
metastases and 6 patients with local extension that precluded
resection). Twenty-four patients eventually underwent 
potentially curative resection. Significant treatment-related
hematologic and nonhematologic toxicities were identified,
including 1 patient with treatment-related toxicities that pre-
cluded reexploration. Median survival for the entire group
was 9.7 months and 15.7 months for the group that under-
went surgical resection.31

The MD Anderson Cancer Center (MDACC) published
their experience of 132 patients with localized resectable pan-
creatic adenocarcinoma were treated preoperatively with
radiation therapy (45–50.4Gy in standard 1.8-Gy fractions 
or consisting of 30-Gy rapid fractionation in 3Gy/fraction)
combined with chemotherapy (5-FU continuous infusion 
300mg/m2/day or gemcitabine 400mg/m2/week or paclitaxel
60mg/m2/week), followed by surgical resection. There were
no surgical delays in the neoadjuvant group but there were
noted to be delays in 6 of 25 patients who underwent surgi-
cal resection first. At median follow-up of 19 months, no sig-
nificant differences in survival were noted between treatment
groups, with overall median survival of 21 months.37

The Fox Chase group has since published a follow-up
study of 30 patients with localized resectable pancreatic
cancer of whom 26 received preoperative radiation therapy
(50.4Gy) with 5-FU continuous infusion. Fourteen patients
who received preoperative therapy subsequently underwent
resection. Median survival was 34 months for the resected
group compared to 8 months in the group that could not be
resected.39

The MDACC have also used paclitaxel 60mg/m2 over 3
hours weekly with 30-Gy radiation therapy rapid fractiona-
tion. Of note, if patients could undergo surgical resection,
they could also have received external-beam intraoperative
radiation therapy (EB-IORT). Grade III hematologic and 
nonhematologic toxicities were identified in 16 patients. No
delays in surgery were attributable to preoperative therapy.
Twenty of 25 patients who underwent exploratory laparo-
tomy underwent surgical resection. There were no histologic
complete responders. With median follow-up of 45 months,
3-year survival for those patients following potentially cura-
tive resection was 28% with overall median survival of 19
months.41

Currently, the Eastern Co-operative Oncology Group
(ECOG) is planning to open a prospective randomized trial
randomizing patients to intensified gemcitabine-based or
gemcitabine/5-FU/platinum-based chemoradiotherapy. This
trial makes an important distinction between clearly unre-
sectable disease and potentially resectable disease, especially
around the issues of partial versus complete encasement of
the superior mesenteric artery and length of superior mesen-
teric vein involved by tumor at initial presentation. To date,
the current data demonstrate that although neoadjuvant
chemoradiotherapy can be administered safely, there is no

clear advantage to this strategy compared to postoperative
therapy. In the realm of marginally resectable patients, it
remains to be seen whether there is a meaningful cohort of
patients for whom this approach may represent an important
therapeutic advantage based on “downstaging” and improved
surgical outcomes.

Treatment of Locally Advanced Disease

Pancreatic tumors frequently invade adjacent structures such
as superior mesenteric and celiac vascular structures, making
curative resection difficult if not impossible. The Memorial
Sloan Kettering group recently reviewed their experience 
of 163 patients with locally advanced pancreas cancer. A
number of chemotherapy regimens were integrated with radi-
ation therapy and administered to 87 patients. Only 3 patients
had sufficient radiographic response to justify surgical explo-
ration. Of these selected patients, one-third underwent resec-
tion for curative intent.42 For the approximately 30% to 40%
of pancreatic cancer patients who present with such locally
advanced, nonmetastatic disease, optimal management is con-
troversial. Palliative surgery, chemoradiation, chemotherapy
alone, and locally directed therapies have all been employed
in this setting.

Chemoradiation Approaches

Although external-beam radiation therapy (EBRT) alone can
improve symptoms associated with locally advanced disease,
the high local failure rate and synergy observed when EBRT
is combined with chemotherapy have led to trials using 
both modalities. Chemoradiation approaches have shown
improved survival compared to either modality alone, but 
the improvements are modest, and local control remains a
significant challenge. There have been no randomized com-
parisons of radiation and/or chemotherapy versus suppor-
tive care (aside from subset analyses in trials for metastatic
disease).

Several prospective randomized trials have shown a
benefit with chemoradiation compared to either radiation or
chemotherapy alone in the management of locally advanced
disease.43–49 The first trial was published in 1969 and included
patients with different types of gastrointestinal (GI) cancers,
64 of whom had locally unresectable pancreatic cancer ran-
domized to either 5-FU or placebo combined with 35–40Gy
radiation. Median survival in the combined modality arm was
significantly higher than in the radiation therapy-only arm
(10.4 versus 6.3 months).43 The Gastrointestinal Tumor Study
Group (GITSG) randomized 194 locally advanced pancreatic
cancer patients to receive split-course EBRT, either alone 
(60Gy) or combined (either 40 or 60Gy) with 5-FU 500mg/m2

on the first 3 days of each 20Gy of radiation.44 The EBRT-
alone arm was discontinued after an interim analysis showed
improved median time to progression (TTP) and overall sur-
vival (OS) in the combined modality arms. There were no sig-
nificant differences between the high- and low-dose EBRT in
the chemoradiation arms, although there were trends favor-
ing the higher-dose arm in time to progression and survival.
A second GITSG study compared SMF (streptozotocin, mito-
mycin, and 5-FU) chemotherapy alone versus SMF combined
with EBRT (54Gy), and showed a significant improvement in



an evidence-based approach to the  management of  pancreatic  cancer 7 7 1

median survival (9.7 versus 7.4 months) for the chemoradia-
tion arm.46 In contradistinction to the GITSG studies, a 
randomized ECOG study of 91 patients comparing 5-FU 
600mg/m2 weekly with or without EBRT (40Gy, which has
been criticized as an insufficient dose) did not find a signifi-
cant benefit to combined modality therapy over chemother-
apy alone.45 Thus, three randomized studies have
demonstrated a modest survival benefit of combined modal-
ity therapy over chemotherapy or EBRT alone, and one ECOG
study with a possibly suboptimal dose of EBRT (40Gy) did
not show benefit over 5-FU alone.

Several trials have examined the use of different che-
motherapy agents with radiation therapy in the locally
advanced setting. The first was a Southwest Oncology Group
(SWOG) study published in 1980 randomizing 69 patients to
mCCNU (methyl lomustine) and 5-FU with or without testo-
lactone, combined with 60Gy of radiation.47 There was no sig-
nificant difference in overall survival, and myelosuppression
(87%) and GI toxicity (23%) were common. A GITSG study
randomized 143 patients to EBRT with either weekly 5-FU or
doxorubicin.48 Median survival was similar in both arms
(approximately 8 months), but the doxorubicin arm had more
frequent severe toxicity. Finally, a randomized Phase II study
of 87 patients compared the radiation sensitizer hycanthone
to 5-FU, both given with 60Gy of split-course radiation, and
found no difference in survival.49 Thus, three trials failed to
demonstrate a survival advantage of different chemotherapy
regimens given with radiation therapy compared to 5-FU,
which tended to have less toxicity.

Chemoradiation Using Gemcitabine

There has been considerable interest in combining EBRT with
gemcitabine because of its clinical benefit in the metastatic
setting and potent radiosensitizing properties. Studies com-
bining radiotherapy with gemcitabine have proceeded cau-
tiously because of this synergy. Early trials were designed to
determine the maximal tolerated dose of gemcitabine when
delivered weekly and integrated with radiation therapy con-
sisting of 50.4Gy in standard 1.8-Gy fractions. A margin of 
3cm around the gross target volume was required for the
initial field of 39.6Gy. The margin was subsequently reduced
to 2cm for the final 10.8-Gy boost. The starting dose of gem-
citabine was 300mg/m2. Hematologic and gastrointestinal
toxicities were identified as dose limiting at 700mg/m2.50

Blackstock and colleagues examined, in a Phase I study, gem-
citabine (starting at 20mg/m2) twice weekly in combination
with radiation therapy (total dose, 50.4Gy in 1.8-Gy fractions)
in 19 patients with locally advanced pancreatic adenocarci-
noma. Thrombocytopenia, neutropenia, and nausea/vomiting
were dose-limiting toxicities. Of the 15 patients assessable for
response, 3 partial responses were identified.51 A dose of 
40mg/m2 twice weekly in combination with radiotherapy 
to a total dose of 50.4Gy was subsequently examined by the
Cancer and Leukemia Group B (CALGB) in a Phase II study
of 38 patients with locally advanced pancreatic cancer. Fol-
lowing chemoradiotherapy, patients without disease progres-
sion received Gemcitabine alone at 1,000mg/m2 weekly ¥ 3
every 4 weeks for five additional cycles. Grade III/IV hema-
tologic toxicity was significant and identified in 60% of
patients; in addition, grade III/IV GI toxicity was identified 

in 42% of patients. With median follow-up of 10 months,
median survival was 7.9 months.52

The MD Anderson Cancer Center (MDACC) has since
published a corollary phase I study of 18 patients with locally
advanced disease using rapid fractionation external-beam
radiation. Patients received dose escalation gemcitabine 
from 350mg/m2 to 500mg/m2 weekly ¥ 7 with concurrent
rapid fractionation 3,000-cGy external-beam radiation
therapy during the first 2 weeks of therapy. Hematologic and
nonhematologic toxicities were significant in all three patient
cohorts. There were 8 responses (4 minor and 4 partial). One
of 2 patients who were subsequently explored had a cura-
tive resection. The recommended Phase II testing dose of
gemcitabine was 350mg/m2.53

These dose-finding studies would suggest that the
maximal tolerated dose of gemcitabine when combined with
radiation therapy is dependent on the radiation therapy field
size. Planned confirmatory studies will follow up on these
observations.

The University of Michigan has described an alterna-
tive approach by using standard doses of gemcitabine at 
1,000mg/m2 weekly ¥ 3 every 4 weeks and administering radi-
ation therapy as dose escalation beginning at 24Gy (1.6-Gy
fractions in 15 fractions) in 34 patients with locally advanced
disease. The majority of patients received chemotherapy after
combined modality treatment at the discretion of the treating
physician; 75% of patients received at least 85% of planned
gemcitabine. Two of 6 assessable patients experienced dose-
limiting toxicity at the final planned radiation dose of 42Gy
in 2.8-Gy fractions. An additional 2 patients developed late GI
toxicities at this dose level. Six patients were documented to
have a partial response, with a complete radiographic response
in 2 patients. In addition, 4 patients with documented stable
disease at time of study entry experienced objective responses
(2 partial and 2 complete responses). Definitive resection was
achieved for 1 of 3 surgically explored patients. With median
follow-up of 22 months, median survival for the entire group
was 11.6 months. The recommended Phase II radiation dose
was 36Gy in 2.4-Gy fractions.54

Other chemotherapy agents have been added to 
Gemcitabine combined with radiation therapy. The Eastern
Cooperative Oncology Group (ECOG) published a Phase I
study of seven patients with locally advanced disease using
5-FU/Gemzar combined with radiation therapy to a
maximum 59.4Gy in 1.8-Gy fractions. 5-FU (200mg/m2/day
as continuous infusion throughout radiation therapy) was
administered with weekly gemcitabine dose escalation begin-
ning at 100mg/m2. Because of dose-limiting toxicities seen in
two of the first three patients, the study was amended to
lower the initial dose of gemcitabine to 50mg/m2. However,
dose-limiting toxicities were subsequently seen in three of
four patients at the 50mg/m2 dose. Three of the five dose-
limiting toxicities occurred at radiation doses less than 
36Gy. The study was subsequently closed.55

Gemcitabine has also been combined with cisplatin and
radiation in published Phase I trials, following up on promis-
ing preclinical synergistic data. A study based at the Mayo
clinic gave twice-weekly gemcitabine and cisplatin for 3
weeks during radiation (50.4Gy in 28 fractions). Dose-limit-
ing toxicities consisted of grade 4 nausea and vomiting, and
the recommended phase II dose was gemcitabine 30mg/m2

and cisplatin 10mg/m2.56 Another trial used strictly time-
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scheduled gemcitabine (days 2, 5, 26, and 33 after a weekly
regimen was too toxic) and cisplatin (days 1–5 and 29–33)
combined with radiation, with a recommended Phase II dose
of 20mg/m2 for cisplatin and 300mg/m2 for gemcitabine.57

The response to chemoradiation allowed 10 of 30 initially
unresectable patients to undergo surgery, with a R0 resection
in 9 cases and a complete response (CR) in 2 cases.

Given the current published data, would 5-FU or gem-
citabine be better suited to be used concurrently with radia-
tion therapy for either resected or locally advanced disease?
The MDACC retrospectively examined their database of 114
patients with locally advanced disease treated with combina-
tion radiation therapy (rapid fractionation 30Gy in 10 
fractions) with either 5-FU by continuous infusion 200–
300mg/m2 (61 patients) or gemcitabine 250–500mg/m2

weekly ¥ 7 (53 patients). Patients receiving gemcitabine
developed a significantly higher incidence of severe acute tox-
icity, defined as toxicity requiring a hospital stay of more than
5 days, mucosal ulceration with bleeding, more than three
dose deletions of gemcitabine or discontinuation of 5-FU, or
toxicity resulting in surgical intervention or death, compared
with those patients receiving 5-FU (23% versus 2%; P less
than 0.0001). Five of 53 patients treated with gemcitabine/
radiation therapy subsequently underwent surgical resec-
tion compared to 1 of 61 patients treated with 5-FU/
radiation therapy. However, with short median follow-up,
median survival was similar (11 months versus 9 months 
(P = 0.19).58

Chemotherapeutic Approaches

Because the benefit of chemoradiation is relatively modest,
and the aforementioned randomized ECOG study showed no
benefit to radiation added to 5-FU alone, some oncologists rec-
ommend chemotherapy alone for locally advanced disease.
Gemcitabine is the most commonly used agent, extrapolating
from the metastatic disease setting; this is based on the ran-
domized trial by Burris et al. in which 26% of the study sub-
jects had locally advanced disease. Gemcitabine ameliorated
symptoms and modestly improved survival compared to 5-FU,
but the results for patients with locally advanced disease were
not reported separately.59 An ECOG Phase III trial (E4201) com-
paring gemcitabine (600mg/m2 weekly)/radiation (50.4Gy in
28 fractions) followed by weekly gemcitabine (1,000mg/m2

weekly, 3 of 4 weeks) versus gemcitabine alone, which opened
in April 2003, is examining this issue.

Locally Directed Therapy

Both brachytherapy and intraoperative radiotherapy (IORT)
have been employed in the setting of locally advanced disease.
Both modalities are aimed at improving locoregional control.
Given the propensity of this disease to disseminate, especially
into the liver and adjacent peritoneum, what can be achieved
overall for patients by the addition of either modality to exter-
nal-beam irradiation and chemotherapy is not completely
clear. Mohiuddin et al. reported on 81 patients with localized
unresectable carcinoma of the pancreas managed at Thomas
Jefferson using intraoperative iodine-125 implants, external-
beam irradiation, and perioperative systemic chemotherapy.60

The radioactive iodine implant was designed to deliver a

minimum peripheral dose up to 1,200cGy over 1 year. Patients
were also treated with 50 to 55Gy of external-beam irradiation
with systemic chemotherapy consisting of 5-FU, mitomycin,
and occasionally CCNU. Implants were performed at laparo-
tomy. There was a 5% mortality rate, and a 34% acute mor-
bidity rate with cholangitis, upper GI bleeding, and gastric
outlet obstruction being the most common. In addition, there
was a 32% late morbidity rate, with GI bleeding, cholangitis,
and radiation enteritis being the most common late develop-
ments. Local control was obtained in 39 of 53 (71%) of evalu-
able patients. Of 14 patients undergoing reexploration more
than 6 months following implantation, 86% showed extensive
fibrosis and had negative biopsies from the region of the tumor.
In 8 patients undergoing autopsy, 5 (63%) were without 
evidence of locoregional tumor. Nevertheless, 52 of these 81
patients (62%) failed with intraabdominal disease, primarily
hepatic and peritoneal. With a minimum follow-up of 2 years
at the time of publication, the median survival for the total
group was 12 months, the 2-year survival was 21%, and the 5-
year survival was 7%. Despite satisfactory local control in
several patients, many centers would not be willing to accept
this level of therapeutic intensity in a group of patients for
whom management is ultimately primarily noncurative.

Nori et al. have reported on a series of 15 patients under-
going similar management but using palladium-103 instead
of iodine-125.61 The implant was designed to provide a
matched peripheral dose of 1,100cGy. Patients also received
external-beam irradiation of 4,500cGy over 4.5 weeks and
chemotherapy with 5-FU and MMC. Median survival was 10
months. The authors concluded that palladium-103 is an
alternative to iodine-125 for interstitial brachytherapy for
unresectable patients, and that symptom relief appeared to
occur somewhat faster. The study did not show any improve-
ment in the median survival as compared to 125I. Finally, a
note of caution was raised by Raben et al. on the use of pal-
ladium brachytherapy for locally unresectable carcinoma of
the pancreas. In their series of 11 patients, they found an
unacceptably high complication rate including gastric outlet
obstruction, duodenal perforation, and sepsis.62 They did not
find an improvement in median survival over other modali-
ties and did not recommend this approach for further study.

The use of intraoperative radiation therapy (IORT) using
single-fraction electron beam treatment has also been exten-
sively studied. In experienced hands, IORT can be given with
acceptable morbidity. However, there are occasional reports
of unacceptably high complication rates. Generally, IORT has
been given in combination with external-beam radiation
therapy (EBRT) in the range of 45 to 50.4Gy with 5-FU alone
or 5-FU-based combination chemotherapy. The RTOG
reported on 51 patients with locally unresected nonmetasta-
tic pancreatic cancer treated with IORT and EBRT/5-FU and
found a major postoperative complication rate of 12%. Two
patients had major morbidity leading to death.63 A neoadju-
vant approach was taken by Garton et al. at the Mayo Clinic,
where EBRT (50–54Gy) with or without 5-FU was given pre-
operatively, followed by IORT (20Gy).64 In 27 patients with
unresectable disease because of locoregional considerations,
local control was achieved in 78%, although 70% of patients
developed distant metastases, including peritoneum and
liver. Median survival from diagnosis was 14.9 months. Zerbi
et al. have suggested that the use of IORT as an adjuvant to
resection decreases the risk of local recurrence.65 Mohiuddin



et al. have also reported excellent results with IORT in the
management of unresectable pancreatic cancer when com-
bined with postoperative EBRT.66 As reviewed by Willett and
Warshaw, the dose of intraoperative radiation therapy is gen-
erally in the range of 10 to 20Gy, with some investigators pre-
scribing to the 90% line and others prescribing to the 100%
line.67

In addition to local radiation delivery, a variety of other
techniques and agents are under development for the treat-
ment of locally advanced pancreatic cancer. One example is
intratumoral injection via endoscopic ultrasound of ONYX-
015, an engineered adenovirus that selective replicates in
tumor cells. A Phase I/II trial of this agent combined with gem-
citabine in 21 patients showed that the technique was feasible
with transgastric injections (2 duodenal perforations occurred
early in the trial), and 2 partial responses were seen.68 Another
novel biologic agent in development is TNFerade, a replica-
tion-deficient adenovector carrying a transgene encoding for
human tumor necrosis factor-alpha regulated by a radiation-
inducible promoter. Weekly intratumoral injections have been
given in combination with chemoradiation (50.4Gy with con-
tinuous infusion 5-FU 200mg/m2 daily).69 Two of 17 patients
in a Phase I trial converted from unresectable to resectable, 
and 1 of these had a pathologic CR.

Treatment Recommendation for Locally 
Advanced Disease

The optimal treatment for locally advanced pancreatic cancer
remains controversial. There have been no randomized trials
comparing chemoradiation strategies versus best supportive
care, or chemotherapy alone (aside from the GITSG trial 
in which both 5-FU and radiation were added to SMF
chemotherapy), and the survival benefit from combined
modality therapy for locally advanced disease has been
modest in various trials. Nonetheless, most practitioners in
the United States employ radiation therapy (typically 54Gy
in 1.8-Gy fractions) with simultaneous chemotherapy, the
standard being 5-FU. Although several chemotherapy regi-
mens have been compared to 5-FU in randomized trials, none
have proven more efficacious, and these are typically more
toxic. Various ways of giving 5-FU have been used in these
trials, but most practitioners choose either continuous 
infusion at 200mg/m2/day during radiation therapy, or a 
500mg/m2 bolus given on the first 3 days and last 3 days of
radiation. Studies are under way that will examine the role of
gemcitabine (both alone, and combined with radiation) for
locally advanced disease. In addition, given the limited
success of current treatments, several novel approaches 
are being actively explored with the aim of allowing patients
who present with unresectable disease to undergo curative
surgery.

Therapy for Metastatic Disease

Historically, 5-fluorouracil (5-FU)-based chemotherapy has
been the most widely studied chemotherapeutic agent for all
stages of pancreatic cancer. Despite more recent attempts to
modify the delivery of 5-FU, response rates have remained
unchanged in the 10% to 20% range, with median survival
of 4 to 5 months for patients with stage IV disease.70–74

The Role of Gemcitabine in Metastatic
Pancreatic Cancer

Gemcitabine is a prodrug deoxycytidine (2¢-deoxy-2¢,2¢-difluo-
rocytidine monohydrochloride) analogue that is metabolized
by deoxycytidine kinase to active diphosphate (dFdCDP) and
triphosphate (dFdCTP) nucleosides. These metabolites inhibit
ribonucleotide reductase with the effect of decreasing intra-
cellular levels of required deoxynucleotide triphosphates for
continued DNA synthesis. In addition, gemcitabine triphos-
phate directly competes with dCTP for incorporation into
DNA. Recently, gemcitabine has demonstrated promise as an
active agent in treating pancreatic cancer. Casper and col-
leagues reported the results of a Phase II trial using weekly
gemcitabine at 800–1,250mg/m2 in 44 patients with unre-
sectable pancreatic cancer. The response rate was noted to be
11% but with median survival of 5.6 months and a 1-year actu-
arial survival of 23%.75 Subsequently, Burris and colleagues
randomized 126 patients with unresectable pancreatic cancer
to either gemcitabine (1,000mg/m2 weekly over a 30-minute
infusion X 7 followed by 1 week rest then weekly ¥ 3 every 4
weeks) or 5-FU (600mg/m2 weekly). Although the primary
endpoints were issues related to quality of life, median survival
was 5.7 months in the gemcitabine arm compared to 4.4
months in the 5-FU arm. In addition, 1-year survival was 18%
in the gemcitabine arm compared to 2% in the 5-FU arm (P =
0.0025), with median time to progression also favoring gem-
citabine (9 weeks compared to 4 weeks in the 5-FU arm; P =
0.0002). Gemcitabine was well tolerated, with the majority of
side effects related to grade 3 or 4 neutropenia (26%) without
associated infections, low-grade fevers (30%), and nausea and
vomiting (9.5% and 3.2%). Gemcitabine has since been
approved by the FDA in 1996 as a first-line therapy in metasta-
tic pancreatic cancer.59 In addition, Rothenberg and colleagues
evaluated gemcitabine (1,000mg/m2 weekly ¥ 7 with 1 week
off then weekly ¥ 3 with 1 week off) in 63 patients with unre-
sectable disease who had been previously treated with 5-FU.
The overall salvage response was 10.5% with median time to
progression at 2.5 months and median survival at 3.85 months,
with a toxicity profile similar to first-line therapy.76 Recent
strategies include identifying alternative dosing schedules of
gemcitabine that might both enhance drug delivery to tumor
cells as well as identifying synergistic combinations with
other chemotherapeutic agents. Tempero and colleagues ran-
domized 93 patients to either gemcitabine (2,200mg/m2) over
the standard 30-minute infusion or gemcitabine (1,500mg/m2)
at a rate of 10mg/m2/min. With analysis completed on 67
patients, the response rate was 17% versus 3% in favor of the
longer infusion rate. In addition, median survival (6.1 months
versus 4.7 months) and 1-year survival (23% versus 0%)
favored the longer infusion rate.77

Combination Chemotherapy

Recent efforts have focused on developing strategies that
would enhance the efficacy of gemcitabine and ultimately
improve median survival. Table 45.4 summarizes the most
recent studies59,75–108

Gemcitabine with 5-Fluorouracil

Preclinical data have also demonstrated a synergistic and non-
cross-resistant effect of 5-FU when given with gemcitabine.73
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TABLE 45.4. Recent studies in advanced pancreatic cancer.

Median survival One-year
Study Patient no. Chemotherapy PR/CR rate (months) survival

Casper (1994) 44 Gemcitabine 5 (11%) 5.6 23%
Burris (1997) 63 5-FU bolus 0 (0%) 4.4 2%

63 Gemcitabine 3 (5.4%) 5.7 P = 0.0025 18%
Rothenberg (1996) 63 (2nd line) Gemcitabine 6 (10.5%) 3.8 4%
Hidalgo (1999) 26 Gem + 5-FU CI 5 (19.2%) 10.3 40%
Berlin (2000) 36 Gem + 5-FU bolus 5 (14%) 4.4 9%
Miller (2000) 42 Pemetrexed 2 (5.7%) 6.5 28%
Heinemann (2000) 41 Gem + cisplatin 4 (11%) 8.2 27%
Marantz (2001) 29 Gem + 5-FU bolus 6 (21%) 8.4 36%
Louvet (2001) 62 Gem + LV5FU2 16 (25.9%) 9 32%
Philip (2001) 42 Gem + cisplatin 11 (26%) 7.1 19%
Colucci (2001) 54 Gemcitabine 5 (9.2%) 5 11%

53 Gem + cisplatin 14 (26.4%) 7.5 P = 0.43 11%
Kozuch (2001) 34 (2nd line) Gem + 5-FU + LV 8 (24%) 10.3 20%

Irinotecan/cisplatin
Konstadoulakis (2001) 19 Rubitecan 4 (21%) 5.2 17%
Tomao (2002) 27 Gem + tamoxifen 3 (11%) 8 31%
Cartwright (2002) 42 Xeloda 3 (7.3%) 6.1 NR
Rothenberg (2002) 58 (1st line) 5-FU bolus + 3 total (2%) 3.6 16%

48 (2nd line) Eniluracil 3.4 10%
Feliu (2002) 43 Gem + UFT 14 (33%) 11 32%
Ducreux (2002) 103 5-FU bolus 0 (0%) 3.4 9%

104 5-FU + cisplatin 10 (10%) 3.7 P = 0.1 17%
Ryan (2002) 34 Gem + Taxol 6 (18%) 8.9 29%
Rocha Lima (2002) 45 Gem + Irinotecan 9 (20%) 5.7 27%
Fine (2002) 33 Gem/Taxol/Xeloda 20 (66%) Not reached NR
Louvet (2002) 30 LR Gem + Oxaliplatin 9 (31%) 11.5 47%

34 metastatic Gem + Oxaliplatin 10 (30%) 8.7 26%
Kindler (2002) 42 Gem + pemetrexed 6 (15%) 6.5 29%
Hess (2003) 36 Gem + Xeloda 5 (14%) 6.4 33%
Scheithauer (2003) 42 Biweekly Gem 6 (14%) 8.2 37%

43 Gem + Xeloda 7 (17%) 9.5 (P = ns) 32%
Kralidis (2003) 25 Gem + Tomudex 3 (12%) 6.2 12%
Cascinu (2003) 45 Gem + cisplatin 5 (9%) 5.6 NR
Alberts (2003) 47 Gem + Oxaliplatin 5 (11%) 6.2 18%
Heinemann (2003) 96 Gem NR 6 NR

99 Gem + cisplatin NR 8.3 P = 0.12 NR
Rocha Lima (2003) 173 Gem 8 (4.4%) 6.6 21%

169 Gem + Irinotecan 27 (16%) 6.3 P = ns 22%
Louvet (2003) 156 Gem 25 (16%) NR NR

152 Gem + Oxaliplatin 39 (26%) NR NR
Tempero (2003) 49 Gem 2/22 (9%) 5 9%

43 Fixed dose Gem 1/17 (5%) 8 (P = 0.013) 29%
Kindler (2004) 45 Gem + Avastin 9 (21%) 9 37%
O’Reilly (2004) 340 Gem ± Exatecan 6.3 vs. 8.2 6.3 months vs. 6.7 21% vs. 23%

(P = 0.52)
Richards (2004) 565 Gem ± Pemetrexed 9.1 vs. 18.3 6.3 months vs. 6.2 21% vs. 20%

(P = 0.85)
Louvet (2004) 313 Gem vs. Gem (FDR) 17.3 vs. 26.8 7.1 vs. P (P = 0.13) 28% vs. 35%

+ Oxaliplatin
Abbruzzese (2004) 41 Gem + Cetuximab 5 (12.2%) 7.1 31.7%

CR, complete response; PR, partial response; NR, no response.
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However, the combination of 5-FU and gemcitabine has not
consistently resulted in significant improvement over gem-
citabine alone.79,80,83,84,100 Early studies had designed the use of
gemcitabine with bolus infusion of 5-FU with no significant
improvement when compared to single-agent gemcitabine.79

However, subsequent studies focusing on infusional schedules
of 5-FU with gemcitabine suggested a clinical parallel to the
data using infusional 5-FU in the therapy of metastatic col-
orectal cancer. Hidalgo et al. examined the combination 
of 5-FU administered as a continuous infusion (200mg/m2

throughout the study) with gemcitabine 700–900mg/m2

weekly ¥ 3 repeated every 4 weeks. The reported median sur-
vival was 10.3 months.80 In addition, Louvet et al. reported a
Phase II study of infusional 5-FU and leukovorin (leukovorin
400mg/m2 in a 2-hour infusion followed by 5-FU 400mg/m2

bolus followed by 2–3g/m2 continuous-infusion 5-FU, in a
schedule known as LV5FU2) with gemcitabine 1,000mg/m2 on
day 3, repeating the cycle every 2 weeks. The reported median
survival was 9 months.84 However, in a recent study by Hess
et al. using gemcitabine (1,000mg/m2, days 1 and 8) and
capecitabine (starting 500mg/m2 divided bid ¥ 14 days) in 36
patients with advanced pancreas cancer repeated every 21
days, the median survival was 6.4 months.85 A number of mod-
ulators of 5-FU have been previously examined, including
interferon-alpha and N-(phosphonoacteyl)-l-aspartate dis-
odium (PALA), and all have been of no additional benefit.
There has been interest in examining other 5-FU formulations,
either alone or with gemcitabine, including the multitargeted
folate inhibitor pemetrexed that has activity against thymidy-
late synthase (TS), dihyrofolate reductase (DHFR), and glynci-
namide ribonucleotide formyltransferase (GARFT).81,84

Gemcitabine with Platinum Chemotherapy

Another potentially synergistic agent that has been used with
gemcitabine is cisplatin. This combination is thought to be
synergistic either by enhancing dFdCTP incorporation into
DNA or via increasing DNA adduct formation.78 Early studies
identified median survival from 5.6 to 8.2 months.82,86,102 This
combination has recently been examined in two Phase III
studies. Colucci and colleagues treated 107 patients with
advanced pancreas cancer with either gemcitabine alone at
standard dose and schedule or gemcitabine and cisplatin 
(25mg/m2 weekly ¥ 3 every 4 weeks). The combination of
gemcitabine and cisplatin improved median time to disease
progression (2.7 months for gemcitabine alone versus 5
months for combination gemcitabine and cisplatin; P = 0.048)
with no significant differences in toxicities. However,
although the median survival for the gemcitabine group was
5 months compared to 7.5 months for the combination
chemotherapy, the P value of 0.43 was not statistically sig-
nificant.87 More recently, Heinemann et al. presented the
Phase III data of 195 patients randomized to either gem-
citabine alone at standard dose and schedule versus gem-
citabine and cisplatin (50mg/m2 weekly ¥ 3 repeated every 4
weeks). Although a difference in median survival was noted
(6 months for gemcitabine alone versus 8.3 months for the
combination), this result was not statistically significant.104

Gemcitabine with Oxaliplatin

Oxaliplatin is a diaminocyclohexane (DACH) platinum com-
pound that received FDA approval in August 2002 for use in

combination with infusional 5-FU) and leucovorin for the
treatment of patients with colorectal cancer whose disease
has recurred or become worse following initial therapy with
a combination of irinotecan with bolus 5-FU and leucovorin.
Based on preclinical data that identified synergistic antitumor
activity, oxaliplatin has since also been evaluated in combi-
nation with gemcitabine in patients with advanced pancre-
atic cancer. The French Cooperative group GERCOR
examined gemcitabine 1,000mg/m2 as a 10mg/m2/min pro-
longed infusion administered on day 1 in combination with
oxaliplatin 100mg/m2 as a 2-hour infusion administered on
day 2, repeated every 2 weeks, in 64 patients with chemon-
aive metastatic pancreas cancer. Response rate was noted to
be 30.6 % with a clinical benefit response of 40%. Median
progression-free survival and overall survival were 5.3
months and 9.2 months, respectively, with 36% 1-year sur-
vival. The combination was safe, with reported side effects
including grade 3 or 4 neutropenia/thrombocytopenia of 11%,
nausea and vomiting of 14%, diarrhea of 6.2%, and periph-
eral neuropathy of 11%.98

The North Central Cancer Treatment Group (NCCTG)
completed a Phase I study of gemcitabine and oxaliplatin in
18 patients with metastatic pancreas cancer. Dose-limiting
toxicities (DLT) of neutropenia and severe infection were
identified at the maximum tolerated dose of gemcitabine,
1,250mg/m2 (day 1 and day 8 every 21 days) and oxaliplatin,
130mg/m2 (day 1 every 21 days).103

Louvet et al. recently presented a Phase III study of 308
patients randomized to either gemcitabine or to gemcitabine
with oxaliplatin (gemcitabine 1,000mg/m2 as a 10mg/m2/min
prolonged infusion administered on day 1 in combination
with oxaliplatin 100mg/m2 as a 2-hour infusion administered
on day 2 repeated every 2 weeks) versus gemcitabine alone.
Although there was a difference in progression-free survival
(4 months for gemcitabine alone versus 6.25 months for com-
bination chemotherapy; P = 0.05), the median survival was
statistically significant.106

Gemcitabine with Irinotecan

Rocha Lima et al. completed a Phase II study of 45 patients
treated with gemcitabine at 1,000mg/m2 over 30 minutes and
irinotecan at 100mg/m2, both weekly ¥ 2 repeated every 3
weeks. Median survival was 5.7 months.96 Rocha Lima et al.
also presented the follow-up Phase III study recently of 342
patients randomized to either gemcitabine alone or gem-
citabine + irinotecan. Although there was a higher response
rate for combination gemcitabine and irinotecan (16% versus
4%), the median survival was no different (6.6 months for
gemcitabine alone versus 6.3 months for the combination).105

Gemcitabine with Other Chemotherapy

There has been additional interest based on preclinical data
to synergistically combine multiple chemotherapy agents
with gemcitabine. Early data suggest that such combinations
have similar safety profiles with some of the gemcitabine
combinations and are active schedules. Fine and colleagues
have published preliminary data with a schedule known as
GTX (gemcitabine 750mg/m2 over 2 hours days 4 and 11, 
Taxotere 30mg/m2 over 30 minutes days 4 and 11, and Xeloda
1,500mg/m2 po divided doses bid days 1–14 repeated every 
21 days) in patients with locally advanced and metastatic
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disease. Patients without metastatic disease received gem-
citabine 200mg/m2 weekly ¥ 6 concurrent with EBRT to 45
to 50Gy followed by surgery if indicated. Toxicities included
25% grade 3 leukopenia, 20% grade 3 asthenia, 20% grade 3
diarrhea, and 15% erythrodyesthesia. In 9 patients who pre-
sented with locally advanced but nonmetastatic disease, 8
patients were resected, with complete response in 6 patients.
In patients who presented with metastatic disease, there were
partial responses in 12 patients. Median survival for both
groups has not been reported.97

Kozuch and colleagues treated 34 patients who had been
previously treated with gemcitabine either alone or in com-
bination with a schedule known as G-FLIP (day 1: gemc-
itabine 500mg/m2 over 50 minutes, leukovorin 300mg over
30 minutes, irinotecan 80mg/m2 over 80 minutes, 5-FU bolus
400mg/m2 over 10 minutes, then 600mg/m2 over 8 hours; day
2: leukovorin 300mg over 30 minutes, 5-FU bolus 400mg/m2

over 10 minutes, cisplatin 50–75mg/m2 with mannitol over
45 minutes and 5-FU 600mg/m2 over 8 hours). Toxicities
were largely hematologic. Median survival for this pretreated
group was 10.3 months.88

New Drugs in Pancreatic Cancer

During the last few years, an increasing number of new drugs,
many of them targeted to specific alterations in malignant
cells, have been tested in pancreatic cancer as well as in other
tumors. The rationale to develop these drugs in pancreatic
cancer comes from the better understanding of the biologic
basis of the disease, which has made possible the identifica-
tion and validation of some of these targets in pancreatic
cancer. In addition, the poor prognosis of patients with this
disease and the evidence from clinical trials discussed previ-
ously that conventional chemotherapy may have reached a
plateau in improving outcome have also motivated an aggres-
sive evaluation of new drugs in pancreatic cancer.

Matrix Metalloproteinase Inhibitors

The matrix metalloproteinases (MMPs) are a group of 
closely related proteases that are dysregulated in the major-
ity of human neoplasms, including pancreatic cancer. The
increased activity of these enzymes has been related to the
tumor growth, progression, invasion, generation of blood
vessels, and metastasis. Several inhibitors of the MMP have
been developed as anticancer agents, and two of them, mari-
mastat and BAY12-9566, have been more extensively studied
in pancreatic cancer.109

Marimastat is a hydroxamate peptidomimetic broad-spec-
trum inhibitor of the MMP family including MMPs 1, 2, and
9. In Phase I studies in pancreatic cancer, doses from 10 to 
25mg orally twice a day were well tolerated. A large Phase II
study that enrolled 113 patients, 90% of whom were treated
with 25mg in a once a day dose, reported a 30% decline or
stabilization in the tumor marker CA-19-9 and a median sur-
vival of 3.8 months. and 51% of the patients had improve-
ment in symptoms. Twenty-nine percent of the patients
developed arthralgias, the most common toxicity encoun-
tered with marimastat.110 The efficacy and toxicity of mari-
mastat at doses of 5, 10, and 25mg twice a day was compared
to gemcitabine in a Phase III study. Patients treated with gem-
citabine had a longer progression-free survival of 3.8 months

versus 1.9 to 2 months for the marimastat-treated group (P =
0.001). Overall survival was also better for gemcitabine and
significantly worse for patients treated with marimastat at
doses of 5 and 10mg, while no statistically significant differ-
ences were observed in overall survival with the 25mg twice
a day dose. A subset analysis in this study showed that 
the benefit of gemcitabine was restricted to patients with
advanced disease and that patients with locally advanced
tumors benefited from marimastat, supporting the hypothe-
sis that these drugs may be more active in the situation of
early disease.111 Finally, the combination of gemcitabine with
marimastat was tested against gemcitabine in a randomized
Phase III study with no improvement in any parameter of
outcome in the combined treatment group.112

The second MMP inhibitor extensively studied in pan-
creatic cancer is BAY12-9566, a peptidomimetic inhibitor 
specific for MMP-2 and MMP-9. The drug was compared in 
a Phase III study to single-agent gemcitabine in which 270
patients of a planned sample of 350 were enrolled after an
interim analysis demonstrated that patients treated with
gemcitabine had a significantly better time to tumor pro-
gression (3.5 versus 1.6 months; P less than 0.001) and overall
survival (6.59 versus 3.74; P less than 0.001). Quality of life
analysis also favored gemcitabine.113 In summary, these
studies suggest that current MMP inhibitors do not have rel-
evant antitumor activity in patients with advanced pancre-
atic cancer. Whether or not these drugs or newer generation
analogs would be effective in earlier stages of pancreatic
cancer remains to be determined.

Angiogenesis Inhibitors

Pancreatic cancer is not an exception to the rule that tumors
require the generation of blood vessels to grow, invade, and
metastasize. The drug of this class that appears more prom-
ising is pancreatic cancer is bevacizumab, a recombinant
human monoclonal antibody against vascular endothelial
growth factor (VEGF), a growth factor that has been impli-
cated in pancreatic cancer progression in several preclinical
studies. Bevacizumab has been studied in combination with
gemcitabine in a Phase II study in patients with pancreatic
cancer.114 Patients with advanced or locally advanced pancre-
atic cancer received gemcitabine 1,000mg/m2 on days 1, 8,
and 15 every 28 days and bevacizumab 10mg/kg intra-
venously on days 1 and 15. Results on the first 45 evaluable
patients have been reported with a response rate of 21%,
median survival of 9 months, and an estimated 1-year sur-
vival of 37%. Correlative studies suggest that patients with
higher baseline levels of VEGF tend to do worse.115 The
Cancer and Leukemia Group B (CALGB) is currently leading
a phase III study of gemcitabine ± bevacizumab.

Inhibitors of the Oncogene Ras

Mutation in the oncogene Ras is the most frequent genetic
abnormality in pancreatic cancer. Because Ras requires to be
farnesylated to be active, a posttranslational modification
mediated by the enzyme farnesyl transferase, inhibitors 
of this enzyme have been developed as potential Ras
inhibitors.116 Two of these agents, tipifarnib and lonafarnib,
have been studied in disease-oriented studies in pancreatic
cancer. Tipifarnib was tested in a single-agent Phase II study



in patients with advanced pancreatic cancer administered 
at a dose of 300mg orally twice a day. Twenty patients were
treated with no objective responses and a median survival of
less than 5 months. Correlative studies conducted in periph-
eral blood mononuclear cells demonstrated partial inhibition
of the target farnesyl transferase enzyme.117 In parallel to this
study, a randomized Phase III study compared the combina-
tion of R115777 with gemcitabine against gemcitabine plus
placebo in patients with advanced pancreatic cancer. Treat-
ment of 688 patients did not demonstrate any improvement
in outcome in patients treated with R115777 and gem-
citabine.118 Lonafarnib was evaluated in a randomized Phase
II study in comparison to gemcitabine. The 3-month progres-
sion-free survival rate for patients treated with lonafarnib was
23% and 31% for gemcitabine, and the median overall sur-
vival was 3.3 and 4.4 months, respectively. There were two
partial responses in patients treated with lonafarnib and 
one partial response observed in 1 patient treated with 
gemcitabine. Overall, lonafarnib was better tolerated than
gemcitabine in that study.119

Inhibitors of the EGFR Family of Receptors

The epidermal growth factor receptor (EGFR) family of recep-
tors is formed by four related transmembrane receptors that
are composed of an external ligand binding domain, a trans-
membrane domain, and an intracellular domain with tyrosine
kinase (TK) activity. These receptors are frequently dysregu-
lated in cancer and have been associated with the process of
tumor growth, invasion, and metastasis, exciting consider-
able interest in developing these drugs for cancer treatment.
Pharmacologically, the inhibitors of the EGFR belong to two
broad classes of drugs including monoclonal antibodies
against the extracellular domain of the receptor and small
molecules inhibitors of the intracellular TK domain.120 The
studies conducted in pancreatic cancer have mainly tested the
combination of these drugs with gemcitabine. Safran and col-
laborators reported a Phase II study of trastuzumab, a mo-
noclonal antibody that targets the Her-2 receptor, in 
combination with gemcitabine in patients with pancreatic
cancer.120 Up to 21% of pancreatic cancers are Her-2 positive,
and preclinical studies have shown that inhibition of Her-2
signaling with trastuzumab is associated with antitumor
effects in pancreatic cancer models. Patients with Her-2-pos-
itive (2 or 3 + as determined by immunohistochemistry) 
pancreatic cancer received gemcitabine, 1,000mg/m2 weekly
for 7 consecutive weeks followed by 1 week of rest and 
then weekly for 3 weeks every 4 weeks, and trastuzumab, 
2mg/kg/week following an initial loading dose of 4mg/kg.
Data on 23 patients have been reported thus far. Five patients
had a partial response (response rate, 24%), and the median
survival and 1-year survival were 7.5 months and 24%,
respectively. Nine of 18 evaluable patients (50%) have had
greater than 50% reduction in CA 19-9. A Phase II study of
gemcitabine and cetuximab, a monoclonal antibody against
EGFR, in EGFR-positive pancreatic cancer patients was con-
ducted. Forty-one patients were treated in the study. The
overall response rate was 12.5% with a median survival of 7.1
months and 1-year survival of 32%.121 The Southwest Oncol-
ogy Group (SWOG) is currently leading a Phase III study of
gemcitabine ± cetuximab.
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The second clinically relevant classes of agents that
inhibit the EGFR are small molecule inhibitors of the recep-
tor TK. Several of these agents are currently in clinical devel-
opment. Two of these compounds, EKB-569 and erlotinib,
have been specifically developed in pancreatic cancer. EKB-
569, an irreversible inhibitor of EGFR and the Her-2 recep-
tors, has completed a Phase I study in combination with
gemcitabine, and a randomized Phase III study through
NCI–Canada of gemcitabine plus erlotinib or placebo has
completed enrollment.

Future Directions and Conclusions

The principal need to identify more effective therapies to sup-
plement surgical gains in resected patients is unchallenged.
What remain unresolved and controversial are the means to
this end. Progress in the context of adjuvant trials has been
slow. Current controversies may result in part from trial
design issues, inadequate consideration of factors other than
therapy that may impact on outcomes, and the limited effi-
cacy of single chemotherapeutic agents for pancreatic cancer.

Current efforts are aimed at refining our understanding of
the impact of nontherapeutic factors on outcomes (stratifi-
cation factors for future trials), proceeding to multiagent
chemotherapy alone or in combination with irradiation, iden-
tifying pancreatic tumor-specific antigens that provide an
opportunity for molecular target-based drugs or immunother-
apy, and identifying accurate predictors of microscopic
disease and of response to therapy.

For metastatic disease, understanding of the molecular
pathways that are thought to drive cellular growth is at the
heart of the new paradigm of drug development. The utiliza-
tion of xenografts to rapidly and efficiently screen drugs as
well as improved collaboration with industry provide some
promise that better therapies are on the horizon.
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n 2001, a number of prominent pancreas cancer special-
ists from the medical community met with industry and
pancreatic cancer advocacy partners to make comprehen-

sive formal recommendations for the National Cancer Insti-
tute’s pancreatic cancer research agenda. They published an
executive summary identifying barriers to progress and high-
lighted research priorities that could lead to real progress for
this cancer.1 As we approach the end of 2004, much has
changed, yet much has remained the same for the manage-
ment of pancreatic cancer. We now have an understanding of
how normal duct epithelium progresses to infiltrating cancer
at the molecular level.2 We finally have available reliable
mouse models of early pancreatic ductal lesions3 that will
provide unprecedented potential to identify early pancreatic
lesions and allow testing of new drugs for prevention and
treatment. The technology for pancreatic tumor animal
xenografting exists that will allow more efficient testing of
new drugs and identifying mechanisms of drug resistance.

Despite reason for optimism that meaningful progress is
on the horizon, the current reality is that 5-year survival
remains approximately 15% to 20% for resectable disease and
3% for all stages combined.4 There remains no current uni-
versal standard of care for adjuvant therapy. Gemcitabine still
remains the standard of care for metastatic disease.

Therapy for Adjuvant Disease

The current standard of 5-fluorouracil (5-FU)-based combined
modality chemoradiotherapy is based on in vitro data, animal
studies, and a series of human studies, most notable from the
Gastrointestinal Tumor Study Group (GITSG). This study
utilized split-course irradiation in modest doses with con-
current bolus 5-FU followed by maintenance 5-FU. The study
reported a survival advantage for adjuvant chemoradiotherapy
in comparison to surgery alone.5 While criticized for slow and
limited accrual, the GITSG study was the first and only study
to document that adjuvant therapy following surgical resec-
tion for pancreatic surgery prolonged survival. Additional
studies by the GITSG demonstrated the benefit of combined
chemoradiotherapy versus chemotherapy alone or radiation
therapy alone for patients with resectable disease.6

Subsequently, additional groups have further developed
this approach4–21 (Table 45.1). The Johns Hopkins Hospital
published results of two single-institution prospective but
nonrandomized trials that were designed to evaluate survival
benefit in patients with pancreatic cancer following surgical
resection.10 This report, involving 174 patients, demonstrated
that patients receiving GITSG-style chemoradiotherapy with
maintenance 5-FU truncated at 6 months (rather than 2
years), or a more-intensive regimen involving higher doses 
of irradiation as well as hepatic irradiation administered
without interruption and with continuous-infusion 5-FU
chemotherapy augmented with leukovorin, did better than
patients receiving no postsurgical therapy. The median sur-
vival for the more-standard regimen was 21 months, with 1-
and 2-year survival at 80% and 44%, respectively. For the
intensive regimen, the median survival was 17.5 months with
1- and 2-year survival at 70% and 22%, respectively. For the
control arm, the median survival was 13.5 months with 1-
and 2-year survival at 54% and 30%, respectively. The inten-
sive therapy had no survival advantage when compared to the
standard therapy group, but there was a statistically signifi-
cant difference between the standard arm versus control with
P less than 0.002. Multivariate analysis confirmed prognostic
factors for disease recurrence including margin and lymph
node status, tumor size, and degree of differentiation. This
approach, showing the importance of multiple prognostic
factors in addition to adjuvant therapy on postsurgical out-
comes, has been further refined by Sohn et al.4 and Abrams
et al.12 The critical factors appear to be the histologic status
of resection margins, lymph node involvement (especially
more than three lymph nodes involved), tumor size greater
than 3cm, and the presence of a poorly differentiated com-
ponent within the tumor. Using these factors, patients can be
segregated into high-risk and low-risk groups, with median
survival after standard adjuvant therapy being 30.5 months
for low-risk patients and 14.0 months for high-risk patients.

In an effort to enhance the activity of chemotherapy in
pancreatic cancer, other agents have been examined in com-
bination with 5-FU. Mitomycin-C (MMC) is an antitumor
antibiotic with activity in several gastrointestinal cancers
including pancreatic cancer. The UCLA group has published
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their experience using MMC (10mg/m2 IV q 6 weeks) and 5-
FU (200mg/m2/day administered via continuous infusion), in
combination with leukovorin (30mg/m2 weekly) and dipyri-
damole (75mg po daily) in 38 patients with locally advanced
pancreatic carcinoma.11 There were 14 partial responders with
1 complete response. The median survival for all patients was
15.5 months, which is an improvement over historical data
for locoregional advanced disease. This regimen has subse-
quently been applied to pancreatic cancer in combination
with radiotherapy. The Hopkins group recently presented
data of 39 patients with pancreatic cancer following surgi-
cal resection treated with combined radiotherapy (50Gy in 
25 fractions with planned 2-week break after 25Gy) and
chemotherapy consisting of 5-FU 400mg/m2 days 1–3, MMC
10mg/m2 day 1, leukovorin 20mg/m2 days 1–3, and dipyri-
damole 75mg po qid days 0–4 administered on weeks 1 and
4. One month following combined chemoradiotherapy,
patients received four additional cycles (4 months) of the
same chemotherapy alone. At 12.6 months median follow-
up, median survival was 16 months.12

Subsequently, the Stanford group published their experi-
ence of 52 patients with pancreatic cancer following defini-
tive surgical resection to combined radiotherapy (45Gy to
tumor bed and nodes in 1.8-Gy fractions with boost to total
of 54Gy if surgical margins were positive) and chemothe-
rapy (5-FU 200–250mg/m2/day administered without break
throughout radiation therapy). All patients were able to com-
plete therapy without grade IV toxicities. With median
follow-up of 24 months, the median survival was reported 
at 32 months.15

The Virginia Mason Medical Center published their expe-
rience of 33 patients with resected pancreatic adenocarci-
noma who received combined radiotherapy (external beam at
a dose of 45–54Gy in standard fractions, days 1–35) and
chemotherapy (5-FU 200mg/m2/day as continuous infusion,
weekly cisplatin 30mg/m2 IV bolus, interferon-a 3 million
units SQ every other day) during radiation or GITSG-type
chemotherapy with radiation therapy. Following combined
modality chemoradiotherapy, chemotherapy alone was adm-
inistered (5-FU 200mg/m2/day as continuous infusion) in 
two 6-week courses during weeks 9–14 and 17–22. Of note,
13 of 17 patients randomized to the interferon-based
chemoradiotherapy had positive lymph nodes compared to 7
of 16 patients randomized to the GITSG-based chemoradio-
therapy. There were significant grade III/IV gastrointestinal
(GI) toxicities including vomiting, mucositis, diarrhea, and GI
bleeding in the interferon-based chemotherapy, requiring
hospitalization in 35% of patients. However, the majority of
patients were still able to receive more than 80% of planned
therapy. The median overall survival and 2-year actuarial sur-
vival rate were 18.5 months and 54% for patients receiving
GITSG-based chemoradiotherapy. In contrast, the median
survival and 2-year survival were more than 24 months and
84% for the interferon-based chemoradiotherapy.16 The
Virginia Mason Group has recently presented a follow-up
study of 53 patients with resected pancreas cancer treated
with similar interferon-based chemoradiotherapy. Toxicities
including anorexia, dehydration, diarrhea, mucositis, nausea,
and vomiting necessitated hospitalization in 23 of 53
patients. However, the clinical efficacy remains very encour-
aging, with median survival of 46 months and 2-year survival
of 53%.19 As such, The American College of Surgery Oncol-

ogy Group (ACOSOG) has opened a multiinstitutional Phase
II study in patients with pancreatic adenocarcinoma who are
candidates for resection.

In July 2002, the Radiation Therapy Oncology Group
(RTOG) closed R97-04. This Phase III study of 518 pancreatic
cancer patients randomized between 5-FU continuous infu-
sion (250mg/m2/day for 3 weeks), followed by 5-FU conti-
nuous infusion (250mg/m2/day) during radiation therapy
(50.4Gy in 1.8-Gy fractions), followed by two cycles 5-FU
continuous infusion, versus gemcitabine 1,000mg/m2 weekly
¥ 3, followed by 5-FU continuous infusion during radiation
therapy, followed by three cycles gemcitabine alone. The
experimental question being asked was whether gemcitabine
before and after 5-FU-based chemoradiotherapy would be
more efficacious than continuous infusion 5-FU before and
after the same 5-FU-based chemoradiotherapy. In 1997, when
this study was designed, there was inadequate knowledge
regarding how to safely administer gemcitabine concurrently
with irradiation to allow for concurrent gemcitabine and
radiotherapy. This study was the first North American Co-
Operative group trial since the GITSG trial. Although the sur-
vival results for this trial will not be known until possibly
late 2004, a number of important observations have already
been made: neither arm was associated with unacceptable
acute toxicity during the trial, accrual was quite rapid (12–14
patients per month), reflecting the support of both the Eastern
Co-Operative Oncology Group and the Southwest Oncology
Group, and the willingness of patients and their physicians
to participate in adjuvant trials for pancreatic cancer.

Despite a growing body of literature supporting the
benefit of adjuvant combined modality therapy following
potentially definitive resection in patients with high risk for
recurrence, adjuvant chemoradiation has not been universally
accepted as a standard of care. One of the criticisms has been
that none of these studies included an observation-only arm.
There have been three studies that have demonstrated con-
trasting conclusions.

A European Organization for Research and Treatment of
Cancer (EORTC) trial randomized 218 patients with pancre-
atic and nonpancreatic periampullary adenocarcinoma 2 to 8
weeks following potentially curative resection to either
observation or to combined radiotherapy (40Gy using a three-
or four-field technique in 2-Gy fractions with 2-week break
at midtreatment) and chemotherapy (5-FU administered as a
continuous infusion 25mg/kg/day during the first week of
each 2-week radiation therapy module only). No postradia-
tion chemotherapy was administered. Median progression-
free survival was 16 months in the observation arm versus
17.4 months in the treatment arm (P = 0.643). Median sur-
vival was 19 months in the observation group versus 24.5
months in the treatment group, but this was not statistically
significant (P = 0.737). For the subgroup of patients with pan-
creatic adenocarcinoma (n = 114), the median survival was
12.6 months in the observation group versus 17.1 months in
the treatment arm, but this was not statistically significant
(P = 0.099). Of note, 21 of 104 patients randomized to the
treatment arm were not treated. In addition, although 
the original dose of 5-FU was already modest, 35 patients in
the treatment arm received only 3 days of 5-FU during the
second module of radiotherapy secondary to grade I/II toxici-
ties. Therefore, this study could be better described as an
underpowered positive study.13
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The European Study Group for Pancreatic Cancer (ESPAC)
randomized 541 patients with pancreatic adenocarcinoma in
a four-arm design based on a two-by-two factorial design: (a)
observation; (b) concomitant chemoradiotherapy alone (20Gy
in 10 fractions over 2 weeks with 500mg/m2 5-FU IV bolus
during the first 3 days of radiation therapy; the module is
repeated after a planned 2-week break) followed by no addi-
tional chemotherapy; (c) chemotherapy alone (leukovorin 
20mg/m2 bolus followed by 5-FU 425mg/m2 administered for
5 consecutive days repeated every 28 days for six cycles); and
(d) chemoradiotherapy followed by chemotherapy.18 The data
set for 289 patients randomized just through the two-by-two
design was recently reported.21 The four arms were subse-
quently uniquely combined to make additional comparisons
(no chemoradiotherapy versus chemoradiotherapy and no
chemotherapy versus chemotherapy). There appeared to be a
survival advantage for patients receiving no chemoradiother-
apy (17.9 months) versus chemoradiotherapy (15.9 months, P
= 0.05). In addition, there was a survival advantage for those
who received chemotherapy (20.1 months) versus those who
did not receive chemotherapy (15.5 months, P = 0.009). When
the four arms were analyzed individually, there appeared to be
a survival benefit for chemotherapy alone (median survi-
val, 21.6 months) versus observation alone (16.9 months),
chemoradiotherapy alone (13.9 months), or chemoradiother-
apy followed by chemotherapy (19.9 months). However, the
study was not powered to examine these arms separately. 
Multivariate analysis for known prognostic factors including
margin status, lymph node involvement, and tumor grade and
size did not alter the effect for chemoradiotherapy treatment.
The study authors concluded that there was no survival benefit
for adjuvant chemoradiotherapy. In addition, the authors con-
cluded that a potential benefit existed for adjuvant chemother-
apy alone following surgical resection. Based on these results,
the follow-up ESPAC study (ESPAC-3) does not include radia-
tion therapy and is designed as a randomized study of three dif-
ferent chemotherapy schedules (5-FU and leukovorin versus
gemcitabine versus observation) following surgery.

Although this was a randomized study consisting of more
than 500 patients with a smaller subset of 289 patients
included in the two-by-two design, the conclusions of the
study should be carefully measured. To encourage maximal
patient recruitment, the study was modified in that 68
patients were assigned separately and randomized to either
chemoradiotherapy or observation. In addition, 188 patients

were subsequently assigned separately and randomized to
either chemotherapy alone or observation. In a sense, three
randomizations were possible for inclusion into the same
original study design. Also, patients in the additional two ran-
domizations could have received “background chemotherapy
or chemotherapy,” which was not specifically defined. The
background treatment was not known in 82 eligible patients.
Of note, these patients were still assigned into an arm of the
study despite lack of definitive knowledge of prior therapy.
Finally, 25 of the eligible 541 patients refused to accept their
randomization and an additional 25 patients withdrew sec-
ondary to treatment toxicities.

Although the smaller subset of 289 patients does not
include these additional “randomized” patients, other fun-
damental issues concerning these are patients worthy of
comment. First, the absence of a central review of radiother-
apy fields and quality control/assurance is essential in such a
study design and alone could explain the results of the study.
Equally important, the radiation as well as the chemotherapy
used in the ESPAC-1 study are not considered contempo-
rary therapy. Doses of radiation therapy integrated with
chemotherapy are currently in the range of 45 to 54Gy. The
lower doses of radiation used in ESPAC-1 might explain the
high incidence of local recurrence in 109 of 158 patients (62%)
with recurrent disease.

As the debate continues, several studies have recently
opened or have been proposed by either the cooperative
groups or through single institutions. Table 45.2 summarizes
open or planned studies in the adjuvant setting. These future
studies will be characterized by the addition of multiagent
chemotherapy to irradiation at the cooperative group level by
the addition of Gemcitabine to the period of chemoradiation
and by the use of conformal, three-dimensional (3-D) irradia-
tion planned to patient-specific anatomic and surgical patho-
logic data.

Future Concepts for Adjuvant Therapy

The identification of overexpressed/underexpressed genes,
tumor-dependent growth pathways, and the search for tumor-
specific proteins or antigens have for many years been the
triple holy grail for oncologists. The impact from such dis-
coveries would potentially not only revolutionize the man-
agement of disease but would also have implications for early
detection and for monitoring disease. A number of these mol-

TABLE 45.2. Active or planned adjuvant or neoadjuvant studies.

Study Regimen Study phase

EORTC Arm I: Gemcitabine weekly ¥ 3 every 4 weeks ¥ 2 cycles followed by Gem/EBRT II/III
Arm II: Observation

ACOSOG EBRT (50Gy/5-FU CI/cisplatin/IFN, 5-FU CI) ¥ 2 cycles II
Johns Hopkins GM-CSF allo vaccine, 5-FU CI, 5-FU CI/XRT, 5-FU CI ¥ 2 cycles followed by GM-CSF allogeneic II

vaccine X 4
ECOG 1200 Arm A: Gem 500mg/m2 over 50min weekly ¥ 6 with EBRT 50.4  followed by surgery, gem 1,000mg/m2 II

over 100min ¥ 5 cycles
Arm B: Gem 175mg/m2 over 30min days 1, 5, 29, 33/cisplatin 20mg/m2 days 1–4, 29–33, 5-FU 

600mg/m2 over 21 hours days 1–4, 29–32 followed by EBRT 50.4, surgery, gemcitabine ¥ 3 cycles
ESPAC-3 Arm I: Observation III

Arm II: 5-Fluorouracil/LV days 1–5 ¥ 6 cycles
Arm III: Gemcitabine weekly ¥3 every 4 weeks ¥ 6 cycles

gem, gemcitabine; IFN, interferon-alpha; RTOG, Radiation Therapy Oncology Group; CI, continuous infusion; ACOSOG, American College of Surgery Oncology
Group; ECOG, Eastern Cooperative Oncology Group.



ecular targeted drugs (Cetuximab and Bevacizumab) have
been approved by the U.S. Food and Drug Administration
(FDA) for other malignancies and are currently being tested
in combination with Gemcitabine in patients with metasta-
tic pancreatic cancer. To date, no molecular targeted agents
have been tested in the adjuvant setting.

Immune-based therapy is a novel therapeutic approach
that has the ability to recruit and activate tumor-specific T
cells and induce a cytotoxic response. The potential of this
approach is attractive for many reasons.22 First, tumor killing
by activated tumor-specific T cells occurs via a mechanism
that is distinct from chemotherapy or radiation therapy and
would represent a noncross-resistant treatment with an
entirely different spectrum of toxicities. Second, the immune
system is capable of recognizing a broad diversity of potential
antigens with selective and specific cytotoxic responses.
These features may be essential in recognizing and eliminat-
ing a heterogeneous tumor population while avoiding normal
tissue toxicity. Third, preclinical animal models using active
immunotherapy (vaccines) have been able to eliminate small
burdens of established tumors, a situation that corresponds
to the state of minimal residual disease commonly found after
resection of human tumors. Fourth, there are data to suggest
that human tumor-specific antigens can be manipulated to be
effectively recognized by the immune system and that these
antigens may be shared broadly among tumors of similar his-
tologies.23 Finally, vaccine cells do not need to be HLA com-
patible with host immune cells to effectively prime both the
CD4+ T-cell (regulatory) arm and the CD8+ T-cell (cytolytic)
arm of the immune response.24,25

Although the use of autologous tumor cells may preserve
unique antigens expressed by each patient’s cancer, the devel-
opment of an autologous vaccine has limitations that pre-
clude the use of autologous cellular vaccine for most cancers
including pancreatic adenocarcinoma. Recent data support
the immunologic rationale for using allogeneic tumor cells
rather than autologous cells as the source of antigen used for
the vaccination.24 Taken together, the data suggest that rele-
vant tumor antigens can be delivered by an allogeneic tumor
and still sufficiently mount an effective immune response.

The Johns Hopkins group has developed allogeneic cell
lines from neoplastic tissue harvested from the surgical spec-
imens of patients undergoing pancreaticoduodenectomy at
the Johns Hopkins Hospital. All these cell lines have been
characterized as 100% epithelial by cytokeratin staining. In
addition, all these cell lines carry the same k-ras mutation as
the original tumor specimen, which supports the conclusion
that these lines are derived from malignant pancreatic tumor
cells. Two cell lines had been chosen for further testing
because they contain the most common k-ras mutation at
codon 12 found in greater than 90% of pancreatic cancer.
These lines were genetically modified to secrete granulocyte-
macrophage colony-stimulating factor (GM-CSF). These lines
were previously tested for safety in 14 patients with stage 1,
2, or 3 pancreatic adenocarcinoma.26

This study was the first clinical trial to test the hypothe-
sis that allogeneic GM-CSF-secreting pancreatic tumor cell
lines can prime a systemic immune response in patients with
resected pancreatic adenocarcinoma. Fourteen patients with
stage 2 or 3 disease received an initial vaccination 8 weeks
following resection; this was a dose escalation study in which
3 patients each received 1 ¥ 107, 5 ¥ 107, and 1 ¥ 108 tumor

cells. An additional 5 patients received 5 ¥ 108 vaccine cells.
Study patients were jointly enrolled in an adjuvant chemora-
diation protocol for 6 months. Following the completion of
adjuvant chemoradiation, patients were reassessed, and those
who were still in remission were treated with three additional
vaccinations given 1 month apart at the same original dose
that they received for the first vaccination. Toxicities were
limited to grade I/II local reactions at the vaccine site. Post-
vaccination delayed-type hypersensitivity (DTH) responses to
autologous tumor cells have been used in previously reported
vaccine studies as a surrogate to identify and characterize
specific immune responses that are associated with vaccina-
tion. In the pancreatic cancer vaccine trial, postvaccination
DTH responses to autologous tumor cells were observed in 1
of 3 patients receiving 1 ¥ 108 and in 2 of 4 patients receiving
5 ¥ 108 vaccine cells.

The major limitation of defined antigen-based vaccines
has been the lack of identified pancreatic tumor antigens that
are the known targets of the immune response. Thus, current
immune-based approaches either target a small group of can-
didate antigens expressed by the tumor or rely on whole
tumor cells as the immunogen. In addition, postvaccination
DTH response to autologous tumor provided only indirect
evidence of vaccine-derived antitumor immune response.
However, with the recent sequencing of the human genome
and the development of rapid methods for identifying genes
that are differentially expressed by tumor cells,2 potential
candidate immune targets were expected to be discovered
that may serve as immunogens for treatment as well as pre-
vention. Recently, mesothelin, a transmembrane glycopro-
tein member of the mesothelin/megakaryocyte potentiating
factor (MPF) family, was identified by differential gene expres-
sion to be overexpressed by most pancreatic adenocarcino-
mas.27 Mesothelin has been shown to be recognized by
vaccinated uncultured CD8+ T cells isolated from the three
patients who are long-term survivors from the previously
described phase I GM-CSF pancreatic cancer vaccine study
but not in the other patients who received the vaccine but
subsequently relapsed.28 These data suggest that mesothelin
may be used as an in vitro marker of vaccine-specific T-cell
responses to correlate with in vivo DTH response to autolo-
gous tumors and to clinical responses.

Based on the phase I study, the Johns Hopkins Hospital
initiated a 60-patient study, administering a total of five vac-
cinations integrated around chemoradiotherapy for patients
with resected pancreatic adenocarcinoma. The study is
planned to complete accrual by the end of 2004.

Role of Neoadjuvant Therapy

Neoadjuvant therapy is a potentially attractive alternative to
current standard adjuvant chemoradiation for several reasons:
(1) radiation is more effective on well-oxygenated cells that
have not been devascularized by surgery, (2) contamination
and subsequent seeding of the peritoneum with tumor cells
secondary to surgery could theoretically be reduced, (3)
patients with metastatic disease on restaging following adju-
vant therapy would not need to undergo definitive resection
and might benefit from palliative intervention, and (4) the risk
of delaying adjuvant therapy would be eliminated because it
would be delivered in the neoadjuvant setting. A number of
groups have further developed this approach9,29–41 (Table 45.3).
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The Fox Chase Cancer Center published their experience
of 53 patients with localized resectable pancreatic cancer who
were treated preoperatively with radiation therapy (5,040cGy
in 180-cGy fractions) and chemotherapy (MMC 10mg/m2 on
day 2 with 5-FU 1,000mg/m2/day by continuous infusion on
days 2–5 and 29–32). Forty-one patients subsequently under-
went exploratory laparotomy at the conclusion of preopera-
tive chemoradiation. From this group of patients, 17 were not
resectable (including 11 patients with hepatic or peritoneal
metastases and 6 patients with local extension that precluded
resection). Twenty-four patients eventually underwent 
potentially curative resection. Significant treatment-related
hematologic and nonhematologic toxicities were identified,
including 1 patient with treatment-related toxicities that pre-
cluded reexploration. Median survival for the entire group
was 9.7 months and 15.7 months for the group that under-
went surgical resection.31

The MD Anderson Cancer Center (MDACC) published
their experience of 132 patients with localized resectable pan-
creatic adenocarcinoma were treated preoperatively with
radiation therapy (45–50.4Gy in standard 1.8-Gy fractions 
or consisting of 30-Gy rapid fractionation in 3Gy/fraction)
combined with chemotherapy (5-FU continuous infusion 
300mg/m2/day or gemcitabine 400mg/m2/week or paclitaxel
60mg/m2/week), followed by surgical resection. There were
no surgical delays in the neoadjuvant group but there were
noted to be delays in 6 of 25 patients who underwent surgi-
cal resection first. At median follow-up of 19 months, no sig-
nificant differences in survival were noted between treatment
groups, with overall median survival of 21 months.37

The Fox Chase group has since published a follow-up
study of 30 patients with localized resectable pancreatic
cancer of whom 26 received preoperative radiation therapy
(50.4Gy) with 5-FU continuous infusion. Fourteen patients
who received preoperative therapy subsequently underwent
resection. Median survival was 34 months for the resected
group compared to 8 months in the group that could not be
resected.39

The MDACC have also used paclitaxel 60mg/m2 over 3
hours weekly with 30-Gy radiation therapy rapid fractiona-
tion. Of note, if patients could undergo surgical resection,
they could also have received external-beam intraoperative
radiation therapy (EB-IORT). Grade III hematologic and 
nonhematologic toxicities were identified in 16 patients. No
delays in surgery were attributable to preoperative therapy.
Twenty of 25 patients who underwent exploratory laparo-
tomy underwent surgical resection. There were no histologic
complete responders. With median follow-up of 45 months,
3-year survival for those patients following potentially cura-
tive resection was 28% with overall median survival of 19
months.41

Currently, the Eastern Co-operative Oncology Group
(ECOG) is planning to open a prospective randomized trial
randomizing patients to intensified gemcitabine-based or
gemcitabine/5-FU/platinum-based chemoradiotherapy. This
trial makes an important distinction between clearly unre-
sectable disease and potentially resectable disease, especially
around the issues of partial versus complete encasement of
the superior mesenteric artery and length of superior mesen-
teric vein involved by tumor at initial presentation. To date,
the current data demonstrate that although neoadjuvant
chemoradiotherapy can be administered safely, there is no

clear advantage to this strategy compared to postoperative
therapy. In the realm of marginally resectable patients, it
remains to be seen whether there is a meaningful cohort of
patients for whom this approach may represent an important
therapeutic advantage based on “downstaging” and improved
surgical outcomes.

Treatment of Locally Advanced Disease

Pancreatic tumors frequently invade adjacent structures such
as superior mesenteric and celiac vascular structures, making
curative resection difficult if not impossible. The Memorial
Sloan Kettering group recently reviewed their experience 
of 163 patients with locally advanced pancreas cancer. A
number of chemotherapy regimens were integrated with radi-
ation therapy and administered to 87 patients. Only 3 patients
had sufficient radiographic response to justify surgical explo-
ration. Of these selected patients, one-third underwent resec-
tion for curative intent.42 For the approximately 30% to 40%
of pancreatic cancer patients who present with such locally
advanced, nonmetastatic disease, optimal management is con-
troversial. Palliative surgery, chemoradiation, chemotherapy
alone, and locally directed therapies have all been employed
in this setting.

Chemoradiation Approaches

Although external-beam radiation therapy (EBRT) alone can
improve symptoms associated with locally advanced disease,
the high local failure rate and synergy observed when EBRT
is combined with chemotherapy have led to trials using 
both modalities. Chemoradiation approaches have shown
improved survival compared to either modality alone, but 
the improvements are modest, and local control remains a
significant challenge. There have been no randomized com-
parisons of radiation and/or chemotherapy versus suppor-
tive care (aside from subset analyses in trials for metastatic
disease).

Several prospective randomized trials have shown a
benefit with chemoradiation compared to either radiation or
chemotherapy alone in the management of locally advanced
disease.43–49 The first trial was published in 1969 and included
patients with different types of gastrointestinal (GI) cancers,
64 of whom had locally unresectable pancreatic cancer ran-
domized to either 5-FU or placebo combined with 35–40Gy
radiation. Median survival in the combined modality arm was
significantly higher than in the radiation therapy-only arm
(10.4 versus 6.3 months).43 The Gastrointestinal Tumor Study
Group (GITSG) randomized 194 locally advanced pancreatic
cancer patients to receive split-course EBRT, either alone 
(60Gy) or combined (either 40 or 60Gy) with 5-FU 500mg/m2

on the first 3 days of each 20Gy of radiation.44 The EBRT-
alone arm was discontinued after an interim analysis showed
improved median time to progression (TTP) and overall sur-
vival (OS) in the combined modality arms. There were no sig-
nificant differences between the high- and low-dose EBRT in
the chemoradiation arms, although there were trends favor-
ing the higher-dose arm in time to progression and survival.
A second GITSG study compared SMF (streptozotocin, mito-
mycin, and 5-FU) chemotherapy alone versus SMF combined
with EBRT (54Gy), and showed a significant improvement in
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median survival (9.7 versus 7.4 months) for the chemoradia-
tion arm.46 In contradistinction to the GITSG studies, a 
randomized ECOG study of 91 patients comparing 5-FU 
600mg/m2 weekly with or without EBRT (40Gy, which has
been criticized as an insufficient dose) did not find a signifi-
cant benefit to combined modality therapy over chemother-
apy alone.45 Thus, three randomized studies have
demonstrated a modest survival benefit of combined modal-
ity therapy over chemotherapy or EBRT alone, and one ECOG
study with a possibly suboptimal dose of EBRT (40Gy) did
not show benefit over 5-FU alone.

Several trials have examined the use of different che-
motherapy agents with radiation therapy in the locally
advanced setting. The first was a Southwest Oncology Group
(SWOG) study published in 1980 randomizing 69 patients to
mCCNU (methyl lomustine) and 5-FU with or without testo-
lactone, combined with 60Gy of radiation.47 There was no sig-
nificant difference in overall survival, and myelosuppression
(87%) and GI toxicity (23%) were common. A GITSG study
randomized 143 patients to EBRT with either weekly 5-FU or
doxorubicin.48 Median survival was similar in both arms
(approximately 8 months), but the doxorubicin arm had more
frequent severe toxicity. Finally, a randomized Phase II study
of 87 patients compared the radiation sensitizer hycanthone
to 5-FU, both given with 60Gy of split-course radiation, and
found no difference in survival.49 Thus, three trials failed to
demonstrate a survival advantage of different chemotherapy
regimens given with radiation therapy compared to 5-FU,
which tended to have less toxicity.

Chemoradiation Using Gemcitabine

There has been considerable interest in combining EBRT with
gemcitabine because of its clinical benefit in the metastatic
setting and potent radiosensitizing properties. Studies com-
bining radiotherapy with gemcitabine have proceeded cau-
tiously because of this synergy. Early trials were designed to
determine the maximal tolerated dose of gemcitabine when
delivered weekly and integrated with radiation therapy con-
sisting of 50.4Gy in standard 1.8-Gy fractions. A margin of 
3cm around the gross target volume was required for the
initial field of 39.6Gy. The margin was subsequently reduced
to 2cm for the final 10.8-Gy boost. The starting dose of gem-
citabine was 300mg/m2. Hematologic and gastrointestinal
toxicities were identified as dose limiting at 700mg/m2.50

Blackstock and colleagues examined, in a Phase I study, gem-
citabine (starting at 20mg/m2) twice weekly in combination
with radiation therapy (total dose, 50.4Gy in 1.8-Gy fractions)
in 19 patients with locally advanced pancreatic adenocarci-
noma. Thrombocytopenia, neutropenia, and nausea/vomiting
were dose-limiting toxicities. Of the 15 patients assessable for
response, 3 partial responses were identified.51 A dose of 
40mg/m2 twice weekly in combination with radiotherapy 
to a total dose of 50.4Gy was subsequently examined by the
Cancer and Leukemia Group B (CALGB) in a Phase II study
of 38 patients with locally advanced pancreatic cancer. Fol-
lowing chemoradiotherapy, patients without disease progres-
sion received Gemcitabine alone at 1,000mg/m2 weekly ¥ 3
every 4 weeks for five additional cycles. Grade III/IV hema-
tologic toxicity was significant and identified in 60% of
patients; in addition, grade III/IV GI toxicity was identified 

in 42% of patients. With median follow-up of 10 months,
median survival was 7.9 months.52

The MD Anderson Cancer Center (MDACC) has since
published a corollary phase I study of 18 patients with locally
advanced disease using rapid fractionation external-beam
radiation. Patients received dose escalation gemcitabine 
from 350mg/m2 to 500mg/m2 weekly ¥ 7 with concurrent
rapid fractionation 3,000-cGy external-beam radiation
therapy during the first 2 weeks of therapy. Hematologic and
nonhematologic toxicities were significant in all three patient
cohorts. There were 8 responses (4 minor and 4 partial). One
of 2 patients who were subsequently explored had a cura-
tive resection. The recommended Phase II testing dose of
gemcitabine was 350mg/m2.53

These dose-finding studies would suggest that the
maximal tolerated dose of gemcitabine when combined with
radiation therapy is dependent on the radiation therapy field
size. Planned confirmatory studies will follow up on these
observations.

The University of Michigan has described an alterna-
tive approach by using standard doses of gemcitabine at 
1,000mg/m2 weekly ¥ 3 every 4 weeks and administering radi-
ation therapy as dose escalation beginning at 24Gy (1.6-Gy
fractions in 15 fractions) in 34 patients with locally advanced
disease. The majority of patients received chemotherapy after
combined modality treatment at the discretion of the treating
physician; 75% of patients received at least 85% of planned
gemcitabine. Two of 6 assessable patients experienced dose-
limiting toxicity at the final planned radiation dose of 42Gy
in 2.8-Gy fractions. An additional 2 patients developed late GI
toxicities at this dose level. Six patients were documented to
have a partial response, with a complete radiographic response
in 2 patients. In addition, 4 patients with documented stable
disease at time of study entry experienced objective responses
(2 partial and 2 complete responses). Definitive resection was
achieved for 1 of 3 surgically explored patients. With median
follow-up of 22 months, median survival for the entire group
was 11.6 months. The recommended Phase II radiation dose
was 36Gy in 2.4-Gy fractions.54

Other chemotherapy agents have been added to 
Gemcitabine combined with radiation therapy. The Eastern
Cooperative Oncology Group (ECOG) published a Phase I
study of seven patients with locally advanced disease using
5-FU/Gemzar combined with radiation therapy to a
maximum 59.4Gy in 1.8-Gy fractions. 5-FU (200mg/m2/day
as continuous infusion throughout radiation therapy) was
administered with weekly gemcitabine dose escalation begin-
ning at 100mg/m2. Because of dose-limiting toxicities seen in
two of the first three patients, the study was amended to
lower the initial dose of gemcitabine to 50mg/m2. However,
dose-limiting toxicities were subsequently seen in three of
four patients at the 50mg/m2 dose. Three of the five dose-
limiting toxicities occurred at radiation doses less than 
36Gy. The study was subsequently closed.55

Gemcitabine has also been combined with cisplatin and
radiation in published Phase I trials, following up on promis-
ing preclinical synergistic data. A study based at the Mayo
clinic gave twice-weekly gemcitabine and cisplatin for 3
weeks during radiation (50.4Gy in 28 fractions). Dose-limit-
ing toxicities consisted of grade 4 nausea and vomiting, and
the recommended phase II dose was gemcitabine 30mg/m2

and cisplatin 10mg/m2.56 Another trial used strictly time-
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scheduled gemcitabine (days 2, 5, 26, and 33 after a weekly
regimen was too toxic) and cisplatin (days 1–5 and 29–33)
combined with radiation, with a recommended Phase II dose
of 20mg/m2 for cisplatin and 300mg/m2 for gemcitabine.57

The response to chemoradiation allowed 10 of 30 initially
unresectable patients to undergo surgery, with a R0 resection
in 9 cases and a complete response (CR) in 2 cases.

Given the current published data, would 5-FU or gem-
citabine be better suited to be used concurrently with radia-
tion therapy for either resected or locally advanced disease?
The MDACC retrospectively examined their database of 114
patients with locally advanced disease treated with combina-
tion radiation therapy (rapid fractionation 30Gy in 10 
fractions) with either 5-FU by continuous infusion 200–
300mg/m2 (61 patients) or gemcitabine 250–500mg/m2

weekly ¥ 7 (53 patients). Patients receiving gemcitabine
developed a significantly higher incidence of severe acute tox-
icity, defined as toxicity requiring a hospital stay of more than
5 days, mucosal ulceration with bleeding, more than three
dose deletions of gemcitabine or discontinuation of 5-FU, or
toxicity resulting in surgical intervention or death, compared
with those patients receiving 5-FU (23% versus 2%; P less
than 0.0001). Five of 53 patients treated with gemcitabine/
radiation therapy subsequently underwent surgical resec-
tion compared to 1 of 61 patients treated with 5-FU/
radiation therapy. However, with short median follow-up,
median survival was similar (11 months versus 9 months 
(P = 0.19).58

Chemotherapeutic Approaches

Because the benefit of chemoradiation is relatively modest,
and the aforementioned randomized ECOG study showed no
benefit to radiation added to 5-FU alone, some oncologists rec-
ommend chemotherapy alone for locally advanced disease.
Gemcitabine is the most commonly used agent, extrapolating
from the metastatic disease setting; this is based on the ran-
domized trial by Burris et al. in which 26% of the study sub-
jects had locally advanced disease. Gemcitabine ameliorated
symptoms and modestly improved survival compared to 5-FU,
but the results for patients with locally advanced disease were
not reported separately.59 An ECOG Phase III trial (E4201) com-
paring gemcitabine (600mg/m2 weekly)/radiation (50.4Gy in
28 fractions) followed by weekly gemcitabine (1,000mg/m2

weekly, 3 of 4 weeks) versus gemcitabine alone, which opened
in April 2003, is examining this issue.

Locally Directed Therapy

Both brachytherapy and intraoperative radiotherapy (IORT)
have been employed in the setting of locally advanced disease.
Both modalities are aimed at improving locoregional control.
Given the propensity of this disease to disseminate, especially
into the liver and adjacent peritoneum, what can be achieved
overall for patients by the addition of either modality to exter-
nal-beam irradiation and chemotherapy is not completely
clear. Mohiuddin et al. reported on 81 patients with localized
unresectable carcinoma of the pancreas managed at Thomas
Jefferson using intraoperative iodine-125 implants, external-
beam irradiation, and perioperative systemic chemotherapy.60

The radioactive iodine implant was designed to deliver a

minimum peripheral dose up to 1,200cGy over 1 year. Patients
were also treated with 50 to 55Gy of external-beam irradiation
with systemic chemotherapy consisting of 5-FU, mitomycin,
and occasionally CCNU. Implants were performed at laparo-
tomy. There was a 5% mortality rate, and a 34% acute mor-
bidity rate with cholangitis, upper GI bleeding, and gastric
outlet obstruction being the most common. In addition, there
was a 32% late morbidity rate, with GI bleeding, cholangitis,
and radiation enteritis being the most common late develop-
ments. Local control was obtained in 39 of 53 (71%) of evalu-
able patients. Of 14 patients undergoing reexploration more
than 6 months following implantation, 86% showed extensive
fibrosis and had negative biopsies from the region of the tumor.
In 8 patients undergoing autopsy, 5 (63%) were without 
evidence of locoregional tumor. Nevertheless, 52 of these 81
patients (62%) failed with intraabdominal disease, primarily
hepatic and peritoneal. With a minimum follow-up of 2 years
at the time of publication, the median survival for the total
group was 12 months, the 2-year survival was 21%, and the 5-
year survival was 7%. Despite satisfactory local control in
several patients, many centers would not be willing to accept
this level of therapeutic intensity in a group of patients for
whom management is ultimately primarily noncurative.

Nori et al. have reported on a series of 15 patients under-
going similar management but using palladium-103 instead
of iodine-125.61 The implant was designed to provide a
matched peripheral dose of 1,100cGy. Patients also received
external-beam irradiation of 4,500cGy over 4.5 weeks and
chemotherapy with 5-FU and MMC. Median survival was 10
months. The authors concluded that palladium-103 is an
alternative to iodine-125 for interstitial brachytherapy for
unresectable patients, and that symptom relief appeared to
occur somewhat faster. The study did not show any improve-
ment in the median survival as compared to 125I. Finally, a
note of caution was raised by Raben et al. on the use of pal-
ladium brachytherapy for locally unresectable carcinoma of
the pancreas. In their series of 11 patients, they found an
unacceptably high complication rate including gastric outlet
obstruction, duodenal perforation, and sepsis.62 They did not
find an improvement in median survival over other modali-
ties and did not recommend this approach for further study.

The use of intraoperative radiation therapy (IORT) using
single-fraction electron beam treatment has also been exten-
sively studied. In experienced hands, IORT can be given with
acceptable morbidity. However, there are occasional reports
of unacceptably high complication rates. Generally, IORT has
been given in combination with external-beam radiation
therapy (EBRT) in the range of 45 to 50.4Gy with 5-FU alone
or 5-FU-based combination chemotherapy. The RTOG
reported on 51 patients with locally unresected nonmetasta-
tic pancreatic cancer treated with IORT and EBRT/5-FU and
found a major postoperative complication rate of 12%. Two
patients had major morbidity leading to death.63 A neoadju-
vant approach was taken by Garton et al. at the Mayo Clinic,
where EBRT (50–54Gy) with or without 5-FU was given pre-
operatively, followed by IORT (20Gy).64 In 27 patients with
unresectable disease because of locoregional considerations,
local control was achieved in 78%, although 70% of patients
developed distant metastases, including peritoneum and
liver. Median survival from diagnosis was 14.9 months. Zerbi
et al. have suggested that the use of IORT as an adjuvant to
resection decreases the risk of local recurrence.65 Mohiuddin



et al. have also reported excellent results with IORT in the
management of unresectable pancreatic cancer when com-
bined with postoperative EBRT.66 As reviewed by Willett and
Warshaw, the dose of intraoperative radiation therapy is gen-
erally in the range of 10 to 20Gy, with some investigators pre-
scribing to the 90% line and others prescribing to the 100%
line.67

In addition to local radiation delivery, a variety of other
techniques and agents are under development for the treat-
ment of locally advanced pancreatic cancer. One example is
intratumoral injection via endoscopic ultrasound of ONYX-
015, an engineered adenovirus that selective replicates in
tumor cells. A Phase I/II trial of this agent combined with gem-
citabine in 21 patients showed that the technique was feasible
with transgastric injections (2 duodenal perforations occurred
early in the trial), and 2 partial responses were seen.68 Another
novel biologic agent in development is TNFerade, a replica-
tion-deficient adenovector carrying a transgene encoding for
human tumor necrosis factor-alpha regulated by a radiation-
inducible promoter. Weekly intratumoral injections have been
given in combination with chemoradiation (50.4Gy with con-
tinuous infusion 5-FU 200mg/m2 daily).69 Two of 17 patients
in a Phase I trial converted from unresectable to resectable, 
and 1 of these had a pathologic CR.

Treatment Recommendation for Locally 
Advanced Disease

The optimal treatment for locally advanced pancreatic cancer
remains controversial. There have been no randomized trials
comparing chemoradiation strategies versus best supportive
care, or chemotherapy alone (aside from the GITSG trial 
in which both 5-FU and radiation were added to SMF
chemotherapy), and the survival benefit from combined
modality therapy for locally advanced disease has been
modest in various trials. Nonetheless, most practitioners in
the United States employ radiation therapy (typically 54Gy
in 1.8-Gy fractions) with simultaneous chemotherapy, the
standard being 5-FU. Although several chemotherapy regi-
mens have been compared to 5-FU in randomized trials, none
have proven more efficacious, and these are typically more
toxic. Various ways of giving 5-FU have been used in these
trials, but most practitioners choose either continuous 
infusion at 200mg/m2/day during radiation therapy, or a 
500mg/m2 bolus given on the first 3 days and last 3 days of
radiation. Studies are under way that will examine the role of
gemcitabine (both alone, and combined with radiation) for
locally advanced disease. In addition, given the limited
success of current treatments, several novel approaches 
are being actively explored with the aim of allowing patients
who present with unresectable disease to undergo curative
surgery.

Therapy for Metastatic Disease

Historically, 5-fluorouracil (5-FU)-based chemotherapy has
been the most widely studied chemotherapeutic agent for all
stages of pancreatic cancer. Despite more recent attempts to
modify the delivery of 5-FU, response rates have remained
unchanged in the 10% to 20% range, with median survival
of 4 to 5 months for patients with stage IV disease.70–74

The Role of Gemcitabine in Metastatic
Pancreatic Cancer

Gemcitabine is a prodrug deoxycytidine (2¢-deoxy-2¢,2¢-difluo-
rocytidine monohydrochloride) analogue that is metabolized
by deoxycytidine kinase to active diphosphate (dFdCDP) and
triphosphate (dFdCTP) nucleosides. These metabolites inhibit
ribonucleotide reductase with the effect of decreasing intra-
cellular levels of required deoxynucleotide triphosphates for
continued DNA synthesis. In addition, gemcitabine triphos-
phate directly competes with dCTP for incorporation into
DNA. Recently, gemcitabine has demonstrated promise as an
active agent in treating pancreatic cancer. Casper and col-
leagues reported the results of a Phase II trial using weekly
gemcitabine at 800–1,250mg/m2 in 44 patients with unre-
sectable pancreatic cancer. The response rate was noted to be
11% but with median survival of 5.6 months and a 1-year actu-
arial survival of 23%.75 Subsequently, Burris and colleagues
randomized 126 patients with unresectable pancreatic cancer
to either gemcitabine (1,000mg/m2 weekly over a 30-minute
infusion X 7 followed by 1 week rest then weekly ¥ 3 every 4
weeks) or 5-FU (600mg/m2 weekly). Although the primary
endpoints were issues related to quality of life, median survival
was 5.7 months in the gemcitabine arm compared to 4.4
months in the 5-FU arm. In addition, 1-year survival was 18%
in the gemcitabine arm compared to 2% in the 5-FU arm (P =
0.0025), with median time to progression also favoring gem-
citabine (9 weeks compared to 4 weeks in the 5-FU arm; P =
0.0002). Gemcitabine was well tolerated, with the majority of
side effects related to grade 3 or 4 neutropenia (26%) without
associated infections, low-grade fevers (30%), and nausea and
vomiting (9.5% and 3.2%). Gemcitabine has since been
approved by the FDA in 1996 as a first-line therapy in metasta-
tic pancreatic cancer.59 In addition, Rothenberg and colleagues
evaluated gemcitabine (1,000mg/m2 weekly ¥ 7 with 1 week
off then weekly ¥ 3 with 1 week off) in 63 patients with unre-
sectable disease who had been previously treated with 5-FU.
The overall salvage response was 10.5% with median time to
progression at 2.5 months and median survival at 3.85 months,
with a toxicity profile similar to first-line therapy.76 Recent
strategies include identifying alternative dosing schedules of
gemcitabine that might both enhance drug delivery to tumor
cells as well as identifying synergistic combinations with
other chemotherapeutic agents. Tempero and colleagues ran-
domized 93 patients to either gemcitabine (2,200mg/m2) over
the standard 30-minute infusion or gemcitabine (1,500mg/m2)
at a rate of 10mg/m2/min. With analysis completed on 67
patients, the response rate was 17% versus 3% in favor of the
longer infusion rate. In addition, median survival (6.1 months
versus 4.7 months) and 1-year survival (23% versus 0%)
favored the longer infusion rate.77

Combination Chemotherapy

Recent efforts have focused on developing strategies that
would enhance the efficacy of gemcitabine and ultimately
improve median survival. Table 45.4 summarizes the most
recent studies59,75–108

Gemcitabine with 5-Fluorouracil

Preclinical data have also demonstrated a synergistic and non-
cross-resistant effect of 5-FU when given with gemcitabine.73
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TABLE 45.4. Recent studies in advanced pancreatic cancer.

Median survival One-year
Study Patient no. Chemotherapy PR/CR rate (months) survival

Casper (1994) 44 Gemcitabine 5 (11%) 5.6 23%
Burris (1997) 63 5-FU bolus 0 (0%) 4.4 2%

63 Gemcitabine 3 (5.4%) 5.7 P = 0.0025 18%
Rothenberg (1996) 63 (2nd line) Gemcitabine 6 (10.5%) 3.8 4%
Hidalgo (1999) 26 Gem + 5-FU CI 5 (19.2%) 10.3 40%
Berlin (2000) 36 Gem + 5-FU bolus 5 (14%) 4.4 9%
Miller (2000) 42 Pemetrexed 2 (5.7%) 6.5 28%
Heinemann (2000) 41 Gem + cisplatin 4 (11%) 8.2 27%
Marantz (2001) 29 Gem + 5-FU bolus 6 (21%) 8.4 36%
Louvet (2001) 62 Gem + LV5FU2 16 (25.9%) 9 32%
Philip (2001) 42 Gem + cisplatin 11 (26%) 7.1 19%
Colucci (2001) 54 Gemcitabine 5 (9.2%) 5 11%

53 Gem + cisplatin 14 (26.4%) 7.5 P = 0.43 11%
Kozuch (2001) 34 (2nd line) Gem + 5-FU + LV 8 (24%) 10.3 20%

Irinotecan/cisplatin
Konstadoulakis (2001) 19 Rubitecan 4 (21%) 5.2 17%
Tomao (2002) 27 Gem + tamoxifen 3 (11%) 8 31%
Cartwright (2002) 42 Xeloda 3 (7.3%) 6.1 NR
Rothenberg (2002) 58 (1st line) 5-FU bolus + 3 total (2%) 3.6 16%

48 (2nd line) Eniluracil 3.4 10%
Feliu (2002) 43 Gem + UFT 14 (33%) 11 32%
Ducreux (2002) 103 5-FU bolus 0 (0%) 3.4 9%

104 5-FU + cisplatin 10 (10%) 3.7 P = 0.1 17%
Ryan (2002) 34 Gem + Taxol 6 (18%) 8.9 29%
Rocha Lima (2002) 45 Gem + Irinotecan 9 (20%) 5.7 27%
Fine (2002) 33 Gem/Taxol/Xeloda 20 (66%) Not reached NR
Louvet (2002) 30 LR Gem + Oxaliplatin 9 (31%) 11.5 47%

34 metastatic Gem + Oxaliplatin 10 (30%) 8.7 26%
Kindler (2002) 42 Gem + pemetrexed 6 (15%) 6.5 29%
Hess (2003) 36 Gem + Xeloda 5 (14%) 6.4 33%
Scheithauer (2003) 42 Biweekly Gem 6 (14%) 8.2 37%

43 Gem + Xeloda 7 (17%) 9.5 (P = ns) 32%
Kralidis (2003) 25 Gem + Tomudex 3 (12%) 6.2 12%
Cascinu (2003) 45 Gem + cisplatin 5 (9%) 5.6 NR
Alberts (2003) 47 Gem + Oxaliplatin 5 (11%) 6.2 18%
Heinemann (2003) 96 Gem NR 6 NR

99 Gem + cisplatin NR 8.3 P = 0.12 NR
Rocha Lima (2003) 173 Gem 8 (4.4%) 6.6 21%

169 Gem + Irinotecan 27 (16%) 6.3 P = ns 22%
Louvet (2003) 156 Gem 25 (16%) NR NR

152 Gem + Oxaliplatin 39 (26%) NR NR
Tempero (2003) 49 Gem 2/22 (9%) 5 9%

43 Fixed dose Gem 1/17 (5%) 8 (P = 0.013) 29%
Kindler (2004) 45 Gem + Avastin 9 (21%) 9 37%
O’Reilly (2004) 340 Gem ± Exatecan 6.3 vs. 8.2 6.3 months vs. 6.7 21% vs. 23%

(P = 0.52)
Richards (2004) 565 Gem ± Pemetrexed 9.1 vs. 18.3 6.3 months vs. 6.2 21% vs. 20%

(P = 0.85)
Louvet (2004) 313 Gem vs. Gem (FDR) 17.3 vs. 26.8 7.1 vs. P (P = 0.13) 28% vs. 35%

+ Oxaliplatin
Abbruzzese (2004) 41 Gem + Cetuximab 5 (12.2%) 7.1 31.7%

CR, complete response; PR, partial response; NR, no response.
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However, the combination of 5-FU and gemcitabine has not
consistently resulted in significant improvement over gem-
citabine alone.79,80,83,84,100 Early studies had designed the use of
gemcitabine with bolus infusion of 5-FU with no significant
improvement when compared to single-agent gemcitabine.79

However, subsequent studies focusing on infusional schedules
of 5-FU with gemcitabine suggested a clinical parallel to the
data using infusional 5-FU in the therapy of metastatic col-
orectal cancer. Hidalgo et al. examined the combination 
of 5-FU administered as a continuous infusion (200mg/m2

throughout the study) with gemcitabine 700–900mg/m2

weekly ¥ 3 repeated every 4 weeks. The reported median sur-
vival was 10.3 months.80 In addition, Louvet et al. reported a
Phase II study of infusional 5-FU and leukovorin (leukovorin
400mg/m2 in a 2-hour infusion followed by 5-FU 400mg/m2

bolus followed by 2–3g/m2 continuous-infusion 5-FU, in a
schedule known as LV5FU2) with gemcitabine 1,000mg/m2 on
day 3, repeating the cycle every 2 weeks. The reported median
survival was 9 months.84 However, in a recent study by Hess
et al. using gemcitabine (1,000mg/m2, days 1 and 8) and
capecitabine (starting 500mg/m2 divided bid ¥ 14 days) in 36
patients with advanced pancreas cancer repeated every 21
days, the median survival was 6.4 months.85 A number of mod-
ulators of 5-FU have been previously examined, including
interferon-alpha and N-(phosphonoacteyl)-l-aspartate dis-
odium (PALA), and all have been of no additional benefit.
There has been interest in examining other 5-FU formulations,
either alone or with gemcitabine, including the multitargeted
folate inhibitor pemetrexed that has activity against thymidy-
late synthase (TS), dihyrofolate reductase (DHFR), and glynci-
namide ribonucleotide formyltransferase (GARFT).81,84

Gemcitabine with Platinum Chemotherapy

Another potentially synergistic agent that has been used with
gemcitabine is cisplatin. This combination is thought to be
synergistic either by enhancing dFdCTP incorporation into
DNA or via increasing DNA adduct formation.78 Early studies
identified median survival from 5.6 to 8.2 months.82,86,102 This
combination has recently been examined in two Phase III
studies. Colucci and colleagues treated 107 patients with
advanced pancreas cancer with either gemcitabine alone at
standard dose and schedule or gemcitabine and cisplatin 
(25mg/m2 weekly ¥ 3 every 4 weeks). The combination of
gemcitabine and cisplatin improved median time to disease
progression (2.7 months for gemcitabine alone versus 5
months for combination gemcitabine and cisplatin; P = 0.048)
with no significant differences in toxicities. However,
although the median survival for the gemcitabine group was
5 months compared to 7.5 months for the combination
chemotherapy, the P value of 0.43 was not statistically sig-
nificant.87 More recently, Heinemann et al. presented the
Phase III data of 195 patients randomized to either gem-
citabine alone at standard dose and schedule versus gem-
citabine and cisplatin (50mg/m2 weekly ¥ 3 repeated every 4
weeks). Although a difference in median survival was noted
(6 months for gemcitabine alone versus 8.3 months for the
combination), this result was not statistically significant.104

Gemcitabine with Oxaliplatin

Oxaliplatin is a diaminocyclohexane (DACH) platinum com-
pound that received FDA approval in August 2002 for use in

combination with infusional 5-FU) and leucovorin for the
treatment of patients with colorectal cancer whose disease
has recurred or become worse following initial therapy with
a combination of irinotecan with bolus 5-FU and leucovorin.
Based on preclinical data that identified synergistic antitumor
activity, oxaliplatin has since also been evaluated in combi-
nation with gemcitabine in patients with advanced pancre-
atic cancer. The French Cooperative group GERCOR
examined gemcitabine 1,000mg/m2 as a 10mg/m2/min pro-
longed infusion administered on day 1 in combination with
oxaliplatin 100mg/m2 as a 2-hour infusion administered on
day 2, repeated every 2 weeks, in 64 patients with chemon-
aive metastatic pancreas cancer. Response rate was noted to
be 30.6 % with a clinical benefit response of 40%. Median
progression-free survival and overall survival were 5.3
months and 9.2 months, respectively, with 36% 1-year sur-
vival. The combination was safe, with reported side effects
including grade 3 or 4 neutropenia/thrombocytopenia of 11%,
nausea and vomiting of 14%, diarrhea of 6.2%, and periph-
eral neuropathy of 11%.98

The North Central Cancer Treatment Group (NCCTG)
completed a Phase I study of gemcitabine and oxaliplatin in
18 patients with metastatic pancreas cancer. Dose-limiting
toxicities (DLT) of neutropenia and severe infection were
identified at the maximum tolerated dose of gemcitabine,
1,250mg/m2 (day 1 and day 8 every 21 days) and oxaliplatin,
130mg/m2 (day 1 every 21 days).103

Louvet et al. recently presented a Phase III study of 308
patients randomized to either gemcitabine or to gemcitabine
with oxaliplatin (gemcitabine 1,000mg/m2 as a 10mg/m2/min
prolonged infusion administered on day 1 in combination
with oxaliplatin 100mg/m2 as a 2-hour infusion administered
on day 2 repeated every 2 weeks) versus gemcitabine alone.
Although there was a difference in progression-free survival
(4 months for gemcitabine alone versus 6.25 months for com-
bination chemotherapy; P = 0.05), the median survival was
statistically significant.106

Gemcitabine with Irinotecan

Rocha Lima et al. completed a Phase II study of 45 patients
treated with gemcitabine at 1,000mg/m2 over 30 minutes and
irinotecan at 100mg/m2, both weekly ¥ 2 repeated every 3
weeks. Median survival was 5.7 months.96 Rocha Lima et al.
also presented the follow-up Phase III study recently of 342
patients randomized to either gemcitabine alone or gem-
citabine + irinotecan. Although there was a higher response
rate for combination gemcitabine and irinotecan (16% versus
4%), the median survival was no different (6.6 months for
gemcitabine alone versus 6.3 months for the combination).105

Gemcitabine with Other Chemotherapy

There has been additional interest based on preclinical data
to synergistically combine multiple chemotherapy agents
with gemcitabine. Early data suggest that such combinations
have similar safety profiles with some of the gemcitabine
combinations and are active schedules. Fine and colleagues
have published preliminary data with a schedule known as
GTX (gemcitabine 750mg/m2 over 2 hours days 4 and 11, 
Taxotere 30mg/m2 over 30 minutes days 4 and 11, and Xeloda
1,500mg/m2 po divided doses bid days 1–14 repeated every 
21 days) in patients with locally advanced and metastatic
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disease. Patients without metastatic disease received gem-
citabine 200mg/m2 weekly ¥ 6 concurrent with EBRT to 45
to 50Gy followed by surgery if indicated. Toxicities included
25% grade 3 leukopenia, 20% grade 3 asthenia, 20% grade 3
diarrhea, and 15% erythrodyesthesia. In 9 patients who pre-
sented with locally advanced but nonmetastatic disease, 8
patients were resected, with complete response in 6 patients.
In patients who presented with metastatic disease, there were
partial responses in 12 patients. Median survival for both
groups has not been reported.97

Kozuch and colleagues treated 34 patients who had been
previously treated with gemcitabine either alone or in com-
bination with a schedule known as G-FLIP (day 1: gemc-
itabine 500mg/m2 over 50 minutes, leukovorin 300mg over
30 minutes, irinotecan 80mg/m2 over 80 minutes, 5-FU bolus
400mg/m2 over 10 minutes, then 600mg/m2 over 8 hours; day
2: leukovorin 300mg over 30 minutes, 5-FU bolus 400mg/m2

over 10 minutes, cisplatin 50–75mg/m2 with mannitol over
45 minutes and 5-FU 600mg/m2 over 8 hours). Toxicities
were largely hematologic. Median survival for this pretreated
group was 10.3 months.88

New Drugs in Pancreatic Cancer

During the last few years, an increasing number of new drugs,
many of them targeted to specific alterations in malignant
cells, have been tested in pancreatic cancer as well as in other
tumors. The rationale to develop these drugs in pancreatic
cancer comes from the better understanding of the biologic
basis of the disease, which has made possible the identifica-
tion and validation of some of these targets in pancreatic
cancer. In addition, the poor prognosis of patients with this
disease and the evidence from clinical trials discussed previ-
ously that conventional chemotherapy may have reached a
plateau in improving outcome have also motivated an aggres-
sive evaluation of new drugs in pancreatic cancer.

Matrix Metalloproteinase Inhibitors

The matrix metalloproteinases (MMPs) are a group of 
closely related proteases that are dysregulated in the major-
ity of human neoplasms, including pancreatic cancer. The
increased activity of these enzymes has been related to the
tumor growth, progression, invasion, generation of blood
vessels, and metastasis. Several inhibitors of the MMP have
been developed as anticancer agents, and two of them, mari-
mastat and BAY12-9566, have been more extensively studied
in pancreatic cancer.109

Marimastat is a hydroxamate peptidomimetic broad-spec-
trum inhibitor of the MMP family including MMPs 1, 2, and
9. In Phase I studies in pancreatic cancer, doses from 10 to 
25mg orally twice a day were well tolerated. A large Phase II
study that enrolled 113 patients, 90% of whom were treated
with 25mg in a once a day dose, reported a 30% decline or
stabilization in the tumor marker CA-19-9 and a median sur-
vival of 3.8 months. and 51% of the patients had improve-
ment in symptoms. Twenty-nine percent of the patients
developed arthralgias, the most common toxicity encoun-
tered with marimastat.110 The efficacy and toxicity of mari-
mastat at doses of 5, 10, and 25mg twice a day was compared
to gemcitabine in a Phase III study. Patients treated with gem-
citabine had a longer progression-free survival of 3.8 months

versus 1.9 to 2 months for the marimastat-treated group (P =
0.001). Overall survival was also better for gemcitabine and
significantly worse for patients treated with marimastat at
doses of 5 and 10mg, while no statistically significant differ-
ences were observed in overall survival with the 25mg twice
a day dose. A subset analysis in this study showed that 
the benefit of gemcitabine was restricted to patients with
advanced disease and that patients with locally advanced
tumors benefited from marimastat, supporting the hypothe-
sis that these drugs may be more active in the situation of
early disease.111 Finally, the combination of gemcitabine with
marimastat was tested against gemcitabine in a randomized
Phase III study with no improvement in any parameter of
outcome in the combined treatment group.112

The second MMP inhibitor extensively studied in pan-
creatic cancer is BAY12-9566, a peptidomimetic inhibitor 
specific for MMP-2 and MMP-9. The drug was compared in 
a Phase III study to single-agent gemcitabine in which 270
patients of a planned sample of 350 were enrolled after an
interim analysis demonstrated that patients treated with
gemcitabine had a significantly better time to tumor pro-
gression (3.5 versus 1.6 months; P less than 0.001) and overall
survival (6.59 versus 3.74; P less than 0.001). Quality of life
analysis also favored gemcitabine.113 In summary, these
studies suggest that current MMP inhibitors do not have rel-
evant antitumor activity in patients with advanced pancre-
atic cancer. Whether or not these drugs or newer generation
analogs would be effective in earlier stages of pancreatic
cancer remains to be determined.

Angiogenesis Inhibitors

Pancreatic cancer is not an exception to the rule that tumors
require the generation of blood vessels to grow, invade, and
metastasize. The drug of this class that appears more prom-
ising is pancreatic cancer is bevacizumab, a recombinant
human monoclonal antibody against vascular endothelial
growth factor (VEGF), a growth factor that has been impli-
cated in pancreatic cancer progression in several preclinical
studies. Bevacizumab has been studied in combination with
gemcitabine in a Phase II study in patients with pancreatic
cancer.114 Patients with advanced or locally advanced pancre-
atic cancer received gemcitabine 1,000mg/m2 on days 1, 8,
and 15 every 28 days and bevacizumab 10mg/kg intra-
venously on days 1 and 15. Results on the first 45 evaluable
patients have been reported with a response rate of 21%,
median survival of 9 months, and an estimated 1-year sur-
vival of 37%. Correlative studies suggest that patients with
higher baseline levels of VEGF tend to do worse.115 The
Cancer and Leukemia Group B (CALGB) is currently leading
a phase III study of gemcitabine ± bevacizumab.

Inhibitors of the Oncogene Ras

Mutation in the oncogene Ras is the most frequent genetic
abnormality in pancreatic cancer. Because Ras requires to be
farnesylated to be active, a posttranslational modification
mediated by the enzyme farnesyl transferase, inhibitors 
of this enzyme have been developed as potential Ras
inhibitors.116 Two of these agents, tipifarnib and lonafarnib,
have been studied in disease-oriented studies in pancreatic
cancer. Tipifarnib was tested in a single-agent Phase II study



in patients with advanced pancreatic cancer administered 
at a dose of 300mg orally twice a day. Twenty patients were
treated with no objective responses and a median survival of
less than 5 months. Correlative studies conducted in periph-
eral blood mononuclear cells demonstrated partial inhibition
of the target farnesyl transferase enzyme.117 In parallel to this
study, a randomized Phase III study compared the combina-
tion of R115777 with gemcitabine against gemcitabine plus
placebo in patients with advanced pancreatic cancer. Treat-
ment of 688 patients did not demonstrate any improvement
in outcome in patients treated with R115777 and gem-
citabine.118 Lonafarnib was evaluated in a randomized Phase
II study in comparison to gemcitabine. The 3-month progres-
sion-free survival rate for patients treated with lonafarnib was
23% and 31% for gemcitabine, and the median overall sur-
vival was 3.3 and 4.4 months, respectively. There were two
partial responses in patients treated with lonafarnib and 
one partial response observed in 1 patient treated with 
gemcitabine. Overall, lonafarnib was better tolerated than
gemcitabine in that study.119

Inhibitors of the EGFR Family of Receptors

The epidermal growth factor receptor (EGFR) family of recep-
tors is formed by four related transmembrane receptors that
are composed of an external ligand binding domain, a trans-
membrane domain, and an intracellular domain with tyrosine
kinase (TK) activity. These receptors are frequently dysregu-
lated in cancer and have been associated with the process of
tumor growth, invasion, and metastasis, exciting consider-
able interest in developing these drugs for cancer treatment.
Pharmacologically, the inhibitors of the EGFR belong to two
broad classes of drugs including monoclonal antibodies
against the extracellular domain of the receptor and small
molecules inhibitors of the intracellular TK domain.120 The
studies conducted in pancreatic cancer have mainly tested the
combination of these drugs with gemcitabine. Safran and col-
laborators reported a Phase II study of trastuzumab, a mo-
noclonal antibody that targets the Her-2 receptor, in 
combination with gemcitabine in patients with pancreatic
cancer.120 Up to 21% of pancreatic cancers are Her-2 positive,
and preclinical studies have shown that inhibition of Her-2
signaling with trastuzumab is associated with antitumor
effects in pancreatic cancer models. Patients with Her-2-pos-
itive (2 or 3 + as determined by immunohistochemistry) 
pancreatic cancer received gemcitabine, 1,000mg/m2 weekly
for 7 consecutive weeks followed by 1 week of rest and 
then weekly for 3 weeks every 4 weeks, and trastuzumab, 
2mg/kg/week following an initial loading dose of 4mg/kg.
Data on 23 patients have been reported thus far. Five patients
had a partial response (response rate, 24%), and the median
survival and 1-year survival were 7.5 months and 24%,
respectively. Nine of 18 evaluable patients (50%) have had
greater than 50% reduction in CA 19-9. A Phase II study of
gemcitabine and cetuximab, a monoclonal antibody against
EGFR, in EGFR-positive pancreatic cancer patients was con-
ducted. Forty-one patients were treated in the study. The
overall response rate was 12.5% with a median survival of 7.1
months and 1-year survival of 32%.121 The Southwest Oncol-
ogy Group (SWOG) is currently leading a Phase III study of
gemcitabine ± cetuximab.
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The second clinically relevant classes of agents that
inhibit the EGFR are small molecule inhibitors of the recep-
tor TK. Several of these agents are currently in clinical devel-
opment. Two of these compounds, EKB-569 and erlotinib,
have been specifically developed in pancreatic cancer. EKB-
569, an irreversible inhibitor of EGFR and the Her-2 recep-
tors, has completed a Phase I study in combination with
gemcitabine, and a randomized Phase III study through
NCI–Canada of gemcitabine plus erlotinib or placebo has
completed enrollment.

Future Directions and Conclusions

The principal need to identify more effective therapies to sup-
plement surgical gains in resected patients is unchallenged.
What remain unresolved and controversial are the means to
this end. Progress in the context of adjuvant trials has been
slow. Current controversies may result in part from trial
design issues, inadequate consideration of factors other than
therapy that may impact on outcomes, and the limited effi-
cacy of single chemotherapeutic agents for pancreatic cancer.

Current efforts are aimed at refining our understanding of
the impact of nontherapeutic factors on outcomes (stratifi-
cation factors for future trials), proceeding to multiagent
chemotherapy alone or in combination with irradiation, iden-
tifying pancreatic tumor-specific antigens that provide an
opportunity for molecular target-based drugs or immunother-
apy, and identifying accurate predictors of microscopic
disease and of response to therapy.

For metastatic disease, understanding of the molecular
pathways that are thought to drive cellular growth is at the
heart of the new paradigm of drug development. The utiliza-
tion of xenografts to rapidly and efficiently screen drugs as
well as improved collaboration with industry provide some
promise that better therapies are on the horizon.
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Renal Cell Cancer
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ore than 80% of tumors originating in the kidney
are renal cell carcinomas. Tumors of the renal pelvis
make up another 10%, and the remaining tumors

include a variety of rare lesions such as collecting duct car-
cinomas, renal sarcomas, or other rare epithelial tumors. This
chapter presents evidence-based literature only for renal cell
carcinoma and its histologic subtypes.

Epidemiology

Renal cell cancer (RCC) is responsible for approximately 2%
of the total incidence and mortality caused by cancer in the
United States in 2004.1 During the past 30 years, based on the
Surveillance, Epidemiology, and End Results (SEER) program
of the National Cancer Institute (NCI), which covers about
10% of the U.S. population, there has been a rising incidence
of renal cell carcinoma.2 There will be an estimated 35,700
newly diagnosed cases of renal cancer and another 12,800
deaths during 2004, compared with an incidence of 27,000
and mortality of 10,900 in 1993. The increases over the 20
years in the SEER database (1975–1995) were observed in both
genders and in both black and white populations. The upward
incidence of advanced RCC with increased mortality is cer-
tainly not simply the result of detection of tumors in the
presymptomatic stage. The reasons for this rise in RCC are
not obvious and are likely multifactorial. The main risk factor
for RCC, tobacco abuse, actually decreased in incidence
during this time frame. Whether there are other identifiable
environmental factors is unknown, but this is significant as
understanding may lead to prevention (primary and sec-
ondary) strategies for RCC. Last, it is well known that the
incidence of RCC in male subjects is twofold that of female
subjects. The median age of diagnosis is around 64 years for
Caucasians and 58 years for African-Americans. It is unusual
to see the occurrence of RCC in individuals below the age of
40 years. The 5-year survival for all RCC is between 50% and
60%. This rate is lowest among African-American men, based
on SEER data from 1985 to 1996. Although 5-year survival
has improved for Caucasians, this has not been true for
African-Americans. The increase in cancer-related mortality
due to RCC has been most apparent in the African-American
populations.

A number of studies have examined the association of
environmental factors and renal cancer. The largest cohort
trial involved 363,000 adult men enrolled from 1971 to 1992
in Sweden. The increased risk of RCC has appeared to meet

the required level of significance only for three risk factors:
cigarette smoking, obesity, and hypertension (Tables 46.1,
46.2, 46.3).3,4 In general, cigarette smoking is a more signifi-
cant factor in men whereas obesity is more of an important
factor for women. Even though there is an increase in risk
associated to all three factors, the relative risks are small
compared with other cancers (see Table 46.1) (1.2–2.5). For
example, cigarette smoking has a greater relative risk in tran-
sitional cell cancer of the renal pelvis (greater than 3.5).
Smoking has been calculated to account for 20% to 30% of
RCC in men but only 10% to 15% of the incidence in women.

Genetic Association

There is a distinct familial or hereditary component in only
around 4% of renal cancers (Table 46.4). In general, these 
renal cancers are distinguishable by their early age of onset,
multiplicity, bilaterality, and their equivalent male : female
distribution.5 The other distinguishing factors include an
association with distinct syndromes involving other cancers
or other organ abnormalities. The syndromes include von
Hippel–Lindau, tuberous sclerosis, and Birt–Hogg–Dube syn-
drome. All three are autosomal dominant in their transmis-
sion.5–8 Additionally, familial RCC can manifest itself more
restrictively in the kidneys alone, such as hereditary papillary
RCC (type I), familial renal oncocytoma, and finally heredi-
tary and familial clear cell RCC (with or without chromo-
some 3 translocation).5,9–11

von Hippel–Lindau disease (VHL) is an autosomal domi-
nant disease with prevalence in North America or Europe of
1 in 36,000 to 40,000.6,12,13 Although clear cell carcinoma of
the kidneys is a prominent manifestation in 28% to 45% of
the cases, there are a large number of associated characteris-
tics including retinal angiomas, cerebellar and spinal heman-
gioblastomas, pheochromocytomas, pancreatic cystic disease
(serous cystadenomas), pancreatic neuroendocrine cancers,
endolymphatic sac tumors of the labrinyth of the inner ears,
epididymal cystadenoma, and renal cystic disease. The VHL
gene, mutated in the germ-line VHL patient on chromo-
some 3p25, is accompanied by the loss of the other allele in
the tumor consistent with VHL being a tumor suppressor
gene (TSG).14,15 This same gene is mutated, deleted, or not
expressed in 55% to 85% of sporadic RCC of the clear cell
type, emphasizing its importance to the general pathogenesis
of clear cell RCC.14 The protein product of the gene, pVHL,
binds to a complex of proteins including elongin B, C, and
Cul2 to form an ubiquitin ligase that facilitates ubiquitin-
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TABLE 46.1. Cigarette smoking and renal carcinoma.

Number of
patients

[renal cell
carcinoma Association

Reference Type of study (RCC)/control] Relative risk with exposure Summary Importance

210 Case-control/ 1,732/2,309 1.4 current Yes Adjusted for age, Smoking is responsible
population based smokers 1.1–2.1 gender, body mass for attributable for 24%

for <10 to >20 index (BMI) in men and 9% in women
cigarettes/day

211 Case-control/ 495/697 1.6 ever smoked Yes More significant 30% in men and 24% in
population based 1.2–2.3 for <20 risk for men and women, attributable risk

to >50 pack-years, women due to smoking
men 1.9 ever
smoked, women

212 Case control/ 518/1,381 2.0 and 2.3 for No; no trends Risk increase after No trend with amount of
population based ever and current with amount 20 years and decline smoking is concerning

smokers, men 1.9 of smoking after stopping for
and 2.2 for ever 20 years
smoked and
current smoker,
women

TABLE 46.2. Obesity and renal carcinoma.

No. of
patients

Reference Type of study (RCC/control) Relative risk Summary Importance

210 Case-control/ 1,732/2,309 1.6 BMI highest quarter, Significant trend in women; Important primarily in
population men 2.0 BMI highest rate of weight change in women; no effect of 
based quarter, women women height or physical activity

212 Case-control/ 518/1,381 2.2 BMI highest quarter Effect in both women and Importance in both genders
population men, with trend; recent
based weight in women; earlier

weight in men
3 Cohort study 102 RCC from 2.67 risk obesity in Cohort trial: but diagnosis- Prospective: effect greatest

based 46,827 hospital- women 1.52 risk only based on hospital in women
discharged obesity in men discharged
patients,
1977–1987,
Denmark

TABLE 46.3. High blood pressure (hypertension) and renal carcinoma.

No. of patients
Reference Type of study (RCC/control) Relative risk (RR) Summary Importance

210 Case-control/ 1,732/2,309 1.7 Hypertension Antihypertensive effects Diuretics not a risk factor;
population adjusted for; then 1.4 possible role for beta-blockers
based risk

4 Cohort 759 from 363,992 RR approximately Cohort trial, significant Important based on prospective
men Sweden 2.0 Almost 70% risk for RCC with nature of study; difficult to

on diuretics hypertension (HTN) adjust for other factors
Role of drugs to treat

213 Case-control 206/206 RR 2.0 men Diuretic use and beta- RR of HTN without anti-HTN
nested in RR 1.9 women blocker use appear to agents-only 0.8 Role of drugs
cohort play major role more pronounced in women
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mediated degradation of cellular protein through the proteo-
some.16,17 A key protein that requires this complex for its
breakdown and rapid turnover is hypoxia-inducing factor-1a
(HIF-1a).18–20 When the pVHL is not present or not function-
ing correctly, the presence of HIF-1a builds up within the cell,
binds to its partner HIF-1b, crosses into the nucleus, and then
as a transcription factor activates a number of downstream
genes important to the cellular response to hypoxia. The
downstream genes appear critical to mechanisms of oncoge-
nesis in clear cell RCC, including VEGF (vascular endothelial
growth factor), EGF (epidermal growth factor), TGF-a (trans-
forming growth factor-a), EGFR (epidermal growth factor
receptor), PDGF-a/b (platelet-derived growth factor-a/b),
erythropoietin (EPO), GLUT1, and carbonic anhydrase IX
(CAIX).21–23 HIF-1a and its activated downstream genes are
critical to the pathophysiology of RCC and offer therapeutic
targets (discussed later).

Tuberous sclerosis complex (TSC) is an autosomal 
dominant neurocutaneous syndrome with a high degree of
variability in clinical manifestations.7,24 The incidence is 
estimated at 1 in 10,000 based on wide screening. There are
a number of cases that are sporadic without a definite family
history. Two genes, TSC1 and TSC2, are responsible for the
manifestations of the complex.25 These are both considered
TSG, with TSC1 located on 9q34 coding for a protein,
hamartin, and TSC2 located on 16p13.3 and coding for a
protein tuberin. In the kidney, the predominant manifestation
of TSC is the development of multiple angiomyolipomas
(AML). These benign tumors can displace all the functioning
kidney and lead to renal failure or cause catastrophic 

hemorrhage. Additionally, TSC patients also manifest large
renal cysts and finally an increase in renal cell cancers. The
histology of these RCC covers a wide spectrum including
clear cell, papillary, chromophobe, and even oncocytomas.
Renal cell cancer is found in 2.5% to 4.0% of patients with
TSC.

Birt–Hogg–Dube (BHD) is an autosomal dominant syn-
drome associated with inherited internal cancer, primarily
renal cancers.8,26 The most prominent features of the BHD
syndrome are the skin and skin appendage triad of fibrofol-
liculomas (hair follicle tumors), trichodiscomas, and acro-
chordons. The renal tumors may vary from chromophobe or
mixed chromophobe-oncocytomas, papillary, and clear cell.
The mutation has been identified on 17p11.2, and the gene
product is known as folliculun. Renal cysts, colonic cancers
and polyps, and multiple lipomas have also been associated
with BHD.

Hereditary papillary RCC (HPRCC) is a familial cancer
syndrome characterized by papillary RCC (type I).27 There are
two types of papillary RCC,28,29 which are differentiated by
their different histologies. Type I contains basophilic, small
cells and, in the core of the papillae, foamy macrophages and
psammoma bodies. Type II has large, eosinophilic cells lining
the papillae. The type I lesions are seen in hereditary papil-
lary RCC. In sporadic cases of papillary RCC, those cancers
with type I histology appear less aggressive than those with
type II histology. HPRCC is also associated with a number of
other cancers including breast, pancreas, lung, skin, and
stomach. It has been characterized primarily as showing a
gain of function mutation in the oncogene c-met.9,27 The gene

TABLE 46.4. Genetics and syndrome associated with RCC.

Disease Locus Gene Protein Renal manifestations

VHL 3p25 VHL VHL Clear cell carcinoma, simple and
complex cysts

HPRCC (papillary type I) 7q31 MET Tyrosine kinase Type I papillary carcinoma
Tuberous sclerosis 9q34 TSC1 Hamartin Angiomyelolipoma (most common),

16p13.3 TSC2 Tuberin renal cysts, clear cell carcinoma,
papillary carcinoma, chromophobe
carcinoma

HLRCC (papillary type II) 1q42-q44 FH Fumarate hydratase Type II papillary carcinoma
BHD 17p11.2 BHD Folliculin Chromophobe (34%), chromophobe/

oncocytoma (50%), clear cell 
carcinoma (9%), papillary carcinoma
(2%)

FRO214 Unknown Unknown Unknown Oncocytoma
Familial clear cell renal cell 3p14:8q24a Fragile histidine Unknown Clear cell carcinoma
carcinoma with balanced triad
translocation
Familial clear renal cell Unknown Unknown Unknown Clear cell carcinoma (typically solitary
carcinoma with intact VHL and unilateral and occurs later in life)
FPTC-PRN215 1q21b Unknown Unknown Papillary tumors
HPT-JT216 2p16 mutS homologue DNA mismatch Transitional cell carcinoma of the renal

3p31.3 mutL homologuec Repair genes pelvis and ureter

VHL, von Hippel–Lindau syndrome; HPRCC, hereditary papillary renal cell cancer; HLRCC, hereditary leiomyoma renal cell cancer; BHD, Birt–Hogg–Dube; FRO,
familial renal oncocytoma; HPT-JT, familial renal hamartomas associated with hyperparathyroidism-jaw tumor; HNPCC, hereditary non-polyposis colon cancer;
FPTC-PRN, papillary thyroid cancer with papillary renal neoplasia.
a In addition, balanced translocations between chromosome 3 and other chromosomes have been reported in some families.
b Derived from linkage analysis of one family with FPTC-PRN.
c These two genes account for 70% of cases.
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product is a tyrosine kinase-associated cell-surface receptor
for hepatocyte growth factor or scatter factor.

Familial non-VHL clear cell RCC ± chromosomal 3
translocation is a well-recognized syndrome characterized
more than 20 years ago.9,30 We now know the translocation
involves the 3p14, and in one family the FHIT gene is directly
involved in the translocation.5 The familial CCRCC without
chromosomal 3 translocation fails to present at an early age
and is rarely bilateral or multiple.

More recently, rare syndromes have been described and
genetically mapped. Familial renal hamartomas associated
with hyperparathyroidism-jaw tumor (HPT-JT) (1q21–32) is
associated with papillary RCC (type I); hereditary leiomy-
omatosis and renal cell cancer (HLRCC) (1q42–44) are 
associated with papillary RCC (type 2) and uterine leio-
myomas and leiomyosarcomas, breast cancer, and bladder
cancer.10

Pathology

International agreement has been reached on the histologic
classification of renal cortical epithelial neoplasms based on
light microscopy.31 Histologic classifications have subse-
quently been consistent with the molecular genetics of renal
cancer.12,31,32 Renal tumor classifications segregate with their
observed genetic abnormalities. Some terms previously 
used to describe certain morphologic features such as granu-
lar or cystic have been eliminated, and most are now classi-
fied within the major histologic subtypes: clear cell, papillary,
and chromophobe. Sarcomatoid remains, not as a separate
identity, but instead as a high-grade variant of any histologic
subtype.

Oncocytomas represent about 5% of renal cortical neo-
plasms33; they are typically large and have a central stellate
scar. The histology of these benign tumors includes cells
arranged in islands, solid sheets, tubules, or cysts. The tumor
cells show a prominent eosinophilic cytoplasm due to the
abundance of mitochondria. They are not graded by their
benign behavior but must be differentiated from the chromo-
phobe and clear cell renal cancers when providing a differen-
tial diagnosis.

Clear cell carcinoma is the conventional neoplasm asso-
ciated with the renal cortex in adults34 and represents at least
70% of renal cortical neoplasm. Most have a clear cytoplasm
but some are either eosinophilic or granular. Some cases have
an abundance of cystic structures lined by small clear cells.
The cystic clear cell renal cancer must be 75% composed of
cystic structures to meet the definition; these are usually
both low grade and low stage with a generally good progno-
sis. As stated elsewhere in this chapter, the loss of genes on
the 3p chromosome is a frequent finding in sporadic clear cell
cancer. The predominant lesions include the loss of the VHL
gene, VHL gene mutation, or even VHL gene inactivation
through regulatory CpG islands that are hypermethylated.35

One of these processes leads to the loss of functional VHL
protein in most (more than 75%) of clear cell renal cancers.
A small (5%) number of cases may have sarcomatoid change
in areas of the tumor. This feature in itself represents a very
high grade tumor with a poor prognosis.

Papillary renal cell carcinoma (PRCC) accounts for 15%
of renal cortical cancers and includes those lesions that in the

past would have been called chromophilic.28,29 These neo-
plasms are highly associated with certain cytogenetic changes
whether or not papillary architecture is observed. Genetic
abnormalities not only include trisomies of 7 and 17 but also
abnormalities of 3q, 12, 16, and 20 and loss of Y chromo-
some.11,36 Delahunt and Eble have proposed the existence of
two PRCC subtypes, type 1 with papillae covered by a single
or double layer of small basophilic cells with scanty cyto-
plasm and type 2 with papillae covered by cells with abun-
dant eosinophilic cytoplasm, arranged in a pseudostratified or
irregularly stratified manner.37 Studies show the tumor stage
at diagnosis is significantly higher in type 2 than in type 1
PRCCs, suggesting these subtypes could be clinicopathologic
entities with a different prognosis.29 Also, it has been found
that the more-common type I variant of papillary renal ade-
nocarcinoma was less vascular on computed tomography (CT)
scan, larger in size, and had a lower amount of nuclear pleo-
morphism as well as decreased expression of cytokeratin 7.
The more-aggressive biologic variant, type II, presents in the
earlier decades of life, with a smaller but more-vascular
cancer with greater nuclear pleomorphism.

Chromophobe renal carcinoma accounts for 5% of the
renal cell carcinomas.38,39 The cytoplasm is full of a number
of microvesicles and stains blue with a colloidal iron stain.
Around the nucleus there is a halo caused by cytoplasmic
condensation. The major dilemma is differentiating this neo-
plasm from oncocytoma. Oncocytomas may also stain with
the iron stains, but their staining pattern is membranous, not
cytoplasmic.

Collecting duct carcinoma is a rare and high-grade neo-
plasm that represents less than 1% of primary renal cortical
neoplasms.40 It can be difficult to recognize but usually
demonstrates very irregular epithelial-lined channels in the
background of extensive fibrosis and stroma. The cells have
a hobnail appearance. These tumors can be accompanied by
areas of renal parenchyma with dysplastic collecting duct
epithelium, the tissue of origin.

Grading of Renal Cell Carcinoma

It has been known for a number of decades that grading of
renal cell carcinoma is of great importance to the prognosis
and outcome of disease.2,34,41 The Fuhrman grading system is
the predominant approach to grading done in the United
States. Grades I through IV are based on size (10–20mm) and
shape of nuclei, prominence of nucleoli, and admixture of
bizarre pleomorphic cells. Grade IV cytology can frequently
include polylobulated and spindle-shaped nuclei. There have
been difficulties in separating outcome for each individual
grade, especially grade II–III. Grade I tumors do quite well
whereas grade IV tumors present at an advanced stage and
have a very dismal prognosis. The main issues relate to 
grade I versus II and grade II and III. Survival advantages have
been seen with multiple cutoff points; between I and II;
between III and IV; or between II and III in various studies.
Grading has also been difficult to reproduce even among
expert pathologists. It is likely refinement and use of mole-
cular markers will have to occur in the future to make this
system more practical and improve our ability to define 
the significance of each grade.42 Other histologic characteris-
tics that have been suggested as helpful in staging include
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mitotic rate, microvasculature presence, and microvessel
density.

In the future, it is likely that pathologists will character-
ize RCC not by histologic appearance or even by cytogenetic
or specific chromosomal changes, but instead by utilizing
gene expression patterns of thousands of genes or even
complex arrays of protein expression patterns. The group 
at the National Cancer Institute (NCI) led by Marston
Lineham examined 58 fresh specimens from renal cancers.42

They found a set of 45 genes could predict survival outcome
as an independent factor. Of this set of genes, only a few genes
or gene products appeared critical. VCAM-1 appeared to be
the most important gene in predicted outcome.42 Upregula-
tion of VCAM-1 was associated with a better prognosis
whereas downregulation was associated with a poor progno-
sis. Other data obtained in a set of clear cell RCC-VHL-
expressing cell lines suggest that CXCR4 downregulation was
associated with a poor prognosis and regulated by VHL
expression.43 Finally, others have shown that global gene
expression patterns could accurately predict the histologic
subtype of renal cancer.44 This approach may ultimately
direct us to genes and proteins that may be ideal for molecu-
larly targeted treatment.

Molecular Pathogenesis

Clear Cell Carcinoma

A major breakthrough in renal cancer biology came when the
von Hippel–Lindau (VHL) gene was cloned in 1993.13 This
tumor suppressor gene (TSG) was cloned by positional
cloning knowing that the gene had to be within the 3p25–p26
region of the chromosome. Loss of the gene was demonstrated
among translocations and deletions, as well as mutations, all
consistent with its possible role as a TSG. Even at this early
point intragenic mutations were found in cell lines derived
from sporadic renal cancer in addition to the cell lines from
VHL patients.13 Initially, there was little understanding of
biology gained from the pVHL structure. It was a gene that
was definitely evolutionarily conserved. It was also known
that in CCRCC with VHL defects a number of growth factors
and their receptors were highly expressed. A critical molecule
regulating the expression of these genes or the genes induced
by hypoxia was hypoxia-inducing-factor-1a (HIF-1 a).23,45,46

Furthermore, it was known that HIF-1a was increased in
hypoxic situations and in renal cancer cell lines because of an
increase in its protein stability. Although in normal cells this
increased stability was known to occur only in hypoxic situ-
ations, in RCC cells it occurred under normoxic conditions.
HIF-1a was a key component of a very widespread oxygen cel-
lular response mechanism.45,46 Ultimately, it was demon-
strated that native pVHL binds to HIF-1a as part of a complex,
which led to the ubiquination of the HIF-1a protein to allow
trafficking to and subsequent destruction by the proteosome.
In normal cells with adequate oxygen, the hydroxylation of
pVHL allowed for its binding to HIF-1a, again allowing for
rapid degradation of HIF-1a. This oxygen-sensing and -regu-
lating system is disturbed and dysfunctional in tumors from
VHL patients, as well as in a large number of sporadic RCC.
The implications are obvious (Figure 46.1): the induction of
gene expression for a large number of genes regulated by HIF-

1a including VEGF, EPO, Glut-1, PDGFa/b, TGFa, TGFb,
CRCX4, and CAIX, plus many others. The overexpression of
these factors and their receptors leads to many manifestations
of clear cell carcinoma of the kidney (CCRCC), including its
intense vascularity. The frequency of VHL gene mutation,
deletion, or suppression by epigenetic mechanisms in spo-
radic RCC has been debated but has been estimated to be 
as high as 85% to 95% and as low as 55%. There may even
be prognostic implications to the status of the VHL gene
(mutated, deleted, or not expressed through epigenetic
changes).47

It has been known that, besides VHL, there were other
regions in chromosome 3p lost in RCC. A gene deleted
(3p21.3) in a number of both clear cell and papillary renal
cancer is the RASSF1a (Ras association family 1A gene).48

This RASSF1A gene is frequently silenced because of the
hypermethylation of its promoter region. RASSF1A has been
shown to interact with Ras in its mutated form, potentially
mediating some of the downstream effects.49

Finally, sporadic papillary renal cancer only rarely has
mutations in the c-met gene, which is frequently mutated in
familial papillary RCC. c-met has even been shown to be
overexpressed in some of the papillary RCC cases. Therefore,
only the RASSF1A gene has been identified consistently in
sporadic papillary renal cancer.

Clinical and Laboratory Features

Renal cell cancer is an unpredictable tumor. The minority of
patients present with the classic triad of flank pain, hema-
turia, and a palpable abdominal mass. Paraneoplastic syn-
dromes are well described and some may be secondary to the
loss of a functional VHL protein increasing levels of HIF-1a.
Further discoveries in the basic biology of RCC may help
explain the myriad of signs and symptoms from which other
patients suffer.
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FIGURE 46.1. Von Hippel–Lindau disease (VHL) regulation of
hypoxia-inducible factor (HIF)-1a and the downstream expression of
HIF-1a-controlled genes.



Local Symptoms from Primary

The principal presenting complaints of renal cell cancer are
hematuria, abdominal pain and mass, and/or symptoms and
signs related to invasion of adjacent blood vessels or distant
metastases. The classic triad of flank pain, hematuria, and 
a palpable abdominal mass occurred together in only 9% 
of patients in a 1971 review of 309 patients50 and is likely 
even less frequent at present. With an increase in incidental
diagnoses, it might be better termed the radiologist’s 
tumor.

Metastatic Disease

Older series report that approximately 25% of patients
present with either distant metastases or advanced locore-
gional disease. Historically, metastatic disease often pre-
sented with a wide array of symptoms and laboratory
abnormalities such that renal cell carcinoma was termed “the
internist’s tumor.”

Frequent sites of metastases include the lung, bone,
lymph nodes, pleura, brain, ipsilateral adrenal gland, and
liver.

Paraneoplastic Syndromes

A large amount has been written about paraneoplastic syn-
dromes despite little knowledge of these syndromes or their
etiologies.51 Still, a minority of patients with renal cell carci-
noma develop paraneoplastic syndromes.

Without bony metastases, hypercalcemia is one of the
most common of the paraneoplastic syndromes, affecting up
to 20% of patients via increased production of parathyroid
hormone-related peptide, osteoclast-activating factor, trans-
forming growth factor-a, and/or tumor necrosis factor.52

The main hypercalcemic factor identified in patients with
solid malignancies and hypercalcemia has been parathyroid
hormone-related protein. Metastatic renal cell carcinoma
complicated by hypercalcemia has been found to shorten sur-
vival, and it represents one of the five poor prognostic factors
incorporated into Motzer’s model (see following).53,54

Renal cell carcinoma can be associated with increased 
production of inflammatory cytokines,55 and the subsequent
inflammation leads to a number of signs and symptoms. Fever
is usually intermittent and is frequently accompanied by 
night sweats, anorexia, weight loss, fatigue, and cachexia.
Anemia of chronic inflammatory disease can frequently
precede the diagnosis of renal cell carcinoma by a number of
months.

An often-discussed but not very often seen paraneoplas-
tic manifestation is erythrocytosis. The loss of the protein
product of the VHL gene, pVHL, is common in sporadic 
clear-cell renal carcinomas. Therefore HIF-1a accumulates
and activates the transcription of hypoxia-inducible 
genes, including erythropoietin. The overproduction of 
erythropoietin accounts for the association of paraneoplastic
erythrocytosis with kidney cancer and hemangioblastoma.56

The much less frequent overproduction of a soluble VEGF
receptor may lead to the paraneoplastic hypertension and pro-
teinuria.56,57

A recognized syndrome of hepatic dysfunction in the
absence of liver metastases (Stauffer’s syndrome)58 has been
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TABLE 46.5. Robson staging compared to the 1997 TNM staging:
tumor stage for renal cell carcinoma.

Robson
stage TNM (1997) Disease extent

I T1-2N0M0 Organ confined
II T3aN0M0 Perinephric fat or adrenal involvement
IIIA T3b-cN0M0 Venous involvement
IIIB TxN+M0 Lymphatic involvement
IVA T4N0M0 Locally advanced
IVB TxNxM+ Systemic metastases

Source: Bostwick and Eble,31 by permission of Urology Clinics of North
America.

reported to occur in up to 20% of patients with renal carci-
noma. Hepatosplenomegaly, fever, elevated alkaline phos-
phatase levels, prolonged partial thromboplastin time, and
elevated serum haptoglobin levels characterize this idiopathic
syndrome. As an example among 365 patients in one report,
77 (21%) had a paraneoplastic elevation in the serum level of
alkaline phosphatase. When present, it is frequently observed
in association with fever, weight loss, and fatigue.59

Staging

Computed tomography (CT) scan of the abdomen is generally
the first noninvasive staging tool used in renal cell carcinoma.
The urologist in planning the surgical approach often uses
magnetic resonance imaging (MRI) to evaluate renal vein and
inferior vena cava (IVC) involvement.60 For staging, it is
required to evaluate the extent of vascular invasion from the
tumor when present. Preoperative staging may or may not
include a CT of the chest. A bone scan should only be con-
sidered in patients with bone pain or an elevated serum alka-
line phosphatase.61

Systems

Tumor stage, which reflects the anatomic spread and
involvement of disease, is recognized as the most important
prognostic factor for the clinical behavior and outcome of
RCC.62 The Robson’s classification, which includes consider-
ation of vascular involvement, is often cited in the literature
and can be compared with the tumor, nodes, and metastasis
(TNM) staging system proposed by the International Union
Against Cancer in Table 46.5.63

Initially, the Robson staging system was widely used;
however, it was subsequently demonstrated to correlate
poorly with prognosis.64 Patients with renal vein involvement
(Robson stage IIIa) but with cancer confined to the kidney had
similar survival rates when compared with patients whose
disease were confined to the renal capsule (stage I) or Gerota’s
fascia (stage II). In contrast, the TNM system emphasized
local growth, nodal spread, and distant metastasis and there-
fore more accurately classifies the extent of tumor involve-
ment.64 The 2002 TNM classification system65 is summarized
in Table 46.6.
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TABLE 46.6. American Joint Committee on Cancer (AJCC)
Cancer Staging for Cancer of the Kidney, sixth edition.

Primary tumor (T)
TX Primary tumor cannot be assessed
T0 No evidence of primary tumor
T1 Tumor 7cm or less in greatest dimension, limited to the 

kidney
T1a Tumor 4cm or less in greatest dimension, limited to the 

kidney
T1b Tumor more than 4cm but not more than 7cm in 

greatest dimension, limited to the kidney
T2 Tumor more than 7cm in greatest dimension, limited to 

the kidney
T3 Tumor extends into major veins or invades adrenal gland 

or perinephric tissue but not beyond Gerota’s fascia
T3a Tumor directly invades adrenal gland or perirenal and/or 

renal sinus fat but not beyond Gerota’s fascia
T3b Tumor grossly extends into the renal vein or its 

segmental (muscle-containing) branches, or vena cava 
below the diaphragm.

T3c Tumor grossly extends into vena cava above diaphragm or 
invades the wall of the vena cava

T4 Tumor invades beyond Gerota’s fascia

Regional lymph nodes (N)
NX Regional lymph nodes cannot be assessed
N0 No regional lymph node metastases
N1 Metastasis in a single regional lymph node
N2 Metastasis in more than one regional lymph node

Distant metastasis (M)
MX Distant metastasis cannot be assessed
M0 No distant metastasis
M1 Distant metastasis

Stage grouping

Stage I T1 N0 M0
Stage II T2 N0 M0
Stage III T1-3 N0-1 M0

Not including T1N0 or T2N0
Stage IV T4 N0-1 M0

Any T N2 M0
Any T Any N M1

Source: Used with the permission of the American Joint Committee on Cancer
(AJCC), Chicago, Illinois. The original source for this material is the AJCC
Cancer Staging Manual, sixth edition (2002), published by Springer-Verlag New
York, www.springer-ny.com.

Nephrectomy for Primary Therapy

Renal cell carcinoma is not the only malignant lesion in the
kidney. In addition, any number of benign cysts, adenomas,
and lipomas can arise from the renal parenchyma and are fre-
quently seen incidentally on radiographic imaging. Malignant
renal tumors in children include Wilms’ tumors, neuroblas-
tomas, and rhabdomyosarcomas, whereas sarcomas, lym-
phomas, metastatic lesions, renal pelvis transitional cell
cancer, and renal cell carcinomas account for most adult
kidney cancers.

The surgical approach and the extent of resection should
be based primarily on the size of the primary tumor. Patients
with T1 tumors should be considered for partial nephrectomy.

Any tumor T2 or above by preoperative staging should
undergo a radical nephrectomy, if feasible by the least inva-
sive method possible. Those with radiologic evidence of
abdominal lymphadenopathy should still be offered a radical
nephrectomy as suspicious nodes are often enlarged because
of reactive inflammation.

Radical Nephrectomy

The results from a retrospective study by Robson et al.63 of
88 cases operated on from 1949 to 1964 set the standard for
oncologic care from simple to radical nephrectomy. Simple
nephrectomy is performed through the lumbar approach. Per-
inephric tissue is removed only if the tumor extends visually
beyond the renal capsule and the adrenal gland is removed
only if there was an upper pole lesion. Radical nephrectomy
begins with a thoracoabdominal, extrapleural supracostal, or
anterior transabdominal approach to the medial border of the
tumor, followed by dissection of the renal vein and artery.
These vessels are then ligated early to prevent putative tumor
emboli, the kidney is removed without incising Gerota’s
fascia to theoretically reduce the risk of tumor seeding, the
ipsilateral adrenal gland is removed, and the paraaortic and
paracaval nodes are dissected. Dr. Robson reported tumors
isolated to the kidney in 33 patients, to the perirenal fat in
15, and spread to the vessels or lymphatics in 27, and distant
metastases present in 12 patients, with 5-year survivals at
66%, 64%, 42%, and 11%, respectively. Dr. Robson reported
the superiority of the overall 52% 5-year survival compared
with the 40% to 50% survival of simple nephrectomy in four
other published reports from 1939 to 1966. His retrospective
study was later supported66 and disputed50,67 by other retro-
spective studies, a prospective randomized study was never
published, and radical nephrectomy became the standard of
care mostly for theoretical reasons.

Since the publication by Robson et al. in 1969, the proce-
dure for radical nephrectomy has been significantly refined
with regard to removing the adrenal gland, dissecting regional
lymph nodes, and in evaluating and removing tumor throm-
bus. Adrenalectomy is now limited to patients with large
upper pole tumors, those with solitary metastasis identified
by preoperative staging to the ipsilateral adrenal gland, or
when the adrenal gland is displaced or not identified on pre-
operative imaging. A normal-appearing adrenal gland visual-
ized preoperatively by CT essentially rules out neoplastic
adrenal involvement.68 Renal cell carcinoma that has spread
to local lymph nodes not only defines a higher stage but also
may be indicative of a tumor that is less likely to respond to
therapy. In fact, there is some evidence that patients with
regional nodal metastases have a shorter survival than those
with distant metastases without regional node disease.69

Lymphadenectomy at the time of nephrectomy may improve
response to subsequent immunotherapy70 but is rarely a part
of a curative procedure.71 Finally, renal cell carcinoma is com-
plicated by tumor thrombus involving the inferior vena cava
or right atrium in 5% to 10% of cases.72 Small studies support
the use of MRI to evaluate the presence and extent of associ-
ated tumor thrombi.60 Simple thrombectomy may suffice for
patients with thrombus extending below the major hepatic
veins, whereas for thrombi located above the major hepatic
veins, cardiopulmonary bypass and hypothermic circulatory
arrest may be required for complete resection.73



Partial Nephrectomy

Since Robson et al. published their landmark papers74,75

proposing radical nephrectomy as the new standard for renal
cell carcinoma, the incidence of incidentally discovered
tumors has increased,76 along with technologic advances
allowing partial nephrectomies with less risk of renal insuf-
ficiency77 and laparoscopic surgeries with shorter hospital
stays and less pain than standard laparotomies.78

Partial nephrectomy is performed with a close eye on
reducing damage to the uninvolved kidney while performing
an oncologically sound procedure. Generally an extraperi-
toneal flank incision through the bed of the 11th or 12th 
rib is performed, the kidney is mobilized within Gerota’s
fascia while leaving the perirenal fat intact, and the renal
artery is interrupted. The renal vein remains patent to reduce
ischemic damage. The kidney is then cooled with ice slush
for 10 to 15 minutes and the tumor is excised. Campbell et
al.79 have previously shown that intraoperative ultrasound
can assist in delineating the limit of intrarenal tumors, show
collecting system structures, and overall help avoid inadver-
tent entry into the renal sinus. In patients with sarcomatoid
histology on frozen section or with renal vessel invasion,
surgery should be extended when possible to a radical
nephrectomy as these patients have a higher risk of recur-
rence and incomplete resection. Although not supported by
any prospective studies, retrospective reviews support the
notion that the width of the targeted resection margin should
be greater than or equal to 3mm with negative microscopic
margins.80,81

The performance of a partial nephrectomy has been the
standard of care for select patients with renal cell carcinoma
involving an isolated kidney or in patients at high risk of
cancer involving the contralateral kidney. However, concerns
that such a procedure might put the patient at higher risk for
recurrence have hindered its widespread use.

Partial nephrectomy should be considered in the follow-
ing clinical situations:

1. Renal masses less than 4cm (T1) or those located
within the cortex where up to 23% have been reported to be
benign.82 Several groups have recommended that tumors less
than 4cm be considered for partial nephrectomy as the
chance for disease-free survival is greater than 95%.82,83

2. Mass in a patient with a single kidney or with com-
promised renal function.84

3. Synchronous bilateral renal tumors or patients with
von Hippel–Lindau syndrome at high risk of renal cell cancer
in the contralateral kidney.85 One prospective study in 96
patients with von Hippel–Lindau disease or hereditary papil-
lary renal cancer recommended a maximum size of 3cm by
preoperative staging for patients sent for partial nephrectomy
to minimize the need for more-frequent surgery.

Partial nephrectomy is not without potential complica-
tions: one study reported urinary fistula, acute tubular necro-
sis, need for temporary dialysis, and the requirement of
permanent dialysis in 7.4%, 6.3%, 4.9%, and 1.9%, respec-
tively. The risk of worsened renal insufficiency or failure is
approximately 5% in an elective partial nephrectomy and
may increase to 15% to 20% or more in symptomatic tumors,
T2 or larger lesions, lesions that involve excision of more

than 50% of the parenchyma, and when the ischemia time is
greater than 1 hour.86

The risk of urinary fistula has been reported to range from
2% to 21%. The risk is decreased among subjects undergoing
elective surgery after 1988 when the routine injection of
methylene blue was initiated to identify anastomotic leaks
and for smaller lesions. There is an increased risk in those
with tumors larger than 4cm, central or hilar lesions, and
surgery involving reconstruction of the collecting system.87

Overall partial nephrectomies should be performed on
patients with small tumors, those with impaired renal func-
tion, or those with an inherited risk of subsequent renal car-
cinomas such as von Hippel–Lindau. The approach should be
via a standard laparotomy until the laparoscopic technique is
proven to be safe.

Laparoscopic Nephrectomy

Laparoscopic nephrectomy, first performed in 1990, repre-
sents a reasonable alternative to open radical nephrectomy for
patients with renal cell cancers less than 10cm.88 The three
laparoscopic approaches to radical nephrectomy are transperi-
toneal, retroperitoneal, and hand-assisted. The transperi-
toneal approach provides ample working space, and multiple
landmarks are available to guide the surgeon, but it does
require reflection of multiple abdominal structures to gain
access to the kidney, intracorporeal placement of the speci-
men in a bag is required, and removing large renal specimens
is cumbersome. The retroperitoneal approach is generally a
shorter procedure but is technically more difficult and is gen-
erally not suited for large renal tumors.89 There is no differ-
ence in blood loss, complications, pain, or length of stay when
compared with the transperitoneal approach90 (Table 46.7).
The hand-assisted approach involves placing the nondomi-
nant hand into the abdomen via an incision below the umbili-
cus; this may be technically easier than a transperitoneal
approach, with an associated shorter operative time,91 but still
requires reflection of multiple abdominal structures and is ill
suited for small, thin patients.

Destroying the renal tumor, termed morcellation, before
removal allows for a smaller incision, improves cosmesis, and
is thought to result in less pain. Meticulous care must be
taken to avoid tumor contamination during morcellation; 
at least one patient with a T3 lesion developed a port site
recurrence at 25 months.92 One of the disadvantages of 
morcellation is that the tumor size cannot be determined
pathologically although the histology, grade, and stage are
still accurate.93 Because of the prolonged operative times,
increased expense, risk of tumor contamination, and no
proven benefits beyond a smaller incision, intact specimen
removal is the more-prudent route.

Laparoscopic nephrectomy has demonstrated similar
recurrence rates in retrospective reviews,78,94 but no prospec-
tive trials have been published. This technique is becoming
more popular as the advantages of decreased postoperative
analgesia and pain, shorter hospital stays, and improved
cosmesis are published and more technical experience is
gained with this method.

The maximum tumor size limit for laparoscopic neph-
rectomy has not been specifically studied, although the
maximum tumor diameter generally ranges from 12 to 14cm
in published reports.78,95,96 Laparoscopy was initially reserved
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for clinical stage T1–T2 tumors, but pathologic T3 tumors
have also been removed laparoscopically.78

Tumor Ablation

Cryoablation, radiofrequency ablation, and high-intensity
focused ultrasound are three newer, less-invasive strategies
that have been developed for small tumors in patients who
are not operative candidates. The goal of energy-based tissue
ablative procedures is to achieve targeted destruction of a pre-
determined volume of tissue that would otherwise be excised
during a traditional partial nephrectomy, that is, the tumor
itself and a surrounding margin of healthy parenchyma.

Cryotherapy-induced cytonecrosis is a sequential two-
step process involving the rapid intracellular formation of ice
followed by delayed microcirculatory failure, rendering the
area necrotic due to ischemia. The most commonly used
reagents include liquid nitrogen or argon. Limited experience
with cryoablation suggests that it is effective in more than
90% of T1 renal cell cancers, but only limited follow-up data
are available.97,98

Radiofrequency ablation utilizes a high-frequency elec-
trical current to create molecular friction, denaturation of 
cellular protein, and cell membrane disintegration. The
threshold temperature necessary for tissue thermal destruc-
tion ranges from 40° to 70°C. The use of radiofrequency abla-
tion for kidney tumors is emerging as a viable technique,99,100

but this procedure can often be complicated by perinephric
hematomas, and viable tumor unfortunately was shown to
remain in every patient in one trial.101

High-intensity focused ultrasound is the least invasive
ablative technique. Ultrasound frequency beams are gener-
ated by a cylindrical piezoelectric element, then focused by a
paraboloid reflector. Similar to extracorporeal shockwave
lithotripsy, this beam is focused on a lesion to cause localized
hemorrhage, coagulative necrosis, and chronic inflammatory
infiltration. The size and configuration of the radiolesion are
related to ablation time, the amount of delivered energy, the

electrolyte content of the targeted tissue, and the surface area
of the electrode. High-intensity focused ultrasound may
become an effective technique once the technical problems
of protecting against superficial skin burns and incomplete
ablation have been solved.102

Adjuvant Therapy for High-Risk Renal 
Cell Cancer

Adjuvant therapy in solid tumors is based on the concept 
that chemotherapy after a cytoreductive surgery will serve to
eliminate micrometastatic disease at a time when the tumor
is growing rapidly and is therefore most susceptible to incor-
porating chemotherapeutic toxins. Unfortunately, no proven
adjuvant therapy exists for renal cell carcinoma; in fact, trials
using immunotherapy have shown distant metastasis as the
most common site of relapse, suggesting that nonselective
immune stimulators such as interferons or interleukins are
ineffective in micrometastatic disease. Recent trials using
autologous tumor cell vaccines provide hope that reeducating
the body’s immune system to attack this cancer is possible.

Characteristics of High-Risk Tumors

Tumors at high risk of recurrence are generally thought to 
be ideal candidates for adjuvant therapy. Unfortunately, a
number of trials performed to date in renal cell carcinoma
have shown no benefit to adjuvant chemotherapy or
immunotherapy despite well-done studies on populations at
high risk of recurrence (Table 46.8).

Characteristics of high-risk disease are based generally on
tumor size and Fuhrman histologic grade, extent of local inva-
sion, ipsilateral adrenal gland involvement, or nodal positiv-
ity. Three centers have reviewed their large retrospective
database of patients who have undergone nephrectomy as
primary curative therapy: Mayo Clinic, Memorial Sloan Ket-
tering Cancer Center (MSKCC), and UCLA (University of

TABLE 46.7. Complications of laparoscopic nephrectomy.

No. (years),
Reference indication Major operative complications

Gill97 185 (1990–1993): 6 (3%): 4 bleeding, 1 pneumothorax, 1 small bowel cutaneous fistula
153 benign Conversion to open in 3 patients due to complications and in 7 because of difficult dissection
32 malignant

Rassweiler88 482 (1992–1996): 29 (6%): 22 bleeding, 3 bowel injury, 2 hypercarbia, pleural injury in 1, pulmonary embolism in 1
444 benign Conversion to open in 26 patients due to complications and in 20 because of difficult dissection
38 malignant

Ono202 60 (1992–1998): 6 (10%): duodenal injury was treated by open duodenojejunostomy
All malignant Left renal artery injury, splenic injury, adrenal injury, and periureteral injury were treated 

laparoscopically
One pulmonary embolism

Dunn209 61 (1990–1999): 2 (3%): superior mesenteric artery ligation, renal vein incomplete ligation leading to conversion 
46 malignant to open procedure
15 benign

Chan96 67 (1991–1999) 3 (4%): bowel injury during morcellation, small bowel obstruction due to an incisional hernia, 
All malignant pulmonary embolus

Kim203 114 (1998–2002): LRN: 4 (11%): 1 mesenteric injury, 1 liver injury, and 2 serosal tear
35 radical (LRN) LPN: 3 (4%): 1 lumbar vein tear, 1 splenic capsule tear, 1 ureteral injury
79 partial (LPN)
All malignant

LRN, laparoscopic radical nephrectomy; LPN, laparoscopic partial nephrectomy.
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California at Los Angles).103–105 The largest experience
reported is that of the Mayo Clinic based on surgery per-
formed from 1970 to 2000.103 Their 1,671 clear cell carcinoma
patients presented with symptomatic primary disease in more
than 70% of the cases. The factors of greatest importance
were tumor stage, lymph node status, tumor size (cutoff of 5
or 10cm), nuclear grade (1–4), and histologic tumor necrosis.
All were very significant in a multivariate analysis. By assign-
ing points from 0 to 4 for these characteristics, a prognostic
model was developed. Ten-year metastases-free survival
could be predicted for three cohorts with low (0–2 points),
intermediate (3–5 points), and high (6 points or more) at 92%,
64%, and 24%, respectively. These factors in this model were
called the SSIGN score. For T1 lesions alone, both size (0–5
or 5–7cm) and histologic grade were predictive of recurrence.
The MSKCC group reviewed 601 patients who had undergone
a nephrectomy from 1989 to 1998 for primary RCC.104 A
normogram was constructed with the factors that were 
significant by multivariate analysis. The entire groups were
generally at an earlier stage than the Mayo study. More than
two-thirds of the patients had disease found incidentally
without even local symptoms. The normogram included
symptoms (none, local, or systemic), histology (chromophobe,
papillary, or clear cell), tumor size, and tumor stage includ-
ing T1, T2, T3a, and T3b/c. Only 66 of the 601 patients had
recurred at this time of the analysis, compared with the Mayo
database in which 479 of 1,671 patients had recurred. Finally,
the UCLA Urology Group has created a prognostic model
called UISS.105 This model has been made applicable for any
patient undergoing nephrectomy, whether metastatic or only
primary disease. The factors of most significance were
included in a multivariate model based on 661 patients under-
going nephrectomy from 1989 to 1999. The overall model
included nuclear grade, tumor stage, number of symptoms,
nodes involved, and immunotherapy received. However, for
primary disease alone, only nuclear grade (0–4) and perfor-
mance status (0 versus 1 or more) were predictive of survival.

Although trials to detect the benefits of adjuvant therapy
for resected renal cell carcinoma have traditionally based
their eligibility criteria on tumor size, T3–T4, and the pres-
ence of nodal involvement, better indicators for patients who
will respond to adjuvant therapy are being developed.

Role for Postoperative Radiation

In the past 20 years, only two poorly designed studies of post-
operative radiation therapy after nephrectomy have been pub-

lished, both describing treatment failures similar to previ-
ously reported data.106 Although the more-recent trial107 sug-
gests that modern radiation therapy is likely safe, no trials
have been published to detect its possible benefit, if any, in
an adjuvant setting. In addition, studies have shown that
patients who relapse after nephrectomy rarely have isolated
renal bed lesions and that disseminated disease is the pre-
dominant problem.

Adjuvant Immunotherapy

Two adjuvant studies with interferon108,109 and one with 
high-dose interleukin-2 (IL-2)110 have all failed to show any
benefit. The most recent controlled trial was conducted by
the Cytokine Working Group110 comparing observation to the
treatment arm using high-dose IL-2, usually in an intensive
care unit to monitor and treat for IL-2-induced capillary leak
syndrome. Unfortunately, this trial’s statistical power to
detect a benefit from adjuvant therapy was hindered by slow
accrual and an ambitious predicted clinical benefit using
high-dose IL-2. When the study was designed, it was esti-
mated that the 2-year disease-free survival (DFS) after resec-
tion of locally advanced RCCa was 40%.111 With an estimated
accrual of 68 patients with locally advanced RCCa, the goal
was to detect an absolute increase in DFS from 40% to 70%.
Between September 1997 and June 2002, 69 patients were
accrued. At a predefined interim analysis, 16 of 21 patients
with locally advanced disease receiving IL-2 experienced
relapse, compared with 15 of 23 patients in the observation
arm (P = 0.73) (Figure 46.2). The study was therefore closed
early when the Data Safety and Monitoring Board concluded
that the anticipated improvement in 2-year DFS was unat-
tainable even if full accrual occurred.

The largest and most well designed trial to date tested
lymphoblastoid interferon in patients who had undergone
radical nephrectomy and were found to have unilateral,
locally advanced (pathologic stage T3–T4), and/or node-posi-
tive renal cell carcinoma conducted under the Eastern Coop-
erative Oncology Group (ECOG) from May 1987 to April
1992.109 Two hundred ninety-four patients were randomly
assigned to receive up to 12 cycles of interferon-a (IFN-a)-NL
or observation until recurrence or progression. Only 70% 
in the treatment group received completed normal 
lymphoblastoid therapy, with the remainder withdrawing
because of grade 3–4 toxicities. No benefit was seen for
disease-free or overall survival. At a median follow-up of 10.4
years, median survival was 5.1 years in the treatment arm and

TABLE 46.8. Patterns of recurrence for resected node-negative pT1–T3 renal cell carcinomas.

Average. time 
to relapse Asymptomatic

Reference N Surgery TNM Lung Bone Abdomen (years) relapse (%)

Sandock117 137 RN 1992 19 10 13 2.5 19
Levy115 286 RN 1997 31 12 14 1.9 23
Ljungberg118 187 RN 1997 30 15 9 1.2 NR
Gofrit116 200 RN/NS 1997 11 6 10 NR 54
Fergany86 327 NS 1992 NR NR NR 2.0 37

RN, radical nephrectomy; NS, nephron-sparing surgery; NR, not reported.
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7.4 years in the observation arm. In patients who recurred,
71% had distant metastases alone, arguing against a signifi-
cant antitumor effect against micrometastatic disease.

The second trial with interferon, a multicenter Italian
trial, began in February 1990 and enrolled 247 patients who
had undergone a radical nephrectomy finding pathologic
staged T3a/bN0M0 or T2/3N1–M0.108 One hundred twenty-
three patients were treated with 6 million IU IFN a-2b intra-
muscularly three times per week for 6 months starting within
1 month of surgery. After a median follow-up period of 62
months, relapses occurred in 38 (31%) of the 124 controls and
in 51 (41%) of the 123 treated patients. The overall survival
probability at 5 years was 67% for controls and 66% for
treated patients.

Adjuvant Vaccine Therapy

There are three published large clinical trials using autolo-
gous tumor lysate vaccines112–114 after nephrectomy. In a ran-
domized placebo-controlled trial of 120 patients with stage
I–III renal cell carcinoma from January 1987 to December
1991,112 4 weeks after complete resection, patients were 
randomized to receive three intradermal injections of 107

autologous irradiated tumor cells or placebo. The first 
two injections were mixed with 107 viable bacillus 
Calmette–Guèrin organisms in hopes of boosting the host’s
immune response. Delayed cutaneous hypersensitivity reac-
tions to autologous tumor cells were demonstrated in 70% of
treated patients: 25 of 44 patients at 6 months and 16 of 28
patients at 12 months. Unfortunately, with a median follow-
up of 61 months, the probability of 5-year disease-free sur-
vival was 63% for treated patients and 72% for control
patients, with an overall survival of 69% and 78%, 
respectively.

From data presented in January 2002 at the 11th Interna-
tional Hamburg Symposium on Tumor Markers, Dr. Rüdiger
Repmann113 reported on a nonrandomized prospective con-
trolled study of 360 patients accrued between 1990 and 1995
who underwent a radical nephrectomy. The study was limited
to the 236 patients who were found to have T2N0M0 or

T3N0M0 renal cell carcinoma. Of this group, 148 received a
median of 13 adjuvant injections of autologous tumor cell
lysates every 4 weeks. The 5-year overall survival was 71.4%
in the control group compared with 86% in the vaccine group
(P = 0.0059). A prospective randomized multicenter Phase III
trial was started in 1997 to confirm these results is described
next.114

A recent trial of an autologous cancer vaccine was pub-
lished in 2004 in Lancet114; this was a randomized non-
placebo-controlled trial of patients with T2 or T3 RCC with
endpoints of progression-free survival (PFS). The randomiza-
tion took place preoperatively for which the rationale was
unclear. There was a very large loss of patients following
surgery because of incorrect stage, incorrect diagnosis, and a
number of other factors. Therefore, of the 558 patients
enrolled only 379 were analyzed and continued therapy. The
trial did seem to offer an improved PFS at 5 years and 70
months. The effect was predominantly seen in those patients
with T2 disease RCC. The overall survival is not discussed
in the article.

In summary, there is little evidence to support adjuvant
immunotherapy up to the present time. There is good evi-
dence to support withholding adjuvant interferon interleukin-
2 for high-risk renal cell carcinoma, and there is a suggestion
that tumor lysate vaccine therapy may have a future role.

Follow-Up

Any recommendations for follow-up after nephrectomy for
RCCa should bear in mind the patterns of relapse and
whether any follow-up protocol has led to a survival benefit
in a disease where recurrence is notoriously difficult to treat.
Unfortunately, there are only a handful of studies document-
ing sites of recurrence, no prospective trials that used a
uniform follow-up protocol, and no trials to show that any
type of follow-up improves survival.115–118

Overview of Therapy of Metastatic Renal 
Cell Cancer

Prognostic Factors in Metastatic Renal 
Cell Cancer

Although therapy of metastatic disease has progressed at a
painfully slow pace, the development of models to accurately
predict prognosis and survival have allowed for much 
better counseling of patients regarding their prognosis. These
studies are summarized in Table 46.9.119–123 It is critical 
that these prognostic factors be used to better understand 
the meaning of Phase II trials and better cohort balance
through stratification with these factors in large Phase III
trials. Overall time from diagnosis to metastases, poor per-
formance status or number of symptoms, lack of nephrec-
tomy, and elevated serum lactic dehydrogenase (LDH) have
been poor prognostic factors in a number of clinical databases
and must be taken into consideration when discussing prog-
nosis and designing and evaluating outcomes from clinical
trials.

FIGURE 46.2. Disease-free survival by treatment group for all
patients. Interleukin-2 (IL-2) median, 19.5 months; observation (OBS.)
median, 36 months. (From Clark et al.110 by permission of J Clin
Oncol.)
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Surgery in the Metastatic Setting

Debulking Nephrectomy

There are several accepted reasons to excise the primary 
renal cell carcinoma in the presence of metastatic disease.
Palliative nephrectomy for severe pain, hemorrhage, and
endocrinopathy appears to be justified in the patient who is
expected to live at least 6 months. Angioinfarction is another
option in patients with intractable pain or hematuria from
inoperable local disease.

The role of debulking nephrectomy in the presence of
metastatic disease stems from the unique biology of renal 
cell carcinoma. There is a rare phenomenon of spontaneous
regression of metastatic disease following nephrectomy.
Although single centers have published extensively on the
benefits of cytoreductive nephrectomy before immune
therapy,124–128 two prospective studies provide the only 
randomized data.129,130 The European Organization for
Research and Treatment of Cancer (EORTC) Genitourinary
Group trial 30–947 was a Phase III study of 85 patients with
metastatic renal cell carcinoma who were randomized to
either IFN-a-2b alone or nephrectomy followed by inter-
feron.129 Nephrectomy was performed on 42 patients with
only 6 perioperative complications requiring that 1 patient
not receive immunotherapy. They reported no significant dif-
ference in the response rates to systemic therapy between the
two groups (19% versus 12%; P = 0.38) but did note a pro-

longed time to progression (5 months versus 3 months; P =
0.04) and overall survival benefit (17 months versus 7 months,
respectively; P = 0.03).

The Southwest Oncology Group (SWOG) trial 8949 exam-
ined the role of cytoreductive nephrectomy in combination
with IFN-a-2b therapy in 241 patients with metastatic renal
cell carcinoma as part of a multicenter randomized phase III
trial performed in the United States.130 There were 121
patients in the interferon-alone arm and 120 patients in the
nephrectomy-plus-interferon arm. In this clinical trial, there
was 1 perioperative death, 5 major surgical complications,
and 16 mild to moderate surgical complications. Despite the
complications, 98% of the patients in the surgery arm were
able to receive interferon. Again, this study reported no dif-
ference in response rates to systemic interferon therapy in the
two groups, 3.3% in the nephrectomy arm versus 3.6% in the
immunotherapy-alone arm. Despite the low overall response
rates, the study demonstrated a significant survival advantage
for patients who underwent cytoreductive nephrectomy and
immunotherapy when compared with patients who received
immunotherapy alone (12.5 months versus 8.1 months,
respectively; P = 0.012).

Table 46.10 summarizes results from the SWOG and
EORTC trials as well as the largest single-institution retro-
spective from the NCI describing their 11-year experience
with 195 patients who underwent nephrectomy with an
overall 13% surgical complication rate.98,99 One hundred
twenty-one (62%) patients who underwent nephrectomy 
in the NCI series went on to receive immunotherapy. Only
18 (9%) patients missed systemic treatment because of 
surgical complications. The NCI’s 37.9% failure to receive
immunotherapy likely indicates the rate of off-protocol adju-
vant therapy rather than the 2% seen in the SWOG and
EORTC trials.

Based on these results from these two randomized 
studies, debulking nephrectomy in those patients with
distant metastatic disease is indicated in those patients with
a good performance status deemed capable of proceeding on
to systemic immunotherapy.

Metastatectomy

Approximately 25% to 59% of patients with renal cell carci-
noma already have multiple distant metastases at tumor diag-
nosis, including the lungs (55%), lymph nodes (38%), liver
(35%), or bones (33%). Moreover, metachronous metastatic
disease may develop in approximately 50% of patients who
have undergone seemingly curative radical nephrectomy.131 In
the rare patient with a solitary synchronous metastasis,
radical nephrectomy and excision of the solitary metastasis
provide a 5-year survival rate of 23 to 35%.132

TABLE 46.10. Trials of nephrectomy in metastatic disease
followed by immunotherapy.

Mortality % that missed Immunotherapy
Trial N (%) immunotherapy response rate (%)

NCI2 195 1.0 37.9 17.8
SWOG130 120 0.8 2.0 3.3
EORTC129 42 0 2.4 19.0

n, number of patients enrolled on trial.

TABLE 46.9. Independent prognostic factors identified in previous
studies including different populations of patients with metastatic
renal cell carcinoma.

No. of 
Reference patients Identified independent factors

Elson et al.119 610 PS, time from diagnosis to treatment
Number of metastatic sites
Prior chemotherapy
Weight loss

Motzer53 670 Absence of nephrectomy
Karnofsky PS less than 80
Serum LDH > 1.5 ¥ ULN
Corrected serum Ca2+ elevation
Anemia

Zisman105 477 ECOG PS
Fuhrman nuclear grade
TNM stage for M1 disease
Number of symptoms
Regional LN involvement
Immunotherapy given

Negrier153 782 CRP or ESR elevation
Interval from diagnosis to metastases
Neutrophil count (>7.5)
PS
Number of metastatic sites, liver, bone
Anemia
Elevated serum alkaline phosphatase

Atzpodien204 425 Neutrophil count (>6.5)
Time from diagnosis to metastases
Serum LDH > 1.5 ULN
Elevated serum CRP
Number of metastatic sites
Bone metastases

PS, performance score; LDH, lactic dehydrogenase; CRP, C-reactive protein;
ESR, erythrocyte sedimentation rate; ULN, upper limit of normal.



Memorial Sloan Kettering133 retrospectively reviewed 278
patients with recurrent renal cell carcinoma from 1980 to
1993. They stated that 141 patients underwent a curative
resection for their first recurrence with an overall 44% 5-year
survival. Those who underwent noncurative surgery or 
who were treated nonsurgically had 14% and 11% 5-year 
survival rates, respectively. Favorable features included 
a disease-free interval greater than 12 months, solitary 
metastasis, and age less than 60 years. Of the 94 patients 
with solitary metastasis, 50 patients had a single pulmonary
lesion resected, leading to a 54% 5-year survival rate com-
pared with 11 patients with a solitary brain metastasis with
an 18% 5-year survival rate. Their conclusion was that
patients with a single site of recurrence and/or a long disease-
free interval will have a good chance at long-term survival
with curative resection of disease. Surgical resection of soli-
tary metastases should be considered standard of care when
feasible.

Chemotherapy-Based Treatment of Renal 
Cell Cancer

Many single-agent chemotherapeutic agents have been
studied in metastatic RCC. These trials have not shown any
single chemotherapeutic agent to have significant efficacy in
renal cell carcinoma. In 1988, Bergerat et al. found a 42%
response rate in patients treated with combination interferon
and vinblastine, leading to hopes that vinblastine would
prove to be an effective agent.134 Unfortunately, subsequent
randomized trials have been less promising.135 In a study of
160 patients treated with IFN-2a plus vinblastine versus 
vinblastine alone, the vinblastine arm showed only a 
2.5% response rate.135 Similarly, early Phase II studies also
showed promising results for 5-fluorouracil (5-FU)136,137;
however, Negrier et al., comparing IFN-a plus IL-2 with 
or without 5-FU, showed no added benefit from chemother-
apy in survival and a very poor response rate in both 
arms.138

Similarly, combination therapies have not been proven
effective in randomized controlled trials. Many studies have
concentrated on platinum- fluorouracil-, and gemcitabine-
based therapies, all in Phase II trials of various size popula-
tions.139,140 A single-arm Phase II trial by Rini et al. of
gemcitabine with continuous 5-FU showed a 17% objective
response rate.141

In the past few years, newer chemotherapeutic drugs have
been studied. A large number of Phase II studies of newer
chemotherapeutic drugs have shown no improvement in sur-
vival or significant response rates but have occasionally sug-
gested a prolonged stable disease.142–149 Therapies that have
been studied include bryostatin-1, a protein kinase C
inhibitor; flavopiridol, a cyclin-dependent kinase inhibitor;
troxacitabine, a nucleoside analogue; irofulvin, which cova-
lently binds to DNA, inhibits DNA synthesis, and induces
apoptosis; the 5-fluorouracil, folinic acid, and oxaliplatin
(FOLFOX-4 regimen); arsenic trioxide (As2O3); razoxane, an
antiangiogenic topoisomerase II inhibitor; and most recently,
PS-341, a proteosome inhibitor, to name a few. In general,
chemotherapy has failed to improve or even match the objec-
tive responses seen with cytokine therapy, and none has
shown improvement in survival.
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Hormonal Therapy of Advanced Renal 
Cell Cancer

Numerous trials have explored the role of hormonal therapy
in treatment of patients with metastatic renal cell carcinoma
(Table 46.11). These studies were prompted by preclinical
studies in which progesterone was shown to be effective in
inhibiting both tumor development and tumor growth.150,151

Progestins have been the most actively studied clinically as
well and have produced response rates ranging from 0% up to
20%. More recent studies using standard defined response cri-
teria have produced response rates of only 1% to 5%.152 In
reviewing the data on medroxyprogesterone,150 it was con-
cluded that irrespective of dose or schedule, human renal cell
carcinoma is neither hormone dependent nor hormone
responsive. Nonetheless, patients with severe anorexia and
weight loss may occasionally derive significant symptomatic
relief from the administration of medroxyprogesterone, even
in the absence of any direct antitumor effect.

Cytokine-Based Therapy of Renal Cell Cancer

Although there have been innumerable trials examining a
number of biologic agents in treatment of advanced RCC, few
have provided strong evidence for the clear benefit of one
treatment over another. The majority of studies have been
focused on the clinical effects of two cytokines: interleukin
(IL)-2 and interferon-alpha. These have been extensively
studied alone and in combination in Phase I and II trials; sur-
prisingly few trials have compared the two treatments in a
randomized Phase III design.138,153–155 Other cytokines have
been tested in numerous phase I and II settings including 
IL-4, IL-6, IL-12, Flt3L, and others without any real sugges-
tion of significant activity in trials of small cohorts of
patients.156–161 The cytokine therapy of RCC suffers greatly
from an abundance of relatively small unconfirmed Phase II
trials and very few properly sized and statistically sound
Phase III trials.

Interferon-Alpha (IFN-a)

There is an extensive literature examining single agent IFN-
a in the treatment of advanced RCC.162–166 In the early studies,
a number of different and noncloned interferons were utilized
and RCC was chosen as a target disease. In numerous trials,
antitumor activity in terms of tumor regression and disease
stabilization was observed. Additionally, it has been sug-
gested that the objective rules we use to evaluate complete
and partial responses do not capture the ability of IFN-a to
extend survival without objective disease regression. Meta-

TABLE 46.11. Hormone therapy in advanced renal cell carcinoma.

Therapy Patients (n) % response (range)

Progestational agents 695 5 (0–17)
Androgenic agents 190 3 (0–14)
Hormonal responses by year
of reporting
1967–1971 228 17
1971–1976 415 2
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analyses encompassing a large number of trials and patients
with RCC in the 1980s supported the following results.

1. The various interferons, that is, lymphoblastoid,
leukocyte, IFN-a2a, and IFN-a2b, all demonstrated similar
results with complete responses between 1% and 4% and
partial responses as high as 10% and 15% and as low as 5%
in other trials.164

2. Doses between 3 and 10MIU/day appear as active as
and less toxic than higher doses.164–167

3. SC or IM was the most effective route, and other IFNs
such as IFN-b and IFN-g had lower activity than IFN-a.168–172

Several important Phase III trials have tried to determine
whether the combination of other agents with IFN-a could
improve therapy in RCC. Several Phase I and II trials com-
bining IFN-a with vinblastine, an agent initially approved for
advanced RCC but rarely applied to the disease, reported
promising results with objective response rates exceeding
20% to 25% and median survivals up to 70 weeks (16+
months).173 This finding led to a Phase III trial that selected
vinblastine (Vbl) as control and IFN-a plus Vbl as the exper-
imental arm,134 with a total of 160 patients enrolled. For those
in the Vbl arm alone, the median survival was only 37.8
weeks, with an objective response rate of 2.5% (2 patients).
This result compared poorly to Vbl plus IFN-a patients,174

who demonstrated a 16.5% response rate (P = 0.0025) and
median survival of 67.6 weeks (P = 0.0049). One obvious con-
clusion is that Vbl alone has no value as a single agent in
advanced RCC. The benefit of the combined arm was likely
totally the result of the contribution of IFN-a.

Another attempt to improve the effects of IFNa in RCC
was led by Motzer at MSKCC. Based upon a Phase II trial
combining IFN-a with 13-cis-retinoic acid (CRA),175 a Phase
III trial was then conducted at multiple centers through
ECOG and MSKCC and enrolled 284 patients with advanced
RCC in slightly more than 2 years.169 In the 139 patients on
IFN-a plus CRA, there were 16 responses [5 complete
responses (CRs) and 11 partial responses (PRs)] for a 
response rate of 12%, compared with 9 (1 CR and 8 PRs) (6%)
among the 145 patients receiving only IFN-a (P = 0.14) The
duration of the responses was long in both cohorts but longer
(P = 0.03) in those receiving IFN-a plus CRA (33 versus 22
months). The median survival for all patients, 15 months, was
not significantly different between the groups (P = 0.26). The
quality of life of patients receiving both IFN-a and CRA was
decreased.

Smaller but definitive studies have shown that IFN-g,
when added to IFN-a, did not increase the response rate.171 In
fact, among the 102 patients enrolled, 7 of 53 responded to
IFN-a alone, whereas only 2 of 45 responded to IFN-a plus
IFN-g. Finally, two randomized control trials examined the
role of nephrectomy in patients with advanced RCC who fol-
lowed surgical intervention with systemic therapy such as
IFN-a.170 An EORTC trial of 85 patients and a SWOG Inter-
group trial both showed an improved outcome for both sur-
vival and progression-free survival when patients treated with
IFN-a had nephrectomy before surgery,129,130 although the
objective response rate to IFN-a in the 85-patient EORTC
trial was 19% and 12% (P = 0.38), respectively, for patients
with and without nephrectomy. On the other hand, among
the 246 patients enrolled on the SWOG trial, of those with
measurable disease only 3% to 4% of patients had evidence

for objective responses whether or not they had undergone
prior nephrectomy. This finding implied that the statistically
significant improvement in overall survival was not com-
pletely dependent on improving the number and quality of
tumor regressions induced by IFN-a.130

Interleukin-2 (IL-2)

Since its rapid translation from animal models to clinical
trials back in the mid-1980s, IL-2 has been the focus of both
great excitement and great disappointment176,177 (Table 46.12).
Initially, trials of a high-dose bolus regimen administered at
600,000–720,000 units/kg intravenously (IV) every 8 hours for
14 doses (maximum) on days 1–5 and 15–19 of every 8–12
weeks with ex vivo IL-2-activated peripheral blood mononu-
clear cells (LAK cells) demonstrated response rates as high as
30% to 40% in patients with advanced RCC.176 These trial
included highly selected groups of patients.176,178 Later, it
became clear that ex vivo LAK cells were not essential and
very costly.179,180 Additionally, it became apparent that the
response rate was lower (15%–25%); however, the durability
of the responses persisted as the most impressive finding.
These findings culminated in the 1995 publication by Fyfe et
al. of 255 patients with advanced RCC who had been entered
on seven Phase II clinical trials from 21 different institu-
tions.181 This database included all patients with advanced
RCC treated with high-dose bolus IL-2 as a single agent. As
in many high-dose IL-2 trials that were subsequently
reported, the patients were selected for excellent organ func-
tion (cardiac, respiratory, renal, hematologic), no evidence of
brain metastases, and excellent performance score (PS) of 0–1
or Karnofsky 70–100. Eighty-five percent had prior nephrec-
tomy, 65% had a PS = 0 or certainly Karnofsky PS above 80,
whereas 44% had initial diagnosis with 12 months of IL-2
therapy. No data were available on the number of patients
with elevated serum LDH, elevated serum calcium, or
anemia (Motzer prognostic factors). Of the 255 patients, 36
(14%) demonstrated objective evidence of response, 12 CRs
and 24 PRs.181 Most impressive was the duration of the
responses, 19 months for PRs and 8 of 12 ongoing responses
in the CR patients (5+ to 62+). Responses were observed in
patients with bulky disease (larger than 25cm2). As expected,
toxicity was quite impressive, with grade 3–4 hypotension in
nearly 75% of patients and grade 3–4 mental status changes
in nearly 30% of patients. Oliguria/anuria and symptoms
such as nausea, vomiting, diarrhea, and fever were severe
(grade 3–4) in 24% to 46% of patients. In this group of
patients, many were treated before a full understanding of
toxicity management, and therefore treatment-related mor-
tality was 4% (11 patients). An additional follow-up report
more than 12 months later on the same cohort of 255 RCC
patients showed even better durability, with very rare if any
late relapses among any of the objective responders.182

The year 2003 saw a completed Phase III trial (actually
two Phase III trials combined) published in the Journal of
Clinical Oncology.154,155 From 1991 to 2001, 306 patients 
were randomized between high-dose bolus IL-2 (720,000U/
kg/dose) versus low-dose bolus IL-2 (72,000U/kg/dose).
Another 94 patients were randomized to outpatient subcuta-
neous IL-2 from 1993 to 2001. The trial began as a two-arm
trial, and after the initial 117 patients were accrued, the trial
was modified into a three-arm Phase III with an additional
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283 patients then randomized. When all results were com-
bined, high-dose bolus IL-2 was associated with a 21%
response rate among 155 evaluable patients (11 CRs and 22
PRs) versus 13% for low-dose bolus IL-2 (6 CRs and 13 PRs)
(P = 0.048 by chi-square test). The patients receiving subcu-
taneous IL-2 as outpatients had a response rate of 10%, with
2 CRs and 7 PRs among the 93 patients. Compared with the
IL-2 high-dose bolus randomized simultaneously, the statis-
tical difference favored high-dose IL-2 (P = 0.033 by c2 testing),
although the study did not show a definitive overall survival
advantage for those receiving high-dose IL-2. Overall, the
responses to high-dose IL-2 were more durable; in fact, the
responding patients getting high-dose IL-2 had a better sur-
vival than responders in the low-dose IL-2 bolus arm (P =
0.04). Responses were more frequent and the responses were
apparently more durable.

In another trial conducted by the Cytokine Working
Group, 193 patients with advanced RCC were randomized
between high-dose bolus IL-2 and outpatient subcutaneous
IL-2 plus IFN-a based on the Atzpodien regimen.155 This
trial accrued patients from 1997 through 2000 with 96
patients accrued to each arm and eligible. Similar to the 
NCI randomized trial, high-dose IL-2 had a significantly
better response rate versus IL-2/IFN-a outpatients (23 
versus 9%; P = 0.018). Again, the response duration was
greater with high-dose IL-2 (14 versus 7 months). Finally, 
only 2 of the 9 IL-2/IFN-a responders were progression free at
17+ and 35+ months, whereas 9 of 22 high-dose IL-2 respon-
ders remained progression free at 22+ to 44+ months.
Together, these trials support high-dose bolus IL-2 as the pre-
ferred treatment of metastatic RCC at centers where experi-
ence and clinical support exist. On the other hand, only
approximately 10% of patients ultimately obtain very mean-
ingful benefit with high-dose IL-2 and far more do not get a
major benefit.

Thalidomide

Based on the in vitro antiangiogenic activity of thalidomide,
it has attracted much interest for the treatment of RCC.183–187

A number of Phase II studies have been performed demon-
strating partial responses ranging from 0% to 8% and stable
disease at 6 months of 23% to 30% (Table 46.13).183–187 A ran-
domized ECOG Phase III study was recently reported in
abstract form188; it compared treatment with IFN-a alone to
IFN-a in combination with thalidomide and enrolled 353
patients, of whom 342 were eligible, with a median age of 59
years (range, 24–84), including 227 men and 115 females with
a median ECOG PS 1. Of these, 254 patients had undergone a
prior nephrectomy and 236 had a disease-free interval of 1 year
or less. Treatment consisted of IFN-a, 1 million IU SC bid
alone or in combination with thalidomide (intrapatient dose
escalation from 200mg/day to 1,000mg/day maximum). The
study was designed to detect an improvement in progression-
free survival (PFS) at 6 months of 35% compared with 20% in
the “standard IFN-a” arm and a 50% improvement in median
overall survival (OS) from 12 to 18 months. Fatigue, myelo-
suppression, and thrombotic events (12 versus 4) were greater
in the thalidomide + IFN-a arm. There was no difference in
response rates or overall survival, although PFS was longer,
and the difference was significant statistically, in the IFN +
thalidomide arm (Table 46.14). Quality of life and fatigue
scores were worse on the IFN + thalidomide arm. The 
addition of thalidomide to this IFN regimen modestly
improves PFS but not OS and worsens quality of life in RCC
patients.

Other Therapies Applied to Renal Cell Cancer

Adoptive Cellular Therapy

Transfer of immune cells for the treatment of renal cancer 
has been an integral component of research over the years 
in RCC. There was an interest in the role of LAK cells in 
the setting of high-dose interleukin-2, and this was presumed
to be a critical component of the IL-2 therapy. However, a 
randomized trial revealed that it added little in terms 
of response rate and overall survival. The results may 
have trended toward an advantage with cellular therapy, 
but it was certainly not worth the labor, cost, and added 
toxicity.179,180

TABLE 46.13. Thalidomide in renal cell carcinoma.

Single-agent Maximum No. of Stable
thalidomide daily dose Total no. assessable Partial % of disease for % of
studies allowed (mg) of patients patients response patients 3–6 months patients

Stebbing et al.184 100 18 18 3 17 13 72
Minor et al.186 1,200 15 12 1 8 3 25
Stebbing et al.184 600 25 22 2 9 7 32
Li et al.9 1,200 36 29 2 7 9 31
Escudier et al.185 1,200 40 33 2 6 9 27
Motzer et al.183 800 26 25 0 0 16 64
Daliani et al.187 1,200 20 19 2 11 9 47
Total 207 185 12 6 73 39

IFN, interferon.

TABLE 46.14. Thalidomide contribution to RCC treatment.

CR (%) PR (%) RR (%) 6-month PFS Median PFS Median OS

IFN alone 0 2 2.2 26% 2.8 months 12.2 months
IFN + T 2 4 6.5 29.3% 3.8 months 10.8 months

P = 0.04 P = 0.93

T, thalidomide 100mg/day po escalating to 1,000mg; IFN, interferon 1mm/BID sq daily.



Probably the most ambitious effort was led by the inves-
tigators at UCLA. Over a number of years the group treated
55 patients with autologous CD8 selected tumor-infiltrating
(TIL) cells from prior resection specimens; an additional 7
patients could not undergo the therapy. There were 5 com-
plete responses and 14 partial remissions for an overall
response rate of 35%. The patients also received IL-2 but at
doses that rarely induced a response rate greater than 10%.
The responses were durable, with a median of 14 months.
These data were the impetus for a Phase III trial of the same
schedule and dose of IL-2 with or without CD8+ selected TIL
cells in which 178 patients were enrolled and 160 patients
were randomized.189 Twenty additional patients did not
receive any therapy because of postoperative complications,
mortality, or simply inability to tolerate the IL-2 therapy. Of
72 patients designated to receive CD8+ TIL cells, 33 did not
have adequate cells generated. In the end, with intent to treat,
the responses in both groups were around 10% and 1-year sur-
vival was similar at approximately 50%. This experience
showed the difficulty in exporting highly technical cellular
approaches into a large multicenter trial. The need for a
single-institution commitment cannot easily be recreated in
a multicenter trial.

Vaccination strategies in RCC have differed from
melanoma primarily because of the lack of obvious tumor
antigens that appeared to be recognized by T cells.190,191 This
finding may have changed recently as a result of the expres-
sion pattern of some enzymes associated with VHL muta-
tions such as CAIX,192 which has lead to efforts using the
antigens from tumor cells without specific knowledge of
what they are or having to isolate them. The first approach
explored the use of tumor cell-autologous tumor hybrids. An
initial report from Kugler et al. in Germany included 17
patients with advanced renal cancer.191 Of the 17 patients, 7
had objective responses with 4 CRs, 2 PRs, and 1 mixed
response. Two other patients had prolonged stable disease for
more than 12 months each. Although this report was quite
promising, it was retracted later with a great deal of suspicion
about the validity of any of the findings. Others have not
reported this approach in RCC, primarily because of techni-
cal difficulties with the fusion and growth culturing proce-
dures.193 More recently, the group at Duke led by Vieweg and
Gilboa have attempted a slightly different strategy of isolat-
ing RNA from the RCC specimens and then transfecting the
RNA into autologous dendritic cells (DC).194 This approach
appeared to be successful at inducing CTL activity by
ELISPOT assays in most patients of the 10 treated. These
immune responses included those directed to specific anti-
gens, telomerase, G250, RNA tumor-loaded DC, and oncofe-
tal antigens. None of the 10 patients had obvious tumor
regression; however, 7 of the 10 remain alive with a median
follow-up of almost 20 months. This result could represent a
significant effect of the treatment or simply a matter of
patient selection and the presence of only good prognosis
patients.

Nonmyeloablative HLA-Matched Sibling Stem Cell
Transplants as a Form of Immunotherapy

A new paradigm for treating renal cancer appeared in
1998–2000 when Childs and his colleagues at the NCI and
National Institutes of Health (NIH) reported on the use of

allogeneic stem cells transplants utilizing nonmyeloablative
chemotherapy regimens in the treatment of RCC.111 The
approach was based on the well-known association of graft-
versus-host disease with improved clinical outcome and even
clinical regressions in hematologic malignancies. The hope
was for a graft-versus-tumor (GVT) effect. Ten of the first 19
patients with RCC who underwent the procedure had a clin-
ical remission after failing cytokine therapy.111 Three com-
plete responses remained ongoing at 16+ to 27+ months.
Regression of disease was frequently delayed up to 4 to 6
months after the allogeneic stem cell therapy. In a number of
cases the patient did not demonstration chimerism, a sign of
the engraftment of donor cells. In these cases, frequently 
additional donor lymphocytes were infused to enhance the
potential for a GVT effect. The risk and importance of 
graft-versus-host disease (GVHD) was emphasized. GVHD
occurred in 10 of the patients at grade II–IV, being associated
with transplant mortality in 2 patients (Table 46.15).

Although overall this approach to RCC therapy is excit-
ing and scientifically of great interest,195–197 it is far from estab-
lished, is associated with great toxicity, and should only be
performed as part of a clinical trial. The center where it is
performed must be truly committed to optimally studying
these patients and understanding how to improve the efficacy
and diminishing the toxicity.

Novel Therapy of Advanced Clear Cell 
RCC Based on Its Cancer Biology

As reviewed, the cloning of the VHL gene, the understanding
of its role in HIF-1a stability and activity, and the large
number of HIF-1a-regulated genes that are expressed in RCC.
These genes appear to have uncovered numerous molecular
targets for therapeutic intervention, which include VEGF,
PDGF, TGF-a, EGFR, and carbonic anhydrase IX, and appear
important to the behavior of this malignancy.198 Small mole-
cule kinase inhibitors and/or antibodies have been developed
to either selectively block many of these pathways or inhibit
a number of pathways on their own. These agents have now
entering clinical trials at the Phase I/II/III stage (Table 46.16).

The data as published in peer-reviewed journals so far are
most compelling for a humanized antibody to VEGF (anti-
VEGF; Avastin, Bevicizamab). In a randomized, double-
blinded Phase II trial of placebo versus anti-VEGF at 3mg/kg/2
weeks versus 10mg/kg/2 weeks in which 50 patients were to
be enrolled into each arm, RCC patients were followed for the
primary endpoint of time to progression (TTP), as well as
objective clinical responses and overall survival.199 All
patients either had prior interleukin-2 or were unable to
receive it. Most patients had previously undergone nephrec-
tomy. The trial was terminated at the enrollment of the 116th
patient because “the difference in outcome in the three arms
mandated closure by the DSMB.” There were only 4 responses
(all PR) among 39 [confidence interval (CI) at 95%,
2.9%–24.2% relative risk (RR)] patients treated with the high
dose of anti-VEGF (10mg/kg). There were no other responses
among the other 74 patients. At the time of unblinding, the
median TTP was 4.8 months for the high-dose anti-VEGF
versus 2.5 months for placebo [P less than 0.001; hazard ratio
(HR) = 2.55]. The difference in median TTP for those receiv-
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TABLE 46.15. Results of nonmyeloablative transplant regimens reported for metastatic renal cell carcinoma.

Median
GVHD time to

Investigators Conditioning agents prophylaxis Comment response Response in other solid tumors

Childs et al.111 Cyclophosphamide 120mg/kg, CSA +/- MMF Immunosuppression 5 months Currently being evaluated
fludarabine 125mg/m2 tapered and DLI given

based on T cell
Rini et al.207 Cyclophosphamide 2,000mg/m2, FK506 + MMF High incidence of graft >100 days Not evaluated

fludarabine 90mg/m2 rejection (3/4 patients
treated); cyclophosphamide
increased to 4g/m2 and
fludarabine increased to
150mg/m2

Bregni et al.208 Thiotepa 5mg/kg, fludarabine CSA + CSA tapering based on >100 days Yes (response seen in breast
60mg/m2, cyclophosphamide methotrexate disease status; delayed cancer and ovarian cancer
60mg/kg response observed in 3/3 patient)

treated RCC patients

GVHD, graft-versus-host disease; RCC, renal cell carcinoma; CSA, cyclosporine; MMF, mycophenolate mofetil; DLI, donor lymphocyte infusions; NA, not 
available.

ing low-dose anti-VEGF versus placebo nearly reached statis-
tical significance (P = 0.053; HR = 1.26). The percent that were
progression free on each of the arms at 4 and 8 months are
shown in Table 46.17.

There was crossover allowed for those progressing
patients to receive the anti-VEGF at the high dose (10mg/kg)
if they were initially in the placebo or 3mg/kg arm of anti-
VEGF. This choice likely made the overall survival evalua-
tion impossible. Nevertheless, the excitement generated by
these results has led to a number of other trials including a

large multicenter trial of IFN-a versus IFN-a plus anti-VEGF,
Phase II trials of combination blockade with anti-VEGF and
EGFR tyrosine kinase inhibitors. The later trial of anti-VEGF
and an EGFR inhibitor was very promising. The combination
produced a 21% objective response rate in a group of 58 evalu-
able patients with advanced RCC. An additional 45% of
patients had stable disease/minor response for 6 months or
more.200 More recently, Phase II and III trials of a number of
agents look especially promising via inhibition of VEGF,
PDGF, Raf, and mTOR signaling.217–220

TABLE 46.16. Clinical trials of novel therapies for clear cell RCC.

Therapeutic
agent Mechanism of action Target molecule(s) Advantages Disadvantages Clinical status

Anti-VEGF Humanized antibody to VEGF VEGF Specificity Intravenous Phase II/III
SU5416 Tyrosine kinase inhibitor VEGFR1 and Toxicities Program closed

VEGFR2
PTK787 Tyrosine kinase inhibitor VEGFR2 and Oral Phase II/III

PDGFR
VEGF Trap Cytokine trap (FcIg-receptor) VEGFR1 and Prolong t1/2 Intravenous Phase I/II

VEGFR2
STI-571 Tyrosine kinase inhibitor Bcr/Abl, c-kit, Oral Non-specificity Phase II/III
(Gleevec) PDGFR
C225 Humanized antibody to EGFR EGFR ADCC Intravenous Phase II/III
(Imclone)
ABX Human antibody to EGFR EGFR ADCC Intravenous Phase II
(Abgenix)
ZD1839 Tyrosine kinase inhibitor EGFR Oral Phase II/III
(Iressa)
OSI-774 Tyrosine kinase inhibitor EGFR Oral Phase II/III
(Tarceva)
SU011248 Tyrosine kinase inhibitor VEGFR2, PDGFR, Oral Phase II

Flt 3, c-kit
ZD6474 Tyrosine kinase inhibitor VEGFR2, EGFR Oral Phase I/II
Bay 43-9006 Kinase inhibitor VEGFR2, PDGFR, Raf Oral Phase II, III
(Sorafenib)
AG013736 Tyrosine kinase inhibitor VEGFR2, PDGFR, Oral Phase II

Flt 3, c-, c-kit
CCI-779 mTOR inhibitor mTOR, PTEN/Akt Intravenous Phase III
(Temsirolumas) pathway weekly

VEGF, vascular endothelial growth factor; EGFR, epithelial growth factor receptor; PDGFR, platelet-derived growth factor receptor; ADCC, antibody dependent
cellular cytotoxicity.
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Ureter, Bladder, Penis,
and Urethra

Cheryl T. Lee, Brent Hollenbeck, 
and David P. Wood, Jr.

vidence-based clinical medicine has been proven to
produce the best outcomes.1 Unfortunately, many
tumor sites do not have adequate randomized clinical

trials to provide the necessary data to reach treatment and
diagnostic consensus. The ureter, bladder, penis, and urethra
fall into this category. There are several reasons for a lack of
randomized clinical trials in these sites, but the primary
reason is the relatively low incidence of each tumor. Of these
tumors, bladder cancer has the highest incidence (16 per
100,000 people), followed by ureteral cancer (10 per 100,000)
and subsequently penis and urethra (less than 2 per 100,000)2;
this is in contrast to prostate cancer, which has an incidence
of 75 per 100,000 men.2 Despite the limited randomized clin-
ical trials in these sites, there are excellent Phase II clinical
and historical trials that can shed light on management of
these rare tumors.

In this chapter we describe the etiology, basic science,
pathology, prognostic factors, screening tests, diagnostic
tests, and treatment for cancer of the ureter, bladder, penis,
and urethra. The ureter, bladder, and urethra are discussed as
one tumor type as they are all components of transitional cell
carcinoma (TCCa). Penile cancer is considered separately.

Ureter, Bladder, and Urethra

Etiology

Many data suggest that bladder cancers are carcinogen
induced.3 Factors reported to be causally related to bladder
cancer include occupational chemicals, tobacco, coffee, anal-
gesic abuse, artificial sweeteners, bladder calculi, pelvic 
irradiation, and certain types of chemotherapeutic agents.
Inhaled or ingested carcinogens are filtered by the kidney and
concentrated in the urine where they are stored in the bladder
for prolonged periods of time before excretion. Repeated expo-
sure of the urothelium to these carcinogens can lead to
genetic alteration and tumor formation. Multiple lesions or
genetic mutations are likely required to cause malignant
transformation of the urothelium, as evidenced by the mul-
titude of chromosomal abnormalities recorded in TCCa.4,5

The most common environmental exposure that pro-
motes bladder cancer is tobacco.6 Cigarette smokers have a
fourfold higher incidence of bladder cancer than nonsmokers
do. The risk correlates with the number of cigarettes smoked,

the duration of smoking, and the degree of inhalation.
Although males are more commonly affected with TCCa
than females (3 to 1 ratio), this ratio has decreased as women
have increased their tobacco use. An estimated one-third of
bladder cancer cases may be caused by cigarette smoking. 
The specific chemical carcinogen is unknown; however,
nitrosamine has been implicated. Occupational exposures
also increase the risk of urothelial malignancies. Aniline dyes
containing xenylamine and benzidine, for example, are
known urothelial carcinogens in humans and in animals.7

Genetic mutations appear to play an important role in for-
mation of TCCa.4 Figure 47.1 illustrates consensus genetic
changes that occur in bladder cancer.4,8 Bladder cancer is typ-
ically stratified into superficial and invasive tumors. Superfi-
cial tumors have a high recurrence rate but invade and
metastasize in a minority of cases. Conversely, invasive
TCCa has a highly metastatic potential. Genetic mutations
appear different in the two tumor types. Superficial bladder
cancers are typically associated with loss of 9q, ink4A, and
p16; invasive tumors have loss of p53, Rb, p14, and p16.
Several monoclonal tests have been developed to detect these
markers in urine, but the reproducibility is unclear.

Pathology

As with many tumors, pathologic evaluation of TCCa is 
critical in determining appropriate therapy. The pathology
description for TCCa is divided into grade (1 to 3) and stage
(Tis to T4).9 Grade is associated with the aggressiveness of the
disease, whereas stage is a reflection of the time the tumor
has been present and its ability to metastasis. Tumor staging
is generally based on the TNM system (Table 47.1). The T
stage is defined by the depth of invasion into the bladder,
ureteral, or urethral wall. Nodal disease is based on number
as well as location of metastatic lymph nodes. Metastatic
sites most commonly involve lung, bone, and liver. Clini-
cally, the precise TNM stage is used rather than the overall
stage. Recently, the World Health Organization (WHO) has
reclassified superficial bladder cancer from grades 1 to 3 to
low malignant potential tumors to high malignant tumors.10

Low malignant potential TCCa has a high recurrence rate
(60% to 80%) but a low rate of invasion (less than 10%). Con-
versely, high malignant potential superficial bladder cancer
has a high risk of recurrence and invasion (70%). Treatment
decisions are highly predicated on the pathology.
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Prognostic Factors

Multiple factors may influence the prognosis of bladder
cancer. Pathologic parameters have been studied in great
depth and have traditionally been the primary means of 
predicting prognosis. More recently, an increased study 
of molecular alterations and disease outcome has led 
to novel approaches to therapy and methods for patient 
stratification.

Pathologic Factors

Although grade and presence of vascular invasion have been
proposed as predictors of adverse outcome,11 pathologic stage
is the most powerful predictor of survival outcome. Increased
stage, particularly extravesical disease and nodal or visceral
involvement, results in diminished survival when compared
to organ-confined disease.12–14 Despite the excellent 87% to
97% local control provided by radical cystectomy, metastatic
recurrence in patients with extravesical disease is
common.12,15 The respective 10-year overall survival (OS) of
54%, 22%, 22%, and 23% for organ-confined, pT3, pT4a, and
N+ disease has been demonstrated in a large retrospective
series of 1,054 patients.12 Pretreatment clinical predictors of
extravesical disease include hydronephrosis and a palpable
mass on bimanual examination. Unilateral and bilateral
hydronephrosis are associated with T3–T4, N- disease in 33%
and 36%, and metastatic disease in 34% and 55%, respec-
tively.16 Although bimanual examination is believed to cor-
relate with extravesical or unresectable tumors, there
remains a paucity of data confirming its sensitivity and speci-
ficity apart from other clinical staging.17,18

For earlier-stage cT1 disease, the depth of penetration is
also an important predictor of progression and death from
bladder cancer. In a prospective, nonrandomized study of 
121 patients with cT1 disease, tumor penetration of the 
muscularis mucosa (T1b) was associated with a 53% risk of

FIGURE 47.1. Bladder cancer progression.

TABLE 47.1. The 2002 American Joint Committee on Cancer (AJCC) staging of bladder cancer: TNM
definitions.

Primary tumor (T)
TX Primary tumor cannot be assessed
T0 No evidence of primary tumor
Ta Noninvasive papillary carcinoma
Tis Carcinoma in situ: “flat tumor”
T1 Tumor invades subepithelial connective tissue
T2 Tumor invades muscle
pT2a Tumor invades superficial muscle (inner half)
pT2b Tumor invades deep muscle (outer half)
T3 Tumor invades perivesical tissue
pT3a Microscopically
pT3b Macroscopically (extravesical mass)
T4 Tumor invades any of the following: prostate, uterus, vagina, pelvic wall, or abdominal wall
T4a Tumor invades the prostate, uterus, vagina
T4b Tumor invades the pelvic wall, abdominal wall

Regional lymph nodes (N)
NX Regional lymph nodes cannot be assessed
N0 No regional lymph node metastasis
N1 Metastasis in a single lymph node, 2cm or less in greatest dimension
N2 Metastasis in a single lymph node, more than 2cm but not more than 5cm in greatest 

dimension; or multiple lymph nodes, none more than 5cm in greatest dimension
N3 Metastasis in a lymph node, more than 5cm in greatest dimension

Distant metastasis (M)
MX Distant metastasis cannot be assessed
M0 No distant metastasis
M1 Distant metastasis

Source: Used with the permission of the American Joint Committee on Cancer (AJCC), Chicago, Illinois. The original
source for this material is the AJCC Cancer Staging Manual, sixth Edition (2002), published by Springer-Verlag New
York, www.springer-ny.com.
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progression compared with a 31% risk with superficial pene-
tration (T1a) of the lamina propria (P less than 0.05).19 At a
minimum of 5 years of follow-up, death from bladder cancer
occurred in 44% of T1a and 23% of T1b patients (P less than
0.05).

Molecular Markers

p53
In an effort to complement prognostic information obtained
from pathologic and imaging criteria, several molecules
important in cancer biology have been explored. The most
extensively studied marker in bladder cancer is the tumor
suppressor gene p53. Upregulation of p53 protein induces cell-
cycle arrest, which allows repair of damaged DNA. Mutations
result in accumulation of abnormal protein in the cell
nucleus. The suspected importance of this gene began with
observations of p53 mutations in a high proportion of bladder
cancers.20 Detection of nuclear p53 staining by immuno-
histochemistry has been independently associated with
diminished survival after cystectomy or systemic 
chemotherapy.21–23 Other studies have demonstrated a corre-
lation between nuclear accumulation of p53 protein and
bladder cancer progression and an increased risk of disease
recurrence and decreased overall survival (OS).24,25 These find-
ings have provided the rationale for a randomized study from
the University of Southern California for patients with organ-
confined bladder cancer (stage pT1–pT2) and p53 mutations.
Patients with p53-positive tumors are randomized to three
cycles of MVAC (methotrexate, vinblastine, doxorubicin, cis-
platin) or observation after radical cystectomy.

EPIDERMAL GROWTH FACTOR RECEPTOR

Epidermal growth factor receptor (EGFR) is a transmembrane
receptor tyrosine kinase that is overexpressed in bladder

cancer. EGFR activation influences cellular proliferation and
the cell cycle, and affects other cellular processes, including
angiogenesis, apoptosis, motility, adhesion, invasion, and
metastasis.26 Bladder tumors that overexpress EGFR are 
more likely to recur, progress to muscle-invasion, and have
diminished survival.27,28 In other reports, however, EGFR
expression has not been associated with tumor progression or
survival.29

HER2-NEU

The HER-2/neu proto-oncogene encodes a transmembrane
receptor kinase. Overexpression of HER2, seen in 30% of
bladder tumors,30 has been correlated with increased tumor
grade and is an independent prognostic factor of tumor-
specific survival.31 Further, overexpression of HER2 in
primary tumors is predictive of increased HER2 expression in 
metastases.30 Currently, however, it is unclear whether 
HER2 expression levels provide any additional prognostic
information over tumor stage and grade for bladder cancer.32,33

The availability of therapeutic antibodies to the HER2 protein
has resulted in several ongoing clinical trials to determine 
the efficacy of these agents in advanced bladder cancer
patients.

Other markers outlined in Table 47.2 may have potential
prognostic benefit in bladder cancer. A great deal of preclini-
cal investigation continues to delineate the impact of alter-
ation of these markers and the resultant clinical implication.
Unfortunately, none of these molecular prognostic markers
has been confirmed to be useful for clinical decision making
at this time.34 With the continued development of relevant
therapeutics, patient benefit will be assessed through neoad-
juvant studies in surgical patients and treatment trials in the
advanced disease state.

TABLE 47.2. Prognostic markers of bladder cancer.

Marker Biological function Potential prognostic value

T138 Tumor-associated antigen Association with progression and metastasis, diagnostic marker
ABO Blood group antigens Diagnostic marker, association with progression in secretory individuals
c-H-ras, c-myc, c-erb- Oncogenes Prognosticators of disease recurrence (ras) or survival (erb), correlation with
B2, mdm-2 tumor grade (erb, myc) or metastasis (erb)
Rb, p53, p21, p27 Cell-cycle regulators Correlation with progression/survival (Rb), markers of progression (p53) or

recurrence and survival (p21, p53), association with tumor grade and survival
(p27)

Ki-67, PCNA, MCM Proliferation-associated Markers of recurrence, progression, and survival (Ki-67), correlation with
antigens recurrence (PCNA) and grade (MCM)

Vessel density, Angiogenesis and inhibitors of Markers of progression (V.d.), recurrence (Thromb-1) and survival (V.d., Thromb-1)
thrombspondin-1 angiogenesis
Cadherins, integrins, Cell adhesion molecules Association with metastasis, tumor grade and stage (E-cadherin) and survival
Ig-super family (E-cadherin, integrins)
Laminin-P1, cathepsin Extracellular matrix proteases Correlation with tumor size and number (laminin), association with survival
D, U-PA, matrix- (Cathepsin D) or metastasis (u-PA), correlation with tumor stage, grade, and 
metalloproteases and survival (MMPs)
-inhibitors
EGFR Growth factor receptors Correlation with recurrence and progression
EGF, FGF, TGF-a, Peptide growth factors Correlation with survival (EGF, TGF-a), or tumor stage, grade and recurrence
TGF-b, VEGF (FGF, VEGF)
Bcl2, Bax, Fas, Fas-L, Markers of apoptosis Correlation with recurrence (survivin, bcl-2/bax) or survival (Fas)
survivin
CD44 Cell–cell/matrix interactions Correlation with survival, diagnostic value

Source: Adapted from Kausch and Böhle,34 by permission of European Urology.
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Screening

Although cystoscopy remains the “gold standard” for diag-
nosis, it is not a good tool for general bladder cancer screen-
ing because it is invasive and expensive. Urine cytology uses
a morphologic assessment to evaluate cells shed in the urine.
The very favorable 97% to 99% specificity is offset by its lack
of sensitivity, particularly suboptimal for low-grade tumors,
and also limits its use as a general screening tool. Several non-
invasive tests have been developed to augment the sensitiv-
ity of urine cytology while maintaining the specificity (Table
47.3). Although several of these tests have been investigated
for general screening, the use has primarily been in screening
for tumor recurrence in patients with a prior diagnosis of
bladder cancer. Currently, there is not a clear consensus on
the clinical utility of many of these markers.

Fluorescent In Situ Hybridization

Fluorescent in situ hybridization (FISH) uses fluorescently
labeled centromeric and locus-specific DNA probes to detect
chromosomal abnormalities in exfoliated cells in the urine,
specifically looking at chromosomes 17, 3, 7, and 9p21. The
specificity rivals urine cytology at 96%.35 The sensitivity for
Ta tumors is 65%, for Tis is 100%, and for T1–T4 is 95%.
This technique is much more sensitive at picking up invasive
disease as nearly all tumors of T1 or above have multiple
chromosomal alterations. FISH may also allow earlier detec-
tion of tumors than urine cytology.

BTA Stat

The BTA Stat test is a qualitative test performed on voided
urine. It measures “bladder tumor antigen” complement factor
H-related proteins and is relatively easy to interpret, although
weak positive results can be difficult. BTA has a higher sensi-
tivity than urine cytology and a similar specificity.1

Fibrin/Fibrinogen Degradation Product (FDP)

Fibrin/fibrinogen degradation product (FDP) was introduced
for the detection of occult and rapidly recurring disease after

TABLE 47.3. Selected diagnostic urinary tests.

Sensitivity (%) Specificity (%)

BTA 41–83 72–95
BTA trak 54–78 95–97
BTA stat 75–90 72–95
BTF 80 75
FDP 82 86–96
FISH 81 >95
HA/HAase 86–92 84–92
ImmunoCyt 86–95 90
Microsatellite DNA 89 100
(ex. MAUS)
NMP-22 47–100 60–90
TRAP (telomerase) 50–100 80–90
Urine cytology 20–58 >95

BTA, bladder tumor antigen; BTF, bladder tumor fibronectin; FDP, fibrin degra-
dation product; FISH, fluorescent in situ hybridization; HA, hyaluronic acid;
HAase, hyaluronidase; MAUS, microsatellite analysis of urinary sediment;
NMP22, nuclear matrix protein 22; TRAP, telomeric repeat amplification 
protocol.

transurethral resection of bladder tumor (TURBT). FDP
assesses fibronectin fragments excreted in urine.37 These
fibrin products are widely distributed on cells involved in the
mechanism of human bladder cancer cell invasion.

Nuclear Matrix Protein (NMP)

Nuclear matrix protein (NMP) is a quantitative test that mea-
sures tumor-related proteins in urine. Nuclear matrix pro-
teins make up portions of the nuclear structure, organize
chromatin, regulate critical aspects of mitosis, and are ele-
vated in patients with active TCCa of bladder.38

Microsatellite Analysis of Urinary
Sediment (MAUS)

Although not currently approved for surveillance in bladder
cancer, microsatellite analysis of urinary sediment (MAUS)
markers may be useful as clonal markers for the detection of
human cancer. Microsatellite analysis can detect loss of het-
erozygosity and may reveal genetic instability marked by
areas of increased repetition of DNA sequences. The test is
based on the detection of exfoliated urothelial cells with
genetic alterations consistent with specifically identified
microsatellite regions common in TCCa.39 It, too, may
provide early tumor detection by examining the DNA of
urinary sediment.

Telomeric Repeat Amplification Protocol (TRAP)

Telomeric repeat amplification protocol (TRAP) detects
telomerase activity. Telomerase plays an important role in
cellular immortalization and oncogenesis, is a marker for car-
cinogenesis, and has increased expression in bladder cancer
patients. It has a higher sensitivity in bladder washings than
in voided urines40 and is a promising tool.

Diagnosis

The majority of patients diagnosed with bladder cancer have
signs or symptoms. Typically, gross painless hematuria is
present but may be associated with urgency, frequency, and
dysuria, all signs of bladder cancer, particularly carcinoma in
situ (CIS). The signs associated with advanced TCCa are a pal-
pable mass in the abdomen, a urethral mass, urethral spot-
ting, or bone pain. The tumor site may be suggested by the
timing of gross hematuria. Initial gross hematuria is likely
associated with a urethral abnormality, whereas midstream
hematuria is associated with a bladder abnormality, and
finally late or terminal hematuria may be associated with a
ureteral lesion.

The evaluation required to make the diagnosis of TCCa
is a combination of endoscopic and radiologic techniques. For
patients with gross or microscopic hematuria, imaging of the
upper urinary tracts and the bladder is required. The Ameri-
can Urological Association recently published a summary of
the best practice policies for the evaluation of symptomatic
microscopic hematuria.41 Upper tract imaging with an intra-
venous pyelogram (IVP) or computerized tomography (CT)
scan is recommended. An office cystoscopy to evaluate the
bladder mucosa and a urine cytology to detect malignant cells
complete the evaluation. For patients with invasive tumors,
appropriate metastatic evaluation consists of a chest X-ray,



CT scan of abdomen and pelvis, and a bone scan, if the serum
alkaline phosphatase is elevated or bone symptoms exist.

Upper tract abnormalities on imaging studies should
prompt retrograde pyelography and ureteroscopic evaluation
with ureteral cytology and washings as well as biopsy of sus-
picious areas. The endoscopic evaluation may provide valu-
able clarification of tumor histology, grade, and, potentially,
stage; however, ureteroscopic biopsy can be hampered by
small fragments that leave one relying on visual inspection.
Transurethral resection of bladder tumor (TURBT), performed
under general or regional anesthesia, is mandatory to obtain
pathologic diagnosis and staging of any bladder lesion identi-
fied on cystoscopy. It should include an examination under
anesthesia (EUA) and sampling of the bladder muscular wall
to fully assess depth of invasion. It may also be appropriate
to biopsy multiple areas of mucosa to identify multifocal CIS.

Treatment of Bladder Cancer

The treatment of bladder cancer can be complex and fre-
quently involves a combination of surgery and chemotherapy/
immunotherapy or radiation. Treatment approach is essen-
tially a reflection of tumor behavior patterns, which are com-
monly stage specific. For nonmetastatic disease, the goals of
therapy include complete tumor resection followed by adju-
vant treatments, when appropriate, that will diminish the
risk of tumor recurrence and progression.

Early-Stage Disease: Ta/Tis/T1

TRANSURETHRAL RESECTION

The initial treatment of all bladder tumors generally begins
with TURBT. Resection of all visible tumor, when possible,
is performed, with care taken to assess detrusor muscle below
the lesion. For extensive but clearly well-differentiated papil-
lary tumors, staged endoscopic resections may be necessary
for complete tumor excision. Large or bulky tumors may not
be feasible to remove with TURBT, and thus deep biopsies
are taken for purposes of staging.

Restaging TURBT within 2 to 6 weeks is recommended
in the patient with incomplete, undersampled, or uncertain
resection. This repeat is especially important in the patient
with Tis, Ta, or T1 disease, as well as the patient with sus-
pected T2 disease who is being considered for a bladder preser-
vation treatment strategy. Up to 29% of patients thought to
have superficial or early-stage disease may be upstaged and
22% of individuals believed to have muscle-invasive disease
may be downstaged, ultimately altering treatment in 33% of
patients.42 Rates of residual tumor detected by the second
TURBT are 55% to 76% for all stages sampled.43 For cT1
disease, a 33% to 78% residual tumor rate is detected if
muscle is present in the sample for evaluation; up to 28% of
these patients are upstaged to muscle-invasive disease. If
muscle is absent, up to 83% will be upstaged on the restag-
ing TURBT when muscle is ultimately sampled.

Disease recurrence rates of superficial and early invasive
bladder cancer after TURBT range from 50% to 70%, and 
progression rates range from 5% to 40%.44 Thus, TURBT is
limited as the sole treatment for early-stage disease. Patients
at increased risk of both disease recurrence and progression
include those with (1) invasion into the lamina propria (cT1),
(2) high-grade disease, (3) multifocal tumors, and (4) associ-

ated CIS. Adjuvant treatments are generally applied to high-
risk patients or low-risk patients with recurrent disease.

INTRAVESICAL THERAPY

Intravesical treatments are the primary adjunctive strategies
aimed at reducing recurrence and possibly progression after
TURBT (Table 47.4). Intravesical treatment is desirable as the
risk of systemic absorption is generally low; however, local
side effects can result in significant irritative symptoms.
Intravesical chemotherapy used in conjunction with TURBT
can reduce the risk of recurrence by 44% to 73% in patients
with primary Ta and T1 tumors and by 38% to 65% in
patients with recurrent Ta, T1, and Tis tumors when com-
pared to TURBT alone.45,46

Bacillus Calmette–Guérin (BCG) is an attenuated strain
of Mycobacterium bovis that has stimulatory effects on
immune responses.47 Intravesical immunotherapy using BCG
provides a significant reduction in recurrence that is greater
than 50% in patients with superficial and early invasive
disease and may also improve progression.48,49 Several ran-
domized Phase III studies support the use of BCG as a first-
line intravesical agent (see Table 47.4). The Southwest
Oncology Group studied intravesical and percutaneous BCG
versus intravesical doxorubicin in patients with rapidly recur-
rent Ta, Tis, and T1 disease.50 This study demonstrated a sig-
nificantly improved 5-year disease-free survival (DFS) for
patients treated with BCG as compared to doxorubicin. The
45% DFS in patients with CIS was quite encouraging and was
confirmed in another prospective randomized study in which
BCG was found to be superior to doxorubicin and thiotepa 
in DFS and progression-free survival for superficial tumors.51

A subsequent randomized Phase III study by the EORTC
demonstrated the superiority of intravesical BCG over epiru-
bicin.52 The addition of percutaneous BCG to intravesical
therapy does not increase treatment efficacy, and its use has
been abandoned.53

Despite improved rates of DFS, standard induction
courses of intravesical chemotherapy and immunotherapy do
not improve disease-specific survival (DSS) and therefore may
not have long-term impact on the evolution of early-stage
bladder cancer.54,55 However, when an induction course of
BCG is followed by a series of maintenance doses consisting
of weekly BCG given for 3 weeks at 3, 6, 12, 18, 24, 30, and
36 months after induction, DFS can be prolonged.56 Median
DFS for the maintenance group was 76.8 months, whereas
DFS for the induction therapy alone was 35.7 months (P less
than 0.0001). Overall 5-year survival was 78% in the no-
maintenance arm compared with 83% in the maintenance
arm. For patients who fail an initial or maintenance course
of intravesical therapy, it may be reasonable to try another
agent, such as MMC, doxyrubicin, interferon-alpha, or gem-
citabine as these agents may salvage 20% to 50% of patients
with early-stage disease who fail to respond to BCG.57–59

Mitomycin C is an antitumor antibiotic that has been
used in the treatment of patients with superficial bladder
cancer intravesically since the early 1960s.60 Although mito-
mycin C is inferior to BCG in patients with Ta/T1 and Tis
tumors,61 its use in the immediate perioperative period pro-
vides a unique clinical application. A single dose of MMC
administered immediately after TURBT can improve the rate
of tumor recurrence of low-grade superficial tumors.62 In this
study of 452 eligible patients, 1 dose of perioperative MMC
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(40mg/40mL) given within 24 hours of TURBT decreased the
risk of recurrence by 34% when compared to TURBT alone.

Muscle-Invasive Disease: T2

TRANSURETHRAL RESECTION

TURBT is generally not effective in the treatment of cT2
disease; however, this modality may be of benefit in selected
patients. Herr reported 10-year outcome of TURBT in 151
patients with cT2 bladder cancer who were downstaged to T0
or T1 after a restaging TURBT.63 Of these 151 patients, 99
received definitive TURBT and 52 had immediate cystec-
tomy. The 10-year DSS was 76% in the 99 patients treated
with TURBT; 57% had their bladder preserved. The 52 treated
with immediate cystectomy had a 71% DSS (P = 0.3). Thirty-
four patients (34%) treated with definitive TURBT relapsed
in the bladder; 18 were salvaged with cystectomy, but 16 died
of disease. Radical TURBT may thus be of benefit, particu-
larly in those ineligible for radical surgery or chemother-
apy. However, this technique is best augmented with 
radiotherapy.

PARTIAL CYSTECTOMY

Because of the risk of recurrent tumors, indications for partial
cystectomy are limited and generally apply to isolated tumors
or those within diverticula. The 5-year survival rates range
from 25% to 50%, with local recurrence ranging from 40%
to 80%. Candidates should have unifocal lesions amenable to
a resection with a 2-cm margin, and still have a reasonable
remaining bladder capacity. Classic teaching suggests that

patients with CIS should not be candidates, although the 
use of intravesical BCG to treat CIS may broaden this 
teaching.

RADICAL CYSTECTOMY

Radical cystectomy remains the standard of care for patients
with muscle-invasive disease and is the most effective means
of cancer control of nonmetastatic TCCa of the bladder, with
a 10-year DFS rate of 66%. The broad indication for cystec-
tomy is a superficial, early-stage, or invasive tumor that is
refractory to or unlikely to be controlled by transurethral
resection and intravesical therapy. Local control in the pelvis
is achieved in 93% of cases.12

The standard technique of radical cystectomy in men
requires resection of the bladder and surrounding prostate and
seminal vesicles because of the risk of prostatic urethral inva-
sion and incidental prostate cancer.64 In women, anterior
pelvic exenteration may be required for high-volume disease,
necessitating removal of portions of neighboring reproductive
and sex organs at risk for direct extension. A complete total
pelvic lymphadenectomy provides staging information and
also treatment benefit. Although node-positive patients have
a significantly shortened survival when compared to node-
negative patients, 30% DFS at 5 and 10 years is still achiev-
able despite extravesical disease in the primary specimen.12

Recently, extended node dissection has been advocated
because a 27% improved 5-year survival has been observed in
patients who receive a standard node dissection when com-
pared to those who have no dissection.65 At least 11 to 14

TABLE 47.4. Randomized trials of intravesical treatments for superficial and early-invasive bladder cancer.

Median
Accrual Patient Intervention/ follow-up

Trial Reference years no. Stage design (F/U), months DFS Result

SWOG 50 1983–1985 262 Ta, T1 BCG vs. 65 5-year Ta/T1: 37% BCG
or CIS Doxorubicin vs. 17% (P = 0.015) superior to

CIS: 45% vs. 18% Doxorubicin
Martinez- 51 1980–1988 176 Ta/T1 BCG vs. 36 3-year: BCG
Pineiro Doxorubicin 87% vs. 57% superior to

vs. Thiotepa (P = 0.002) vs. 64% both drugs
(P = 0.004) Doxorubicin

similar to
Thiotepa

EORTC 52 1992–1997 837 Int-high Epirubicin vs. 41 3-year: BCG better
risk BCG vs. 49% vs. 65% vs. than
Ta/T1 BCG + INH 64%; Epirubicin

(P = 0.0001) INH offers
no benefit

SWOG 56 1985–1988 384 Ta/T1 BCG vs. BCG 120 Median DFS: Maintenance
+ CIS + maintenance 36 vs. 77 months BCG

BCG (P < 0.0001) improves
5-year: 41% vs. DFS
60%

SWOG 61 1988–1992 447 Ta/T1 BCG vs. MMC 30 Median DFS: BCG 
44 vs. 22 months superior to
(P = 0.017) mitomycin

MRC 62 1984–1986 452 Ta/T1 TUR vs. TUR 84 40% vs. 55% TURBT +
± MMC ¥ 1 vs. (P = 0.010) vs. 63% MMC ¥ 1 is
TUR ± MMC (P = 0.0001) superior No 
¥ 5 benefit to 

MMC ¥ 5
vs. ¥ 1

DFS, disease-free survival; INH, Isoniazid; TUR, transurethral resection; MMC, mitomycin C; BCG, bacillus Calmette–Guérin.



nodes are necessary to define node-negative status accurately
and to optimize cure by surgery in node-positive cases.

Patients with muscle-invasive bladder cancer are at risk
for distant relapse after cystectomy; recurrence typically
occurs within 2 years after treatment. This finding partly
relates to the 30% to 40% understaging rate of preoperative
assessment. Modern pelvic imaging tools such as CT and
magnetic resonance imaging (MRI) are often unable to detect
low-volume perivesical invasion; thus, many patients are
upstaged at the time of cystectomy.

BLADDER PRESERVATION

A feasible alternative to radical surgery for selected patients
with limited cT2 disease is radical radiotherapy. This modal-
ity has been of benefit for patients who are ineligible for or
refuse radical surgery or those who desire organ preservation.
Aggressive TURBT is followed by radiotherapy, which offers
an improved rate of survival when performed in conjunction
with chemotherapy.66 A 5-year DSS rate of 20% to 40% is
expected in patients with preserved bladders, with the best
overall survival outcome in younger patients with lower-
stage tumors without lymphovascular or nodal invasion.66,67

Superficial or early-stage recurrence approaches 50%, but it
can be managed with TURBT with or without intravesical
chemotherapy, although salvage cystectomy must be heavily
considered. Because of the high local recurrence rate and low
survival rate, it is accepted that radical cystectomy provides
superior local control and more-efficacious survival for
muscle-invasive disease and is therefore the preferred local
therapy. A competing treatment strategy for those patients
desiring bladder preservation has been early cystectomy and
orthotopic neobladder diversion, which is able to simulate a
natural voiding pattern, has very acceptable rates of conti-
nence, and avoids an external appliance.68

To improve the efficacy of radical radiotherapy, neoadju-
vant and concomitant chemotherapy has been applied. The
Radiation Therapy Oncology Group (RTOG) performed a
series of Phase II studies and ultimately a randomized Phase
III study that examined the efficacy of peritreatment
chemotherapy. In RTOG 85-12, aggressive TURBT was fol-
lowed by concurrent radiotherapy and cisplatin, a treatment
regimen that offered a 64% 4-year survival rate for patients
with cT2 disease and 24% for patients with cT3–T4 disease.69

RTOG 89-03, a Phase III study, assessed the effect of cis-
platin/methotrexate/vinblastine (CMV) as a neoadjuvant to
concurrent radiotherapy and cisplatin.70 The primary objec-
tive was survival, although secondary objectives included
bladder preservation, tolerance, and toxicity. Poor patient tol-
erance to the CMV regimen was demonstrated despite a 5-
year survival of 49% in the 123 patients who were entered
into the trial.71 Toxicity resulted in 3 treatment-related
deaths, primarily due to neutropenia and severe sepsis. No
difference in survival or bladder preservation was observed in
patients who did or did not receive neoadjuvant CMV. Radi-
ation sensitizers, such as gemcitabine and taxol, are currently
being investigated.70

Extravesical Disease: T3/T4/N+

Patients with clinical evidence of extravesical tumor have a
5-year overall survival (OS) rate as high as 30% to 40% after
cystectomy.12,15 As tumor recurrence is common in this 

population, perioperative systemic chemotherapy has been 
advocated. Both neoadjuvant and adjuvant chemotherapy
offer advantages and disadvantages to the patient. Adjuvant
therapy has several benefits: (1) pathologic staging is the best
prognostic indicator and will be known after surgical treat-
ment; (2) low-risk patients are spared unnecessary treatment
and toxicity if their staging is favorable; (3) no delay in surgery
exists; (4) chance of cure for patients with chemoresistant
disease is maximized; and (5) the lower toxicity of newer com-
bination chemotherapy is likely to improve tolerance of and
compliance with postoperative therapy. Neoadjuvant therapy
also has several benefits: (1) prognostic information can be
obtained from response to therapy of the primary lesion; (2)
chemotherapy is not delayed, thus treating chemosensitive
microscopic metastases immediately; (3) bladder preservation
may be considered in complete responders, (4) patients may
be downstaged increasing the opportunity for complete sur-
gical resection; and (5) the presurgical patient is more likely
to tolerate and be compliant with treatment.

NEOADUVANT CHEMOTHERAPY

Neoadjuvant chemotherapy is increasingly being advocated
for patients with muscle-invasive disease who will undergo
radical cystectomy. Table 47.5 outlines several randomized
trials that examined the survival effect of neoadjuvant
chemotherapy.72–78 Most recently, an Intergroup study initiated
by the SWOG lent further support for the use of neoadjuvant
chemotherapy before radical cystectomy in patients with
muscle-invasive disease.78 In this study, 307 patients were ran-
domized to receive three cycles of methotrexate, vinblastine,
adriamycin, and cisplatin (MVAC) chemotherapy before cys-
tectomy or cystectomy alone. With a median follow-up over 8
years, survival in the MVAC arm was significantly superior to
survival in the no-MVAC arm, with a hazard ratio of 0.74 and
estimated median survival times of 6.2 and 3.8 years, respec-
tively. The improved median DSS and decreased total number
of deaths was most pronounced in the patients with T3 and T4
disease. An added benefit in the chemotherapy arm was the
downstaging of patients to pT0, confirmed at cystectomy. Crit-
icisms regarding the study’s methodology and lengthy accrual
period of 11 years have led to some controversy.79 Although a
statistically significant improvement in DFS and median sur-
vival was appreciated, the overall survival benefit of the neoad-
juvant cohort was relatively modest (less than 6%), and the
toxicity from the treatment was significant.

The results of the SWOG-led study have contrasted those
of the largest trial of neoadjuvant chemotherapy. The inter-
national intergroup trial initiated by the MRC and EORTC of
CMV before cystectomy or radiotherapy enrolled 976 patients
from 106 institutions in 5.5 years.80 The trial, powered to
detect a 10% improvement in survival, observed a 15% reduc-
tion in the risk of death in the chemotherapy arm, which
translated into a 3-year survival benefit of 5.5% (50% in the
no-chemotherapy arm and 55% in the chemotherapy arm.)
The median length of follow-up for patients who were still
alive was 4 years. The significance of these results have been
debated, and follow-up analyses at 7 years suggest a possible
significant survival benefit for the chemotherapy arm.
Although interpretation of these randomized trials (see Table
47.5) has been difficult, it is clear that long term survival rates
after cystectomy alone are poor for cT3 and T4 disease, and
so a perioperative chemotherapy strategy makes sense.
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ADJUVANT CHEMOTHERAPY

Four randomized studies have evaluated the benefit of adju-
vant chemotherapy after cystectomy (Table 47.6).81–85 Two of
these trials did not show a benefit when adjuvant treatment
was compared with observation.83,84 The study by Studer83 and
colleagues has been criticized for using an inferior regimen,
single-agent cisplatin, when a cisplatin-based multidrug
regimen such as MVAC was known to be more efficacious at
that time.86 The study by Freiha et al.84 has been criticized for
being underpowered.

In the Skinner study,81 patients with stage T3–T4 or node-
positive disease were randomized to observation or four cycles
of adjuvant CAP (cyclophophamide, adriamycin, cisplatin). A
significant delay in recurrence was observed in the adjuvant
chemotherapy group when compared to those treated with
cystectomy alone (70% versus 46% 3-year-DFS, respectively).
A significant improvement in OS (4.3 versus 2.4 years) was also
observed. This study was criticized for the small number of

patients (91), flawed statistical methods, premature termina-
tion, and the use of nonstandardized chemotherapy. Moreover,
chemotherapy compliance was poor; only 70% of patients in
the chemotherapy group received any treatment and only 62%
received the planned number of cycles.

In the study by Stockle et al.,82 49 patients with stage
pT3a–pT4a or node-positive TCCa were randomized to
MVAC, MVEC, or observation. Patients in the observation
group did not receive chemotherapy at relapse. A significant
reduction in the risk of tumor recurrence was observed in the
chemotherapy arm: 3 (17%) of 18 patients who received
chemotherapy relapsed compared with 18 (82%) of 23
untreated patients. This study also faced poor chemotherapy
compliance, with only 75% of patients in the chemotherapy
group receiving any treatment and only 48% receiving the
planned number of cycles. Unfortunately, both the Skinner
and Stockle trials ended prematurely based on interim analy-
ses favoring adjuvant chemotherapy.

TABLE 47.5. Randomized trials of neoadjuvant chemotherapy for invasive bladder cancer.

Patient no./ Median Survival
Accrual evaluable Neoadjuvant F/U (chemo + Cx) vs. Chemo

Trial Reference years Patients Stage regimen (years) (Cx alone) benefit

Cortesi 72 1988–1992 171/153 T2–4 MVEC 2.8 NR No
N0 3 cycles

Martinez- 73 1984–1989 122/121 T2–4a Cisplatin 6.5 OS: 35.5% (Cis) No
Pineiro Nx–N2 3 cycles vs. 37.3% (Cx);

P = 0.95
Abol-Eneim 74 1984–1996 196/196 T2–4a CMV 2.7 5-year DFS: 62% Yes

Nx 2 cycles (CMV) vs. 42%
(Cx) P = 0.01

Mamstrom 75 1985–1989 325/311 G3 Cisplatin + Min. 5 5-year OS: 59% No
(Nordic I) T1–T4a Doxorubicin (CA) vs. 51%

NxM0 2 cycles (Cx) P = 0.1
Sherif 76 1990–1997 317/309 T2–4a Cisplatin + 5.3 5-year OS: 53% No
(Nordic II) NxM0 MTX (CM) vs. 46%

3 cycles (Cx); P = 0.24
Grossman 78 1987–1998 317/307 T2–4a MVAC 8.4 5-year OS: 57% Yes
(Intergroup) N0M0 3 cycles (MVAC) vs. 43%

(Cx); P = 0.06
MRC/ 80 1989–1995 976/976 T2–4a CMV 4.0 3-year OS 55.5% No
EORTC N0/NxM0 3 cycles (living (CMV) vs. 50%

patients) (Cx); P = 0.075

CMV, cisplatin or carboplatin, methotrexate, vinblastine; MVAC, methotrexate, vinblastine, doxorubicin, cisplatin; MVEC, methotrexate, vinblastine, epirubicin,
cisplatin; DFS, disease-free survival; G3, grade 3; MTX, methotrexate; Cx, cystectomy alone; OS, overall survival; NR, not reported.

TABLE 47.6. Randomized trials of adjuvant chemotherapy for invasive bladder cancer.

Median
Accrual No. of Adjuvant F/U, Chemo

Trial Reference period patients Stage regimen months Survival benefit

Skinner 81 1980–1988 91 T3 Nx CISCA 32 3-year DFS: 70% (Cx/CISCA) Yes for DFS;
vs. 46% (Cx); P = 0.01; 3-year No for OS
OS: 66% (Cx/CISCA) vs. 50%
(Cx); (P = 0.099)

Stockle 82 1987–1990 49 pT3, pT4 MVAC/MVEC >12 DFS in 73% (Cx/chemo) vs. Yes for DFS
N+ 18% (Cx); P = 0.0012

Studer 83 1984–1989 77 pT1–4 Cisplatin 69 5-year OS: 57% (Cx/Cis) vs. No for OS
N0–2 54% (Cx); (P = 0.65)

Freiha 84 1986–1993 50 pT3b, pT4 CMV 62 Median OS: 63 (Cx/CMV) vs. No for OS
N0–1 36 months (Cx); (P = 0.32)

CISCA, cisplatin, methotrexate, vinblastine; CMV, cisplatin or carboplatin, methotrexate, vinblastine; MVAC, methotrexate, vinblastine, doxorubicin, cisplatin;
MVEC, methotrexate, vinblastine, epirubicin, cisplatin; DFS, disease-free survival; OS, overall survival; Cx, cystectomy alone.
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Despite criticisms of adjuvant treatment trials, there is a
suggested survival benefit for patients with extravesical or
nodal extension or extension to neighboring viscera. Cur-
rently, a large international Intergroup study is under way to
determine whether adjuvant chemotherapy is effective.87

This randomized study will compare delayed versus immedi-
ate chemotherapy (gemcitabine plus cisplatin, MVAC or high-
dose MVAC plus granulocyte colony-stimulating factor) after
radical cystectomy for pT3–pT4 or node-positive, but M0
TCCa, of the bladder.

Distant Urothelial Metastases: M+

There have been several randomized clinical trials evaluating
chemotherapeutic regimens for the treatment of metastatic
TCCA (Table 47.7).88–98 Although chemotherapeutic regimens
can result in response rates as high as 65%, the median sur-
vival is at best 12 to 15 months. The most active chemother-
apeutic regimen for TCCa is MVAC.93,94 Its use has been
limited by its significant toxicity, including an associated 3%
to 4% treatment mortality rate.94,96,97 Gemcitabine/cisplatin
has similar survival but an improved toxicity profile, and in
many respects it has become the standard therapy for
metastatic TCCa.96 Variants of the traditional MVAC dosing
may also make the regimen more tolerable while maintain-
ing survival rates.97

Newer Phase I and Phase II studies using a combination
of monoclonal antibodies and chemotherapy are under way
at single institutions. Some of these studies have shown
promise, particularly the use of Herceptin in the treatment of
patients with tumors that express Her-2/neu. Although TCCa
appears to be responsive to chemotherapy, the number of
complete long-term responders is low, and the development

of additional chemotherapeutic regimens will be necessary to
make an advance in this disease.

Treatment of Ureteral Cancer

When the diagnosis of upper tract urothelial cancer is well
established, it is critical to consider multiple tumor and
patient factors when making a treatment decision. Tumor
size, grade, stage, and location all guide treatment strategy,
but tumor stage remains the most important prognostic factor
for recurrence and DSS.99 Apart from stage, one must also
weigh the value of renal preservation against the reality of
tumor threat. Organ preservation is entertained if a patient
has a solitary functioning kidney, multifocal urothelial
tumors, or an abnormal or threatened contralateral kidney.
This strategy is considered in view of the significant mortal-
ity of dialysis, with a 5-year survival rate of 19% in patients
between 65 and 74 years of age.100 Modern endoscopic strate-
gies have also permitted a wider application of conservative
treatment options.

Endoscopic Options

Endoscopic treatment of low-grade, low-volume, noninva-
sive renal pelvic and ureteral tumors is now possible with
improved instrumentation in ureteroscopy and enhanced
experience with percutaneous techniques. Figure 47.2 demon-
strates a typical papillary ureteral tumor visualized during
ureteral imaging (Figure 47.2A) and through a ureteroscope
(Figure 47.2B). Retrograde ureteroscopic tumor biopsy and
treatment may be accomplished using flexible instrumenta-
tion of an accessible ureteral orifice. Electrocautery and the
holmium and neodymium YAG lasers have all been used 

TABLE 47.7. Randomized trials of chemotherapeutic intervention for metastatic bladder cancer.

No. of Treatment
evaluable RR CR Median mortality

Trial Reference Accrual patients Chemotherapy regimen (%) (%) survival (%) Outcome

Soloway 88 1978–1982 109 Cisplatin vs. cisplatin + 20 10 NR 0 No survival
cyclophosphamide 12 5 0 difference

Khandekar 89 1978–1981 130 Cisplatin vs. CAP 17 2 6 0 No survival
33 22 7.3 1.6 difference

Troner 90 NR 91 Cisplatin vs. CAP 15 0 5.2 3.5 No survival
21 5 7.2 1.9 difference

Gagliano 91 1976–1979 92 Doxorubicin vs. 19 0 4 0 No survival
Doxorubicin + cisplatin 43 3 7.8 2.7 difference

Hillcoat 92 1982–1986 108 Cisplatin vs. cisplatin + 31 9 7.2 2 No survival
MTX 45 9 8.7 3.8 difference

Logothetis 93 1985–1989 110 CISCA vs. MVAC 46 25 9 1.8 MVAC
65 35 12 0 better

Loehrer 94 1984–1989 246 Cisplatin vs. MVAC 12 3 8.2 0 MVAC
39 13 12.5 4 better

Mead 95 1991–1995 214 MTX + vinblastine 19 7 4.5 0 CMV
vs. CMV 46 10 7 4 better

von der Maase 96 1996–1998 405 MVAC vs. Gemcitabine + 46 12 14.8 3 No survival
cisplatin 49 12 13.8 1 difference

Sternberg 97 1993–1998 263 MVAC vs. HD-MVAC/ 50 9 14.1 4 No survival
G-CSF 62 21 15.5 3 difference

CAP, cyclophosphomide, doxorubicin, cisplatin; CMV, cisplatin or carboplatin, methotrexate, vinblastine; MVAC, methotrexate, vinblastine, doxorubicin, cisplatin;
CISCA, cisplatin, methotrexate, vinblastine; G-CSF, granulocyte colony-stimulating factor; HD-MVAC, high-dose MVAC; MTX, methotrexate; NR, not reported;
RR, response rate; CR, complete response.

Source: Adapted from Juffs et al.,98 by permission of Lancet Oncology.
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successfully for primary upper tract tumor ablation. Small
working endoscopic channels with decreased irrigant flow
can compromise the visual field, however, and can limit 
the therapeutic applications. Percutaneous management, a 
better approach to selected renal pelvic tumors, has the
benefit of larger working channels that can accommodate
resections and cautery instruments, permitting more com-
plete biopsy, fulguration, and staging. However, percutaneous
management has the potential risk of extravasation of cancer
cells when obtaining renal access and dilating the nephros-
tomy tract. The authors do not recommend elective endo-
scopic or percutaneous management of T1 disease in the
patient with a normal contralateral kidney in view of the 20%
to 55% progression rates experienced for grade II/III primary
tumors.101

Tumor recurrence remains the most serious consequence
of conservative treatments. With any conservative approach,
one must ensure that salvage therapy is available for failures.
When surveyed closely, most patients are still candidates for
open resection if they fail endoscopic approaches. Recurrence
rates of renal pelvic and ureteral tumors treated with
ureteroscopy are 33% to 35% and 31% to 32%, respectively.
Tumor grade and size do impact recurrence, with a rate of
26% for grade I, 44% for grade II, and 25% for lesions less
than 1.5cm compared with 50% for tumors larger than 
1.5cm.101,102 A reasonable initial approach to the small (less
than 1.5cm) low-grade ureteral or renal pelvic tumor would
be ureteroscopic ablation. Multiple or large low-grade renal
pelvic tumors in the patient who is a poor candidate for
nephroureterectomy would likely benefit from initial percu-
taneous management.

Upper Tract Chemotherapy or Immunotherapy

Carcinoma in situ presents a much greater treatment chal-
lenge than low-grade superficial disease, in part because of its
often multifocal nature; this is reflected in the higher recur-
rence and progression rates of high-grade superficial disease
treated endoscopically or percutaneously.101 Upper tract
immunotherapy and chemotherapy have been used as adju-
vant strategies for Ta and CIS. Logistic problems often arise
relative to delivering adequate drug dosage whether by ante-

grade or retrograde techniques. There is limited experience
with all agents, with only few reports describing the use of
BCG, thiotepa, and mitomycin C; the efficacy of these agents
remains unclear.101,102 Although BCG delivery can be cum-
bersome, a recent study of 41 renal units treated in 37 patients
with primary Ta or Tis disease demonstrated that percuta-
neous BCG can be delivered without seeding the nephros-
tomy tract and without undue morbidity; acceptable 3% and
5% rates of BCG inflammation and septicemia, respectively,
were observed.103 The median recurrence free and progres-
sion free survival was 21 and 34 months at 42 months of
follow-up.

Segmental or Distal Ureterectomy

The best results with preservative procedures for upper tract
urothelial tumors are seen in the treatment of isolated tumors
of the lower third of the ureter. Complete distal ureterectomy
with reimplantation of the ureter can yield results very
similar to those obtained with a nephroureterectomy if appro-
priate cases are chosen, particularly for low-grade noninva-
sive tumors. The proximal margin of the ureter must be
examined intraoperatively. Using this approach in the patient
with high-grade and invasive disease must be done with
caution as a significant number of these patients will die of
recurrent disease.99 The temptation of segmental ureterec-
tomy for midureteral lesions should be avoided in the patient
without renal compromise in view of the 30% recurrence rate
within the ureter distal to the initial lesion.104

Nephroureterectomy

Nephroureterectomy with bladder cuff excision continues 
to be the standard treatment for organ-confined invasive or
recurrent superficial upper tract TCCa, particularly in the
mid- to upper ureter and renal pelvis. Partial nephrectomy
and pyelotomy with tumor excision are undesirable but are
considered in the presence of a solitary kidney, diminished
renal function, or bilateral disease. The major concern after
conservative procedures is tumor spillage and local recur-
rence, which can approach 62% for open renal pelvic proce-
dures.105 Excision of the entire ureter with a small cuff of
bladder ensures total removal of the intramural ureter and

A B

FIGURE 47.2. Identification of a papil-
lary urothelial tumor. (A) Tumors are
detected during ureteral imaging as
filling defect (black arrows). (B) Tumors
are readily visualized using ureteroscopy.



avoids unnecessary recurrence. Historically, recurrence of
48% was reported after nephrectomy alone, 32% after
nephrectomy and partial ureterectomy, 24% with nephrec-
tomy and subtotal ureterectomy, and only 12% after total
nephroureterectomy, illustrating the importance of total
ureterectomy.104 An incomplete ureterectomy also leaves an
ipsilateral ureteral stump that is difficult to survey for recur-
rent disease. Laparoscopic nephroureterectomy has several
benefits over open nephroureterectomy for primary upper
tract tumors including more rapid recovery, shorter hospital
stay, and less requirement of pain medication. Rates of re-
currence, local control, and disease-specific survival are 
comparable to open nephroureterectomy, and consequently
laparoscopic nephroureterectomy has become standard treat-
ment in many centers.106 Success of upper tract treatments is
heavily reliant on tumor stage. Five-year DSS is 100% for
Ta/CIS, 92% for T1, 73% for T2, 41% for T3, and 0% for T4.99

Median DSS for T4 patients is 6 months.

Treatment of Urethral Cancer

Treatment of urethral cancer is complex and often requires a
multidisciplinary approach. Patients often present at a later
stage requiring radical surgery with adjuvant chemotherapy
or radiation.107 Because of the uncommon nature of the
disease, there is a lack of uniform treatment. In women,
because of the short urethra, fewer conservative treatment
strategies exist. Therapy for superficial low-grade tumors may
be treated endoscopically; however, one risks disrupting the
continence sphincteric mechanism. For invasive disease,
total urethrectomy is performed along with cystectomy and,
depending on the tumor bulk and age of the patient, partial
resection of neighboring sexual and reproductive organs.
Urinary diversion is then required.

Urethral Cancer in Women

In a retrospective case series from Memorial Sloan Kettering,
72 women with urethral cancer were followed for a median
of 84 months; 68% presented with cT2–cT4 tumors.107 Forty
(56%) underwent major or radical surgery including anterior
or total pelvic exenteration, urethrectomy, cystectomy, or
diverticulectomy; 10 of those undergoing anterior pelvic exen-
teration received preoperative radiotherapy. A total of 25
patients (35%) were treated with external-beam radiotherapy
with or without brachytherapy. The 5-year DFS and DSS were
46% for the entire cohort, 83% to 89% for low-stage women,
and 33% for high-stage patients. In a multivariate analysis,
primary stage, nodal status, and site of disease were indepen-
dent predictors of survival. Primary treatment with either
surgery or radiation resulted in similar DFS and DSS;
however, preoperative radiotherapy significantly improved
DFS.

Organ preservation may be achieved with the use of
brachytherapy and radiotherapy.108 In a retrospective case
series of 34 women treated with external-beam radiotherapy
with or without brachytherapy, brachytherapy reduced the
risk of local recurrence by a factor of 4.2. Its effect was most
prominently seen in patients with bulky primary disease.
Large tumor size was the only independent adverse predictor
of DFS and DSS. The 7-year DSS was 45%.

Urethral Cancer in Men

In men, the location and stage of the tumor dictates the treat-
ment. Small or low-grade superficial tumors may be treated
endoscopically throughout the urethra. However, bulkier
tumors require surgical resection and often adjuvant chemora-
diation. Tumors in the distal or anterior male urethra may be
treated with subtotal urethrectomy with or without partial
penectomy depending upon tumor extension. More proximal
disease in the prostatic or pendulous urethra may require
cystoprostatectomy with urethrectomy and urinary diversion.

Dalbagni et al. retrospectively reviewed the Memorial
Sloan Kettering experience over a 38-year period during 
which 46 men were treated for primary urethral cancer.109

The majority (70%) presented with locally advanced or nodal
disease, with a median interval of 7.5 months from the onset
of symptoms to diagnosis. The infrequent nature of the
disease led to nonstandard treatment with conservative
(endoscopy, partial urethrectomy, partial penectomy) and
radical (total urethrectomy, total penectomy, cystectomy,
pelvic exenteration) surgery. Six patients received preopera-
tive radiation, although no benefit in local recurrence-free
survival was observed in this group. At a median follow-up
of 125 months, the 5-year DSS and OS were 50% and 42%,
respectively. Tumors in the bulbar (proximal) urethra had a
worse prognosis when compared to those in the anterior
(distal) urethra (26% versus 69% OS, respectively). In view of
the low disease incidence, evidence-based treatments will
only be realized through national cooperative group studies.

Penis

Etiology

Carcinoma of the penis is an uncommon malignancy, with
an estimated 1,400 new cases in 2003.110 Epidemiologic evi-
dence suggests that penile cancer has several similarities with
other anogenital malignancies. Specifically, these tumors
occur more commonly among those of lower social class and
those who are separated or divorced. Furthermore, these
cancers occur infrequently in Jewish populations.111 Although
potential risk factors of penile cancer have been studied
extensively, a true etiology remains unclear.

Human papilloma virus (HPV) is a sexually transmitted
virus that has been associated with anogenital infections in
men and women.112 The prevalence of HPV infection in penile
cancers is variable (22%–71%),113–115 and less prevalent than
in genital warts,113 suggesting distinct pathogenesis of these
conditions. Historically, penile carcinomas were thought to
arise from cellular atypia or intraepithelial neoplasia116

associated with HPV infection.117 Two case-control studies
detected an increased risk (4.5 to 5.9 times) of penile cancer
in men with genital warts, implicating HPV as a potential
causal agent.114,118 Because of the variable association of HPV
with carcinoma of the penis, however, its oncogenicity is
likely additive to other causal factors.

Other risk factors commonly associated with invasive or
in situ carcinoma of the penis include tobacco use/exposure,
phimosis, penile injury, poor hygiene, physical inactivity, and
history of genital rash.114,118,119 Men with prolonged exposure
to ultraviolet A and B radiation in the treatment of psoriasis,
prospectively followed for 12 years, demonstrated a 59-fold-
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increased risk of developing invasive or in situ penile cancer
when compared to unexposed men.120 This risk was strongly
dose dependent, suggesting a high susceptibility of the geni-
talia to the carcinogenic effects of ultraviolet radiation.

Although newborn circumcision is not routinely recom-
mended by the American Academy of Pediatrics or the Amer-
ican College of Obstetrics and Gynecology,121 there is some
evidence to suggest that newborn circumcision may prevent
the development of penile cancer.114 It is unclear whether this
effect is mediated by improved hygiene119 or prevention of
complications related to phimosis.118,119 However, the inci-
dence of penile cancer among American circumcised men is
essentially nonexistent, with a lifetime risk of developing
penile cancer of 1 in 600.122

Pathology

Most penile cancers are of squamous cell origin, resembling
those malignancies that develop in nongenital skin (Figure
47.3). Because of the implications of pathogenesis and mor-
phology on prognosis, squamous cell carcinoma (SCCa) of the
penis has been classified into three histologic subtypes.113,123,124

The most common subtype is typical SCCa. Other subtypes—
warty and basaloid—correspond to those found in vulvar
malignancies. Warty SCCa of the penis morphologically
resembles other verruciform lesions of the penis such as giant
condyloma and verrucous carcinoma.124 Unlike the latter two
lesions, warty carcinoma is uniformly associated with HPV
infection114 and has the ability to metastasize.124,125 The asso-
ciation of basaloid carcinomas with HPV infection (80% of
cases)5 is similar to that of the warty subtype, whereas the most
common variant, typical SCCa, is infrequently associated with
this viral infection (35% of cases).113 In contradistinction to the
warty subtype, the basaloid variant is commonly associated
with deeper invasion and diminished survival.123 Collectively,
these data suggest that these subtypes of penile carcinoma may
have distinct pathogenesis and pathophysiology. The frequent
association of basaloid and warty subtypes with HPV DNA
may also provide a molecular basis for a viral etiology in their
development. Staging of penile cancers is based on that of the
American Joint Committee on Cancer TNM staging system

(Table 47.8).126 Clinically, the precise TNM stage is used rather
than the overall stage.

Prognostic Factors

Clinical variables (e.g., palpable adenopathy) and primary
tumor factors (e.g., vascular invasion) associated with
regional lymph node metastasis have been described as prog-
nostic factors (Table 47.9). To date, there have been no ran-
domized clinical trials in the management of inguinal lymph
nodes in patients with or without palpable adenopathy. Con-
sequently, the current evidence is based on multiple, single-
institutional case series. Despite these limitations, these
data, in conjunction with the pathologic stage of the regional
lymph nodes, have been useful in defining various measures
of survival (see Table 47.9).

Regional Lymph Nodes

The morbidity of a modified inguinal lymph node dissection
(ILND), including lymphedema, flap necrosis, deep venous
thrombosis, and wound infection, precludes its routine use in
the treatment of patients with penile cancer.127,128 Conse-
quently, factors predictive of lymph node involvement have
been sought.

Lymphatic and Vascular Invasion

Multiple studies129–131 have demonstrated the importance of
vascular invasion in the penile specimen as an independent
predictor of subsequent lymph node metastasis. Among 82
patients treated with penectomy and bilateral ILND between
1953 and 1992, those with lymphatic embolization of tumor
cells in the penile specimen were nine times more likely to
have positive lymph nodes compared to those without lym-
phatic invasion.

TABLE 47.8. The TNM staging system for carcinoma of the penis.

Primary tumor (T)
TX Primary tumor cannot be assessed
T0 No evidence of primary tumor
Tis Carcinoma in situ
Ta Noninvasive verrucous carcinoma
T1 Tumor invades subepithelial connective tissue
T2 Tumor invades corpus spongiosum or cavernosum
T3 Tumor invades urethra or prostate
T4 Tumor invades other adjacent structures

Regional lymph nodes (N)
NX Regional lymph nodes cannot be assessed
N0 No regional lymph node metastasis
N1 Metastasis in single superficial, inguinal lymph node

involvement
N2 Metastasis in multiple or bilateral inguinal lymph nodes
N3 Metastasis in deep inguinal or pelvic lymph node(s)

unilateral of bilateral

Distant metastasis (M)
MX Distant metastasis cannot be assessed
M0 No distant metastasis
M1 Distant metastasis

Source: Used with the permission of the American Joint Committee on Cancer
(AJCC), Chicago, Illinois. The original source for this material is the AJCC
Cancer Staging Manual, sixth edition (2002), published by Springer-Verlag New
York, www.springer-ny.com.

FIGURE 47.3. Photograph of a penile cancer on the shaft of the
penis.
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Accumulation of p53

Inactivation of the tumor suppressor gene, p53, has been asso-
ciated with pathogenesis and progression of multiple malig-
nancies. In penile cancer, lymph node metastasis has been
associated with nuclear accumulation of dysfunctional p53
protein.129,132

Pathologic Stage/Grade of Primary Tumor

Pathologic stage of the primary tumor is also associated with
lymph node involvement.131,132 Invasion of the corpus spon-
giosum or cavernosum (pT2 or greater) independently por-
tends increased risk for nodal involvement.131 Poorly
differentiated primary tumors also offer increased risk of

lymph node metastasis.131 These data highlight the impor-
tance of careful pathologic analysis of the primary tumor.

Disease Progression and Survival

Nodal Status

The presence of inguinal lymph node metastasis at the time
of ILND is the single greatest predictor of overall129,130,133

and disease-specific134,135 survival among patients with 
penile cancer. In one series, patients with lymph node
involvement were 8.3 times more likely to die of penile
cancer than those patients without nodal disease. Moreover,

TABLE 47.9. Factors that are associated with regional lymph node involvement and/or survival.

Median
No. of follow-up

Reference patients Years Design Stage (%) (months) Survival Prognostic factors

Lopes130 145 1953–1985 Case T1 1 N0 40 33 5-year DFS 45% LN status: lymphatic/venous
series T2 28 N1 18 5-year OS 54% embolization

T3 59 N2 28 DFS: + nodes, N stage
T4 5 N3 3 OS: + nodes, N stage, age, 

eosinophilic infiltrate
Soria140 102 1973–1993 Case T1 67 N0 76 111 5-year DFS 56% OS: corporal involvement, 

series T2 25 N1 12 10-year DFS 42% palpable node
T3 6 N2 8 5-year DSS 72%
N3 1 10-year DSS 66%

Emerson139 22 1989–1998 Case T1 77 21 PFS: vascular invasion, depth, 
series T2 9 stage, grade

T3 14
McDougal163* 76 1960–1980 Case 1 7 >36 3-year DFS Early ILND better than 

series 2A 25 Immediate ILND delayed
2B 36 75%–92%
3 32 Delayed ILND 33%

Sarin134 101 1960–1990 Case T1 79 N0 82 562.4 5-year DSS 66% DSS: poorly differentiated, 
series T2 13 N1 6 (mean) 10-year DSS 57% age > 60, ulcerative, + nodes

T3 3 N2 5
T4 5 N3 7

Lopes129 82 1953–1992 Case T2 26 N0 40 89 OS 5-year 10-year LN status: lymphatic 
series T3/4 74 N1 13 (mean) T2 53 53 embolization, p53 +

N2 34 T3/4 47 37 OS: + nodes, age > 50
N3 13 N0 56 50

N1 27 13
N2 63 53
N3 18 18

Martins132 50 1978–1995 Case pT1NO 36 108 LN status: grade, pT stage, 
series pT2–4N0 36 p53 +

pT2–4N+ 20
pT1N+ 8

Slaton131 48 1980–1992 Case 59 LN status: vascular invasion, 
series >50% poorly differentiated, 

tumor stage
Bezerra135 85 1953–1993 Case 89 DSS 10 years DSS: + nodes

series HPV+ 68–69
LN+ 45–89

Horenblas133 118 1956–1989 Case T1 33 48 DSS 5 years OS: grade, N stage
series T2 51 T1 94 N0 93

T3 14 T2 59 N1 57
T4 2 T3 52 N2 50

N3 17
Srinivas136 119 1950–1980 Case 5-year OS N+ 28% OS: unilateral LN 

series involvement better than 
bilateral involvement

DFS, disease-free survival; OS, overall survival; DSS, disease-specific survival; PFS, progression-free survival; ILND, inguinal lymph node dissection; LN, lymph
node; *, modified Jackson Staging System.



bilateral lymph node metastasis portends a worse prognosis
than unilateral disease, with 5-year DSS decreasing to 
9% from 56%, respectively.36 Involvement of the deep
inguinal or pelvic lymph nodes heralds aggressive disease
with 5-year survival of less than 18%.29,33,36 The number of
lymph nodes involved at the time of ILND is also associated
with survival. Specifically, the presence of metastasis in more
than two lymph nodes results in significant declines in 5-year
survival.136 Moreover, the likelihood of pelvic metastasis 
rises as the number of involved inguinal lymph nodes
increases.136,137

Age

Not surprisingly, older age (classified as more than 50 to 60
years of age) has been associated with a decline in overall sur-
vival among patients with penile cancer.129,130 However,
advanced age has also been shown to be independently asso-
ciated with lower DSS.134 In fact, men over the age of 60 were
3.4 times more likely to die of penile cancer than younger
men.

Tumor Grade

Patients with high-grade or poorly differentiated cancers are
more likely to succumb to their disease or have progressive
disease than those with low-grade tumors.134,138,139 Multiple
other factors have been associated with diminished OS
(eosinophilic infiltrate on pathologic examination,130 corporal
involvement,140 and p53 immunoreactivity132), DSS (ulcera-
tive tumors),134 and tumor progression (pathologic stage,
depth of invasion, and vascular invasion).139

Diagnosis

The diagnosis of penile cancer is made by excisonal, inci-
sional, or punch or needle biopsy methods depending on the
location of the tumor. Once the diagnosis is confirmed, sub-
sequent local treatment (e.g., partial or total penectomy, laser
surgery, or Moh’s micrographic surgery) can be undertaken
based on biopsy results and extent of the primary tumor (see
Treatment: Local). Additional staging may be performed with
a chest radiograph, an abdominal-pelvic CT scan (to assess for
pelvic adenopathy), and a bone scan (in patients with exten-
sive disease, bone pain, or abnormal serum chemistries, such
as alkaline phosphatase, calcium).

Evaluation of the regional (superficial and deep inguinal)
lymph nodes poses a greater problem because of the lack of
sensitivity of various imaging modalities and the potential for
significant morbidity associated with ILND.128,141 Multiple
attempts have been made to clarify the accuracy of the
various staging modalities. Horenblas and colleagues138

described their experience with staging techniques among
118 patients with cancer of the penis. The investigators noted
that the sensitivities for physical examination, lymphangiog-
raphy, computed tomography, and fine-needle aspiration were
90%, 31%, 36%, and 71%, respectively. The respective speci-
ficities for these tests were 21%, 100%, 100%, and 100%. The
authors concluded that imaging is useful in determining the
management of the regional lymph nodes: negative findings
are essentially meaningless. Rather, imaging may be helpful
in the context of evaluating the pelvic lymph nodes and in
determining the extent of disease.

Invasive techniques for assessing the inguinal lymph
nodes include modified ILND, dynamic sentinel lymph node
biopsy, and fine-needle aspiration. Some investigators have
demonstrated improved postoperative recovery following the
saphenous vein-sparing modified ILND with transient lym-
phedema and scrotal edema in 20% of patients and no long-
term complications.127,142 Morbidity with this procedure
appears to be greater when performed as a palliative proce-
dure rather than prophylactically in the setting of clinically
negative nodes.128 Although the modified dissection is
perhaps the most popular form of lymphadenectomy cur-
rently utilized, some investigators advocate a more-extensive
dissection because of its worrisome local recurrence rates (up
to 15%).141

The use of fine-needle aspirations has also proven prob-
lematic because of false-negative rates of at least 10%.143

Among 20 patients who underwent extensive fine-needle
biopsy using lypmhangiographic and fluoroscopic guidance, 2
patients (10%) were found to have false-negative results at the
time of ILND. Attempts to improve upon the sensitivity of
needle biopsy and morbidity of ILND resulted in the use of
dynamic sentinel lymph node biopsy.144,145 Initial findings of
high false-negative rates as manifested by subsequent pro-
gression or the presence of metastasis at the time of
ILND146–148 have prompted technique modification. Recent
efforts employing preoperative lymphoscintigraphy, vital 
blue dye, and gamma-ray detection probes have made con-
siderable inroads into improving technique sensitivity.
However, current results reiterate that sentinel node sam-
pling continues to be imperfect149 and results in false-
negative rates of at least 20%.150 Despite this, recent evid-
ence suggests that universal application of this technique in
cT2–cT3 patients can improve DSS at 3 years when compared
to surveillance. These findings highlight the importance of
early treatment of the inguinal lymph nodes in those with
nodal involvement.151

Therapy

Carcinoma of the penis typically follows a stepwise progres-
sion in which the disease proceeds from the penis to regional
inguinal lymph nodes to distant sites. Because of this pre-
dictable pattern of spread, the extent of radical surgery is
often measured against the high probability of surgical-related
morbidity. Consequently, less-deforming modalities of
therapy have been utilized to strike a balance between
therapy and morbidity.

Local

Excisional biopsy encompassing normal neighboring skin is
the initial local treatment for small superficial penile cancers.
Lesions confined to the preputial skin can successfully be
managed with circumcision alone.152 For more-extensive
cancers involving the glans, the shaft, and other local struc-
tures (e.g., prostate), the standard treatment includes either
partial or total penectomy, depending on the extent of the
primary tumor.137,153 Partial penectomy is indicated when 
an adequate 2-cm tumor margin154 can be achieved while
maintaining sufficient penile length for upright micturition.
Margins less than 2cm may also provide adequate local
control, because penile cancers are focal and do not spread in
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a discontinuous fashion.153 Several studies have documented
the efficacy of margins less than 1cm when performing
partial penectomy, thus increasing the eligible patient popu-
lation for the procedure.153,155

Because of the morbidity of total or partial penectomy,
less-disfiguring treatments have been implemented in select
patients including laser therapy,156 Moh’s micrographic
surgery,157 and multimodality regimens that incorporate con-
servative surgery, radiation (external beam or brachytherapy),
and systemic chemotherapy.158–162 The aggregate of data
suggest that responses to these modalities are highly variable
and that local recurrence rates for these less-invasive treat-
ments is higher than for extirpative surgery. Consequently,
these conservative modalities should be reserved for selected
patients with smaller, well-differentiated disease.162

Regional

Standard treatment for documented inguinal lymph node
metastasis is ILND. Certainly, despite its modifications,142

the ILND is commonly associated with postoperative mor-
bidity,128 excluding its routine use in all patients with carci-
noma of the penis. Historically, patients with palpable
inguinal lymph nodes at the time of primary treatment were
initially managed with a 6-week course of antibiotics to treat
adenopathy related to infection or inflammation.152 Persistent
adenopathy following antimicrobial therapy was associated
with tumor invasion in at least 70% of patients.136,137 Like-
wise, development of palpable inguinal nodes after treatment
of the primary tumor generally represents tumor extension
rather than inflammation.152

Early or prophylactic ILND provides improved cancer
control131,136,163 and less morbidity than lymphadenectomy
performed in the presence of known lymph node metastasis
(therapeutic) or for palliation.128 Selected patients eligible for
observation instead of ILND include those with low grade
(grades 1–2), low stage (Ta, Tis, T1) tumors without vascular
invasion. In this setting, close surveillance is critical as
delayed ILND may result in increased tumor burden mani-
fested by extranodal disease, pelvic lymph node metastasis or
contralateral inguinal spread.151

Controversial issues in the management of the regional
lymph nodes include whether or not to perform a bilateral
dissection and the utility of a pelvic lymphadenectomy in the
setting of positive inguinal lymph nodes. The lymphatic
drainage of the penis to both the right and left inguinal lymph
nodes is well documented.150,164 Hence, bilateral ILND would
seem warranted in the setting of prophylactic dissection. This
methodology is further substantiated by the aforementioned
benefits of an early ILND. The indication for pelvic lym-
phadenectomy is less clear because the presence of pelvic
nodal metastases portends a poor prognosis with a 5-year sur-
vival of 10%.152 Consequently, pelvic lymphadenectomy is
rarely curative, and patients with demonstrable pelvic nodes
may receive more benefit from neoadjuvant systemic therapy.

Distant

Patients uncommonly present with distant disease (less than
3%).165 Table 47.10 summarizes the efficacy of single-agent
and combination chemotherapy in the setting of advanced
penile cancer.

TABLE 47.10. Selected chemotherapeutic studies directed at the treatment of advanced penile carcinoma.

Year of No. of Treatment Median survival
Reference study patients Design Stages regimen (months) Conclusions

Hussein171 — 5 Phase II Regional, bone Cisplatin + 5- 15 All had clinical PR, all 
metastasis fluorouracil received subsequent

XRT
Haas170 1986–1994 40 Phase II Locally advanced Cisplatin + 28 (progression-free CR 12.5% PR 20%

or metastatic methotrexate + survival, 14 weeks) Treatment-related
disease bleomycin death in 12.5% 15% 

life-threatening
toxicities

Sklaroff166 1970s 11 Phase II Regional Cisplatin Prior OR 33% 1 patient 
treatments: 50% had CR of 7 months
ILND 63% XRT
88% chemo

Ahmed167 — 39 Phase II Advanced disease Methotrexate 13 2 to 8 (nonresponders Median response (in
Bleomycin 14 vs. responders) months): Methotrexate 
Cisplatin 12 3 Bleomycin 3

Cisplatin 8
Dexeus173 1987–1989 12 Phase II Advanced; 93% Cisplatin + 10 OR 72%

nodal disease methotrexate + CR 14%
bleomycin PR 57%

Sklaroff168 1970s 8 Phase I Advanced 88% Methotrexate Prior OR 38% lasting 
nodal, 38% treatments: 75% 2–11 months
liver, 50% ILND 38% XRT
pulmonary 25% chemo

Shammas172 1985–1990 8 Phase II Metastatic Cisplatin + 5- 12 PR 25% Response 
disease/ fluorouracil facilitated subsequent 
inoperable surgery

Edsmyr159 1971–1984 42 Case T1 36 Group 1 45Gy + 77% 5-year survival Group I CR 86%
series T2 45 bleomycin Group II Group II CR 94%

T3 19 58Gy + bleomycin Local recurrence 10%
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Large, multiinstitutional trials are uncommon in penile
cancer, largely because of its low incidence. Single-agent cis-
platin,166,167 methotrexate,167,168 and bleomycin159,167 have all
demonstrated treatment efficacy, with partial responses
occurring in 14% to 53% of patients. However, complete and
durable responses following single-agent chemotherapy are
rare, occurring in 7% to 8% of patients.167 A multiinstitu-
tional SWOG study treated 26 chemotherapy-naïve patients
with cisplatin. The investigators noted a modest response of
15% with 1 to 3 months durability.169

Suboptimal responses with single-agent chemotherapy
prompted the use of multidrug regimens. A Phase II inter-
group study, SWOG 8520, treated 40 patients with locally
advanced or metastatic disease with cisplatin, bleomycin, and
methotrexate. The median overall and progression-free sur-
vival in this population was 28 months and 14 weeks, respec-
tively.170 The overall response rate in this cohort of patients
was 33%. However, the toxicity of the regimen was prohibi-
tive, with treatment-related deaths occurring in 13% and life-
threatening grade 4 toxicity in 15%.

Because of its squamous cell origin, established regimens
utilized in the management of head and neck cancers have
been tested in advanced penile cancer. The combination of
cisplatin and 5-fluorouracil has demonstrated promising
results, with median survival of 15 to 57 months in respon-
ders.171,172 Moreover, this regimen has documented efficacy in
improving the feasibility of salvage surgery. Its use may be
limited by toxicity because only 38% of patients received
more than two cycles. Other regimens have provided modest
responses in advanced disease.173

In summary, combination chemotherapy appears to offer
the best efficacy in the treatment of advanced/nonsurgical
carcinoma of the penis. Current regimens offer a modest
response rate and may facilitate subsequent surgery, although
the role of this methodology is evolving and the effectiveness
is uncertain. Certainly, the use of novel agents and drug com-
binations is warranted in this disease.
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Prostate Cancer
Richard Whittington and David J. Vaughn

rostate cancer presents one of the most controversial
challenges to clinicians today. Where controversies
may exist as to how best to treat many diseases, the

controversies in prostate cancer start with the question,
“Should we even try to diagnose this disease before it
becomes clinically evident?” When the disease is found, the
next question is whether the disease should be treated and
whether the cure is worse than the disease. The next set of
controversies revolve around how to most effectively treat
the tumor. If a decision is made to proceed with radiation, the
final controversies revolve around radiation fields and tech-
niques. Each of these decision points can provoke heated 
discussions among recognized authorities in the field. This
chapter attempts to discuss the controversies with the data
supporting each point. It is likely that partisans of any argu-
ment will find support for their position, but it is also likely
that a disinterested observer will see logic in each position.
Before reviewing the controversies, it is necessary to develop
a common foundation for the discussion.

Prostate cancer is the second leading cause of cancer death
in the United States, second only to lung cancer, with an esti-
mated 221,000 new cases in 2003 with an expected 28,900
deaths. It represents nearly one-third of all cancers diagnosed
in men but only 10% of the deaths. The age-adjusted inci-
dence of prostate cancer has increased by 70% in the past 25
years but is still 25% lower than values from 1993. There is
a disequilibrium in the racial distribution of prostate cancer,
with a very high incidence in African-Americans and a lower
incidence in Asian-Americans (Table 48.1).1

The staging of prostate cancer has also been modified
twice in recent years, which confuses staging. Initially, stage
B tumors (palpable nodule) were divided into B1(n), a nodule
smaller than 1cm entirely surrounded by normal prostate
stroma; B1, which was a larger or peripheral unilateral nodule;
and B2, representing a bilateral nodule. This scheme was
modified shortly after prostate-specific antigen (PSA) screen-
ing became available to describe B1 as a nodule encom-
passing half of one lobe and B2 as a unilateral nodule 
encompassing more than one-half of a lobe. B3 tumors were
palpable bilaterally. This system also introduced the T1c
tumor, which is not palpable but is diagnosed based on a
biopsy for an elevated PSA or ultrasound abnormality. In
2001, this system was again revised to classify B1 tumors as
unilateral and B2 as bilateral nodules. In the current system,
T1 tumors are nonpalpable and T2 tumors are palpable and
organ confined, whereas T3 tumors have palpable extrapro-
static disease and T4 tumors invade adjacent structures.

The problem with this system is that T1a tumors repre-
sent incidental tumors found at transurethral resection (TUR)
of the prostate for obstructive symptoms. The patient has less
than 5% of the chips involved and a Gleason score less than
7. T1b tumors represent more-extensive disease or poorly dif-
ferentiated tumors found at TUR, and T1c tumors are tumors
discovered through PSA screening. T1b tumors may involve
6% or 90% of the chips or be very aggressive; this includes a
wide range of tumors, as a T1c tumor may have one positive
screening biopsy up to all biopsies involved. These more-
extensive T1b and T1c tumors actually are more similar to
T2b or T3 tumors and are more likely to have nodal metas-
tases whereas the T1c tumor with 1 positive core of 12 to 24
is more similar to T1a tumors. This approach makes any con-
clusions based on an analysis of results based on stage highly
uncertain. Nodal staging is based on the absence (N0) or pres-
ence (N1) of pelvic nodal metastases. Stage classification sets
stage I as T1a N0 tumors, T2 includes any T1b/c N0 or T2
N0 tumor, stage III includes all T3 N0 tumors, and stage IV
includes all T4 or N1 or M1 tumors.

Utility of Prostate-Specific Antigen as 
a Screening Tool

The availability of serum PSA determination has dramati-
cally increased the number of cases of prostate cancer diag-
nosed in the United States. Although the American Urologic
Association and the American Society of Therapeutic Radi-
ology and Oncology argue that this finding supports the 
widespread availability of screening, the American College 
of Physicians–American Society of Internal Medicine argues
that the tumors identified are not clinically significant and
that they are less likely to alter the quantitative or qualita-
tive survival. The incidence of subclinical prostate cancer in
a contemporary autopsy series in an unscreened population
is shown in Table 48.2.2 Older publications have reported a
higher incidence of subclinical cancers, as high as 50% at age
60 and 80% at age 80, although many of these studies date
from the 1950s when PIN was not a defined entity and many
of these lesions may have been interpreted as carcinoma. The
incidence, mortality, and age distribution of prostate cancer
and breast cancer are similar and yet there is controversy over
the need to screen men for prostate cancer and little discus-
sion of the need for screening mammography.3 The difference
is largely due to the perceived effect of both tumor and treat-
ment on lifestyle and the effectiveness of available treat-
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ments. Whether this distinction is justified is beyond the
scope of this chapter.

Several studies have reviewed large screened populations
for the incidence of occult prostate cancer. PSA is a serine
protease inhibitor produced by both normal and malignant
prostate. The malignant prostate will leak more of this
protein into the circulation than normal prostate. The malig-
nant prostate also allows a larger protein, a serine protease
inhibitor, into the blood as well. These two proteins circulate
in the blood as a complex that is detected by the PSA assay
along with the free PSA. The picture is complicated by the
fact that the infected, inflamed, and traumatized prostate
gland also leaks increased quantities of PSA into the blood.
Kane also reported that increased prostate volume will
produce higher serum PSA levels. Using the accepted cutoff
of 4.0, 95% of men with prostates smaller than 35cm3 have
a normal PSA whereas only 75% of men with prostates larger
than 45cc3 will have a normal value.

The normal value of 4.0 was established in studies
reported by Catalona et al. and Brawer et al. of men under-
going digital rectal exam, transrectal ultrasound, and
biopsy.4,5 They found that this value found prostate cancer 
in 2.2% and 2.6% of asymptomatic men, respectively. In 
Catalona’s series, the sensitivity of the PSA cutoff of 4.0 was
79% with a specificity of 59%; the predictive value of a pos-
itive test was 40% and the predictive value of a negative test
was 89% for an overall accuracy of 64%. Subsequent investi-
gations have tried to use PSA density (serum PSA/prostate
volume), PSA velocity (dPSA/dt), and free PSA level to
improve the specificity of the test and reduce the number of
negative biopsies, without notable success.6 The current sen-
sitivity and specificity data would suggest that only 15% to
25% of men with PSAs between 4.0 and 7.0 have prostate
cancer on biopsy.

Natural History of Untreated Prostate Cancer

There are a number of reviews of patients managed expec-
tantly with localized prostate cancer with conflicting results.
There are a number of reasons for this. Some series include
men with incidental disease found at TUR, which has a low
risk of progression to clinically significant disease, whereas
other series allow men and their physicians to select treat-
ment if they believe the risks of tumor progression outweigh
the risks of treatment. Some studies observed men and
selected men who did not show progression over an interval
but excluded men with progression during that interval. The
unknown value is the annual probability that a clinically
occult tumor will progress to become clinically evident with
either local tumor manifesting as a palpable nodule, bladder
invasion, or outlet obstruction. This is the key value that
must be applied to decisions regarding screening. As in other
issues in prostate cancer, the value probably depends upon the
Gleason score and other tumor characteristics.

The Veterans Administration trials in prostate cancer
during the 1950s provide the basis for the Gleason scoring
system for prostate cancer.7 This was the first and is still the
most important factor used to estimate the risk of metasta-
tic disease and death. This study was confined to men with
clinical stage T2–T4 Nx M0 so that it is not strictly applica-
ble to patients seen today with T1c prostate cancers due to
the lead time bias caused by the application of PSA screen-
ing. Table 48.3 shows the annual cancer-specific mortality
reported in their review and the projected 15-year survival
based on the mortality observed. In evaluating a patient with
a newly diagnosed prostate cancer, it is necessary to balance
an estimate of the cancer-specific morbidity and mortality
against the mortality of competing conditions. In making
these considerations, it is necessary to factor in life
expectancy. The most useful estimate may come from the
Internal Revenue Service, given the relationship between
death and taxes. They calculate the median survival at age 60
is 24.2 years, at age 70, 16 years, and at age 80, 9.5 years.

A number of series have reviewed the survival of men
electing a course of watchful waiting instead of potentially
curative treatment. The most famous of these series is the
series reported and updated by Johansson et al. from
Uppsala.8–10 This study is not strictly applicable, because
among men with T1–T2 tumors 72 of the 223 patients appear
to have had T1a tumors. They report a progression-free 

TABLE 48.1. Incidence and mortality caused by prostate cancer in
the United States, 2003.

Ethnic group Incidencea Mortalitya

Caucasian 172.9 32.9
African-American 275.3 75.1
Asian/Pacific Islander 107.2 15.1
Native American 60.7 18.8
Hispanic 127.6 22.6
a Rates per 100,000 population.

Source: Some data from Jemal et al.1

TABLE 48.2. Incidence of prostate cancer in an autopsy series of
unscreened patients.

Incidence of
Age Incidence of cancer high-grade
(years) (%) (PIN)

20–30 3.6 7.1
31–40 8.9 12
41–50 14 36
51–60 24 38
61–70 31 45
71–80 33 48

Source: Data from Sanchez-Chapado et al.2

TABLE 48.3. Annual mortality in men with localized prostate
cancer.

Annual Anticipated 15-year
cancer-specific cancer-specific

Gleason score mortality (%) survival

2 0 100
3 1 86
4 2 74
5 2 74
6 5 54
7 7 34
8 11 17
9 11 17

10 21 2
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survival at 5 years of 72% and a cancer-specific survival of
94%; the figures were 53% and 87% at 10 years and 31% and
81% at 15 years, respectively. Of concern in this series,
however, is that there is substantial morbidity in this popu-
lation. Specific complications reported at 10 years are listed
in Table 48.4. Fifty-three percent of the men had a major com-
plication in the first 10 years, and it must be remembered that
32% of the men had T1a tumors that would not have been
treated with any therapy and had only a 14% risk of progres-
sion. This finding would indicate that 72% of the men expe-
rienced a significant cancer-related effect on quality of life as
well as the reported 13% mortality. Adolfsson reported a
similar series from Stockholm restricted to men with well or
moderately differentiated tumors and T1 or T2 tumors. At 10
years, it was found that 55% of the patients had progressed
to T3 tumors, 28% had developed metastatic disease, and
16% had died.

In the United States, Whitmore et al. reported a series of
75 patients that has been cited extensively.11 The concern
with this study is that it included only men with clinical T2
tumors who were evaluated on two occasions more than one
year apart without any evidence of clinical progression. The
progression-free survival is then back-dated to the date of the
first evaluation. There are no data available on how many
men were lost to follow-up or treated for progressive disease
before the second evaluation.

The concept of early diagnosis and treatment is supported
by the work of Hugosson and Aus, who reviewed the results
of expectant management in 490 men in Goteborg.12 They
included deaths caused by underlying conditions exacerbated
by prostate cancer as well as those men dying of conditions
caused by prostate cancer as cancer-related deaths. They did
not include deaths due to cardiac events in men on estrogen
therapy. They reported that the cause-specific survival was
43% at 15 years in T2 lesions, 23% in grade 2 and 3 tumors,
and 60% in grade I lesions. They found that prostate cancer
comprised 4 of 11 deaths in the first 5 years but increased to
15 of 28 deaths between 5 and 10 years and 24 of 32 deaths
occurring after the 10th year.13

It is clear that the only solution is a randomized clinical
trial, although these are difficult to construct and complete.
There are questions as to whether to include patients with
very early stage tumors (T1c) and those with advanced tumors
(T3), because the one group may have tumors that would not
be discovered in other settings and the latter group has a
tumor that has already demonstrated biologic aggressiveness
by extending beyond the prostate. Similarly, the study must
stratify patients by tumor grade and must be able to estimate
the global state of patient health to estimate the anticipated
survival, which is necessary to estimate the anticipated

TABLE 48.4. Complications observed in Johansson’s series of men
treated expectantly for T1–T2 prostate cancer.

Event Frequency (%)

Moderate to severe outlet obstruction 30
Surgery required 16
Catheter dependent 11
Local problem (edema/pain) 12
Hospitalization 19

Source: Data from references 8 through 10.

benefit. Any study also needs to include a quality of life
assessment because both tumor and treatment may affect
bowel and bladder function as well as performance status.
Finally, it is necessary to decide whether to study expectant
management or noncurative treatment, as many men will
insist on androgen deprivation at some time due to changes
in PSA or prostate palpation. As well, there are differential
effects of hormones and no therapy on tumor and quality of
life.

Holmberg et al. reported a comparison of expectant man-
agement versus radical prostatectomy.14 Although the early
follow-up demonstrates no improvement in 8-year survival
with a relative risk of death in the prostatectomy group of
0.83 [95% confidence interval (CI), 0.57–1.2; P = 0.31], there
was a significant reduction in prostate cancer deaths with a
relative risk of 0.50 (95% CI, 0.27–0.91; P = 0.02). Similarly,
there was a reduction in the relative risk of metastatic disease
with a relative risk of 0.63 (95% CI, 0.41–0.96; P = 0.03). This
study needs longer follow-up to determine if there is a sig-
nificant difference in outcome between the two groups.

A second randomized trial has been completed by Moon
et al. randomizing men to radical prostatectomy or conserv-
ative therapy including early hormonal therapy in asympto-
matic men.15 This study will likely require an additional 10
to 12 years to mature. Until we have a definitive answer from
these trials, the clinician is left to estimate the prostate
cancer mortality and competing mortalities, factoring in the
tumor stage and grade as well as the extent of prostate
involvement, and balance that against the patient’s coexistent
medical problems to determine whether the risks of treat-
ment outweigh the risk of tumor progression and the proba-
bility of tumor-related death.

Local Therapy: Radical Prostatectomy Versus
Radiation Therapy

Although the decision to treat or observe is controversial, the
question of best therapy of limited disease is perhaps more
controversial. This problem reflects the fact that there are
two specialties that can effectively treat prostate cancer,
although time required, the side effects, and quality-of-life
effects are distinctly different. The controversy is accentuated
by the fact that the patients who are not treated successfully
are frequently referred to the other specialty for palliative
care. Patients initially treated with surgery may develop
metastatic disease and are referred for palliative radiation,
where a radiation oncologist is more likely to note inconti-
nence and pelvic pain while being less cognizant of the rectal
effects of radiation. Similarly, the management of local recur-
rences after surgery is generally left to the radiation oncolo-
gist, who may be inclined to question the wisdom of surgery
in high-risk patients.

Radiation oncologists do not consider the problems with
subsequent pelvic surgery for vascular disease, diverticulitis,
and colon polyps or neoplasms to be complications of treat-
ment. Bladder neck contracture, urethral stricture, and hema-
turia all subsequent to radiation are urologic problems
managed by urology. Radiation oncologists also generally lose
track of patients with local recurrences and bladder invasion
after radiation, as their problems are managed by urologists.
Each specialty sees more of its own successes and the failures
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of the other specialty. The resultant competitive atmosphere
in many institutions reflects the biblical observation that it
is easier to note the sliver in our brother’s eye while being
oblivious to the board in our own eye.

Radical Prostatectomy

Radical prostatectomy has been a widely practiced effective
approach to men with organ-confined prostate cancer since
the perineal approach was described by Young in 1905.16

Millen first reported the retropubic approach in 1945 in a
paper republished as a classic paper in urology.17 Both these
papers describe the complete anatomic removal of the
prostate and its capsule with urethral–vesical anastomosis to
control the tumor. Retropubic prostatectomy will also try to
remove portions of the proximal seminal vesicle that cannot
always be achieved with the perineal approach. Neither treat-
ment gained widespread popularity because of the problems
with bleeding, incontinence, and impotence and a relatively
low cure rate. This latter was largely related to the frequent
diagnosis of the tumor after extracapsular extension had
occurred. Relapse rates were high, and there was not a clear
advantage over expectant management because of the long
natural history of the disease. Two advances have made
radical prostatectomy a safe, effective, and attractive treat-
ment option for prostate cancer. The first is the description
by Walsh of the nerve-sparing anatomic radical prostatectomy
that preserved potency in a high percentage of men without
incontinence.18 A better understanding of the pelvic anatomy
with an improved understanding of the patterns of tumor
extension and spread has led to better surgical planning and
more complete tumor excision. The second advance was the
development of a radioimmunoassay for serum prostate-
specific antigen (PSA) for screening large populations of men
at risk for prostate cancer19; this has changed the spectrum of
disease presenting to the clinician. The prevalent wisdom in
1970 was the rule of four; one-fourth of patients presented
with metastatic disease, one-fourth with extraprostatic
disease confined to the pelvis (T3 or N+), one-fourth with
organ-confined disease, and one-fourth with subclinical
disease (T1a–T1b). Today, in regions of the country where
PSA screening is prevalent, more than 50% of the patients
present with nonpalpable disease detected by screening PSA
(T1c). A review of the technique for radical retropubic and
perineal prostatectomy is beyond the scope of this chapter.
For a full description and illustration of the procedure, the
reader is referred to Campbell’s Textbook of Urology.21,22

As large numbers of men have undergone radical prosta-
tectomy and been followed, a number of factors have been
identified that will predict the risk of biochemical recurrence.
Initially it was noted that extracapsular extension, positive

surgical margins and seminal vesicle involvement are associ-
ated with local recurrence after surgery. Roach developed for-
mulae to predict the risk of occult nodal involvement and
seminal vesicle involvement.23 Many series have reported the
results of treatment in large numbers of men with reasonably
long follow-up.24–26 Four large recently reported series are
reported by Partin and Walsh from Johns Hopkins,27 D’Amico
from the University of Pennsylvania and Harvard,28 Bauer, et
al. from Walter Reed Army Medical Center,29 and Iselin and
Paulson from Duke.30 In the first three series patients under-
went retropubic prostatectomy and the Duke patients under-
went perineal prostatectomy. The characteristics of the four
series are reported in Table 48.5.

The groups are not comparable due to differences in the
distribution of PSA and Gleason scores in the different popu-
lations, with Iselin’s group having a higher Gleason score and
not reporting PSA values in a number of patients operated on
in the pre-PSA era.30 Two-thirds of the patients from Duke
University had PSA follow-up, and their data demonstrate
that nearly all biochemical recurrences occur in the first 5
years after surgery. Median time to recurrence was less than
2 years in men with Gleason score 8–10 tumors and was more
than 3 years in men with Gleason score 7 tumors. Men with
Gleason scores of 6 or lower had a lower recurrence rate and
a median time to recurrence that was longer still (Table 48.6).
They do show that patients with extracapsular extension have
a higher recurrence rate and among men dying of prostate
cancer the survival is shorter, confirming that histologic
factors correlate with biologic aggressiveness of the tumors.

Bauer et al. reviewed a group of 378 men undergoing
radical prostatectomy at Walter Reed Army Medical Center
between 1985 and 1995 and identified race, PSA, surgical
Gleason score, and capsular transgression as critical parame-
ters affecting recurrence risk.29 The model required a sigmoid
transformation of the PSA value and assigned a value of 1 for
race = African-American and 0 for race = other. The value was
0 for organ-confined tumors and 1 for extracapsular extension
or positive surgical margins. The formula was relative risk
(RR) = exp[(0.51 ¥ race) + (0.12 ¥ PSAST) + (0.25 ¥ postopera-

TABLE 48.5. Results of radical prostatectomy in selected series.

Prostate-specific
No. of Follow-up antigen (PSA) Gleason score 

Author Institution patients (years) 10.0 or less (%) 6 or less (%)

Partin Johns Hopkins 1,955 10 78 64
D’Amico Penn-Harvard 8 73 73
Bauer Walter Reed 378 5 69 60
Iselin Duke 1,242 10 Not specified 53

Source: Data from references 27 through 30.

TABLE 48.6. Results of radical perineal prostatectomy (Duke
University).

Five-year Median Fifteen-year
bNED survival cancer-specific

Group survival (years) survival

Organ confined 92% Not reached 86%
Specimen confined 65% 16.3 77%
Positive margins 35% 14.2 38%
Node positive Not specified 7.2 38%

bNED, no biochemical evidence of disease.
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tive Gleason sum) + (0.89 ¥ organ confinement)]. Using this
method, it was possible to separate the population into three
groups with low (less than 10%) risk of recurrence versus
intermediate (10% to 30%) versus high risk (more than 30%).
The utility is limited because it does not lend itself to easy
grouping of clinical risk.

Partin reported that there were four prognostic groups
identified based on Gleason score, pathologic stage, and sur-
gical margins.27 He was able to derive a similar equation based
on a multivariate analysis of the patients undergoing radical
prostatectomy at Johns Hopkins and was then able to sepa-
rate the population into four groups with different risk of
recurrence (Table 48.7). This is the first effort to quantitate
the risk of recurrence and separate patients into risk groups
based on easily identified pathologic characteristics.

The preferred method of evaluation would be to predict
the risk of local recurrence based on preoperative tumor char-
acteristics. D’Amico identified clinical tumor characteristics
associated with biochemical recurrence including Gleason
score, preoperative PSA, and findings on magnetic resonance
imaging (MRI) with an endorectal coil.24 Partin at the same
time created a series of tables predicting the risk of organ-
confined and specimen-confined tumors based on the clinical
stage and Gleason score.25 Both Partin and D’Amico have
shown that the factors associated with the risk of biochemi-
cal recurrence include Gleason score.

D’Amico has developed a prognostic system based on the
preoperative clinical and pathologic findings. He identified a
low-risk group based on a Gleason score of 6 or less and a pre-
operative PSA 10.0 or less. The high-risk population included
men with Gleason score of 8 or more and PSA of 20.0 or more.
The intermediate-risk group with Gleason score of 7 and PSA
between 10.0 and 20.0 were further divided by D’Amico based
on the percentage of biopsies containing tumor, showing that
men with 17% or less of the biopsies containing cancer had
a lower risk of biochemical recurrence and those with more
than 50% positive biopsies had a high risk of recurrence. For
the intermediate-risk patients, MRI was useful in identifying
clinically significant extracapsular extension and seminal
vesicle involvement.26 The risk of biochemical recurrence in
the low-risk population was less than 20% at 3 years, whereas
the risk of biochemical recurrence was greater than 50% in
the high-risk population. A description of the three popula-
tions is shown in Table 48.8.

The morbidity of radical prostatectomy is difficult to
define and will vary according to the experience of individual
surgeons. Begg et al.31 reviewed the results from six metro-
politan areas in five states using the Surveillance, Epidemi-

ology, and End Results (SEER)–Medicare database using a con-
sistent assessment method. They demonstrated that the risk
of incontinence rises with increasing age. They also demon-
strated that increasing the annual number of procedures per
surgeon reduced the risk of postoperative complications, late
urinary complications, corrective procedures, and inconti-
nence. The most common late urinary complication was
anastomotic stricture, which comprised 70% of the compli-
cations. The frequency of complications based on age and 
surgical volume is shown in Table 48.9. Although no 
relationship was found between age and mortality or urinary
complications, there was a strong association with the sever-
ity of comorbidities (P less than 0.002). The study clearly
shows that the risk of stricture, incontinence, and other mor-
bidities is lower in younger patients who are undergoing
surgery by surgeons who perform more procedures.

Radiation Therapy

Paralleling the development of surgery was the development
of radiation therapy as a specialty with the ability to effec-
tively treat prostate cancer. Because the prostate is situated
deep within the pelvis, treatment developed slowly because
of difficulty delivering an effective dose of radiation to the
tumor without injuring the adjacent bladder and rectum.
Localization of the prostate gland was also difficult until the
development of cross-sectional imaging, first with computed
tomography (CT) and later MRI. The earliest use of mega-
voltage radiation to treat prostate cancer in a substantial
number of men was reported in 1965 by Bagshaw et al.20 Tech-

TABLE 48.7. Risk of recurrence following radical prostatectomy according to Partin.

Risk group Low Moderate High Very high

Characteristics Organ confined or Organ confined or Organ confined or All node-positive
extracapsular extension extracapsular extension extracapsular extension patients

Gleason 2–6 Margins Gleason 7 Margins negative Gleason 8–10
negative OR Margins positive or negative

Gleason 2–6 and margins OR
Positive Gleason 7

Margins positive
OR
Seminal vesicle involvement

Ten-year bNED 95% 72% 41% 13%
survival

Source: Data from Khan et al.27

TABLE 48.8. Risk of recurrence following radical prostatectomy
according to D’Amico.

Intermediate risk High risk (more
Low Risk (<20%) (20%–50%) than 50%)

Gleason score £6 Gleason Score £6 Gleason score
AND AND ≥8
PSA < 10.0 PSA £ 10.0
AND AND OR
£50% positive Bx >50% positive Bx
OR OR PSA >20.0
Gleason score = 7 and Gleason score 7
PSA < 20.0 OR OR
OR 10.0 < PSA £ 20.0
Gleason score £6 and AND Gleason score 7
10.0 < PSA < 20.0 17% < positive OR
AND Bx < 50% 10.0 < PSA £ 20
<17% positive Bx AND

≥50% positive Bx
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niques have been improved since that time with the devel-
opment of CT-based computerized treatment planning, three-
dimensional conformal radiation, and intensity-modulated
radiation therapy to allow the delivery of higher doses of radi-
ation to the prostate with better sparing of the adjacent
normal tissues, which produces higher control rates with less
morbidity. Brachytherapy has also been shown to be an effec-
tive treatment option. There are still a number of major ques-
tions that produce controversy. What is the optimal dose of
radiation? Is there any benefit to treating the lymph nodes?
Is there any benefit to adding external radiation to
brachytherapy? Who benefits from adjuvant hormonal
therapy? How long should hormonal therapy last? Is andro-
gen deprivation as effective as combined androgen blockade?

The definition of the target in prostate radiation depends
on the stage and grade of the tumor. It is easiest to think in
terms of expanding and infiltrating tumors. Low-grade and
early-stage tumors are generally assumed to be confined to
the prostate and limited by the prostate capsule. As the tumor
proliferates, these tumors with limited invasive potential are
more likely to remain confined within the prostate, so as the
tumor proliferates the prostate expands. In these cases the
clinical target volume (CTV) includes only the prostate.
Advanced-stage and high-grade tumors may extend grossly or
subclinically beyond the capsule to invade adjacent struc-
tures. In this situation of infiltrating tumor the CTV will
extend further beyond the prostate to encompass these areas
at risk for subclinical infiltration.

How much radiation is enough?
To answer this question is difficult because prostate

cancer is more difficult to assess on follow-up than many
tumors because the low proliferative activity of many tumors
causes nodules to regress slowly, and postradiation fibrosis
may make it difficult to assess the local control status of
many tumors. Bone scans are sensitive, but lack specificity
as a follow-up tool, and the utility of acid phosphatase is
limited by its lack of both sensitivity and specificity. The
development of PSA testing has improved the follow-up of
patients treated in the last 10 years, but the incidence of late

clinical failures complicates the follow-up because there is no
accurate correlation of biochemical recurrence with clinical
failure and progression to metastatic disease and death.

The largest series of men with clinically localized tumors
treated with conventional radiation techniques with consis-
tent long-term follow-up is the group reported by Bagshaw et
al. from Stanford.32 These patients were treated to doses of 70
Gy using multiple shaped fields and in most cases received
adjuvant radiation to the pelvic lymph nodes.

To try to achieve an earlier indication of local control,
many institutions have biopsied men following radiation
with the idea that a negative biopsy may predict local control
and cure. This is difficult to accomplish because postradia-
tion atypia may mimic prostate cancer. Similarly, because
radiation causes a lethal injury that is expressed at mitosis,
well-differentiated tumors that have low growth fractions and
prolonged doubling times may regress slowly, although ulti-
mately are controlled. Crook et al.33 performed serial biopsies
every 6 months and demonstrated that a minimum follow-up
of 24 to 30 months is necessary to assess the histologic local
control.

A group of institutions reported the biochemical disease-
free survival in a group of patients with a minimum bio-
chemical follow-up of 2 years (median, 4 years) and found four
groups with distinct survival curves.34 Patients with PSA
values of 9.2 or less had a 5-year biochemical disease-free sur-
vival of 81%, whereas patients with PSA values higher than
9.2 but less than 19.7 had a bNED (no evidence of biochem-
ical disease) survival of 69%. Patients with PSAs higher than
19.7 were divided into those with Gleason score of 6 or less,
who had a 47% 5-year bNED survival, whereas those with
Gleason scores of 7 or more had a 29% bNED survival. A sub-
stantial number of patients were followed for up to 8 years,
and the biochemical relapse rate after 5 years was 5%.34 They
used strict criteria for diagnosing recurrences that included
all patients with three consecutive rises in PSA at least 1
month apart with failure back-dated to the date halfway
between the last nonincreasing PSA and the first increasing
PSA. The institutions used a number of dose levels in this

TABLE 48.9. Incidence of operative complications.

Complications based on patient age 

60-day Postoperative Urinary age
Age mortality (%) complications (%) complications Incontinence

£69 0.5 28 25 18
70–74 0.6 31 25 19
≥75 0.9 35 28 24
P value 0.12 <0.001 0.34 <0.001

Complications based on surgical caseload

Late urinary
Mortality Postoperative complications Incontinence

Caseload (patients/year) (%) complications (%) (%) (%)

£10 0.5 32 28 20
11–19 0.5 31 26 20
20–32 0.6 30 27 19
≥33 0.6 26 20 16
P* value* 0.59 <0.001 0.001 0.04

*Adjusted for clustering and case mix.

Source: From Begg et al.,31 by permission of N Engl J Med.
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study, so one cannot use the bNED survival rates as reflect-
ing the results of radiation; they do, however, suggest that
early PSA results may be a useful marker of cure rate (Table
48.10).

Because of the higher local recurrence rate in patients
treated with conventional radiation therapy, many institu-
tions have investigated the utility of increased radiation dose.
In a recursive partitioning analysis, Horowitz et al.35 identi-
fied four risk groups and studied the effect of dose on bNED
survival (Table 48.11). While the results are complicated, they
demonstrate that higher T stage and higher PSA require
higher doses of radiation to produce local control.

Investigators at M.D. Anderson began a randomized trial
in 1993 to assess the value of dose-escalated radiation in man-
aging prostate cancer.36 Patients with stage T1 to T3 prostate
cancer were randomly assigned to doses of 70 or 78Gy over
7 to 8 weeks. There was a longer time to treatment failure in
the group treated by 78Gy, but on subset analysis, the group
that benefited from the higher dose were men with pretreat-
ment PSA values greater than 10.0.

Many clinicians are concerned about the tolerance of the
adjacent bladder and rectum and worry that doses of 75 to 
80Gy may not be safely delivered. A number of trials have
been reported in men at risk for occult metastatic disease

TABLE 48.10. Prostate cancer-specific survival (%) following radiation therapy.

Clinical stage

Stage/follow-up 5 years 10 years 15 years 20 years 25 years

Stage T0 99 84 78 78 78
Stage T1 89 78 68 59 58
Stage T2 88 67 47 38 38
Stage T3 72 49 33 24 24
Stage T4 35 27 27 n.s. n.s.

Prostate cancer-specific survival (%) Gleason score

Gleason score/follow-up 5 years 10 years 15 years 20 years 25 years

2–5 97 84 82 75 75
6 86 67 52 47 40
7 77 58 30 15 n.s.
8–10 61 38 26 23 13

Clinical relapse-free survival (%)

Stage/follow-up 5 years 10 years 15 years 20 years 25 years

Stage T0 86 75 75 70 70
Stage T1 74 60 47 37 32
Stage T2 64 40 29 27 27
Stage T3 45 28 20 17 12
Stage T4 23 18 18 0 0

Clinical local control (%)

Stage/follow-up 5 years 10 years 15 years 20 years 25 years

Stage T0 98 94 94 88 88
Stage T1 90 79 70 57 54
Stage T2 84 64 53 53 53
Stage T3 78 63 50 50 40
Stage T4 64 64 64 0 0

TABLE 48.11. Recursive partition analysis of results of radiation for prostate cancer.

Gleason Pretreatment
Risk T stage score PSA Dose

Low T1–T2a Any <10.0 <7,179
T1–T2a Any <20.0 >7,235
T2b–T3 Any <20.0 >7,629

Intermediate T2b–T3 Any <10.0 <7,179
Any Any <10.0 7,179–7,235
Any Any 10.0–19.9 <7,235
T2b–T3 Any <20.0 7,235–7,629
T2b–T3 2–6 ≥20.0 >7,482
Any 7–10 ≥20.0 >7,742

High Any Any ≥20.0 £7,482
Any 7–10 ≥20.0 7,482–7,742

Very high T1–T2a 2–6 ≥20.0 >7,462

Source: From Horowitz et al.,35 by permission of Cancer.
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treated with radiation and hormones. Some have questioned
whether hormones could be combined with lower doses of
radiation to achieve the same effect as higher doses of radia-
tion with reduced morbidity and comparable local control. It
would appear logical that hormonal therapy would reduce the
intraprostatic tumor burden by two to three logs, which
would lower the tumor control dose. Nguyen et al.37 reported
the results of a comparison of two cohorts from the Fox Chase
series. Men with high-risk prostate cancer (PSA greater than
20.0, Gleason 8–10 or T3–T4) treated with doses less than 
75Gy (62–75Gy;-median, 71.8Gy) and 2 to 6 months of
androgen deprivation were compared with those who received
doses greater than 75Gy (75–80Gy; median, 75.8Gy) without
hormones. Median follow-up was 52 months in the high-dose
radiotherapy (RT) group and 69 months in the androgen depri-
vation group. The 5-year bNED survival was 36% in the adju-
vant hormone group and 55% in the high-dose RT group. In
a multivariate analysis, there was no evidence that short-
term androgen deprivation reduced the risk of local recur-
rence or distant metastases.37 There was also no survival
benefit noted.

The major current controversy in external-beam radiation
concerns the safest method of delivering an effective dose of
radiation with the least morbidity. Before 1990, most patients
were treated with conventional radiation with shaped fields
or rotational techniques. Patients underwent simulation to
the prostate region as defined by bony landmarks with or
without contrast. It was known that the prostate lay poste-
rior to the symphysis pubis, inferior to the bladder, anterior
to the rectum, and superior to the urogenital diaphragm. The
structures were located using the lateral pelvic film with con-
trast in the bladder and rectum. The inferior margin could be
located by performing a urethrogram to find the cone-shaped
tapering of the urethra as it passed through the diaphragm or
by using a Foley catheter, because the posteriormost exten-
sion of the urethra is where it passes through the urogenital
diaphragm and this can be seen on a lateral radiograph. The
lateral margins were arbitrarily assigned based on the clini-
cian’s perception of the prostate width on palpation, although
some centers would include data from the ultrasound or CT
scan. Lymph nodes may or may not have been treated,
although the benefit of lymph node irradiation may have been
related to the dose of radiation delivered to the periprostatic
structures and perhaps even to more complete coverage of 
the prostate. Lymph nodes routinely included in the target
volume included the obturator and external and internal
(hypogastric) lymph nodes, and may also have included the
common iliac lymph nodes. Lymph nodes were generally
treated with two or four fixed shaped fields.

Since 1990, three-dimensional conformal radiation (3-D
CRT) has been developed as CT data became more routinely
available in radiation oncology departments and computer
programs were developed to use the images from the CT scan
to create digitally reconstructed radiographs. The target size
and location was defined in three dimensions from a treat-
ment planning study and transferred to the treatment plan-
ning computer to develop a plan using shaped fields to treat
the target volume defined by the clinician. The locations of
the rectum and bladder were also defined, and the treatment
plan was developed to deliver the maximum dose of radiation
to the target while minimizing the dose to the bladder,
rectum, and femoral heads. In general, four to six treatment

fields are used, although arc techniques with variable colli-
mation have been explored and are used in some institutions.
A sample treatment plan using a six-field technique is shown
in Figure 48.1.

Within the last 5 to 6 years, intensity-modulated radia-
tion therapy (IMRT) has been used for prostate cancer. Inten-
sity-modulated radiation therapy uses an inverse treatment
planning methodology to define the desired dose to the target
volume and the tolerable dose to normal structures. IMRT
uses more fields, frequently five to nine, to treat the target,
and the shape of each field is changed several times during
each treatment. The treatment is optimized to minimize the
radiation dose to the surrounding normal tissue, which is
done by treating individual segments of each field so that each
segment treats a portion of the tumor and maximizes the
shielding of the normal tissue. The total number of segments
is usually between 50 and 90 with each segment receiving a

B
Figure 48.1. (A) Distribution of typical six-field technique on prone
patient: 50% of dose delivered with two lateral fields and 50% deliv-
ered with four oblique fields. (B) Dose–volume histogram for six-field
prone technique: dose to tumor, 78Gy with inhomogeneity of +2%
to -4% (95% volume ± 2%); dose to rectum, median 35Gy with 82%
less than 50Gy and 90% less than 65Gy; dose to bladder, median 78
Gy with 20% less than 65Gy and maximum dose of 78Gy.
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very small dose of radiation. When the cumulative dose is 
calculated, the tumor has received the prescribed daily dose,
usually 1.80 to 2.0Gy, but the maximum dose to the adja-
cent normal tissue is reduced. A sample treatment plan for
prostate cancer using IMRT techniques is shown in Figure
48.2.

The difference in dose distribution between 3-D CRT and
IMRT is that the dose homogeneity is somewhat better with
3-DCRT but the maximum dose to the adjacent normal
tissue, especially the bladder, is higher. With IMRT, the
maximum tumor dose is higher but the minimum target dose
may be lower, and the maximum dose to adjacent normal
tissues is lower, although a somewhat larger volume of tissue
is treated to a low or moderate dose. Whether one technique
is superior is unknown as there have been no randomized
trials to compare the methods. Although some institutions
have reported that higher doses can be delivered to the
prostate with reduced morbidity, it is not clear that the long-

B
Figure 48.2. (A) Dose distribution of typical intensity-modulated
radiation therapy (IMRT) plan on same volume. Note that 70%
volume is somewhat smaller whereas 10% and 20% lines cover more
of the volume; this is the additional region receiving 8–16Gy. (B)
Dose–volume histogram for plan shown in (A). Prostate dose, 78Gy
with inhomogeneity of +10% to 10% (95% volume +8% to -4%);
dose to rectum, median 32Gy with 68% less than 50Gy and 90%
less than 71Gy; dose to Bladder, median 52Gy with 65% less than
65Gy and maximum dose of 87Gy.

term control will be similar. Because multiple segments are
used and it is necessary to interrupt the treatment many
times to change the collimator settings to alter the field
shape, the treatment takes longer. A significant proportion of
the damage caused to the tumor is through the accumulation
of short-lived intermediate compounds, DNA strand breaks,
and free radicals. Because the effective dose rate with IMRT
is frequently 20% to 25% of the dose rate with 3-D confor-
mal radiation, it is not clear whether there is reduced efficacy.
Many authors claim that the complication rate is reduced
with the use of IMRT, although comparisons may not be pos-
sible due to advances in target localization. Daily localization
of the prostate with ultrasound, CT, or electronic portal
imaging has allowed treatment planners to reduce the margin
around the target that must be added for organ motion and
uncertainty of target location. These reduced margins also
allow higher doses to be delivered with reduced dose to
bladder and rectum.

Brachytherapy

Prostate brachytherapy is the method that delivers the
maximum dose of radiation to the prostate and minimizes the
radiation exposure of the bladder and rectum. There is an
extensive literature on two different techniques. The most
common method is low dose rate brachytherapy initially
developed by Hilaris and colleagues at Memorial Sloan-
Kettering Cancer Center.38 Men initially underwent retropu-
bic exposure of the prostate and needles were placed into 
the prostate through the incision. This treatment required a
4-day hospitalization, and although an attempt was made to
distribute the seeds evenly though the gland, dose inhomo-
geneity was a frequent problem.

For these reasons, the procedure was subsequently super-
seded by the transperineal ultrasound-guided implant devel-
oped by Blasko and colleagues.39 Computer programs have
been developed to use parallel ultrasound images obtained at
the time of implant to produce three-dimensional recon-
structions of the prostate and rapidly produce plans that
provide a homogeneous radiation distribution through the
prostate and minimize radiation dose to the urethra and the
periprostatic structures. Needles can be loaded to complete
the implant quickly and allow the patient to be discharged to
home with self-care the same day. If a preplan is used and
needles are preloaded, the procedure takes between 30 and 45
minutes. If real-time planning is done in the operating room,
the procedure can be completed in 45 to 90 minutes.

Two isotopes have been used for low dose rate prostate
brachytherapy, iodine-125 and palladium-103. Both isotopes
produce low-energy photons that travel short distances in
tissue. The two processes that determine the dose are energy
absorption by tissue and inverse square falloff as distance from
the source increases. Because the sources are placed inside the
prostate, all normal tissue is further from the seeds than the
tumor, and the inverse square law stipulates that the dose falls
off in proportion to the square of the distance from the source,
that is, doubling the distance reduces the dose by 75%. The
tissue absorption of energy by both isotopes is approximately
50% for every 2cm of tissue. Combining these two factors
means that increasing the distance form the source from 2 to
4cm will reduce the dose by 87.5% (50% attenuation by
absorption ¥ 75% reduction due to inverse square falloff).



One advantage of low dose rate low-energy brachytherapy
is that the radiation may have a greater biologic effect on a
slow-growing tumor cell that may be hypoxic than on an
exponentially growing cell such as is found in the rectal
mucosa. Freeman et al.40 investigated this by exposing
Chinese hamster ovary fibroblasts to radiation at various dose
rates from both iodine-125 (average energy, 27keV) and
cesium-137 (average energy, 662keV). They showed there was
greater effect on slowly growing or plateau-phase cultures,
similar to well to moderately differentiated prostate cancer,
than there was on the exponentially growing cells, similar to
rectal mucosa. This effect was also more pronounced at dose
rates seen in low-dose permanent implants such as are used
in prostate brachytherapy than they are in high dose rates as
are used in temporary implants.

The largest reported series of men treated with
brachytherapy and external radiation is the series from the
Seattle group.41 They report that 10-year biochemical disease-
free survival is 86% in patients with Gleason score of 6 or
less and PSA less than 10.0 and 90% among men with tumors
of Gleason score of 7 or more and a PSA of 10.0 to 20.0.
Among men with Gleason score of 8 or more or PSA of 20.0
or more, the 10-year bNED survival was 49%. In a second
report of men treated with brachytherapy alone, they report
the 5-year bNED survival is 88% among men treated with
brachytherapy alone and 79% among patients with interme-
diate-risk disease.42 Because of patient selection issues, it
remains to be determined whether there is any benefit to the
addition of external radiation to brachytherapy.

Dosoretz et al. have reported the results of a nonrandom-
ized patient series of 130 high-risk patients with Gleason
scores of 8 to 10 or PSA of 20.0 or more or clinical stage T2c
or T3 treated with 45-Gy external radiation and hormones
with implant (130 patients) and found that the 5-year bNED
survival was 90% compared with 78% in 82 high-risk
patients treated with hormones and brachytherapy and with
62% in 37 high-risk patients treated with brachytherapy
alone. These results suggest that external-beam radiation and
hormones may serve complementary effects in men with
aggressive prostate cancer.43

The effects of the treatment with brachytherapy are
similar to those reported with external radiation. Both pro-
cedures cause bladder irritative symptoms with frequency,
urgency, and nocturia usually lasting 8 to 16 weeks. The
reported risk of rectal ulcer with tenesmus, pain, or bleeding
is 2% to 4% in series reporting either interstitial or external
radiation. Some series report that an additional 10% of men
may have intermittent painless rectal bleeding. Perineal dis-
comfort is common after transperineal brachytherapy but is
usually controlled with nonsteroidal antiinflammatory anal-
gesics with small doses of codeine-like medication used inter-
mittently during the first 2 to 4 days. There is a small risk of
urinary retention lasting 2 to 4 days that is caused by edema
of the gland due to the multiple punctures, similar to the risk
reported after prostate biopsy. The severity of the edema and
the risk of retention is also affected by the skill of the
brachytherapist in placing the needles, as multiple punctures
to reposition the needles increase the risk of retention.

The duration of postoperative catheter drainage of the
bladder can also affect the risk of retention as the catheter
will stabilize the urethra during the period that the edema
develops. Most institutions use 6 to 24 hours of drainage, and

we have reported that the risk is 5% after 24 hours of
drainage.44 The major putative advantage of brachytherapy is
a lower risk of impotence associated with interstitial therapy.
Sanchez-Ortiz et al. reported the results of a survey follow-
ing brachytherapy or external-beam radiation with a strict
definition of impotence, erection sufficient for intromission,
and ability to achieve orgasm without mechanical or phar-
macologic assistance45; 49% of men undergoing brachyther-
apy were potent and an additional 26% had partial erections
or were fully potent with sildenafil. Talcott et al.46 reported
that only 30% of men treated with external radiation were
fully potent following external radiation. The effects of com-
binations of external radiation and brachytherapy have not
been studied to know whether this would lead to increased
effect on sexual function or rectal or bladder effects.

Selection of patients for brachytherapy is critical for a suc-
cessful brachytherapy program. For mechanical reasons it is
technically difficult to implant prostates larger than 55cm3

due to interference from the ischium. Patients with larger
prostates may be candidates if they undergo androgen depri-
vation for 3 to 6 months. We have treated men and carried out
serial ultrasounds.47 Among men in the largest quartile, that
is, glands greater than 56cm3, the median reduction in volume
was 60%, which would suggest that men with glands as large
as 80cm3 may undergo the procedure. The reduction in
volume appears to be related to the extent of benign prostatic
hyperplasia (BPH) as the volume reduction was only 10%
among men with glands smaller than 24cm3. Men with PSA
greater than 20 or Gleason score of 8 to 10 do not do well with
androgen deprivation and subsequent prostate brachytherapy;
this is likely related to the shorter doubling times of a poorly
differentiated tumor. Also, the highly conformal nature of the
dose distribution of prostate brachytherapy is a disadvantage
in these patients because they are at higher risk for occult
extracapsular tumor or distant metastatic disease. Other con-
traindications to brachytherapy include men with recurrent
prostate infections, as the placement of foreign bodies within
the prostate increases the risk of recurrent infection and pos-
sibly abscess, and men with moderate to severe bladder outlet
obstruction do not tolerate brachytherapy well as these symp-
toms frequently worsen in these men. Additionally, men with
prior transurethral resection of the prostate are not good can-
didates for the procedure if these is a substantial central defect,
as this prostate tissue is necessary to hold sources and there
is a greater risk of stricture or bladder neck contracture due to
fibrosis from two procedures.

High dose rate brachytherapy using temporary implants
has also been studied in men with locally advanced prostate
cancer to increase the dose of radiation to the tumor while
limiting the dose to the bladder and rectum. Guerriero et al.48

reported a series of men treated with external radiation and
radioactive gold-198 implant. In this procedure only three to
four seeds were used, which made the dosimetry much more
sensitive to source position. There is a theoretical advantage
to the high dose rate implant as there is less attenuation of
the energy by tissue so that the dose to tissues immediately
adjacent to the prostate is higher, which may treat micro-
scopic extracapsular disease more effectively. Similarly, it
may deliver a higher dose to T3 tumors with a lower dose to
the rectum.

Guerriero et al. delivered 46Gy to the prostate with exter-
nal radiation and carried out two implants to deliver a total
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dose of approximately 80Gy. They report a 5-year bNED sur-
vival among high-risk patients with poorly differentiated
Gleason of 7 or more or PSA of 10.0 or more or locally
advanced tumors (T2b or greater) as 74% without the addi-
tion of adjuvant hormonal therapy.

A similar experience has been reported by physicians at
the Swedish hospital in Seattle.50 They have treated a similar
number of patients, with a large percentage falling into the
high-risk population, with a median follow-up of 45 months.
No patient received adjuvant hormonal therapy. They com-
bined 50.4-Gy external radiation with four implants deliver-
ing 3.0 to 4.0Gy each time to the prostate. They report a
5-year bNED survival of 84%.49

To Treat the Nodes or Not to Treat the Nodes?

This is a controversial issue among radiation oncologists
because the data can be interpreted to support both positions.
Many institutions have routinely delivered radiation to the
lymph nodes to treat high-risk patients for occult nodal invol-
vement, whereas others have insisted that nodal involvement
in patients with clinically limited disease is invariably asso-
ciated with occult distant metastatic disease, arguing that the
effect on survival and disease-free survival is greater than that
observed in node-positive breast cancer.

Two early reports supported the application of prophylac-
tic nodal radiation based on retrospective reviews of single-
institution data.50,51 McGowan reported a review of 342
patients treated between 1970 and 1978 with doses of 60Gy
in 6 weeks to the prostate or a dose of 32.5Gy to the pelvic
lymph nodes with a 27.5-Gy boost dose to the prostate.50

Treatment policy changed during this time to treat the nodes
as well as the prostate instead of the prostate only. The 5-year
clinical disease-free survival among 36 patients treated to 
the prostate only was 35% compared to 62% for 91 patients
treated to the pelvis and prostate.50

Results from Stanford supported this finding after they
went through a similar evolution in treatment policy.51 The
dose delivered was 70Gy. The 10-year clinical disease-free
survival was 70% for patients treated to the prostate and
nodes versus 40% for patients treated to the prostate only. In
the same report, Bagshaw describes the results in 58 patients
undergoing node sampling and treated with prostate only
radiation at Memorial Sloan-Kettering Cancer Center with
iodine-125 implant only versus 86 patients treated to the
prostate and pelvic nodes at Stanford. There was no signifi-
cant difference in survival between the two groups.

The Radiation Therapy Oncology Group (RTOG) con-
ducted a randomized prospective trial determine the benefit
of prophylactic lymph node radiation in patients with node-
negative prostate cancer.52 Patients were accepted after either
a negative lymph node sampling or lymphangiogram or CT
scan. However, both CT scan and lymphangiogram are rela-
tively insensitive in detecting nodal metastases because CT
scans require that nodes be enlarged to at least 1.0cm in great-
est dimension before they are called radiographically positive
and the lymphangiogram does not evaluate the first two ech-
elons of lymph nodes, that is, the obturator and internal iliac
lymph nodes, so they only detect the common iliac nodes if
they are involved. Both studies have sensitivities that are less
than 50%. In a final analysis of this trial (RTOG 77-06) in
stage T1b and T2 patients, there was no difference in disease-

free survival between prostate-only radiation and pelvis-plus-
prostate radiation at 12 years, although the survival was 26%
in patients undergoing lymphangiographic or CT staging
compared to 38% among surgically staged patients (P =
0.003).52 At the same time, RTOG 75-06 accrued patients
with pathologically involved lymph nodes and randomized
them to pelvis and prostate radiation versus paraaortic,
pelvic, and prostate radiation. There was no difference in sur-
vival between the two groups and, more importantly, there
were only 2 bNED survivors at 10 years among 90 patients.

All these studies were developed and reported before the
availability of PSA studies and the development of three-
dimensional conformal radiation and intensity-modulated
radiation. The radiation doses were lower than are commonly
used today, and target volumes were smaller than are used
today. The observations from these older RTOG trials still
ask the clinician to explain why it seems that if the nodes are
not involved there is no need to treat the lymph nodes, and
if the nodes are involved there is no benefit to treating the
nodes, yet if the nodal status is not known there is a benefit
to prophylactic nodal radiation. Possible explanations include
the following: (1) a benefit to patients with truly limited
disease that may not be detected pathologically because the
extremely limited microscopic involvement of the nodes may
have been missed; (2) pelvic radiation may have compensated
for the difficulty in defining the prostate target volume and
better treated the peripheral portions of the gland and the
adjacent soft tissues; or (3) there may have been a volume
effect because of the greater tissue effects due to the vascular
and lymphatic effects of pelvic radiation, which may have
enhanced the cytocidal effects of the prostate radiation or
may have impaired tumor progression.

A recent RTOG study (94-13) included patients with
locally advanced tumor but radiographically node-negative
patients in whom there is an estimated risk of occult lymph
node involvement greater than 15% based on the equation
(2/3)*PSA + [(Gleason score-6)*10] greater than 15.53 Patients
in this trial were randomized to whole pelvis + prostate radi-
ation versus prostate-only radiation and were also random-
ized to neoadjuvant and concurrent combined androgen
blockade (2 months before and during radiation; total, 4
months) versus adjuvant combined androgen blockade 
(beginning after the completion of radiation). They found 
an improvement in 4-year biochemical disease-free survival
from 47% to 54% with the addition of pelvic radiation inde-
pendent or hormonal effects. These patients again did not
undergo CT-based treatment planning or three-dimensional
conformal radiation or intensity-modulated radiation.
Because these patients were selected for the increased risk of
occult nodal involvement, the treatment effect may reflect
the effect of nodal radiation, or it may reflect the better cov-
erage of periprostatic soft tissues in patients who also had a
high risk of capsular transgression. It is unlikely that another
randomized trial can be justified, and it remains for the indi-
vidual clinician to decide on the treatment volume in this
patient group. It is clear that there is a benefit to larger fields
in these poor-risk patients, but the exact target is not clear.

Treatment Selection Issues

Based on the data reported by all the previously mentioned
studies, the question arises as to the optimal treatment. There
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is unfortunately only one small randomized trial reported
that randomized men to surgery or radiation for localized
prostate cancer. Paulson et al. reported the results of a small
series of 97 patients randomized to radiation versus radical
prostatectomy.54 Their analysis did purport to show a higher
5-year disease-free survival in patients undergoing surgery,
86% versus 59%. However, the conclusions from this trial
have been called into question by some of the coauthors.55

Unfortunately, the group was disbanded before the comple-
tion of the study and some of the coauthors complained that
they did not have the opportunity to review the data or the
manuscript before publication. A number of problems in data
analysis were raised in the second publication,55 including the
issue that 12% of the radiation patients and 19% of the
surgery patients did not receive the assigned treatment and
that they were analyzed by treatment group and not inten-
tion to treat. They also point out that 48% of the radiated
patients and 66% of the surgery patients did not complete
follow-up. Additionally, nearly all the recurrences were doc-
umented by bone scan, which has a high probability of false-
positive studies due to the multiple causes of bone scan
abnormalities. Finally, there was also no central review of
studies documenting recurrent disease. It should also be
noted that the dose of radiation used (66Gy) is significantly
lower than is used today. The results of this study54 and the
ensuing controversy55 have precluded any potential for com-
pleting a full randomized study of this question. A subsequent
attempt by the Southwest Oncology Group in concert with
all the other major oncology research groups in the United
States failed because of poor accrual. Two large nonrandom-
ized patient series have also attempted to address this 
question.56,57

D’Amico et al. compared the results of patients at the
University of Pennsylvania treated with radical prostatec-
tomy or palladium-103 brachytherapy with patients treated
with external-beam radiation to a dose of 66Gy at the Joint
Center for Radiation Therapy. In low-risk patients, the 8-year
biochemical disease-free survival was 88% for radical prosta-
tectomy and 78% for radiation therapy. In intermediate-risk
patients the bNED survival was 79% for surgery and 65% for
radiation.57 More recently, Kupelian et al.56 compared the
results of external-beam radiation therapy, brachytherapy,
and radical retropubic prostatectomy of a single-institution
retrospective study. They found that in the group of patients
with stage T1–T3 disease treated with radiation alone the 7-
year bNED survival was significantly better if patients were
treated with a dose greater than 72Gy (81% versus 48%).
These results were independent of treatment Gleason score
or PSA. The treatment results with radiation to doses of 
72Gy or more were comparable to the results with radical
prostatectomy.

Overall, in selecting treatment for a specific cohort of
patients with localized prostate cancer, it is necessary to eval-
uate the institutional treatment results including the risks of
morbidity and the available resources including 3-D CRT and
IMRT. It is also necessary to allow each patient to understand
the relative risks of potential rectal complications of radia-
tion and the risk of postsurgical incontinence as well as the
effects of each treatment on potency. External-beam radia-
tion therapy will not relieve obstructive symptoms, and
brachytherapy may make obstructive symptoms worse, at
least transiently, whereas surgery will relieve them. Some

patients may prefer surgery because of the reassurance that
they receive from an undetectable PSA and may be less sat-
isfied with a low, but stable, PSA as found following radia-
tion therapy. Others may take comfort from the potential
effect of salvage radiation. Younger patients have a longer
anticipated survival, and radiation or brachytherapy may
complicate the management of subsequent pelvic problems
including diverticular disease and bladder and rectal neo-
plasms. This possibility must be balanced against the higher
risk of surgical incontinence and impotence with increasing
age, whereas a similar trend has not been demonstrated with
radiation therapy.

Locally Advanced Prostate Cancer: Combined
Radiation and Hormones

Early results with radiation for T3 prostate cancer showed a
high risk of recurrence and metastatic disease following radi-
ation therapy. One of the earliest efforts to improve the
results in these high-risk patients was reported from M.D.
Anderson in 82 patients using diethylstilbestrol (DES) with
radiation in a randomized trial compared to radiation alone,
recently updated by Zagars et al. with a median follow-up of
14.5 years.58 Fifteen-year relapse-free survival was 57% for
radiation + DES versus 37% for radiation alone. The overall
survival was 33% for radiation alone and 25% for radiation +
DES. The major reason for the difference between disease-free
survival and overall survival was the excess mortality in the
DES group resulting from cardiovascular events. Since this
trial was completed, other studies have examined the same
question but have used luteinizing hormone-releasing
hormone (LHRH) agonists with or without antiandrogens.
RTOG 86-10 randomized men with T3–T4 or bulky T2
prostate cancer to radiation alone or radiation with 2 months
of combined androgen blockade (CAB) before radiation and 2
months during radiation versus radiation alone.59 With 8
years follow-up, the overall and disease-specific survival are
not significantly different, 47% and 55% with radiation and
CAB versus 44% and 56% with radiation alone. The study
did show an improved bNED survival with neoadjuvant and
concurrent hormones, 63% versus 45% (P less than 0.001).
Some bias may be introduced into the interpretation of these
data by the inclusion of men with T2 tumors and extensive
BPH and limited tumors. An important finding from this
study was that the quality and duration of subsequent hor-
monal response among men who suffered relapses was not
adversely affected by the short-course hormonal therapy.

RTOG 85-31 is a Phase III clinical trial that included men
with clinical T3 prostate cancer as well as men with any T
stage node-positive prostate cancer, and men undergoing
radical prostatectomy for stage T1–T2 disease with patholog-
ically documented extracapsular disease or seminal vesicle
involvement.60 These men were randomized to treatment with
radiation with or without lifelong androgen deprivation. Local
recurrence rates were improved with hormonal therapy, 16%
versus 29% (P less than 0.001). Additionally, the 5-year clini-
cal NED survival was improved, 60% versus 44% (P less than
0.001), as was bNED survival, 53% versus 20% (P less than
0.001), but there was no difference in 5-year absolute survival,
75% versus 71% (P = 0.52). Patients were stratified for Gleason
score (7 or less versus 8–10) and for surgery and nodal status.
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The only group showing a survival benefit thus far is men 
with Gleason score 8 to 10 not undergoing surgery, 66% 
with hormones versus 48% without hormone after 5 years 
(P = 0.01).

The first report that showed a clear survival advantage
with the addition of hormonal therapy was reported by Bolla
et al. for the EORTC,61 in which 415 men with high-grade
T1–T2 or any grade T3 tumors were randomized to conven-
tional dose radiation to the lymph nodes and prostate to a
dose of 50Gy, followed by a boost to the prostate to a dose of
70Gy with or without 3 years of LHRH agonist therapy. With
a 66-month median follow-up, the incidence of clinical
locoregional failure was 16% in the radiation-alone group and
2% in the combined therapy group (P less than 0.0001). The
risk of distant metastases was reduced from 29% to 10% (P
less than 0.0001), and the 5-year clinical disease-free survival
was increased from 40% to 74% by the addition of hormones.
Overall 5-year survival was also increased by the addition 
of hormonal therapy from 60% to 78% (P less than 0.0001).
Importantly, the addition of LHRH agonist therapy did not
increase the risk of cardiovascular events as was observed
with estrogen therapy.

The RTOG 92-02 study was a randomized trial in high-
risk T2b and T3–T4 prostate cancer that randomized men to
neoadjuvant and concurrent androgen deprivation therapy
during external-beam radiation therapy with or without 2
years of maintenance androgen deprivation.62 Regional nodes
were treated to 44 to 46Gy and the prostate was treated to 65
to 70Gy. A small number of node-positive patients were also
included, and very few patients had pathologic nodal invol-
vement. The median PSA was 20, and most patients had
Gleason scores of 7 or more. With the use of 2 years of postra-
diation androgen deprivation, local recurrences were reduced
from 12% to 6% (P less than 0.0001); the risk of distant
metastases was reduced from 17% to 11% (P = 0.03), and the
5-year disease-free survival was increased from 28% to 46%
(P less than 0.0001). However, the overall survival was not
significantly improved, being 78% for short-term androgen
deprivation and 80% for the longer course of treatment.

Although the survival curves published in the RTOG 92-
02 study were not analyzed, it appears that the extended
disease-free survival was approximately 2 years, reflecting the
longer course of treatment in this population.62 The disease-
free survival curve does not appear to plateau through 7 years.
This result would suggest that the 2 years of postradiation
androgen deprivation treatment may delay rather than pre-
vent recurrences, and further follow-up is needed to deter-
mine whether there is a survival advantage. Indeed, the
EORTC study61 has been criticized because serum testos-
terone levels were not followed, and some have suggested that
3 years of androgen deprivation may have induced lifelong
gonadal failure, and that the survival benefit seen in this trial
may reflect a prolonged effect on gonadal dysfunction. The
disease-free survival appears poorer in the RTOG report,62

although the Gleason score of the RTOG patients was gener-
ally higher than in the EORTC study.61 There may also be a
better overall survival in the RTOG population because of the
generally earlier application of palliative hormonal therapy in
the United States than in Europe. Patients in both studies
were stratified based on Gleason score, PSA, and clinical
stage.61,62 Future subset analyses may clarify which patients
benefit from prolonged hormones.

Management of Node-Positive Prostate Cancer

When prostate cancer metastasizes to lymph nodes, the
implications for therapy are not dissimilar to those in breast
cancer. When men with node-positive prostate cancer are fol-
lowed, the results with any monotherapy are poor. Early
reports showed that the risk of recurrence is high with surgery
and radiation and that the major sites of recurrence were
distant.63–66 Patients treated with hormonal therapy alone
have similarly poor results but more problems with sympto-
matic local progression.10 Table 48.4 has previously shown
that men with localized tumors treated expectantly with pal-
liative hormonal therapy when symptoms develop have a
greater than 50% risk of symptomatic local progression. The
results with local therapy are shown in Table 48.12. The dom-
inant pattern of clinical recurrence in each of these series is
distant metastasis.

There is only one randomized trial of combined modality
therapy in men with node-positive nonmetastatic tumors.
Messing et al. reported a randomized trial of men undergoing
radical prostatectomy who were randomized to either obser-
vation or androgen ablation therapy with either orchiectomy
or lifelong goserelin67 in which 98 men were randomized and
the median follow-up was more than 7 years. In this patient
series, there was a high incidence of seminal vesicle involve-
ment, 60%, and positive surgical margins, 65%. Half had
Gleason score 7 tumors and 15% had Gleason score 8–10
tumors, although 80% had an undetectable PSA after surgery.
The 7-year overall survival was 84% with adjuvant hormones
and 57% for surgery alone (P = 0.02), and the prostate cancer-
specific survival was 97% versus 63% (P less than 0.01). The
7-year disease-free survival was improved to 83% using
immediate postsurgical hormonal therapy versus 34% with
surgery alone.

There are no randomized trials in men treated with radi-
ation for node-positive prostate cancer. Two attempts at 
randomized trials have failed due to poor accrual. There are
two sizable series of men treated with combined hormonal
and radiation therapy that have shown substantially better
disease-free and overall survival compared to series of radia-
tion alone.68,69 These patients are not comparable to the sur-
gical trial67 as there is a higher percentage of patients with T3
disease and more patients have gross nodal disease before
treatment. Sands et al. reported a series of 208 men with node-
positive prostate cancer treated at M.D. Anderson with hor-
mones alone (181 patients) or hormones plus local radiation
(27 patients).68 Both groups received lifelong androgen abla-
tion and the prostate was treated to 66Gy. They report that

TABLE 48.12. Result with local therapy alone in node-positive
prostate cancer.

Cancer- Clinical
specific NED bNED

Author Reference Follow-up survival survival survival

Surgery
Sgrignoli 63 10 years NR 47% 12%
Myers 64 10 years 65% 0% NR
Hanks 65 10 years 29% 7% NR
Gervasi 66 10 years 43% 7% NR

NR, not reported.
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the 4-year bNED survival was 47% with hormones alone and
the incidence of local progression was 22%. Only 10% of
patients had distant metastatic disease without clinical local
progression. Men treated with combined hormonal-radiation
therapy were all biochemically NED at 4 years. Robnett 
et al.69 recently updated the results from the University of
Pennsylvania in a similar group of 79 patients treated with
combined hormonal-radiation therapy. Clinically uninvolved
pelvic lymph nodes were treated to 45Gy and involved nodes
were treated to 50Gy. The prostate was treated to 66 to 
72Gy. The median follow-up was 7.2 years with more than
25% of the patients followed for more than 10 years. The 12-
year actuarial clinical disease-free survival was 81% and the
bNED survival was 61%. This series showed no difference
between androgen ablation therapy and combined androgen
blockade. They did note that all 5 patients with residual gross
nodal disease at the start of radiation did recur and that more
than 50% of recurrences after 5 years were prostate only
without distant metastases. A comparison of the combined
therapies in the three series including the randomized surgi-
cal trail and two single-institution radiation therapy series are
shown in Table 48.13. The evidence from each report strongly
suggests that combined therapy is superior to monotherapy
as these patients are at extremely high risk for occult distant
disease but hormones alone cannot reliably produce durable
local control.

Management of Advanced Disease

Hormonal therapy has been the mainstay in the management
of advanced disease since the observations of Huggins et al.
in 1943 demonstrated the high rate of symptomatic response
to orchiectomy in advanced prostate cancer.70 The initial
results were encouraging, but the advantage was partially
offset by the increased risk of cardiovascular events in men
treated with estrogen therapy.71 In this study of stage III and
IV prostate cancer patients, they found that the prostate
cancer mortality was 31% among 485 men treated with
placebo, 28% among 469 men treated with orchiectomy, and
21% among 476 men treated with DES.70,71 Cardiovascular
mortality among this group was 29% in men treated with
placebo, 31% in men treated with orchiectomy, and 39%
among men treated with DES.

Since 1985, the use of LHRH agonists has largely sup-
planted the use of DES and orchiectomy. In a large meta-
analysis, Seidenfeld et al. reported that the results with LHRH
agonists were comparable and equivalent to the results
achieved with orchiectomy.72

During this same time, the antiandrogens have also been
developed, and there have been a large number of investiga-
tions comparing androgen ablation therapy with either

orchiectomy or LHRH agonist with or without antiandrogen.
These results were recently reviewed using a meta-analysis.73

Antiandrogens have the disadvantage of causing gynecomas-
tia as well as a small risk of liver injury. Antiandrogens also
substantially increase the cost of treatment. In a meta-
analysis of androgen deprivation therapy versus combined
with androgen blockade, no significant difference was found
in survival between the two treatments when antiandrogens
were reserved for a time when patients progressed on antian-
drogen therapy.73

There is a spectrum of endocrine sensitivity in patients
with prostate cancer that extends from the very sensitive cells
that need testosterone to survive and undergo apoptosis as a
result of androgen deprivation to cells whose growth charac-
teristics are unaffected by hormones. There also appears to be
a population that needs androgen stimulation to proliferate,
but not to survive. For this reason, many oncologists will con-
tinue androgen ablation therapy even when refractory tumor
emerges, although there are no randomized trials to support
this treatment approach. Many clinicians also add cytotoxic
therapy to the androgen ablation therapy. Whether the cyto-
static effects of hormones affect the sensitivity to cytotoxics
is also unknown.

There are two common effects of androgen deprivation
therapy that patients find disturbing, vasomotor instability
(hot flashes) and osteoporosis. There are a number of anecdo-
tal reports that some drugs may reduce or eliminate the symp-
toms of hot flashes. Selective serotonin reuptake inhibitor
(SSRI) antidepressants have been approved for women with
menopausal symptoms, but similar trials have not been
carried out in men undergoing androgen deprivation,
although 80% of men treated with androgen deprivation,
either orchiectomy or LHRH agonist, report symptoms.
Quella et al. reported the results of a survey of men and
women treated with megesterol for symptoms.74 These
patients continued therapy for up to 3 years, and 88%
reported a benefit with doses as low as 10mg twice daily.
Townsend et al. reviewed a single-institution experience with
androgen deprivation therapy and found that the cumulative
risk of bone fracture unrelated to metastasis was 9% at 6
years.75 Smith reviewed bone mineral density data in a small
group of men with M0 prostate cancer and found that the
annual decrease in bone mineral density was 5%, compara-
ble to that observed in postmenopausal women. This risk was
the same with orchiectomy or LHRH agonist, although a
small group of men treated with DES had only a 1% annual
loss in bone mineral density.76 Diamond et al. carried out a
randomized prospective double-blind cross-over study of
pamidronate infusion, 90mg given monthly, versus placebo
in men treated with combined androgen blockade and found
that pamidronate produced a 2% increase in femoral neck
density compared to a 2.3% loss with placebo.77 These data

TABLE 48.13. Results of combined modality therapy in node-positive prostate cancer.

Gleason No.
Author Treatment T3 score 8–10 of patients bNED survival Overall survival

Messing67 S + H 0% 30% 47 84% at 7 years 83% at 7 years
Sands68 RT + H 59% 15% 27 100% 4 years 100% at 4 years
Robnett69 RT + H 70% 51% 79 61% at 12 years 81% at 12 years

S, surgery; RT, radiation therapy; H, hormone therapy.
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suggest that bisphosphonate therapy merits consideration in
men beginning androgen ablation therapy.

The greatest question in the use of hormonal therapy is
when to initiate therapy. There is only one large prospective
randomized trial of immediate versus delayed therapy in men
with prostate cancer not undergoing curative therapy.78 This
study accrued asymptomatic men with prostate cancer
including T2–T4 tumors, N0 or N+ and M0 or M1. Patients
were treated with either orchiectomy or LHRH agonists and
the patients randomized to delayed treatment began hor-
monal therapy when the patient and physician identified a
symptom likely to benefit from hormonal therapy; 938 men
were registered to this trial, with 53% of the men having
metastatic disease, and 19% were not evaluated for metasta-
sis. With a median follow-up of more than 5 years, patients
assigned to initial deferred treatment required treatment after
a median time on study of 18 months, 10 months for M1
patients and 30 months for M0 and Mx patients. Patients
treated with early hormonal therapy had fewer bone fractures,
21 versus 11; myelopathy, 23 versus 9; and ureteric obstruc-
tion, 55 versus 33. There were fewer overall deaths (328
versus 361) and deaths due to prostate cancer (203 versus 257)
in the early therapy group. The group receiving early therapy
also has a longer interval to the development of hormone
refractory disease, 4.0 versus 6.5 years. These data suggest
that presymptomatic hormonal therapy will improve the
quality of life and may improve overall survival.

There is a wealth of data reporting the results of screen-
ing, staging, and treating prostate cancer, including patients
with subclinical, localized, and metastatic disease. The prac-
ticing clinician needs to make decisions at several levels. It
is first necessary to estimate the probability that prostate
cancer is present. If cancer is present, it is then necessary to
determine the extent and biologic aggressiveness of the
tumor. The patient and clinician must then weigh the insti-
tutional capabilities and lifestyle preferences of the patient in
making a treatment decision. Some would argue that the high
incidence of subclinical or nonaggressive prostate cancer
would mitigate against screening, while others argue that it
is wise to know the characteristics of the tumor to determine
whether treatment is desirable. Pending the results of the
large VA trial of observation versus radical prostatectomy,
each patient and clinician need to evaluate the issue and
jointly make a decision.

Cytotoxic Chemotherapy

Recent developments in cytotoxic chemotherapy have offered
prostate cancer patients another therapeutic option. In
general, chemotherapy is used in the setting of the develop-
ment of metastatic androgen-independent disease. Many 
controversies surround the utilization of chemotherapy in
prostate cancer. How do we define androgen independence
with respect to eligibility for clinical trials? What therapeu-
tic endpoints are most useful in assessing effectiveness of
chemotherapy? Which chemotherapy regimen is most effec-
tive? Is there a role for chemotherapy in earlier stages of the
disease, including hormone-naïve disease?

Until recently, prostate cancer has been viewed as a
chemotherapy-resistant neoplasm without a standard role in
the management of the disease.79 However, early chemother-

apy trials were difficult to compare and interpret because of
diverse entry criteria and response assessment. To address
these and other issues, the Prostate-Specific Antigen Working
Group published in 1999 consensus guidelines for phase II
clinical trials in androgen-independent disease.80 These guide-
lines define specific patient groups as they relate to eligibil-
ity for a trial. In addition, criteria for objective assessment of
response including PSA response endpoints were defined.
This landmark achievement stands as an important step
forward in the more recent evolution of chemotherapy in
prostate cancer. In 2004, all clinical trials assessing cytotoxic
chemotherapy should incorporate this important work into
trial design.

Mitoxantrone is an anthracenedione with documented
single-agent activity in prostate cancer.81 Tannock et al.
reported a Phase III trial in which 161 patients with sympto-
matic (pain) androgen-independent prostate cancer were ran-
domized to mitoxantrone plus prednisone (MP) versus
prednisone (P) alone.82 A unique aspect of this study was that
the primary endpoint was pain relief. A favorable palliative
response was noted in 23 of 80 patients who received MP
(29%; 95% CI, 19%–40%) as opposed to only 10 of 81 who
received P alone (12%; 95% CI, 6%–22%). In addition, the
duration of palliative benefit was improved in the MP group
(43 weeks versus 18 weeks; P less than 0.001). There was no
statistically significant difference in either the PSA response
rate or overall survival between the two groups. A correlative
study demonstrated that treatment with MP was associated
with improvement in several health-related quality of life
domains compared to P alone.83

The Cancer and Leukemia Group B also studied the com-
bination of mitoxantrone plus hydrocortisone (MH) versus
hydrocortisone (H) alone in androgen-independent patients.84

The primary endpoint of this trial was not pain relief but
overall survival. In this trial, 242 patients were randomized
to either MH or H alone. There was no difference in survival
between the two groups (12.3 months versus 12.6 months). A
post hoc analysis demonstrated that 42 of 112 patients (38%)
treated with MH demonstrated a 50% PSA response com-
pared to 25 of 116 patients (22%) treated with H alone (P =
0.008). In addition, there was a trend toward improved quality
of life in the MH group. Based upon these studies, the U.S.
Food and Drug Administration approved mitoxantrone in
combination with a steroid as a palliative treatment for men
with androgen-independent prostate cancer.

Estramustine phosphate (EMP) is a nornitrogen
mustard–estrogen conjugate. Preclinical studies have demon-
strated synergy of estramustine with M-phase-specific cyto-
toxic drugs.85 Based upon Phase II trials combining EMP with
agents such as vinblastine, Hudes et al. performed a Phase III
trial of vinblastine (V) versus V plus EMP in 201 patients with
androgen-independent prostate cancer. The median survival
of the two groups trended toward the V/EMP arm (11.9
months versus 9.2 months; P = 0.08).86 The V/EMP arm was
statistically superior in terms of time to progression and 50%
PSA response rate.

More recent trials have focused upon combinations of
EMP with a taxane. An exhaustive review of the Phase II trials
of EMP/docetaxel and EMP/paclitaxel is well beyond the
scope of this review. CALGB 9780 is examined as an example
of these trials. In this trial, Savarese et al. treated 47 men with
androgen-independent disease with a combination of EMP,
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docetaxel, and hydrocortisone.87 In the 44 patients with an
elevated pretreatment PSA, the 50% PSA response rate was
68%. In 24 patients with measurable disease, the objective
response rate was 50% (95% CI, 27%–73%). The median sur-
vival demonstrated in this trial was 20 months.

It is of interest that the median survival noted in CALGB
9780 is superior to those noted in the MP trials. Obviously,
patient selection and other biases could result in this differ-
ence. SWOG 9916 is a randomized trial comparing MP to
EMP/docetaxel in patients with androgen-independent
prostate cancer. The primary endpoint of this trial is to detect
a 33% increase in median survival in the EMP/docetaxel arm.
The trial has completed accrual of 770 patients and the results
are eagerly awaited. A second randomized trial that deserves
mention is the industry-sponsored TAX 327, a three-arm ran-
domized trial comparing MP to docetaxel/prednisone without
EMP (arms 2 and 3 represent an every-3-week docetaxel
schedule and a weekly docetaxel schedule, respectively). 
This trial is also closed to accrual, and the results are 
forthcoming.

Given the recent advances in chemotherapy development
for patients with metastatic androgen-independent prostate
cancer, the next obvious step is to move chemotherapy to
earlier stages of the disease. A number of investigator-initi-
ated, industry-sponsored, and cooperative group trials are
addressing this issue, and two are described here. In RTOG
9902, patients with poor-risk localized prostate cancer are
randomized to radiation therapy plus androgen ablation (the
standard arm) versus a combination of radiation therapy plus
androgen ablation plus cytotoxic chemotherapy (paclitaxel,
etoposide, EMP). This ongoing trial hopes to accrue 1,440
patients, with the primary endpoint being survival. ECOG
1899 addresses the role of cytotoxic chemotherapy in patients
with androgen-independent prostate cancer but no metas-
tases. In this trial, EMP/docetaxel is being compared to a
standard “salvage” hormone regimen, ketoconazole plus
hydrocortisone. The primary endpoint of this ongoing trial is
progression-free survival. These two trials and others will
further define the role of chemotherapy in the management
of prostate cancer. As always, clinicians are encouraged to
offer patients access to well-designed clinical trials.
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Testis Cancer
Timothy Gilligan and Phillip W. Kantoff

he treatment of testicular cancer is one of the great
success stories of Western medical science. More than
90% of patients are now cured, and essentially all

patients, regardless of how advanced their disease is at the
time of diagnosis, have a real chance of cure. In contrast, 50
years ago, metastatic testicular cancer was almost always
fatal. Testicular cancer represents an example of what can be
learned from a systematic and determined clinical trials
effort. The current standard chemotherapeutic regimens are
based on a long series of randomized controlled trials, despite
the fact that this is a relatively rare disease. Because there is
almost always the possibility of achieving a cure and because
current standard therapies have been based on a solid scien-
tific foundation, mistakes in the management of testicular
cancer patients can be particularly costly and difficult to
justify. Patients with testicular cancer should be treated by
physicians familiar with the disease and with the germ cell
tumor literature.1

The vast majority of testicular cancers are germ cell
tumors (GCT), and most GCTs occur in the testicles. It is
worth noting that there are important biologic and therapeu-
tic differences between GCTs in adult or adolescent males,
which are discussed in this chapter, and other GCTs, which
include dermoid cysts, gestational trophoblastic neoplasia,
intracranial GCTs of childhood and adolescence, and neona-
tal yolk-sac tumors and teratomas. Ovarian GCTs have many
similarities to testicular GCTs, but these are discussed in a
different chapter.

Epidemiology

Testicular cancer is rare, with about 7,600 cases diagnosed
and 400 deaths reported annually in the United States.2

Worldwide, an estimated 49,000 cases are diagnosed and
9,000 men die of the disease annually.3 It is the most common
malignancy among U.S. males 20 to 34 years of age and the
second most common malignancy among white males in the
United States between the ages of 15 to 19 and 35 to 39.4 Tes-
ticular cancers represent up to 60% of malignancies diag-
nosed in men aged 20 to 40 years in Western countries. The
incidence of nonseminomatous GCTs peaks between the ages
of 20 and 35, whereas seminomas are most common between
the ages of 30 and 45. Nearly 95% of all testicular cancers are
diagnosed between the ages of 15 and 54, and the median age
of diagnosis is 34 years.2,5

The incidence of testicular cancer has increased in the
United States and worldwide, but with substantial regional

variation between the years 1950 and 2000.6 During that
period, the U.S. incidence of testicular cancer increased 168%
while mortality declined 73% and relative 5-year survival
improved from 57% to 96%.2 Between 1975 and 2000, the
incidence increased 54%, to 5.7 cases per 100,000 males.2

During the same period, mortality declined by 71%. Most of
the decline in mortality occurred between 1973 and 1983,
when cisplatin-based chemotherapy became widely used, but
a slower downward mortality trend has continued.7 For
unknown reasons, testicular cancer is especially rare in black
men. White males in the United States have a 0.42% lifetime
risk of being diagnosed with testicular cancer compared to a
0.10% risk among African-Americans.2

The major risk factors for testicular cancer are cryp-
torchidism, an affected first-degree relative, and a personal
history of contralateral testicular cancer. Male infertility and
subfertility have also been strongly associated with an in-
creased incidence of testicular cancer.8–10 Cryptorchidism
confers a relative risk of testicular cancer that has been
reported to range from 2 to 18, and a meta-analysis reported
a relative risk of 7.8.11,12 The increased risk of cancer is seen
in both the nondescended testicle and, to a lesser degree, the
contralateral testicle. Although different studies have reached
different conclusions, it appears that orchiopexy before age 10
either reduces or eliminates the increased risk of cancer.11,13,14

Men with a father or son with testicular cancer have a rela-
tive risk of testicular cancer of 2.0 to 5.7,15–19 whereas men
with a brother with testicular cancer have a relative risk of
8.3 to 13 and a lifetime risk of testicular cancer of about 2%
to 3%, suggesting that maternal factors may be important.
Men with testicular cancer have a 1% to 4% risk of develop-
ing a second primary GCT in the contralateral testicle.20–24

Among men with bilateral cancers, the median time interval
between the diagnoses of the two tumors is about 5 years, and
as many as 25% of metachronous tumors are diagnosed more
than 10 years after the first cancer.22,24 Men with gonadal dys-
genesis and testicular atrophy also manifest an increased inci-
dence of testicular GCTs.25

Basic Science

Cell of Origin

Testicular GCTs, with the exception of spermatocytic semi-
nomas, are thought to develop from primordial germ cells or
slightly later gonocytes that have transformed into the pre-
malignant cells that constitute carcinoma in situ of the testis,
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also referred to as intratubular germ cell neoplasia (ITGCN).26

This transformation is believed to occur in utero, because an
increased risk of testicular cancer has been associated with
(1) severe maternal nausea, (2) neonatal jaundice, (3) parity, (4)
advanced maternal age, and (5) both low and high birth
weights.27–29 In addition, men with a fraternal twin with tes-
ticular cancer have a higher relative risk of being diagnosed
with the disease than do men with an identical twin with tes-
ticular cancer.30 These findings support the hypothesis that
high estrogen levels and other factors during pregnancy stim-
ulate the transformation of primordial germ cells into pre-
malignant tissue.27 Similarly, the association of testicular
atrophy and abnormal sperm counts with testicular cancer,
as well as the finding that the incidence of testicular cancer
rises sharply shortly after puberty, suggest that increased
gonadotropin levels may drive the transformation of ITGCN
into GCTs. Increased follicle-stimulating hormone (FSH),
estrogen, and testosterone have been documented in patients
with newly diagnosed testicular cancer.

The biologic relationship between pure seminomas and
nonseminomatous or mixed GCTs remains poorly defined. It
is currently believed that the default pathway from ITGCN
is to seminoma and that additional genetic events are needed
for the development of nonseminomatous tumors. An alter-
native hypothesis is that seminomas and nonseminomas rep-
resent different development pathways from ITGCN.

Cytogenetics

The specific genetic events involved in the malignant trans-
formation of germ cells remain to be defined. Most GCTs 
are associated with an isochromosome of the short arm of
chromosome 12 (i(12p)). Germ cell tumors without an i(12p)
uniformly show increased 12p sequences.31,32 The short arm of
chromosome 12 is thought to encode about 120 genes, includ-
ing SOX5, JAW1, and K-ras, but the identity of the critical
genes on 12p has not been established. Overrepresentation of
the long arm of chromosome 17 has been reported in more than
50% of testicular cancers.26

Basis of Chemosensitivity

The unique sensitivity of testicular germ cell cancer to 
cisplatin-based chemotherapy represents one of the most
striking attributes of this disease. The derivation of these
tumors from germ cell precursors, which are highly prone
toward apoptosis, makes this sensitivity less surprising.
Several factors have been identified that likely contribute to
these tumors’ chemosensitivity. Wild-type p53 protein is
overexpressed in most GCTs, and p53 mutations are only
rarely seen.33 Although the role of P53 in inducing apoptosis
makes these findings provocative, it has not been clearly
demonstrated that p53 status is central to GCT chemosensi-
tivity. Indeed, most chemoresistant GCTs have no p53 muta-
tions, and Burger et al. have demonstrated, in cell line studies,
that functional p53 is not necessary for cisplatin-induced
apoptosis.34,35 Similarly, the antiapoptotic protein BCL2 has
been shown to be either absent from or expressed at very low
levels in most GCTs, but BCL2 expression has not been con-
sistently linked to chemotherapy resistance or other clinical
outcomes. In reviewing the literature in this area, Mayer and

Bokemeyer and colleagues have proposed that GCT
chemosensitivity may result from a low expression of
chemotherapy export pumps, impairment of both cisplatin
detoxification and DNA repair pathways, a relatively high
sensitivity to DNA damage, and corresponding low threshold
for activation of apoptosis, as well as an intact apoptotic
cascade.36,37 Currently, there are not adequate data to validate
this model. Zurita et al. have reported that expression of 
the lung resistance-related protein in testicular cancers 
was associated with shorter overall survival and may be 
associated with chemoresistance.38 Although it is clear that
GCTs show a greater propensity for undergoing apoptosis,
both spontaneously and in response to chemotherapy, the 
specific apoptotic pathway(s) involved are unknown and the
specific basis of chemosensitivity remains to be clearly
defined.

Teratomas, in contrast to seminomas, choriocarcinomas,
embryonal carcinomas, and yolk-sac tumors, are highly resis-
tant to chemotherapy. Although the reason for this resistance
is not well defined, several differences have been noted. Ter-
atomas more often express p21 and the retinoblastoma
protein, both of which mediate G1/S cell-cycle arrest.37 In
addition, teratomas show a higher expression of the antiapo-
totic protein Bcl-2 and lower expression of the proapopto-
tic Bax protein.37 Collectively, these findings suggest that
although the other GCT subtypes are prone toward apoptosis
and have an impaired ability to arrest the cell cycle and repair
chemotherapy-damaged DNA, teratomas are more resistant
to apoptosis and instead respond to DNA damage by stopping
the cell cycle.36

Serum Tumor Markers

The serum tumor markers alpha fetoprotein (AFP), human
chorionic gonadotropin (HCG), and lactate dehydrogenase
(LDH) play a major role in the management of GCTs. They can
help to confirm the diagnosis, estimate the prognosis, deter-
mine appropriate therapy, and monitor for progression, regres-
sion, and relapse. In cases of metastatic carcinoma of unknown
primary, a highly elevated AFP or HCG may suggest a diagno-
sis of a poorly differentiated GCT, but elevated serum tumor
markers in this setting have not been shown to predict a
response to platinum-based chemotherapy, and therefore the
utility of measuring the markers in such tumors remains
debatable.39 In men with disseminated GCTs, a very high AFP,
HCG, or LDH is associated with a poorer prognosis and gen-
erally leads to more-aggressive therapy.40 Similarly, in men
with no radiologic evidence of disseminated disease, a persis-
tent elevation of serum tumor markers is generally interpreted
as evidence of occult metastases. During treatment, a decline
in serum tumor markers in accordance with their predicted
biologic half-lives has been associated with a more-favorable
prognosis, whereas a sluggish decline suggests chemoresis-
tance and rising markers imply refractory disease. Men 
whose markers fail to normalize with chemotherapy are 
at higher risk of relapse, and when men with nonseminoma-
tous GCTs relapse, the most common initial manifestation is
rising tumor markers.

An unresolved issue is whether sluggishly declining
tumor markers during chemotherapy are an indication that
the chemotherapy regimen should be changed.41 Among men



8 4 6 chapter 49

receiving second-line chemotherapy, an HCG half-life greater
than 3.5 days or an AFP half-life greater than 7 days is asso-
ciated with shorter event-free and overall survival.42 A follow-
up study reported that among men receiving first-line
chemotherapy, overall survival was 95% in men with a
normal rate of decline of HCG and AFP compared to 72%
among men with a slow rate of decline.43 However, it has
never been demonstrated that switching therapy based on the
rate of marker decline yields improved outcomes, and this
remains a question for clinical trials.

Although tumor markers help monitor the response to
therapy, they must be interpreted with care.44 Initiation of
chemotherapy can result in tumor lysis that leads to a rise in
markers during the first 10 days of therapy, and such a rise
should not be interpreted as indicative of resistance to
chemotherapy.45 The baseline marker levels to be used for
monitoring response to chemotherapy should thus be drawn
at the end of the first week of treatment. Similarly,
chemotherapy can result in hepatotoxicity that results in
rising serum AFP levels in the absence of viable germ cell
cancer.46 HCG assays may cross-react with luteinizing
hormone, and hypogonadal men with elevated gonadotropins
may thus test as having a mildly elevated HCG. Administra-
tion of testosterone lowers gonadotropin secretion from the
pituitary and can thus help identify false-positive results.47

Heterophile antibodies can also result in false-positive HCG
results.48 Mild, stable elevations in markers do not always
indicate the presence of residual malignancy; the entire clin-
ical picture must be considered.44,45

Alpha Fetoprotein

Serum AFP is elevated in 40% to 60% of patients with testic-
ular nonseminomatous germ cell tumors (NSGCT). AFP is a
single-chain polypeptide with a serum half-life of 5 to 7 days.49

It is produced by the fetal yolk sac, liver, and intestines and,
except during pregnancy, an AFP level above 15ng/mL 
is abnormal.45 AFP is elevated not only in NSGCTs but also 
in pregnancy, hepatitis, hepatocellular carcinoma, and, less
often, carcinomas of the stomach,50–52 colon and rectum,53

and other gastrointestinal sites.54 Within the context of 
GCTs, AFP is most strongly associated with yolk-sac tumors
but can also be produced by embryonal carcinomas. Semino-
mas do not produce AFP. The presence of an elevated serum
AFP in a patient with a histologic diagnosis of pure seminoma
is interpreted as a sign of occult nonseminomatous elements,
and such patients are treated as having mixed GCTs. Men
with a clinical stage I NSGCT who have a persistently elevated
serum AFP following orchiectomy are at high risk of having
distant metastases and are typically treated with chemother-
apy. As noted previously, a rising AFP can result not only from
relapsed disease but also from chemotherapy-related liver tox-
icity.

Human Chorionic Gonadotropin

Serum HCG is elevated in 25% to 50% of men with dissem-
inated seminomas and in 2% to 12% of men with stage I
disease. In contrast, in men with nonseminomatous testicu-
lar GCTs, HCG is elevated in 45% to 60% of metastatic cases
and in 25% to 50% of stage I cases. HCG is a glycoprotein

consisting of an a-chain and a b-chain. The serum half-life of
HCG is about 24 to 36 hours, and the upper limit of normal
serum HCG in men ranges from 0.1 to 5IU/L, depending on
the assay. Different assays can produce widely varying results,
and when false-positive results are suspected, repeating the
test using a different assay may be helpful.55–57 The a-chain in
HCG has a polypeptide sequence identical to the a-chain
found in the other glycoprotein hormones: thyroid-
stimulating hormone, luteinizing hormone (LH), and 
follicle-stimulating hormone (FSH). The b-chain of each of
these hormones is unique and gives the hormone its speci-
ficity. Assays for HCG typically test for both the beta-subunit
(b-HCG) and for intact HCG, but cross-reactivity with other
glycoprotein hormones sometimes occurs, particularly with
LH.58,59

In healthy individuals, HCG is produced by placental tro-
phoblasts and pituitary gonadotrophs. Elevated HCG levels
occur in pregnancy as well as in gestational trophoblastic
disease, hydatidiform moles, choriocarcinoma, and other
GCTs. Elevated levels of b-HCG are found in 45% to 60% of
patients with biliary and pancreatic cancer and 10% to 30%
of most other cancers, but more than a mild elevation of
intact HCG is rare in non-germ cell tumors.59,60

In the context of GCTs, elevated serum HCG is most
strongly associated with choriocarcinomas, which can result
in HCG levels in the hundreds of thousands or even millions
(IU/L). Less-extreme elevations of serum HCG are seen in
other GCTs. Many experts consider serum HCG levels higher
than 200 to 300IU/L incompatible with pure seminoma and
advocate treating patients with such results as having mixed
germ cell tumors, but there are few data to support these opin-
ions.59,61,62 Pure seminomas have been reported in which the
serum HCG was highly elevated, but it is possible such cases
represent mixed GCTs misdiagnosed as pure seminomas. The
International Germ Cell Cancer Collaborative Group’s pooled
analysis reported that, among men with disseminated semi-
noma receiving first-line chemotherapy, 3% of the subjects
had a serum HCG above 1,000IU/L. It does not appear that
an elevated HCG in seminoma is associated with a poorer
prognosis, but the data are mixed.63

Lactate Dehydrogenase

Lactate dehydrogenase (LDH) is an enzyme that catalyzes the
conversion between lactate and pyruvate. LDH is elevated in
about 50% to 75% of patients with disseminated semi-
noma.64–67 An elevated LDH can be seen in many settings of
cell death and rapid cellular turnover, including lymphomas,
myocardial infarction, and liver disease. An elevated LDH is
not specific, and LDH level is not helpful in establishing or
ruling out a diagnosis of germ cell cancer. Serum LDH levels
do carry prognostic information once the diagnosis has been
made, particularly in seminomas, which are less likely 
than nonseminomas to have other elevated serum tumor
markers.66 An elevation of serum LDH at diagnosis and a slug-
gish decay of elevated serum LDH are each associated with a
higher relapse rate in seminomas.63 Assays for LDH measure
enzymatic activity, and the normal range is therefore assay
dependent and varies widely among different tests. Knowing
the LDH level without knowing the specific assay’s normal
range is thus meaningless.



Pathology

Most testicular cancers are GCTs, which are divided into two
broad categories, seminomas and nonseminomas, by differ-
ences in natural history and treatment. Nonseminomatous
germ cell tumors (NSGCTs) include embryonal carcinomas,
yolk-sac tumors, teratomas, and choriocarcinomas. Most
NSGCTs are mixed tumors that are composed of two or more
GCT subtypes. Mixed GCTs that include both nonsemino-
matous and seminomatous histology are considered NSGCTs
for treatment and prognostic purposes. Testicular malignan-
cies that are not GCTs include Leydig cell tumors, Sertoli cell
tumors, gonadoblastomas, granuloma-thecal cell tumors, and
carcinoma of the rete testis. Pathologic staging of the primary
tumor is based on the presence or absence of (a) lymphatic or
vascular invasion (henceforth referred to as lymphovascular
invasion, LVI), (b) invasion beyond the tunica albuginea into
the tunica vaginalis, (c) invasion of the spermatic cord, and
(d) invasion of the scrotum. In seminomas, the size of the
primary tumor and the presence or absence of invasion of the
rete testis are also of prognostic significance.68

Intratubular Germ Cell Neoplasia

Testicular GCTs in adults, with the exception of spermato-
cytic seminomas, develop from the testicular form of car-
cinoma in situ, also referred to as intratubular germ 
cell neoplasia (ITGCN). ITGCN consists of noninvasive 
malignant-appearing cells within the seminiferous tubules.
The presence of ITGCN in an orchiectomy specimen in men
with testicular cancer does not carry any prognostic implica-
tions with regard to the risk of relapse of the cancer.69

However, in men with unilateral testicular GCTs, contralat-
eral testicular biopsies reveal ITGCN in about 5% of cases,
and half of these men develop invasive testicular cancers over
the subsequent 5 years.70 In some countries, men with tes-
ticular cancer are subjected to a biopsy of the contralateral
testicle to evaluate for ITGCN.71 Men with positive biopsies
are then typically treated with low-dose radiotherapy (14–20
Gy) to the testis, which kills the neoplastic cells and pre-
serves testosterone production but sacrifices fertility.72

Screening biopsies for ITGCN in testis cancer patients is con-
troversial because half the men treated are treated unneces-
sarily and because screening has not been shown to result in
improved survival or quality of life. Testis biopsies are rare in
the United States.

Seminoma

The most common type of testicular GCT, seminomas occur
at an older average age than nonseminomatous tumors, with
most cases diagnosed in the fourth or fifth decade of life.73

Syncytiotrophoblasts, which stain positive for HCG, can be
identified in up to 24% of cases of pure seminoma but are of
no clear prognostic significance.73 Lymphocytic infiltrates 
and granulomatous reactions are often seen, and seminomas
appear to be associated with an increased incidence of sar-
coidosis.74,75 Seminomas can produce moderately elevated
serum levels of HCG but they do not produce AFP. Even if
histopathology shows a pure seminoma, an elevated serum

AFP should be interpreted as indicating the presence of yolk-
sac tumor elements, and the tumor should be treated as a
mixed GCT.

Spermatocytic Seminomas

Although they share a similar name, spermatocytic semino-
mas are biologically distinct from classic seminomas. These
are very rare tumors and occur at a mean age of 54 to 
67 years.76,77 These tumors are almost always cured with
orchiectomy alone, although many patients have received
prophylactic paraaortic radiation. Metastatic disease has only
been reported once.77 Unlike other testicular GCTs, sper-
matocytic seminoma is not associated with a history of 
cryptorchidism.

Embryonal Carcinoma

Embryonal carcinomas consist of undifferentiated malignant
cells resembling cells from early-stage embryos. The micro-
scopic appearance of these tumors varies considerably, and
they may grow in solid sheets or in papillary, glandular, or
tubular patterns. Hemorrhagic and necrotic areas are often
present. In some cases, syncytiotrophoblasts are identified.
Embryonal carcinomas are aggressive tumors associated with
a high rate of metastasis, often in the context of normal serum
tumor markers. As discussed next, the presence and propor-
tion of embryonal carcinoma has been associated with the
likelihood of postorchiectomy relapse in clinical stage I
tumors.

Choriocarcinoma

Choriocarcinomas of the testicles are rare and very aggressive
tumors that typically present with very highly elevated serum
HCG and disseminated disease. Common sites of metastases
include the lungs and brain, but reports have also been made
of metastases to the skin and eye.78,79 Microscopically, the
tumors are composed of syncytiotrophoblasts and cytotro-
phoblasts, and the former stain positively for HCG. As noted
previously, syncytiotrophoblasts can also be present in se-
minomas and embryonal carcinoma. Choriocarcinoma is 
distinguished by the presence of these cells together with
cytotrophoblasts.73 Areas of hemorrhage and necrosis are
prominent. As in gestational trophoblastic disease, testicular
choriocarcinoma is prone to hemorrhage, sometimes both
spontaneously and immediately after chemotherapy is initi-
ated, and such bleeding can be catastrophic.80

Yolk-Sac Tumors

In adults, pure yolk-sac tumors (sometimes called endoder-
mal sinus tumors) represent a very small fraction of testi-
cular cancers but are common among mediastinal GCTs.
Nonetheless, mixed GCTs of the testis often include ele-
ments of yolk-sac tumor. Yolk-sac tumors almost always
produce AFP but not HCG. Among men with clinical stage 
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I testicular GCTs with normal serum tumor markers, find-
ing elements of yolk-sac tumor is associated with a lower 
risk of relapse, but this finding may simply be a result 
of serum tumor markers (i.e., AFP) having a higher sensitiv-
ity for detecting micrometastatic disease in this type of
GCT.81

Teratoma

Teratomas are tumors that contain well- or incompletely dif-
ferentiated elements of endoderm, mesoderm, and ectoderm.
Well-differentiated tumors are labeled mature teratomas
whereas those that are incompletely differentiated are called
immature teratomas. Mature teratomas may include ele-
ments of mature bone, cartilage, teeth, hair, and squamous
epithelium, a fact that most likely explains the name ter-
atoma, which roughly means “monster tumor” in Greek. In
adults, both mature and immature testicular teratomas have
the potential to metastasize, and the distinction carries no
clear prognostic significance.82 Teratomas are generally asso-
ciated with normal serum tumor markers, but they may
cause mildly elevated serum AFP levels.

Diagnosis and Staging

Presentation

Testicular cancers typically present as testicular nodules or
enlargement, but testicular atrophy can also be a sign of
cancer. Although testicular cancers are classically described
as painless masses, half of all patients complain of testicular
pain or tenderness at the time of presentation. Such symp-
toms can lead practitioners to mistake cancers for orchitis or
epididymitis and to delays in diagnosis. GCTs are also asso-
ciated with gynecomastia, and men with this condition
should be evaluated for testicular cancer. The most common
site of metastatic disease is the retroperitoneum and men
with disease in this region may present with back pain. Pal-
pable supraclavicular adenopathy can also be a presenting
sign.

Diagnostic and Staging Studies

Physical examination of a man suspected of having testicular
cancer should include a careful testicular palpation for
induration or nodules. Any firm or fixed areas within the
tunica albuginea should be considered suspicious for cancer
until proven otherwise. Examination should also include
lymph node evaluation, particularly in the supraclavicular
region, and the abdomen should be palpated for retroperi-
toneal masses.

Men with suspicious or ambiguous findings on testicular
palpation should be referred for testicular ultrasound, and
measurement of serum AFP, HCG, and LDH should be con-
sidered. With high-frequency (7.5-MHz) transducers, lesions
as small as 1 to 2mm can be identified with very high sensi-
tivity and specificity.83 Testicular cancers are typically het-
erogeneous, hypoechoic intratesticular masses, and such a
finding on ultrasound should lead to an inguinal orchiectomy
to make a definitive diagnosis. Transscrotal biopsy and
scrotal orchiectomy are contraindicated because of the risk

of seeding the scrotum with tumor and complicating subse-
quent management. Serum tumor markers should always be
measured before orchiectomy; this is particularly important
with regard to AFP, because an elevated AFP precludes a diag-
nosis of pure seminoma regardless of the results of his-
topathologic evaluation. In rare cases where transscrotal
ultrasound results are ambiguous, testicular magnetic reso-
nance imaging (MRI) may be helpful.

Men who are found to have testicular cancer in their
orchiectomy specimen should be staged with a computed
tomography (CT) scan of the abdomen and pelvis and a plain
chest radiograph. Chest CT scans in men with normal chest
radiographs and normal abdominopelvic CT scans is ex-
tremely low yield. Only 4% of men with normal abdominal
CT scans have thoracic disease, and a prospective study of
120 patients undergoing both plain radiographs and chest CT
scans identified only a single case in which the CT identified
disease that had not been detected on the radiograph.84,85

However, because up to 40% of men with abnormal abdom-
inal CT scans have chest metastases, a chest CT is appropri-
ate in this subpopulation. CT or MRI scans of the brain are
not routinely indicated in testicular cancer patients who do
not have neurologic symptoms but should be obtained in men
with choriocarcinoma and/or highly elevated postorchiec-
tomy serum HCG (greater than 10,000IU/L) or AFP (greater
than 1,000ng/mL). Positron emission tomography (PET) scan-
ning has not proven useful thus far in staging testicular
cancers but may be of aid in evaluating residual masses in
men with pure seminoma following radiation or chem-
otherapy. Because teratoma does not show increased 
activity on PET, this modality is of limited utility with
NSGCTs.

Although many staging systems for testicular cancer have
been used historically, current staging follows the American
Joint Committee on Cancer (Tables 49.1, 49.2).86 For patients
with disseminated disease, low-risk, intermediate-risk, and
high-risk patients can be identified using the International
Germ Cell Consensus Classification (Table 49.3).40 According
to this system, the prognosis of disseminated seminomas 
is based solely on the presence (intermediate risk) or ab-
sence (good risk) of nonpulmonary visceral metastases. For
NSGCTs, prognosis depends on the level of postorchiectomy
serum tumor markers, the presence of nonpulmonary visceral
metastases, and the primary site of the tumor.

Treatment of Stage I Disease

Stage I Seminoma

Stage I testicular seminoma has a 5-year cause-specific sur-
vival of more than 99%.68 Because the risk of dying of the
disease is so low, minimizing treatment-related toxicity rep-
resents a priority. Standard management historically was
external-beam radiation, but, due to concern about secondary
malignancies and other radiation toxicities, close surveillance
has become a widely accepted alternative. More recently,
near-perfect results have been achieved with single-agent 
carboplatin chemotherapy, which has produced the lowest
relapse rate of any treatment thus far. All three approaches
produce comparable overall and disease-specific survival to
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TABLE 49.1. American Joint Committee on Cancer (AJCC) staging of testicular germ cell tumors.

Definition of TNM
Primary tumor (pT)
pTX Primary tumor cannot be assessed
pTO Primary tumor cannot be assessed (e.g., histologic scar in testis)
pTis Intratubular germ cell neoplasia (carcinoma in situ)
pT1 Tumor limited to the testis and epididymis without vascular/lymphatic invasion; tumor may invade into the tunica albuginea but

not the tunica vaginalis
pT2 Tumor limited to the testis and epididymis with vascular/lymphatic invasion, or tumor extending through the tunica albuginea

with involvement of the tunica vaginalis
pT3 Tumor invades the spermatic cord with or without vascular/lymphatic invasion
pT4 Tumor invades the scrotum with or without vascular/lymphatic invasion

Regional lymph nodes (N)
Clinical
NX Regional lymph nodes cannot be assessed
NO No regional lymph node metastasis
N1 Metastasis with a lymph node mass 2cm or less in greatest dimension; or multiple lymph nodes, none more than 2cm in greatest 

dimension
N2 Metastasis with a lymph node mass, more than 2cm but not more than 5cm in greatest dimension; or multiple lymph nodes, any 

one mass greater than 2cm but not more than 5cm in greatest dimension
N3 Metastasis with a lymph node mass more than 5cm in greatest dimension

Pathologic (pn)
pNX Regional lymph nodes cannot be assessed
pN0 No regional lymph node metastasis
pN1 Metastasis with a lymph node mass, 2cm or less in greatest dimension and less than or equal to 5 nodes positive, none more than

2cm in greatest dimension
pN2 Metastasis with a lymph node mass, more than 2cm but not more than 5cm in greatest dimension; or more than 5 nodes 

positive, none more than 5cm; or evidence of extranodal extension of tumor
pN3 Metastasis with a lymph node mass more than 5cm in greatest dimension

Distant metastasis (M)
MX Distant metastasis cannot be assessed
M0 No distant metastasis
M1 Distant metastasis

M1a Nonregional nodal or pulmonary metastasis
M1b Distant metastasis other than to nonregional lymph nodes and lungs

Serum tumor markers (S)
SX Marker studies not available or not performed
S0 Marker study levels within normal limits
S1 LDH less than 1.5 ¥ N AND

hCG (mIu/mL) less than 5000 AND
AFP (ng/mL) less than 1000

S2 LDH 1.5–10 ¥ N OR
HCG = 5,000–50,000mIu/mL OR
AFP = 1,000–10,000ng/mL

S3 LDH greater than 10 ¥ N OR
hCG > 50,000mIu/mL OR
AFP > 10,000ng/mL

N, upper limit of normal for the lactate dehydrogenase (LDH) assay.

Source: Used with the permission of the American Joint Committee on Cancer (AJCC), Chicago, Illinois. The original source for this material is the AJCC Cancer
Staging Manual, sixth edition (2002), published by Springer-Verlag New York, www.springer-ny.com.



8 5 0 chapter 49

TABLE 49.3. International germ cell consensus classification for disseminated tumors.

GOOD PROGNOSIS

Non-seminoma Seminoma

Testis/retroperitoneal primary Any primary site
AND AND
No nonpulmonary visceral metastases No nonpulmonary visceral metastases
AND AND
All of the following: Normal AFP, any HCG, any LDH
AFP less than 1,000ng/mL
HCG less than 5,000mIu/mL
LDH less than 1.5 ¥ upper limit of normal (ULN)
5-year progression-free survival = 89% 5-year progression-free survival = 82%
5-year overall survival = 92% 5-year overall survival = 86%

INTERMEDIATE PROGNOSIS

Non-seminoma Seminoma

Testis/retroperitoneal primary Any primary site
AND AND
No nonpulmonary visceral metastases Nonpulmonary visceral metastases
AND AND
Any of the following: Normal AFP, any HCG, any LDH
AFP 1,000 or more and 10,000ng/mL or less
HCG 5,000 or more and 50,000mIu/mL or less
LDH 1.5 or more ¥ ULN and 10 ¥ ULN or less
5-year progression-free survival = 75% 5-year progression-free survival = 67%
5-year overall survival = 80% 5-year overall survival = 72%

POOR PROGNOSIS

Non-seminoma Seminoma

Mediastinal primary
AND/OR
Nonpulmonary visceral metastases No seminoma patients classified as poor prognosis
AND/OR
Any of the following:
AFP more than 10,000ng/mL
HCG more than 50,000mIu/mL
LDH more than 10 ¥ ULN
5-year progression-free survival = 41%
5-year overall survival = 48%

Source: From International Germ Cell Consensus Classification,40 by permission of Journal of Clinical Oncology.

TABLE 49.2. American Joint Committee on Cancer (AJCC) staging of testicular germ cell tumors.

Stage 0 pTis, N0, M0, S0 Stage IIC Any pT/Tx, N3, M0, S0
Stage I pT1–4, N0, M0, SX Any pT/Tx, N3, M0, S1
Stage IA pT1 , N0, M0, S0 Stage III Any pT/Tx, any N, M1, SX
Stage IB pT2, N0, M0, S0 Stage IIIA Any pT/Tx, any N, M1a, S0

pT3, N0, M0, S0 Any pT/Tx, any N, M1a, S1
pT4, N0, M0, S0 Stage IIIB Any pT/Tx, N1–3, M0, S2

Stage IS Any pT/Tx, N0, M0, S1–3 Any pT/Tx, any N, M1a, S2
Stage II Any pT/Tx, N1–3, M0, SX Stage IIIC Any pT/Tx, N1–3, M0, S3
Stage IIA Any pT/Tx, N1 , M0, S0 Any pT/Tx, any N, M1a, S3

Any pT/Tx, N1, M0, S1 Any pT/Tx, any N, M1b, any S
Stage IIB Any pT/Tx, N2, M0, S0

Any pT/Tx, N2, M0, S1

Source: Used with the permission of the American Joint Committee on Cancer (AJCC), Chicago, Illinois. The original source for this material is the AJCC Cancer
Staging Manual, sixth edition (2002), published by Springer-Verlag New York, www.springer-ny.com.



testis  cancer 8 5 1

the extent that data are available (Table 49.4). Mature ran-
domized trials are lacking.

Overall, about 15% to 20% of men with clinical stage I
testicular seminomas who receive no postorchiectomy treat-
ment will relapse within 5 years of diagnosis and a few
percent more will relapse in later years.68,87,88 If all men are
treated with radiation or chemotherapy, then roughly 80%
receive unneeded treatment. Efforts have been made to find
risk factors for relapse that would allow clinicians to identify
low-risk patients for whom surveillance would be particularly
attractive and high-risk patients for whom the side effects of
active treatment would be more justifiable. The most con-
sistently identified risk factor for relapse has been tumor size.
von der Maase and colleagues reported that 4-year relapse-free
survival was 94%, 82%, and 64% for men with tumor diam-
eters less than 3cm, 3 to 6cm, and greater than or equal to 
6cm, respectively.89 Other identified risk factors include inva-
sion of the rete testis, younger age at diagnosis, and lympho-
vascular invasion. A pooled international analysis of 638 men
with clinical stage I seminoma undergoing surveillance
reported that, in multivariate analysis, only larger tumor size
and rete testis invasion were associated with relapse, but this

prognostic model was unable to identify a group of patients
with a risk of relapse either greater than 32% or less than
12%.68 These risk criteria have now been prospectively vali-
dated by the Spanish Germ Cell Cancer Group, which studied
risk-adapted management of stage I seminoma.90 Among 300
patients with stage I seminoma, those with tumors 4cm or
smaller and no invasion of the rete testis underwent surveil-
lance whereas those who had rete testis invasion and/or
tumors larger than 4cm were treated with two cycles of car-
boplatin. With a median follow-up of 20 months, 4 of 96
(4.2%) low-risk patients put on surveillance had relapsed
whereas 5 of the 204 (2.4%) high-risk patients receiving car-
boplatin relapsed. Although this strategy effectively iden-
tified a very low risk group and spared up to 92 men 
unnecessary treatment, overtreatment was a problem: 208
men received chemotherapy while only 60 would have been
expected to relapse without therapy.

Surveillance

Surveillance offers patients the obvious advantage of avoid-
ing postorchiectomy therapy unless it becomes necessary

TABLE 49.4. Results of carboplatin, radiation, and surveillance for stage I Seminoma.

Median % Five-year OS Five-year Five-year
Study N follow-up Relapses relapsed (%) DFS (%) RFS (%)

Surveillance:
Wardeb 200268 638 84 121 19.0 97.7 99.3 82.3
Daugaard 2003155 394 60 69 17.5 98.6 100 83
Totals 1,032 190 18.4

Carboplatin (2 cycles):
Oliver 200196 57 128 1 1.8 100.0 100 98.2
Krege 199797 43 28 0 0 100c 100c

Dieckmann 2000101 32 45 0 0 100.0 100 100
Aparicio 200388 60 52 2 3.3 96.7 100 96.6
Steiner 200299 108 60 2 1.9 100.0 100
Reiter 200195 107 74 0 0 94.4 100 100
Kratzik 1993100 39 20 1 2.6 N/A N/A N/A
Aparicio 200490 204 20 5 2.5 100.0a 100a 96.4a

Totals 650 11 1.7

Radiation:
Warde 199591 194 97 11 5.7 97.0 100.0 94.5
Logue 2003113 431 62 15 3.5 98.0 99.8 96.3
Bamberg 1999114 483 55 18 3.7 99.8 95.8
Bauman 1998118 169 90 5 3.0 100.0 95.0
Giacchetti 1993121 184 216 4 2.2 96.0 97.0
Fossa 1999116 478 54 18 3.8 99.6 96.0
Santoni 2003115 487 105 21 4.3 97d

Classen 2004306 675 61 26 3.9 99.6 95.8
Oliver 2004102 904 36 36 4.0 99.4e 99.9e 96.6a

Totals 4,005 154 3.8

OS, overall survival; DFS, disease-free survival; RFS, relapse-free survival.
a Three-year survival.
b Pooled international analysis.
c Results at 28-month median follow-up.
d Ten-year survival.
e Results at 36-month median follow-up.
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because of relapsed disease. Given the well-documented in-
creased late mortality associated with radiation therapy as a
result of excess cardiac events and secondary cancers, as well
as the possibility of long-term side effects from carboplatin
chemotherapy, the opportunity to avoid treating at least 80
of 100 men is attractive. Almost all relapsing patients are sal-
vaged, and 5-year disease-specific survival ranges from 99%
to 100%.88,89,91,92 In an international pooled analysis of 638
patients, 5-year overall and disease-specific survival were
97.7% and 99.3%, respectively.68 There is no evidence that
surveillance compromises or improves long-term survival so
long as patients comply with the surveillance schedule.

Different centers have used difference surveillance sched-
ules, and no randomized trials comparing surveillance sched-
ules have been published. The National Cooperative Cancer
Network and the Princess Margaret Hospital both have pro-
posed evaluations every 4 months for the first 3 years, every
6 months for years 4 to 7, and every 12 months during years
8 through 10.68,93 At each visit serum LDH, AFP, and HCG are
measured, a physical examination is performed (including a
testicular examination), and an abdominopelvic CT scan in
obtained. A chest radiograph is recommended at alternate
visits, although the three largest published surveillance series
have reported thoracic relapses in only 3 of 576 men
(0.52%).89,91,92

The success of surveillance results from the relatively low
relapse rate and the success of salvage therapy. In large pub-
lished series, 74% to 83% of relapses are limited to the
retroperitoneal lymph nodes, with most of the remainder
involving the pelvis.89,91 Most postorchiectomy relapses are
stage IIA or IIB and can be treated with paraaortic radiation
at doses ranging from 25 to 37Gy.91 The Princess Margaret
Hospital in Toronto reported a median retroperitoneal lymph
node size of 3cm with a range of 1.5 to 9cm, whereas the
Spanish Germ Cell Cancer Cooperative Group reported 
a median relapsed tumor size of 3.3cm with a range of 0 to 
6cm.88,91 In published surveillance series from Toronto,
Denmark, and the Royal Marsden Hospital, 74% to 76% of
relapsing patients have received radiation therapy, with most
of the remainder receiving systemic chemotherapy as a result
of bulky or disseminated disease.89,91,92 Combining the data
from these reports, 11 of 70 (16%) patients receiving radia-
tion therapy for relapsed disease subsequently required
chemotherapy for a second relapse, and only 1 death from
seminoma was reported. Of all the men entered on these sur-
veillance protocols, 6% ultimately required chemotherapy as
part of their salvage therapy, which is comparable to the pro-
portion of men requiring salvage chemotherapy for relapse
following postorchiectomy radiation.

Adjuvant Carboplatin Chemotherapy

Adjuvant chemotherapy using single-agent carboplatin repre-
sents the newest postorchiectomy treatment for clinical stage
I seminoma and has produced the lowest relapse rates.
Judging from numerous phase II trials, carboplatin appears to
offer patients a way to dramatically lower their risk of relapse
without exposing themselves to the long-term toxicities of
radiation therapy. Most of these trials have given two doses
of carboplatin 21 to 28 days apart at a dose of 400mg/m2,
although the Anglian Germ Cell Cancer Group doses carbo-
platin at an AUC (area under the curve) of 7.94 A phase III trial

comparing a single dose of carboplatin to radiation therapy
has been completed and early results presented, but mature
data have not been published.

Results from eight phase II trials of two cycles of single-
agent carboplatin are available, including data from 650
men88,90,95–101 (see Table 49.4). Only 11 (1.7%) had relapsed and
all were successfully salvaged with additional therapy. None
died of seminoma or acute treatment toxicity; disease-specific
survival was 100%. Looking only at studies with a mean
follow-up of at least 5 years, only 3 of 272 men (1.1%) have
relapsed and all have relapsed within 2 years of receiving 
carboplatin.95,96,99 Although a risk of late relapses has been
posited as a theoretical concern, no late relapses have been
documented thus far. The European Oncology Research and
Treatment Group and Medical Research Council randomized
phase III trial comparing radiation to a single dose of carbo-
platin dosed at an AUC of 7 reported its preliminary results
in abstract form in 2004.102 With 1,447 men enrolled and a
median follow-up of 3 years, relapse-free survival was 96.6%
in the radiation arm and 95.4% in the carboplatin arm, and
the 95% confidence intervals excluded an increased risk 
in the carboplatin arm of more than 4%. No disease- or 
treatment-related deaths were reported in the carboplatin arm
and only 1 was reported in the radiation arm. Seven pa-
tients receiving radiation developed second germ cell cancers
compared to only 1 patient receiving carboplatin. This 
trial appears to establish equivalency between a single dose
of carboplatin and radiation for stage I seminoma, but ma-
ture results are needed. This is the second study, however, 
to suggest that a single cycle of carboplatin is inferior to 
two cycles.101

Carboplatin also looks favorable from a toxicity perspec-
tive. No cases of febrile neutropenia have been reported, and
carboplatin at these doses has not been associated with sec-
ondary malignancies. Two patients in the published semi-
noma series developed severe thrombocytopenia and received
platelet transfusions, but no bleeding complications have
been reported. In a randomized phase II trial, Oliver et al.
reported that chemotherapy resulted in greater myelosup-
pression and altered taste than radiation but that radiation
resulted in greater nausea, diarrhea, and fatigue.96 Assessing
the impact of testicular cancer chemotherapy on fertility rep-
resents a challenge, because most men have abnormal sperm
counts at the time of diagnosis and testicular cancer is asso-
ciated with infertility both before diagnosis and following
treatment with orchiectomy alone.9,10,103–105 After treatment,
sperm counts typically improve. Reassuring data were pub-
lished by Reiter et al., who found that normospermia
increased from 35% following orchiectomy to 68% following
chemotherapy.106 Similarly, no renal or neurologic toxicity
has been documented. Multiagent platinum-based
chemotherapy for testicular cancer has been associated with
dyslipidemia, hypertension, and an increased long-term risk
of cardiovascular events in some studies, but no increase in
mortality has been reported.107–111 Most of the patients in
these studies received cisplatin, rather than carboplatin, but
one study that evaluated both agents found no evidence that
carboplatin was safer in the context of a multidrug regimen.107

There are inadequate long-term follow-up data to assess
whether two cycles of single-agent carboplatin have any
impact on vascular health, but this is an issue that clearly
warrants future monitoring.
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Radiation Therapy

Previously, radiation therapy was considered the preferred
therapy for stage I seminomas.112 It is highly effective, pro-
ducing a 5-year relapse-free survival of 95% to 97% and a
disease-specific survival of 99% to 100% in almost all pub-
lished series.63,91,113–121 Interest in developing alternative ther-
apies stems from concern not about radiation therapy’s
effectiveness at disease control but rather its side effects.
Because the 5-year relapse-free survival rate is about 15% to
20% with surveillance and about 5% with radiation, only 10
to 15 men for every 100 treated appear to benefit from radia-
tion. There is no evidence of a survival benefit from radiation
compared to surveillance. Given the outstanding prognosis of
men who receive no postorchiectomy treatment and are fol-
lowed on a surveillance protocol, treatments for stage I
disease with significant long-term toxicity are difficult to tol-
erate. Radiation therapy has been associated with a variety of
secondary cancers as well as with cardiovascular disease and
peptic ulcers. Largely in response to these concerns, the radi-
ation dose and field have diminished substantially over time.
However, these changes in treatment have occurred too
recently for there to be follow-up data clarifying whether, and
if so, to what extent, they reduce long-term toxicities.

RADIATION FIELD AND DOSE

Although the radiation field previously extended to include
the mediastinum, supraclavicular region, paraaortic region,
and ipsilateral hemipelvis, radiation above the diaphragm is
now considered inappropriate, with the risks of additional
toxicity outweighing any small benefit in disease control.
Multiple retrospective studies have reported a twofold or
greater excess cardiac mortality among patients receiving
mediastinal radiation,122–124 and it does not appear that medi-
astinal radiation significantly improves cancer control out-
comes.125 Prophylactic mediastinal radiation is therefore
currently contraindicated.

Many centers omit treatment of the pelvis, using a
paraaortic field only that typically extends from the 10th ver-
tebral body down to the L4–L5 or L5–S1 disk space.114,116 The
lateral margins vary, sometimes extending to the renal hilum
on the same side as the involved testicle and to the proces-
sus transversus on the contralateral side.116 Others treat to the
processus transversus bilaterally. Alternatively, a lymphan-
giogram may be obtained to visualize the lymphatic anatomy
and then the lateral margins can be tailored to these radio-
graphic findings. The other commonly used field is the “dog-
leg” or “hockey-stick” field, which uses the same superior
margins as the paraaortic field but extends more inferolater-
ally to the ipsilateral pelvis. A randomized controlled trial
conducted by the Medical Research Council assigned 478
men with clinical stage I seminoma to either paraaortic or
dog-leg irradiation with a dose of 30Gy.116 With a median
follow-up of 4.5 years, 9 patients had relapsed in each arm,
yielding a 3-year relapse-free survival of 96.0% in the paraaor-
tic field arm and 96.6% in the dog-leg field arm. Nausea, vom-
iting, diarrhea, and leukopenia occurred less often in the
paraaortic arm, and recovery of sperm counts was delayed in
the dog-leg arm. However, 4 relapsing patients in the paraaor-
tic arm relapsed in the pelvis whereas there were no pelvic
relapses in the dog-leg arm. Use of a paraaortic field was thus

associated with equivalent efficacy and less toxicity and was
therefore advanced as a new standard of care, but some 
still use a dog-leg field because of concern about pelvic
relapses.

RADIATION DOSE

The radiation dose used to treat seminomas has declined over
time. Although 30Gy or higher was often used for clinical
stage I disease in older trials, recent studies have reported
equally favorable results with lower doses, and many consider
25Gy to be the standard dose today.126 Medical Research
Council study TE18 randomized 625 patients to either 20Gy
in 10 fractions or 30Gy in 15 fractions.127,128 With 37 months
median follow-up, the relapse-free survival was 97% in each
arm. A separate multicenter study of 431 men in the United
Kingdom reported that treatment with 20Gy resulted in a 5-
year relapse-free survival rate of 96.3% and a disease-specific
survival of 99.8%, figures entirely comparable to studies of
higher doses.113

PATTERNS OF FAILURE

The few men who relapse following radiation therapy for
stage I seminoma tend to relapse outside the field that was
irradiated.63,91,113–118 Slightly over half relapse above the
diaphragm, typically in the lungs, the mediastinum, or supra-
clavicular lymph nodes. Most of the remaining relapses 
occur in the pelvis, while about 15% are in the retroperi-
toneum. Paraaortic field radiation is associated with about a
2% pelvic relapse rate compared to a 0.6% rate in those
treated with a dog-leg field.91,113–118 Late relapses are unusual,
with the median time to relapse in most studies ranging from
13 to 17 months, and relapses beyond 36 months are unusual.
Postradiation surveillance should include a chest radiograph,
physical examination, and serum tumor marker measure-
ment (LDH, AFP, and HCG) every 3 months for the first year,
every 4 months the second year, every 6 months the third
year, and then annually for at least 3 years. A CT scan of the
abdomen and pelvis is obtained annually by many but not all
centers, even though only about 1% of men treated with a
dog-leg field and 2% of those treated with a paraaortic field
will relapse in the abdomen or pelvis. Some advocate pelvic
CTs without including the abdomen for those patients who
are treated using a paraaortic field and no CT scan for those
treated with a dog-leg field. Randomized trials comparing dif-
ferent surveillance strategies have not been conducted.

SECONDARY MALIGNANCIES AND OTHER

RADIATION TOXICITIES

Toxicity from radiation therapy includes acute side effects
such as fatigue, nausea and vomiting, diarrhea and mild
leukopenia.129 These side effects are milder and less common
with smaller fields (paraaortic rather than dog-leg)116 and
lower doses (20Gy versus 30Gy).128,130 Late and long-term side
effects include secondary non-germ cell malignancies, peptic
ulcer disease, cardiovascular toxicity, and compromised fer-
tility. Numerous papers have documented an elevated rela-
tive risk of secondary non-germ cell malignancies in men
receiving radiation therapy for testicular seminoma.120,131–136

For instance, Travis and colleagues reported an analysis of 16
population-based tumor registries including more than 15,000
men with testicular seminomas.132 Men who had received
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radiation therapy had a relative risk of 1.45 for developing sec-
ondary non-germ cell cancers (P = 0.05), with increased risks
of cancers of the colon, kidneys, stomach, pancreas, and
urinary bladder. Chemotherapy, by contrast, was not associ-
ated with an overall increased risk of cancer [relative risk (RR)
= 0.90; P more than 0.05), although men receiving etoposide
chemotherapy are known to be at a low but increased risk of
developing leukemia. Similarly, a review of the M.D. Ander-
son Cancer Center’s experience with radiation therapy for tes-
ticular seminoma reported that there were 91% more cancer
deaths than expected [95% confidence interval (CI); RR,
1.30–2.71], but this increase only appeared 15 years after treat-
ment.120 Others have reported relative risks from 1.6 to 3.4
for second cancers.123,137,138 Because it takes 15 to 20 years for
secondary cancers to develop, studies with short follow-up
periods are uninformative, and the meaningful data on sec-
ondary malignancies are unavoidably based on older radiation
therapy planning and dosing. It is unknown whether modern
radiotherapy with smaller doses and treatment fields will
result in significantly fewer secondary malignancies, and
there is no guarantee that this will be the case.

A second major concern with radiation therapy is cardio-
vascular toxicity. The M.D. Anderson Cancer Center reported
a 61% increase in cardiac deaths among men receiving radi-
ation therapy, and the increased risk was seen even among
patients who received no mediastinal radiation. Others have
reported relative risk of cardiac deaths as high as 2.3,123 and
other reports have confirmed that an increased risk of cardiac
events is seen among men receiving radiation therapy limited
to a paraaortic field.107–109,123 Similar findings of excess cardiac
events (but not mortality) have been reported for men receiv-
ing chemotherapy for testicular cancer but not among 
men being followed on a postorchiectomy surveillance 
schedule.107,108

Radiation for seminoma has also been associated with
peptic ulcer disease and infertility. Reported rates of peptic
ulcers have ranged from 0% to 16%.91,116,139–143 The MRC TE10
phase III study comparing paraaortic to dog-leg radiation fields
collected toxicity data systematically and reported that, with
a median follow-up of 4.5 years, 33 of 478 men (7%) were diag-
nosed with a peptic ulcer.116 Regarding fertility, a series of 451
men with GCTs who had undergone orchiectomy followed 
by surveillance, retroperitoneal lymph node dissection,
chemotherapy, or radiation reported that patients who had
received radiation therapy had an odds ratio for achieving con-
ception of 0.35 compared to men who had received chemother-
apy (P = 0.017) despite the use of testicular shielding.144 In
contrast, modern studies of stage I seminoma have reported
that 60% to 90% of men who try to father children following
radiation therapy are successful.115,144

Conclusion

Current data do not permit a definitive recommendation 
for the treatment of stage I seminoma.112 Surveillance, carbo-
platin, and radiation are each associated with disease-specific
survival exceeding 99%, although the long-term toxicity of
radiation is concerning and the long-term toxicity of carbo-
platin is unknown (see Table 49.4). Men should be informed
of the three treatment options and the associated side effects
so that they can participate in choosing the treatment that is
best for them.112

Stage I Nonseminomatous Germ Cell Tumors

Clinical stage I testicular NSGCTs have an excellent progno-
sis, with a 5-year survival rate of 98% to 99% with any of the
following three postorchiectomy therapies: close surveil-
lance, two cycles of bleomycin, etoposide, and cisplatin (BEP)
chemotherapy, or retroperitoneal lymph node dissection
(RPLND) (Table 49.5). As a result of the near-perfect survival
rate with any of these approaches, decisions about treatment
often hinge on provider bias and patient preference as well as
on the side effects of the different treatment options and the
availability of the appropriate technology and surgical exper-
tise. Patients with clinical stage I disease but persistently ele-
vated serum tumor markers following orchiectomy, however,
are presumed to have disseminated disease and are generally
treated with chemotherapy for advanced disease (see later
section).

Risk Classification

Men with clinical stage I testicular NSGCTs and serum
tumor markers that are either normal or that are falling at a
pace consistent with the markers’ predicted biologic half-life
face a 25% to 30% risk of relapsing without additional treat-
ment. With the aim of treating only those men who are most
likely to relapse while sparing low-risk men unnecessary
treatment, many centers have attempted to identify criteria
that predict relapse. The Medical Research Council (MRC)
identified and then prospectively validated four independent
risk factors for relapse: vascular invasion, lymphatic invasion,
the presence of embryonal carcinoma elements, and the
absence of yolk-sac tumor.81,145 However, even among men
with three or four of the risk factors, fewer than half (47%)
relapsed. With regard to identifying low-risk patients, 24 of
141 (17%) men with zero or one risk factors relapsed, and
these low-risk men represented 39% of the study participants;
21% of men with two risk factors relapsed, and this group
represented 39% of the participants, which is similar to the
average relapse rate of stage I nonseminoma patients in
general. The MRC approach was thus of limited utility in
identifying appropriate patients for surveillance and for treat-
ment: more than half those identified as high risk would be
treated unnecessarily whereas 4 of 10 men could not be clas-
sified as either high or low risk.

Subsequent efforts at risk classification have identified
lymphovascular invasion (LVI) and embryonal carcinoma (EC)
as the two elements most predictive of relapse.146–155 However,
prospective validation of models other than that of the MRC
is lacking. Taking into account the proportion of the tumor
that is EC rather than simply the presence or absence of this
tissue type has led to models with greater predictive power.147

Moul and colleagues reported, in a sample of 149 patients
with clinical stage I disease who underwent RPLND, that
they could accurately identify the pathologic stage in 88%
using a combination of LVI and percent EC.148 They reported
that occult retroperitoneal lymph node metastases can be
demonstrated in 89% of clinical stage I patients whose tumor
showed either more that 80% EC or the combination of LVI
and more than 45% EC. Similarly, Indiana University
reported that 62% of men whose tumors showed LVI and a
predominance of EC were found to have metastatic disease
subsequently,153 whereas Memorial Sloan-Kettering Cancer
Center reported that 73% of men with pure EC had metas-
tases detected at RPLND.151 Other studies have suggested that
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immunohistochemical staining with the MIB-1 antibody
against the Ki-67 receptor is associated with metastatic
disease, but such staining has not been incorporated into
common practice.156

Men with low risk of occult metastatic disease have also
been identified. In the Indiana series, 84% of men with clin-
ical stage I disease and neither LVI nor a predominance of EC
remained relapse free with at least 2 years follow-up.153 In
Moul’s model, men with either less than 45% EC or the com-
bination of no LVI and less than 80% EC had only a 13% risk
of having metastases detected at RPLND.148 The presence of
mature teratoma has also been associated with low risk of
occult metastases,157 but in multivariate analyses mature ter-
atoma has generally been eclipsed by LVI and the proportion
of EC. Even men with clinical stage I pure mature teratomas
of the testicle have a 19% risk of occult metastatic disease to
the retroperitoneal lymph nodes.158

Retroperitoneal Lymph Node Dissection (RPLND)

Retroperitoneal lymph node dissection (RPLND) involves the
removal of the lymph nodes that constitute the primary
draining site of the testicles. This procedure is well tolerated
and has both diagnostic and therapeutic benefits by helping
to define the stage of the cancer while also reducing the sub-
sequent relapse rate. The major benefit of RPLND is to reduce
the proportion of patients who require treatment with
chemotherapy. It is a major operation but is extremely 
well tolerated in patients who have received no prior
chemotherapy.

SURGICAL TECHNIQUE

Historically, a bilateral dissection of all retroperitoneal nodal
material was performed, extending from the crus of the
diaphragm to the bifurcation of the common iliac arteries and

TABLE 49.5. Results of primary chemotherapy, retroperitoneal lymph node dissection (RPLND, and surveillance for stage I testicular
nonseminomatous germ cell tumors.

Median % OS DSS GCT-related
Study N follow-up Relapses relapsed (%) (%) deaths

Surveillance
Freedman 1987145 259 30 70 27.0 98.0 98.0 1.2%
Read 199281 396 60 100 25.3 98.0 99.0 1.3%
Sogani 1998150 105 135.6 27 25.7 97.1 2.9%
Colls 1999149 248 53 70 28.2 97.6 98.0 1.2%
Spermon 2002307 90 92.4 23 25.6 98.5 1.1%
Daugaard 2003155 301 60 86 28.6 98.6 100.0 0.0%
Gels 1995154 154 84 42 27.3 98.7 98.7 1.3%
Alexandre 2001157 88 51.6 24 27.3 98.9% 1.1%
Total 1,641 442 1.1%

Chemotherapya

Pont 1996308 29 79 2 6.9% 93.0 96.5 3.45%
Cullen 1996188 114 48 2 1.8% 98.0 98.0 1.75%
Bohlen 1999189 58 93 2 3.4% 100.0 100.0 0.00%
Abratt 1994309 20 31 0 0.0% N/A 100.0 0.00%
Ondrus 1998194 18 36 0 0.0% 100.0 100.0 0.00%
Mourey 2003191 64 51 1 1.6% 100.0 100.0 0.00%
Oliver 2004192 148 33 6 4.1% 97.3 97.3 1.35%
Amato 2004193 68 38 1 1.5% 100.0 100.0 0.00%
Hendry 2000195 60 60 2 3.3% 98.3% 98.3% 1.67%
Total 579 16 2.8% 1.04%

Relapse Relapse Deaths
Relapses Relapses rate rate related

Median follow-up among among among among to
Study N N, PSI (months) PSI CSI PSI CSI OS DSS GCT

RPLND
Spermon 2002307 101 70 82.8 7 7 10.0% 6.9% 98% 98% 1.0%
Hermans 2000310 292 226 46 23 30 10.2% 10.3% NR NR NR
McLeod 1991209 264 264 63 27 27 10.2% N/A 96.6% 98.1% 1.9%
Klepp 1997184 99 85 40 13 13 15.3% 13.1% 100.0% 100 0%
Donohue 1993172 378 266 75 31 53 11.7% 14.0% 99.2% 99.2% 0.8%
Total 1,134 911 101 130 11.1% 11.5% 0.7%

OS, overall survival; DSS, disease-specific survival; PSI, pathologic stage I; CSI, clinical stage I; GCT, germ cell tumor.
aPatients selected for primary chemotherapy trials had above-average risk of postorchiectomy relapse based on the histopathology of their primary tumor.



laterally to the ureters.159 In addition, a complete and wide
excision of the spermatic cord and surrounding lymphatic
tissues was and is recommended.160 The field of resection was
subsequently reduced, first with the superior margin coming
down to the renal vessels (infrahilar dissection) and then with
the development of distinct right and left modified tem-
plates.161–164 Studies carefully mapping the location of micro-
scopic lymph node metastases in testicular cancer revealed
that bilateral dissections in clinical stage I disease were
unnecessary, as contralateral metastases were very rare, with
the exception that right-sided tumors showed the potential to
spread to preaortic lymph nodes between the renal vessels and
the inferior mesenteric artery (IMA).165 Just as the venous
drainage from the testicles is asymmetric, with the right
gonadal vein moving toward midline and draining into the
inferior vena cava while the left gonadal vein remains more
lateral and drains into the left renal vein, so too is the lym-
phatic drainage. Therefore, the right-sided template extends
to the left of midline above the IMA while the left sided tem-
plate remains unilateral.166

COMPLICATIONS

Loss of antegrade ejaculatory function is the most common
long-term side effect of RPLND; this should not be confused
with erectile dysfunction, which is not associated with
RPLND. The use of the unilateral modified templates reduced
the incidence of dry ejaculation from nearly 100% to less than
50%.167 The next development was the introduction of nerve-
sparing RPLND, which involved prospectively identifying the
sympathetic fibers in the field of dissection before the dis-
section of the nodal tissue.168 In the hands of an experienced
surgeon, nerve-sparing RPLND has resulted in preservation
of ejaculation in 93% to 100% of patients.168–170 Other com-
plications are rare.167 Wound infections in less than 5% and
small bowel obstruction in less than 2% are well-established
risks, whereas some centers have reported a rare incidence of
a prolonged ileus, incisional hernia, and urethral strictures.171

RPLNDs performed to remove residual masses following
chemotherapy for advanced-stage GCTs are associated with a
higher rate of complications than RPLNDs performed on men
with clinical stage I disease.

OUTCOMES

Among clinical stage I patients undergoing RPLND, 25% to
30% have retroperitoneal nodal metastases (pathologic stage
II disease), and overall survival is 98% to 99%.172,173 Patho-
logic stage I patients with normal or normalizing serum
tumor markers before RPLND have about a 10% risk of
relapsing, but a recent single-institution study reported that
that rate had dropped from 10% before 1999 to 3% in subse-
quent years.172–174 The risk of relapse among patients with
pathologic stage N1 disease and normal pre-RPLND tumor
markers has been reported at 8% to 16%.166,175 Patients with
elevated serum tumor markers before RPLND face a high risk
of relapsing following RPLND. Studies of RPLND that have
not excluded patients with elevated markers have reported
less-favorable relapse-free survival figures than those just
cited.166,176 Indiana University has reported that 5 of 6 men
(83%) with persistently elevated AFP relapsed following
RPLND, as did 6 of 24 (25%) with a persistently elevated
HCG, whereas Memorial Sloan-Kettering reported that per-
sistently elevated markers were associated with a relative risk

for relapse of 8.0 (95% CI, 2.3–27.8).166,177 RPLND is therefore
not recommended for men with persistently elevated or 
sluggishly declining serum tumor markers following orchi-
ectomy: such men should receive chemotherapy for 
disseminated disease.

Patients with tumors with lymphovascular invasion (LVI)
and/or a predominance of embryonal carcinoma (EC) have 
a higher risk of having occult stage II disease, as discussed
previously, and RPLND is less likely to be curative without
subsequent chemotherapy.147,151,153 In the Memorial Sloan-
Kettering experience, half of all clinical stage I patients 
with pure EC treated with RPLND subsequently received
chemotherapy. Indiana University reported that men with
predominantly EC have a 32% risk of having retroperitoneal
lymph node metastases and that 35% of these men will
relapse without adjuvant chemotherapy.152,153 Of the 68% of
these men with no disease found at RPLND, 20% will relapse
without adjuvant chemotherapy. If LVI and a predominance
of EC are both present, the risk of lymph node metastases
rises to 47%, of whom 36% will relapse without chemother-
apy while 29% of those without lymph node metastases
relapse without chemotherapy. These figures indicate that at
least a third of men with predominant EC and LVI require
chemotherapy following RPLND, whereas additional men
may be advised to undergo chemotherapy to lower their risk
of relapse. Because of the high risk of receiving chemother-
apy following RPLND, some have questioned the appropri-
ateness of surgery for men with predominantly EC and LVI.

LAPAROSCOPY

Laparascopic RPLND has been investigated.178–182 The results
thus far are favorable, with a relapse rate in pathologic stage
I patients of 5% to 13% reported with median follow-up times
of at least 40 months and loss of antegrade ejaculation
reported in 0% to 3.5%.178,180–183 Complications have included
injury to the bowel, renal artery, and ureter, and the proce-
dure is associated with a steep learning curve. In experienced
hands, the results appear favorable but there are few centers
with experience.

Surveillance

Postorchiectomy surveillance for clinical stage I testicular
NSGCTs and normal or normalizing serum AFP, HCG, and
LDH is a well-accepted option that results in disease-specific
survival ranging from 97% to 100% in published
series.81,145,149,150,154,155,157,184,185 This approach has the benefit of
sparing 71% to 74% of men any postorchiectomy treatment.
The disadvantage of surveillance is mainly that the 26% to
29% of men who relapse then require three to four cycles of
chemotherapy, which carries a higher toxicity profile than
either RPLND or the two cycles of chemotherapy offered to
men as primary chemotherapy for stage I disease. Men with
persistently elevated tumor markers are not appropriate can-
didates for surveillance but instead should be treated for pre-
sumed disseminated disease with chemotherapy (three to four
cycles depending on the degree of marker elevation and the
choice of regimen), unless a nonmalignant source for marker
elevation can be established. Similarly, men who would be
unable to comply with the schedule of clinic visits and
medical tests involved in surveillance and men who live 
in an area where such services are unavailable should be
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advised to undergo active treatment to reduce the risk of
relapse.

Overall, 26% to 29% of men on surveillance schedules
will relapse, but almost all can be successfully salvaged with
therapy at the time of relapse, and the long-term outcome for
men on surveillance is similar to that of men undergoing
RPLND or primary chemotherapy, although no randomized
trials have been published. Surveillance schedules vary con-
siderably among institution. Most relapses occur within the
first 6 months, 76% to 90% occur in the first year, and 87%
to 100% occur within 2 years. Relapses later than 5 years are
highly unusual, affecting fewer than 1% of patients (in con-
trast, second primary tumors involving the contralateral
testis are more common, affecting about 3% of patients). The
most common site of relapse is the abdomen, with 60% to
80% manifesting retroperitoneal adenopathy, while a similar
proportion will have elevated tumor markers. Marker eleva-
tion is the sole indication of relapse in 7% to 30% of patients.
Marker-negative relapses limited to the thorax occur in less
than 10% of relapsing patients.

A typical schedule includes visits every month for year 1,
every 2 months for year 2, every 3 months for year 3, every
6 months for year 4, and annually thereafter. A history and
physical as well as blood tests of AFP, HCG, and LDH should
be performed at each visit. Some advocate obtaining a chest
radiograph at every visit or every other visit, but chest
imaging leads to earlier detection of relapse in only 0% to
2.6% of men undergoing surveillance. CT scans of the
abdomen or abdomen and pelvis are typically obtained every
3 months during year 1, every 4 months during years 2 and
3, every 6 months during year 4, and annually thereafter. The
Medical Research Council reported a multicenter surveil-
lance trial in which different centers used different schedules,
finding no difference in disease burden at relapse among men
undergoing CT scans annually compared to those undergoing
scans three to five times per year.81,186 No consensus exists
regarding how long surveillance should be continued beyond
year 5, and some have advocated indefinite annual surveil-
lance, whereas the National Cooperative Cancer Network has
recommended that surveillance continue for a minimum of
7 years.187

Primary Chemotherapy

After cisplatin-based chemotherapy was shown to be highly
effective against disseminated disease, a number of European
cancer centers studied an abbreviated course of chemotherapy
following orchiectomy as treatment for men with clinical
stage I disease and normal serum tumor markers. This
approach has resulted in the lowest relapse rate of any
approach to stage I disease and is associated with similar near-
perfect long-term survival rates as those seen with RPLND
and surveillance. However, limited long-term follow-up data
are available, and thus it is impossible to currently assess the
risks of long-term chemotherapy toxicity and of late relapses
resulting from undertreatment of occult disseminated disease.

At least nine studies of primary chemotherapy have been
published, with most patients receiving two cycles of cis-
platin and bleomycin plus either vinblastine (PVB) or eto-
poside (BEP)188–195 (see Table 49.5). With almost 600 cases
reported, the relapse rate is 2.8% with a disease-specific sur-
vival rate of 98.8%. In studies with at least 4 years of follow-

up, 265 cases have been reported, and the relapse rate is 2.6%
whereas the survival rate is 98.9%. These figures are all the
more impressive in that most studies of primary chemother-
apy have restricted enrollment to stage I patients at high risk
of relapse.

Toxicity from two cycles of BEP is less than that seen with
three to four cycles but is not negligible. Acute bleomycin
pulmonary toxicity has not been reported. No treatment-
related deaths have been reported, except for one patient who
died of a thromboembolic stroke during chemotherapy. The
Medical Research Council study has conducted the most
detailed evaluation of toxicity from primary chemotherapy.
They reported that pre- and postchemotherapy testing
revealed that 15 of 16 tested patients suffered a decline in pul-
monary diffusion capacity (average decline was 15%) and that
4 of 32 tested patients (12%) showed high-pitch hearing loss,
but the clinical relevance of these changes was unclear.188

They found no evidence of a negative impact on sperm count
or motility.

Conclusion

As all three treatment options of RPLND, surveillance, and
chemotherapy offer similar, near-perfect long-term survival,
decisions about treatment are often based on provider bias,
on patient preference, and on side effects and convenience. In
parts of the world where regular surveillance is not feasible,
chemotherapy may seem the best option as it is associated
with the lowest relapse rate. The optimal strategy would 
be to surveil those patients who are not destined to relapse
while treating patients with lymph-node-only metastases
with RPLND and those with occult distant metastases with
chemotherapy. However, our ability to identify these sub-
groups prospectively remains crude. Risk-adapted treatment
strategies in which low-risk patients are assigned to surveil-
lance have reported relapse rates of 12% to 27%.184,192,194 And,
although most patients with LVI and tumors consisting
mostly of EC have been shown to have occult metastases in
retrospective series, this risk stratification approach has yet
to be prospectively validated. An additional consideration
concerns the presence of teratoma in the orchiectomy speci-
men. Patients with teratoma in the primary tumor are more
likely to have teratoma in their retroperitoneal lymph
nodes.196 Because teratoma generally does not respond to
chemotherapy, some have argued that these patients should
be treated with RPLND rather than chemotherapy. By the
same token, the finding that pathologic stage I patients with
lymphovascular invasion and a predominance of EC have a
29% chance of relapsing following RPLND has led some to
advocate chemotherapy for this high-risk population.197

Given the near-perfect long-term survival seen with any of
the three approaches, it is reasonable to present patients with
all three options (see Table 49.5).

Treatment of Stage II Disease

Stage II Seminoma

Treatment of stage II seminomas is less controversial than
treatment of stage I disease. The current standard of care is
to administer external-beam radiation therapy for nonbulky
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disease while treating bulky stage II disease with the same
chemotherapy used for disseminated disease. Bulky disease
has been defined inconsistently among studies but typically
refers to tumors greater than 5cm in transverse dimension.
The rationale for this treatment strategy is that radiation 
is generally considered to have less acute toxicity than 
cisplatin-based chemotherapy and thus is preferable for early-
stage disease, but postradiation relapse rates are substantially
higher for bulky disease. However, there are no randomized
trials comparing radiation to chemotherapy to definitively
address this issue and how the acute toxicity of chemother-
apy (e.g., febrile neutropenia and bleomycin lung injury) and
the late risk of secondary cancers from radiation balance out
with regard to long-term survival is unknown. Patients with
stage IIA or IIB seminomas who have contraindications for
radiation therapy should receive chemotherapy for advanced-
stage disease. These patients include those with either a
horseshoe or pelvic kidney or patients with disease suffi-
ciently lateral in location to necessitate significant radiation
exposure by one of the kidneys or the liver.198

Smalley and Van Veldhuizen reviewed the radiation expe-
rience with stage II seminomas and reported that, among 340
men treated for nonbulky disease, 30 (9%) relapsed and 322
(95%) survived their disease.199 In contrast, among 356 men
treated for bulky stage II disease, 124 (35%) relapsed. The
Princess Margaret Hospital has recently reported similar
results, with 5-year disease-free survival rates of 92% for stage
IIA and 90% for stage IIB disease following radiation.200

However, 9 of 16 (56%) stage IIC patients treated with radia-
tion subsequently relapsed compared to only 1 of 23 (4.3%)
IIC patients treated with chemotherapy (P = 0.0004).

Modern radiation therapy for stage II disease uses a dog-
leg field as described for stage I seminoma. Historically, an
inverted-Y field was often used such that the pelvis was
treated bilaterally, but contralateral pelvic relapses are
uncommon, and this is no longer considered necessary. Sim-
ilarly, as discussed for stage I disease, supradiaphragmatic
radiation has been abandoned by most centers. The radiation
dose is similar to that used for stage I disease (25Gy), with
the enlarged lymph nodes receiving a boost to a total dose of
35Gy. Chemotherapy for bulky disease is identical to treat-
ment of favorable-risk disseminated disease: three cycles of
bleomycin, etoposide, and cisplatin (BEP) or four cycles of
etoposide and cisplatin (EP).66,67,201 Five-year overall and
disease-free survival in stage IIC patients following che-
motherapy are 85% and 78%, respectively.67

Stage II Nonseminomas

Stage II nonseminomas with persistently elevated serum
tumor markers are managed with chemotherapy for dissemi-
nated disease. If the markers normalize following orchiec-
tomy, the option of performing a retroperitoneal lymph node
dissection also exists. Five-year survival is 95% to 98% with
either approach in the setting of normal markers.202–204 There
is no consensus regarding how best to chose between the 
two approaches. No randomized trials have compared chem-
otherapy to RPLND in this setting. One goal is to limit the
toxicity of treatment by trying to avoid having to use both
modalities. However, if both modalities are to be used, it
appears to be safer to perform surgery first, because
prechemotherapy RPLND is associated with fewer complica-
tions than postchemotherapy RPLND and because only two

cycles of chemotherapy are given in the adjuvant, post-
RPLND setting compared to three to four cycles given as
primary therapy.167,205,206 An additional concern, however, is
that delaying chemotherapy to perform RPLND presents an
opportunity for any occult distant metastatic disease to
progress. A common practice is to perform RPLND for stage
IIA patients and to give chemotherapy to patients with IIB or
IIC disease based on the finding that post-RPLND relapse
rates rise as disease bulk rises.176,204

The following issues must be taken into account when
deciding between RPLND and chemotherapy. About 12% to
24% of clinical stage II patients are found to have no nodal
involvement at RPLND, and surgery spares them unneeded
chemotherapy.203,205 In contrast, men who are found to have
pathologic stage IIB or higher disease at RPLND are generally
advised to subsequently undergo two cycles of chemotherapy
because their risk of relapse is about 50%.176 Treating such
men with chemotherapy instead of RPLND is usually cura-
tive in itself, but about one-third will have less than a com-
plete radiologic response and will require postchemotherapy
RPLND for resection of residual masses.205 The risk of having
a residual mass following chemotherapy is higher in men
with teratoma in the primary tumor, and thus some have
advocated primary RPLND for men with such histology.207 In
contrast, embryonal carcinomas, particularly if lymphovas-
cular invasion is seen in the primary tumor, are likely to
spread hematogenously and have a high relapse rate follow-
ing RPLND.153 Moreover, it has been reported that embryonal
carcinomas are more likely to respond completely to
chemotherapy than other histologies.204,208 RPLND for stage
II disease typically involves a bilateral dissection rather than
the unilateral templates used in stage I. As a result, ejacula-
tory dysfunction occurs more often in this setting along with
other surgical complications, but nerve-sparing surgery,
where feasible, can reduce this risk.205

Adjuvant Chemotherapy for Pathologic
Stage II Disease

When RPLND reveals pathologic stage II disease, adjuvant
chemotherapy should be considered. Among patients with
five or fewer nodes involved and none larger than 2cm, the
relapse rate of 6% to 15% is similar to the 6% to 10% rate
seen among those with no involved nodes.166,175,209 However,
relapse rates are about 50% for bulkier lymph node involve-
ment.176 Therefore, it has become standard practice to give
two cycles of bleomycin, etoposide, and cisplatin (BEP) for
patients with pathologic stage IIB or IIC disease. An alterna-
tive regimen is to give two cycles of etoposide and cisplatin.
A randomized intergroup study, however, demonstrated that
although BEP dramatically lowered the relapse rate, survival
was not compromised by surveilling stage II patients after
RPLND.176 After undergoing RPLND, 195 men were ran-
domized to surveillance or two cycles of BEP. Of the 98 who
were surveilled, 49 relapsed but almost all were salvaged,
with only 3 dying of testicular cancer. In the BEP arm, 6
relapsed (6%) and 1 man died of testis cancer, but of the 6
relapses, only 1 had in fact received adjuvant chemotherapy.
Subsequently, a study of 82 men who received two cycles of
BEP for pathologic stage (PS) II disease reported a single
relapse,210 while a separate report of two cycles of EP reported
a similar 1.1% relapse rate.211
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Treatment of Disseminated Disease

The development of effective systemic therapy for dissemi-
nated germ cell cancers represents one of the greatest success
stories of cancer research, and the key step was the imple-
mentation of cisplatin in the 1970s. A major breakthrough
was the 1977 study by Einhorn and Donohue in which they
reported that 35 of 50 men (70%) achieved a complete remis-
sion to cisplatin, vinblastine, and bleomycin (PVB), while
disease-free survival was 64%.212 This report was followed 10
years later by an intergroup study showing that, compared to
PVB, the combination of bleomycin (30 units on days 2, 9,
and 15), etoposide (100mg/m2, days 1–5), and cisplatin 
(20mg/m2, days 1–5) (BEP) resulted in lower toxicity and
similar efficacy, with 80% 2-year survival. Retrospective sub-
group analysis revealed that patients with bulky disease had
better outcomes with BEP with regard to complete responses
(77% versus 61%; P less than 0.05) and survival (P = 0.048).
The toxic death rate in the study was 4.7%, half of which was
due to neutropenic sepsis. Five men (2.0%) died of bleomycin-
induced pulmonary fibrosis. Four cycles of BEP was thus
established as the new standard of care.

It had become clear that different prognostic groups of
patients could be identified who had different probabilities of
being cured. After four cycles of BEP was established as the
standard treatment, most subsequent trials focused either on
good-prognosis or poor-prognosis patients, with an aim
toward reducing the toxicity of treatment for the former
while increasing the efficacy of treatment for the latter. A
variety of prognostic systems were developed at different
centers, most of which were focused on the location and bulk
of metastatic disease, but it subsequently became clear that
the serum tumor marker levels also carried important prog-
nostic implications. In 1997, collaborative groups from 10
countries pooled their data on 5,862 patients with dissemi-
nated GCTs and developed the International Germ Cell Con-
sensus Classification system, which categorizes patients as
good risk, intermediate risk, or poor risk (see Table 49.3).40

This multivariate analysis reported that disease bulk was not
important. Rather, in seminomas the only poor prognostic
factor was nonpulmonary visceral metastases, whereas in
NSGCTs, risk factors included highly elevated serum tumor
markers, nonpulmonary visceral metastases, and a mediasti-
nal primary tumor.

Special Considerations Regarding Chemotherapy

Chemotherapy for disseminated testicular GCTs represents
an unusually high-stakes situation for the oncologist: the
disease is almost uniformly fatal without chemotherapy, but
chemotherapy can cure a large majority of patients. There are
few such moments in oncology where chemotherapy can
grant many decades of life. Unnecessary treatment failures
resulting from substandard treatment can have tragic conse-
quences. Testicular cancer is a rare disease, and most oncol-
ogists see no more than a few cases annually. Those without
substantial experience treating testicular cancer should con-
sider consulting a cancer center with appropriate expertise
because specialist centers produce superior outcomes.1,213

The major chemotherapy issues are not simply which
regimen to use and how many cycles to give but also how to
monitor for toxicity and under what circumstances to delay
treatment, reduce doses, or change the treatment plan.

Regarding dose adjustments, the practice in most modern
first-line chemotherapy trials has been to treat at full dose,
on schedule regardless of day 1 cell counts. Patients who are
neutropenic on day 1 should have blood counts checked every
1 to 2 days and etoposide should be held on day 5 if counts
have not recovered. If the prior cycle was complicated by
febrile neutropenia or thrombocytopenic bleeding, then
etoposide and ifosfamide doses are reduced by 25%. Cisplatin
is given on schedule at full dose unless serum creatinine rises
above 3mg/dL. In good-risk patients, several trials have
adjusted doses or delayed treatment up to 7 days in patients
with day 1 neutropenia or thrombocytopenia without any evi-
dence of compromising results,214,215 but there are no ran-
domized data to indicate whether such a policy has an impact
on survival.

Bleomycin should be discontinued if there is evidence of
pulmonary toxicity, but if bleomycin is discontinued, addi-
tional adjustments are required. In patients with favorable-
risk disease who were scheduled to receive three cycles of
BEP, discontinuing the bleomycin can be accommodated by
switching to etoposide and cisplatin (EP) and giving a fourth
cycle, because four cycles of EP appears to be nearly equiva-
lent to three cycles of BEP.216 In intermediate- and poor-risk
patients scheduled to receive four cycles of BEP, ifosfamide
can be substituted for bleomycin with no loss in efficacy (if
ifosfamide is substituted for bleomycin, then the daily eto-
poside dose is reduced to 75mg/m2).217,218 Monitoring for
bleomycin pulmonary toxicity involves a careful history and
physical examination before each bleomycin administration.
Symptoms and signs of pulmonary toxicity include dyspnea,
a persistent nonproductive cough, inspiratory rales, and an
inspiratory lag. Pulmonary toxicity is also associated with a
decline in pulmonary diffusion capacity. Some centers obtain
pulmonary function tests every 3 weeks during chemother-
apy, particularly in patients scheduled to receive four cycles
of bleomycin, although the utility of pulmonary function
tests in reducing the incidence or severity of bleomycin-
induced pulmonary fibrosis has never been demonstrated. A
low threshold for discontinuing bleomycin if pulmonary tox-
icity is suspected can be justified by the availability of ifos-
famide, an equally efficacious drug, albeit one associated with
greater myelosuppression.

Chemotherapy for Good-Risk Disease

Strategies for reducing the toxicity of treatment for good-risk
patients have included reducing the number of cycles, elimi-
nating bleomycin, and substituting carboplatin for cisplatin
(Table 49.6). Only the first goal has been unambiguously
accomplished.

Reducing the Number of Cycles

In 1989, the Southeastern Cancer Study Group reported a
study of 184 good- to moderate-risk patients randomized to
either three or four cycles of BEP.219 No significant difference
was seen between three and four cycles with regard to either
complete response rate (98% versus 97%) or the relapse rate
(5% in each arm). No bleomycin deaths were reported. Long-
term follow-up of the 188 patients who had been treated at
Indiana University reported that 7 patients (6%) had died of
either germ cell cancer or treatment-related toxicities, with
4 deaths in the three-cycle arm and 3 deaths in the four-cycle
arm.220 When this trial was conducted, the importance of
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serum tumor marker levels was not appreciated, and men
with highly elevated HCG levels were included. Among men
with HCG levels below 1,000IU/L, 98% were alive with no
evidence of disease with a median follow-up of 10 years,
whereas 5 of 14 (36%) with HCG levels above 1,000IU/L died
disease-related deaths. Such patients are now considered
intermediate risk and should receive four cycles of BEP or VIP.
A larger European study randomized 812 men to either three
cycles of BEP or three cycles of BEP followed by a fourth cycle
of etoposide and cisplatin (EP).215 With 2 years follow-up, 2-
year progression-free survival was 90% and 89%, respectively,
and a 5% difference could be excluded. These two trials estab-
lished three cycles of BEP as a standard treatment option for
men with good-risk disseminated germ cell cancers.

Attempting to Eliminate Bleomycin

Bleomycin is associated with potentially fatal pulmonary
fibrosis as well as a more-common occurrence of Raynaud’s
phenomenon and mucositis. People who have received
bleomycin also have an elevated incidence of sometimes 
fatal postoperative pulmonary complications. Fortunately,
dropping the fourth cycle of BEP in good-risk patients has
almost eliminated fatal pulmonary complications. Six trials
administering three cycles of BEP to 1,142 patients reported
2 (0.18%) fatalities.111,214,215,219,221,222 However, nonfatal pul-

monary complications have been reported in 12% to 17% in
studies that have reported detailed toxicity data.214,215 Numer-
ous randomized controlled trials have studied whether 
eliminating bleomycin compromises efficacy. Based on the
existent evidence, a number of centers have adopted four
cycles of EP as an alternative to three cycles of BEP, and the
two regimens are considered equivalent by many in the field.
However, the equivalence of these regimens has never been
established by comparative trials, and BEP is better supported
by the available data.216

Prospective randomized trials have demonstrated that
three cycles of BEP produced superior overall survival than
three cycles of EP (95% versus 86%; P = 0.01),222 that three
cycles of BEP produce a higher complete response rate than
four cycles of EP (95% versus 87%; P = 0.0075) when using
the lower European etoposide dose (360mg/m2/cycle instead
of 500mg/m2/cycle),223 and that PBV results in superior
disease control compared to a cisplatin and vinblastine
doublet.224 A randomized trial comparing four cycles of EP to
three cycles of a historical regimen referred to as VAB-6
showed no difference in efficacy, but VAB-6 has never been
compared to BEP, so the relevance of this trial to current prac-
tice is ambiguous. After retrospective data suggested that
three cycles of BEP may produce disease control superior to
that of four cycles of EP,221 a randomized trial was completed
that assigned 131 men to the BEP ¥ 3 arm and 127 to the EP
¥ 4 arm.216 With a median follow-up of 51 months, the 4-year

TABLE 49.6. Randomized controlled trials for good-risk disseminated germ cell tumors.

Median
follow-up Complete

Regimen N (months) response Relapses Deaths Conclusion

Number of cycles:
BEP ¥ 3219,220 88 NR 98% 5 6 Equivalent
BEP ¥ 4 96 97% 5 3
BEP ¥ 3215 406 25 73% 24 12 Equivalent
BEP ¥ 3 + EP ¥ 1 406 75% 23 12
BEP ¥ 3214 83 33 6 3 Standard BEP
B30E360P ¥ 4 83 12 13 superior to

modified BEP
Is bleomycin necessary?
VAB-6 ¥ 3311 82 96% 7 Equivalent
EP ¥ 4 82 93% 7
BEP ¥ 3222 86 49.2 92% 8 4 BEP superior
EP ¥ 3 85 79% 17 14
BE360P ¥ 4223 200 87.6 95% 8 7 Modified BEP
E360P ¥ 4 195 87% 8 12 superior to

modified EP
BEP ¥ 3216 131 51 81% 9 5 Trend favoring
EP ¥ 4 127 69% 17 10 BEP (p = 0.07)
Can carboplatin replace cisplatin?
BEP ¥ 3226 29 33 81% 4 1 BEP superior
CE360B ¥ 4 25 76% 8 4
EP ¥ 4312 134 22.4 90% 4 NR EP superior
EC ¥ 4 131 88% 16 NR
BEP225 268 36 94% 15 10 BEP superior
CEB 260 87% 46 27

NR, no response; BEP, bleomycin, etoposide, cisplatin; EP, etoposide and cisplatin; CEB, carboplatin, etoposide, and
bleomycin; EC, etoposide and carboplatin B30, reduced bleomycin dose of 30 units per cycle; E360, reduced etoposide dose
of 360mg/m2 per cycle.



event-free survival with BEP was 89% compared to 84% with
EP (P = 0.09). When the 6 men with nonpulmonary visceral
metastases (poor-risk patients) were excluded from the analy-
sis, this difference became significant (91% versus 84%; P =
0.037). Overall survival showed a nonsignificant trend in
favor of BEP (96% versus 92%; P = 0.1). Grade 3 to 4 neu-
tropenia was more common with EP (90%) than BEP (73%),
but cutaneous toxicity and neurotoxicity were more common
with BEP. This trial was unable to exclude clinically relevant
inferiority concerning disease control with EP. However,
because the intent-to-treat analysis did not show a statisti-
cally significant difference between the two regimens, four
cycles of EP is still accepted by many as a standard treatment
option for good-risk disseminated NSGCTs.

Carboplatin

Cisplatin is associated with much higher rates of renal, neu-
rologic, gastrointestinal, and vascular toxicity than is carbo-
platin. In addition, large volumes of intravenous fluid are
given with cisplatin to avoid renal toxicity by maintaining a
brisk urine output, and the infusion of fluids substantially
increases the time necessary to administer treatment. Multi-
ple attempts have been made to substitute carboplatin for 
cisplatin in favorable-risk disease, and these randomized 
controlled trials have clearly established that cisplatin is
more effective and is associated with higher survival rates (see
Table 49.6).225–227 Nonetheless, carboplatin is a highly active
agent and, in patients with renal failure or extremely severe
cisplatin neurotoxicity, the question of substituting carbo-
platin for cisplatin arises; treatment decisions in such extra-
ordinary cases must weigh the risks and benefits associated
with the available regimens.

Conclusion

Standard chemotherapy for good-risk disseminated testicular
GCTs is three cycles of BEP or four cycles of EP, but there is
evidence that the BEP regimen may be more effective.

Intermediate- and Poor-Risk Disease

Despite two decades of trials, four cycles of BEP remains the
standard of care for intermediate- and poor-risk disease, and
this regimen is associated with overall survival rates of about
80% and 60%, respectively, for these two risk groups.112,217

The search for a more-effective regimen continues but has
thus far been unsuccessful. A randomized Eastern Coopera-
tive Oncology Group trial compared BEP to etoposide, ifos-
famide, and cisplatin (VIP) and reported no significant
differences in complete response (31% versus 37%; P = 0.26),
failure-free survival (60% versus 64%; P = 0.29), or overall
survival (71% versus 74%; P = 0.78).217,218 Although the trends
in this trial favored VIP, a multicenter European trial also
reported no difference between the two regimens, with the
trend favoring BEP.215 Both studies reported greater leukope-
nia and thrombocytopenia in the VIP arm. BEP was therefore
concluded to be the preferred regimen, except in patients with
compromised pulmonary status at baseline, for whom VIP
represents a good alternative.

Efforts to improve results through increased dose density
or dose intensity have similarly failed. Rapid cycling of three
courses of bleomycin, vincristine, and cisplatin followed by

testis  cancer 8 6 1

three cycles of VIP proved no better than BEP in a random-
ized trial.228 Similarly, a randomized multicenter U.S. trial
comparing standard BEP to BEP using double-dose cisplatin
(200mg/m2 per cycle) reported the same 74% survival and
almost identical disease-free survival in the two arms.229

Although numerous other regimens have been studied, using
up to seven different chemotherapeutic agents and many
using alternating cycles of different regimens, none has been
shown to produce superior results to BEP.230–234

High-Dose Chemotherapy as First-Line Treatment

The use of high-dose chemotherapy with stem cell support
has been investigated in Europe and the United States, with
promising phase II trial results but no informative phase III
studies yet available. The largest series using this approach
come from the German Testicular Cancer Study Group and
Memorial Sloan-Kettering Cancer Center. A recent update 
of the German experience with dose escalation describes 
182 patients with poor-prognosis disseminated germ cell
cancers.235 Treatment consisted of one cycle of standard-dose
VIP with subsequent stem cell collection of stem cells, fol-
lowed by three to four cycles of high-dose VIP. With a median
follow-up of 4 years, progression-free and disease-specific sur-
vival were 69% and 79%, respectively, at 2 years and 68%
and 73% at 5 years. Severe toxicity included toxic deaths
(4%), leukemia (1%), chronic renal insufficiency (3%),
chronic renal failure (1%), and persistent neuropathy (5%).
This regimen is being compared to four cycles of standard BEP
in a randomized phase III trial by the EORTC. In the United
States, a multicenter phase III trial comparing four cycles of
BEP to two cycles of BEP followed by two cycles of high-dose
CEC (carboplatin, etoposide, and cyclophosphamide) com-
pleted accrual in 2003, and results are expected to be pre-
sented soon.

Management of Residual Masses

Pure Seminomas

Men with stage II or III seminomas commonly have residual
radiographic lesions following radiation or chemotherapy.
Roughly 60% of men have residual masses after chemother-
apy.66,236 Unlike nonseminomas, where surgical resection of
any residual masses represents an important part of standard
care, resecting residual seminomas following radiation or
chemotherapy is often technically difficult or impossible and
is associated with a higher rate of major surgical complica-
tions than RPLND in nonseminomas. Indiana University
reported that 37 of 97 men (38%) undergoing postchemother-
apy RPLND for residual tumors that contained seminoma-
tous elements (including 88 with pure seminoma primary
tumors) required a total of 47 additional intraoperative pro-
cedures, including 25 nephrectomies, 9 inferior vena cava
resections, 5 arterial grafts, 5 bowel resections, and 3 hepatic
resections or biopsies.237 In contrast, additional procedures
were required in only 340 of 1,269 men (26.8%) without semi-
nomatous elements (P = 0.02). Relative to nonseminomas and
mixed GCTs, residual viable neoplastic disease is less likely
to be present when the primary tumor was a pure seminoma.
For these reasons, surgery is used more selectively in semi-



nomas,238 but it must be remembered that resection of resid-
ual disease is curative for most patients and remains an
important treatment modality for patients at high risk of
having residual neoplasm.238–240 Moreover, only 7% to 14% of
poorly defined, difficult-to-resect masses harbor cancer, com-
pared to 46% to 55% of well-defined, more easily resected
masses.239,241 In one series of 55 men with residual masses fol-
lowing treatment of pure seminomas, a complete resection
was possible in 78% of those whose masses were well defined
on CT scan compared to only 44% of those whose masses
were not well defined.239 Extensive biopsies were taken when
resection was impossible. Residual seminoma or teratoma
was found in 8 of 27 (30%) men with masses at least 3cm in
diameter compared to 0 of 28 with masses less than 3cm.
Three series with a total of 202 men with residual masses
reported that 22 of 74 (30%) with masses that were 3cm or
larger had viable cancer, compared to 5 of 128 (4%) with
smaller masses.238,241,242

Treating residual postchemotherapy masses with radia-
tion therapy has fallen out of favor based on several retro-
spective analyses showing that routinely irradiating residual
masses had a low radiographic response rate243 and had no
appreciable effect on subsequent relapse rates.236 Although
there is no clear consensus on the management of these
patients, low-risk patients (masses smaller than 3cm) are gen-
erally surveilled whereas high-risk patients (masses 3cm or
greater) undergo surgical exploration with either resection of
residual masses or, where resection is impossible, extensive
biopsies. Patients who have unresectable pathologically 
confirmed residual seminoma should undergo salvage
chemotherapy.

The seminoma patient with residual masses represents
one of the only settings in testicular cancer care where PET
scans show some promise. A multiinstitutional series of 
56 scans of 51 patients reported a sensitivity of 80% 
and specificity of 100%.238 Among 37 scans of men with
lesions less than 3cm, increased uptake was present in 1 of
the 3 men who were subsequently found to have residual
cancer. In contrast, PET was 100% accurate with lesions
larger than 3cm, correctly identifying the 7 with residual
disease and the 12 without. An earlier study was less promis-
ing, however, and the utility of PET scans needs to be 
confirmed.244

Nonseminomatous Germ Cell Tumors

Residual masses are detected in an estimated 20% to 25% of
men following chemotherapy for metastatic NSGCTs.245 The
current standard of care is to resect any residual masses if
the serum tumor markers have normalized and if technically
feasible. As discussed next, some centers have advocated
retroperitoneal exploration and lymphadenectomy in all
patients with prechemotherapy retroperitoneal adenopathy 
or masses, regardless of the findings on postchemotherapy
radiologic imaging, but this practice is not widespread.245

Resections of postchemotherapy masses in GCT patients are
generally complex and, given the rarity of the disease, ex-
tensive experience is limited to a small fraction of practicing
surgeons. Referral to a center of excellence is strongly 
encouraged.

The rationale for resection of residual masses derives from
the finding that roughly 35% to 45% of residual masses

contain teratoma, 10% to 20% contain residual seminoma,
yolk-sac tumor, choriocarcinoma, and/or embryonal carci-
noma, while the remaining 45% to 50% contain only necrotic
tissue and fibrosis.246–248 Following salvage (as opposed to
primary) chemotherapy, up to 50% of patients have viable
nonteratomatous germ cell cancer.249 Interpreting these
figures is not entirely straightforward, because the observed
relapse rates in men who do not undergo postchemotherapy
RPLND are lower than these numbers would predict.250

Although it thus appears that some residual teratomas are not
destined to progress, this issue is poorly characterized and
poorly understood.

Surgically removing residual teratoma is generally cura-
tive in itself, and men who have only teratoma or necrosis/
fibrosis discovered at surgery share an excellent prognosis,
with a roughly 90% 2-year progression-free survival.251 Men
with residual cancer, however, have a poorer prognosis and
are generally advised to undergo additional chemotherapy 
following surgery.249 Resection of residual masses is 
thus both therapeutic and diagnostic. However, half of these
masses are purely necrotic/fibrotic, and resection of 
fibrosis and necrosis is unlikely to confer any benefit upon
the patient. Numerous attempts have thus been made to
develop a model that would predict the histology of residu-
al masses with the goal of reducing unnecessary opera-
tions.245–247,252,253 Indiana University reported that, based on an
analysis of 295 men with disseminated NSGCTs who had
undergone primary chemotherapy, 92% of men who achieved
a radiologic and serologic complete remission were continu-
ously disease free with a median follow-up of 5 years.253

However, no other group could be identified with less than a
25% risk of relapse without undergoing postchemotherapy
RPLND.

A more-sophisticated model has been developed by
Steyerberg and colleagues, taking into account the following
variables that were associated with the absence of viable ter-
atoma or cancer in residual masses: absence of teratoma ele-
ments in the primary tumor, normal prechemotherapy HCG,
normal prechemotherapy AFP, elevated prechemotherapy
LDH, smaller postchemotherapy residual disease bulk, and a
large percent decline in disease bulk during chemotherapy.247

The model was developed using a pooled international data
set of 544 patients and later validated on 172 subsequent
patients. In the validation study, no tumor was found at
RPLND in the 15 patients predicted to have less than a 10%
chance of having residual cancer or teratoma. However, in a
second validation study limited to 105 good-risk patients,
only 4 patients were predicted to have less than a 30% chance
of having residual viable tumor. Three of these 4 (75%) had
benign histology found at RPLND. The prediction rule was
accurate but affected the management of only 4% of the
patients. More-recent attempts to develop a clinically useful
model have similarly failed.254 Further complicating decision
making, the Norwegian Radium Hospital has reported an
analysis of 87 patients with disseminated NSGCTs undergo-
ing RPLND for postchemotherapy masses smaller than 
20mm. Of the 87 total patients, 29 (33%) had residual tumor,
including 23 (26%) with residual teratoma and 6 (7%) with
residual cancer. Of the 54 with masses no larger than 10mm,
5 (9%) had residual cancer and 11 (20%) had teratoma. Thus,
29% of patients with normal postchemotherapy CT scans had
residual tumor. Nonetheless, chemotherapy trials have
reported that fewer than 8% of patients with radiologic and
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serologic complete responses subsequently relapse.208,215,253

The low relapse rate seen in men with complete responses 
to chemotherapy as well as the complications seen in
postchemotherapy RPLNDs have led most centers to avoid
RPLND unless there are residual masses greater than 
10mm.245

Managing Residual Masses in Men with Persistently
Elevated Serum Tumor Markers

Men with rising or persistently elevated serum tumor
markers are at high risk for having progressive disseminated
cancer and have typically been treated with salvage
chemotherapy. However, no randomized trials exist to
support this practice, and data clarifying the best manage-
ment of these patients remain sparse. Published series have
reported that resection of residual disease is curative for most
men with a persistently elevated or rising serum AFP fol-
lowing chemotherapy, but relapse and mortality rates range
from 70% to 100% when serum HCG remains elevated in
most series.255–257 It has also been reported that patients with
rising markers have a poorer postoperative prognosis than
those with stable elevated markers.258 A persistently elevated
AFP is thus not a contraindication to resecting residual
disease, but operating in the setting of a significantly elevated
HCG or rising AFP is usually futile. Any decision to operate
in the setting of elevated markers should be carefully con-
sidered. As previously discussed, it is essential to exclude
nonneoplastic etiologies for elevated serum tumor markers
following chemotherapy.

Complications and Extent of Resection

Historically, postchemotherapy RPLND has been associated
with a substantially higher complication rate than primary
RPLND, but the surgical template for the postchemotherapy
operation has diminished over time and the complication rate
has declined.259,260 Nonetheless, Indiana University reported
that among 150 men undergoing postchemotherapy RPLND
between 2000 and 2002, 29% had intraoperative complica-
tions requiring additional procedures such as nephrectomy or
inferior vena cava resection and 6.7% experienced postoper-
ative complications such as ascites, wound infections, or pro-
longed ileus.260 Although no patients in this report suffered
fatal complications, others have reported a perioperative mor-
tality rate of nearly 1%.206,261 The higher complication rate fol-
lowing chemotherapy derives from the greater bulk of disease,
the higher frequency of invasion of or adherence to vital struc-
tures, the effect of chemotherapy on the patient’s overall con-
dition, and the increased rate of postoperative pulmonary
complications seen in patients with prior bleomycin expo-
sure. However, the rate of pulmonary complications appears
to have declined with the implementation of anesthesia pre-
cautions, which include limiting the partial pressure 
of oxygen and the volume of intravenous fluids delivered to
the patient during surgery and the perioperative period.
Several recent studies have reported no fatal pulmonary 
complications.206,260

A major change in the template of postchemotherapy
RPLNDs has occurred during the past two decades. Histori-
cally, an extensive bilateral dissection was performed in addi-
tion to removing any visible residual disease. More recently,
favorable results have been reported following a more-limited
resection in which all visible residual masses are removed and

a more-limited template dissection is performed, with nerve
sparing when possible, if no residual tumor is found on frozen
section.262–264 In cases where frozen section shows viable
tumor, most reporting centers have performed an extensive
bilateral dissection. Memorial Sloan-Kettering Cancer Center
reported, in 62 patients undergoing such an approach, that 37
showed only necrosis on frozen section (and thus underwent
a limited dissection), and only 1 of these 37 relapsed in the
retroperitoneum. Among the total 62 patients, only 3 had ter-
atoma or cancer outside the palpable disease and only 2
relapsed within the retroperitoneum.265 In patients with resid-
ual masses in the lungs, liver, or other sites, standard prac-
tice has been to resect these lesions as well, either in a single
operation sequentially, if all residual disease can be resected.
Whether a finding of necrosis only in the retroperitoneum jus-
tifies aborting any attempt to resect other sites of residual
disease remains controversial.266,267 Most reports have advo-
cated a resection of all residual masses because up to 23% of
men with necrosis in the retroperitoneum have teratoma or
cancer in the thorax. In cases in which a complete resection
is impossible, a resection of those masses that are resectable
is not generally recommended because the benefit of a partial
resection has not been established.

Treatment of Men with Viable Cancer in
Postchemotherapy Masses

Men with viable cancer discovered at postchemotherapy
surgery have a poor prognosis compared to those with necro-
sis or teratoma.249,268–270 Hannover University reported, among
27 patients undergoing resection of residual masses, that
overall survival was 87% among those found to have necro-
sis or residual teratoma versus 22% among those found to
have viable cancer.271 EORTC reported that 23 of 26 (88%)
men with residual teratoma were alive without evidence of
disease compared to 13 of 22 (59%) of those with residual
cancer.270 Some have therefore recommended chemotherapy
for these patients following surgery, and the standard practice
among those giving chemotherapy has been to administer two
cycles of cisplatin-based chemotherapy, typically either EP,
VIP, or VeIP. An international multivariate analysis of 146
patients with viable cancer in residual masses reported a pro-
gression-free survival advantage favoring chemotherapy (69%
versus 52%; P less than 0.001) but no overall survival dif-
ference when comparing those who received adjuvant
chemotherapy to those who did not.272 The three factors inde-
pendently associated with overall survival were complete
versus incomplete resection, less than 10% viable malignant
cells, and a good-risk international germ cell consensus clas-
sification (IGCCC).

Treatment of Relapsed and Refractory Disease

Progressive disease during or following first-line chemother-
apy carries a distinctly poorer prognosis than metastatic
chemonaive disease. Although ifosfamide and etoposide have
activity in patients with cisplatin-resistant disease, they have
produced disappointing long-term survival. Subsequently,
paclitaxel and gemcitabine were shown to have activity in
cisplatin-resistant disease, but whether regimens incorporat-
ing these drugs can improve survival remains unproven,
favorable phase II trial results notwithstanding. Great inter-



est has developed in high-dose chemotherapy as salvage treat-
ment, but data showing a survival advantage are lacking.

Standard-Dose Salvage Chemotherapy

The most widely used salvage chemotherapy regimens for
relapsed or refractory GCTs have been cisplatin, ifosfamide,
and either etoposide (VIP) or vinblastine (VeIP), and these
remain the standard of care. Because most patients now
receive etoposide as part of their first-line chemotherapy,
VeIP, which offers two new agents to men who have previ-
ously been treated with either EP or BEP, is the most com-
monly used salvage regimen. In patients with relapsed
NSGCTs, VIP and VeIP have resulted in long-term survival of
20% to 30%.273–277 Men with relapsing seminoma fare better,
with VeIP and other ifosfamide-cisplatin-based regimens pro-
ducing long-term survival of 53% to 54%.65,278 These results
led to the investigation of alternative regimens and the use
of high-dose chemotherapy with stem cell rescue. Gem-
citabine and paclitaxel both have activity against cisplatin-
resistant GCTs, with response rates in the 11% to 30% range
and reports of rare durable remissions.279–282 Using these
agents in multidrug regimens has produced more-favorable
results. Motzer et al. reported 30 relapsing GCT patients with
favorable prognostic features in whom paclitaxel, ifosfamide,
and cisplatin (TIP) produced an overall and progression-free
survival of 80% and 73%, respectively, at a median follow-up
of 33 months.283 Because this study involved a favorable
subset of relapsed patients, comparing the results to other reg-
imens is problematic, but a multicenter U.S. randomized
phase III trial comparing TIP to VeIP is under way. The com-
bination of gemcitabine and paclitaxel has been investigated
in relapsing patients with adverse prognostic features.284 Six
of 28 (21.4%) responded, including 3 complete responses and
2 durable responses at 15 and 25 months. Oxaliplatin, alone
or combined with gemcitabine, has also shown modest levels
of activity in heavily pretreated patients.285,286

High-Dose Salvage Chemotherapy

High-dose chemotherapy with stem cell support for patients
with relapsing or refractory GCTs has been investigated since
the early 1980s as salvage therapy, but early results in heavily
pretreated patients were disappointing, with more than 20%
of patients suffering toxic deaths and few long-term survivors.
More recently, high-dose salvage chemotherapy has been used
on less heavily pretreated patients and the results, as dis-
cussed next, have been more promising. Whether high-dose
salvage chemotherapy results in better long-term outcomes
than standard-dose chemotherapy remains unresolved. Prog-
nostic criteria have been identified that help predict the like-
lihood of a successful outcome with high-dose salvage
chemotherapy. Analyzing 310 patients treated at four centers
between 1984 and 1993, Beyer et al. reported that five factors
were associated with treatment failure: progressive disease
immediately before high-dose chemotherapy, HCG level
above 1,000U/L, mediastinal primary tumor, and disease that
was relatively refractory (progression within 4 weeks of treat-
ment) or absolutely refractory (progression during treatment)
to cisplatin.287 Using a scoring system that gave each prog-
nostic factor one point, except for mediastinal primary 
or absolutely refractory disease, which each were worth 
two points, the study identified a good-risk category (no

points), an intermediate-risk category (one or two points), 
and a poor risk category (more than two points). Failure-free
survival was 51%, 27%, and 5%, respectively. Indiana 
University, however, reported that among the 23 poor-risk
patients transplanted using a tandem transplant strategy,
failure-free survival was 30% (95% CI, 11%–49%) and 
the most important adverse prognostic factor was a medi-
astinal primary tumor (0% survival in the Indiana series com-
pared to 12% survival in Beyer’s study). In contrast, recent
European studies using a single cycle of high-dose chemother-
apy have reported no survivors among 18 poor-risk
patients.288–290 Whether these results indicate that poor-
risk patients are poor candidates for transplant or that they
require at least two cycles of high-dose chemotherapy is 
controversial.291

Different institutions have used different regimens and
have targeted different prognostic groups, with the result that
comparing results among different institutions is challenging.
Recent studies, however, have reported that about 50% of
relapsing or refractory patients can be successfully salvaged
with high-dose chemotherapy when it is used at first or
second relapse.290,292–294 Although many centers have evalu-
ated multiple cycles of high-dose chemotherapy, the benefit
of this approach relative to a single cycle remains untested;
the high-dose results appear favorable compared to historical
results with standard-dose regimens, but the patients under-
going high-dose therapy have been more carefully selected. A
European trial randomized 280 men to either four cycles of
standard salvage therapy (VeIP or VIP) or three cycles of stan-
dard therapy followed by one cycle of high-dose carboplatin,
etoposide, and cyclophosphamide.295 Men who were relatively
or absolutely refractory to cisplatin were excluded, but men
with mediastinal primary tumors were permitted. Three-year
overall survival was 53% in each arm, indicating no advan-
tage to high-dose chemotherapy, but mature results have not
been published. A retrospective matched-pair analysis has
been published comparing the outcomes of men who relapsed
after first-line cisplatin-based chemotherapy and received
either high-dose or standard-dose salvage chemotherapy.296

This analysis reported a statistically significant 10% 2-year
survival advantage with high-dose chemotherapy, but it is
subject to all the limitations of a retrospective, nonrandom-
ized investigation.

Men who relapse following high-dose salvage chemother-
apy relapse early and have a poor prognosis. Indiana Univer-
sity reported 101 relapsing patients, all of whom relapsed
within 17 months of high-dose therapy.297 After relapse, 47
underwent chemotherapy, either with (n = 35) or without (n
= 12) surgery, and 7 underwent surgery alone. The response
rate to chemotherapy was 18% and only 5 patients (5%) were
disease free at the time of the report, all of whom had received
surgery as part of their treatment. A French study of 32 relaps-
ing patients reported similarly poor chemotherapy results: 
6 patients were successfully salvaged, all of whom had had
surgical resection of residual masses as part of their treat-
ment.298

Conclusion

Currently, high-dose salvage chemotherapy represents a stan-
dard treatment option at most centers treating a large volume
of germ cell cancers. Choosing between standard- and high-
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dose chemotherapy presents a challenge in the absence of
mature randomized trials. The only setting in which high-
dose chemotherapy appears to be almost completely ineffec-
tual is relapsed mediastinal GCTs.

Extragonadal Germ Cell Tumors

Germ cell tumors in adolescent and adult men also occur in
the retroperitoneum and mediastinum. Primary mediastinal
GCTs almost always occur in the anterior mediastinum,
which is a rare site of metastasis for testicular or retroperi-
toneal GCTs.299 As part of the diagnostic workup, it is stan-
dard practice to obtain a scrotal ultrasound to exclude a
testicular primary. Although retroperitoneal GCTs carry the
same prognosis as testicular GCTs after correcting for stage,
mediastinal NSGCTs carry a worse prognosis and are consid-
ered poor-risk GCTs unless they are composed of mature 
teratoma.40,300 Mediastinal seminomas have an excellent 
prognosis that is no different from that of disseminated tes-
ticular seminomas. They are treated with the same systemic
chemotherapy protocols as disseminated testicular semino-
mas and carry the same good or intermediate prognosis,
depending on whether nonpulmonary visceral metastases are
present. Residual masses are handled in the same fashion as
in gonadal seminomas. The treatment of retroperitoneal
GCTs is similar to that of testicular tumors with respect to
the choice of chemotherapy and the practice of rapid diag-
nostic workup and treatment, including, in nonseminoma-
tous tumors, the resection of all residual masses.
Retroperitoneal seminomas are considered favorable risk
unless nonpulmonary visceral metastases are present and are
generally treated with chemotherapy using the same
chemotherapy protocols used for disseminated testicular
seminoma. Although radiation therapy may be an acceptable
alternative for low-volume disease, retrospective analysis has
suggested better progression-free survival with chemotherapy
(87% versus 33%; P = 0.01).301 Retroperitoneal NSGCTs are 
also staged and treated in the same fashion as testicular
NSGCTs. Patients with retroperitoneal GCTs typically
present either with abdominal or back pain or with symptoms
of advanced disease such as weight loss, fevers, night sweats,
or venous thrombosis. Most patients are found to have a sig-
nificant disease burden at the time of diagnosis. Median
primary tumor size is 7cm and 8cm for seminomas and
NSGCTs, respectively. Metastases are present at diagnosis 
in 46% of patients with seminomas and 76% of those 
with NSGCTs, and most patients have elevated tumor
markers.301

Mediastinal NSGCTs differ from testicular NSGCTs in
several respects. The distinction of pure teratomas from other
histologies and the distinction of mature versus immature
teratoma carries a prognostic significance in mediastinal
tumors that does not apply to testicular cancers. Mature ter-
atomas of the mediastinum are benign tumors that can be
cured with surgical resection alone in almost all patients. In
three series reporting a total of 157 patients, the only 2 deaths
were due to surgical complications.299,302,303 Immature ter-
atomas, in contrast, often behave more malignantly in 
individuals over 15 years of age (in children, teratomas of 
the mediastinum are benign regardless of whether there 

are immature elements). Dulmet et al. reported that among
6 adult patients with immature teratoma, 4 died of 
the disease.302 In contrast, Hiroshima et al. found that 
5 of 6 men with immature teratomas survived when 
treated with chemotherapy followed by complete surgical
resection.303

Nonseminomas of the mediastinum have a poorer prog-
nosis than other GCTs and are considered poor risk regard-
less of the extent of disease. The pooled analysis by
Bokemeyer et al. of 287 cases from around the world reported
that 49% were alive at a median follow-up of 19 months.
Standard treatment is four cycles of BEP chemotherapy fol-
lowed by a resection of any residual masses. An aggressive
postchemotherapy surgical approach resecting all residual
disease when possible is standard, partly because relapses are
extremely difficult to cure. A representative study reported
that among 79 patients receiving second-line chemotherapy
for recurrent disease, only 9 (8%) were alive at a median
follow-up of 45 months.300 High-dose salvage chemotherapy
has been similarly ineffective in this population. Indiana Uni-
versity reported that all 28 patients receiving high-dose
salvage chemotherapy subsequently relapsed.220 An interna-
tional pooled analysis reported that failure-free survival fol-
lowing high-dose salvage che-motherapy was only 12%.287 In
contrast, 2-year progression-free and overall survival were
64% and 68%, respectively, following first-line treatment
with high-dose chemotherapy, but whether first-line high-
dose chemotherapy results in superior results compared with
standard BEP has not been addressed in prospective trials.304

Mediastinal NSGCTs are associated with an increased risk
of hematologic malignancies, particularly disorders of the
megakaryocyte lineage. Analysis by Hartmann et al. of 287
patients treated in the United States and Europe reported 17
individuals (5.9%) with fatal hematologic malignancies.305

The median time from diagnosis of the mediastinal tumor to
the diagnosis of the hematologic neoplasm was 6 months.
These tumors appear to share their origin with that of the
mediastinal tumor, as they often share the isochromosome
12p seen in GCTs. They are highly resistant to treatment 
and are almost universally fatal, with a median survival of 
5 months.
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Cervix, Vulva, and
Vagina

Julian C. Schink

n the United States and other developed countries,
remarkable progress has been made in the prevention and
treatment of cancer of the female lower genital track. 

Cervical cancer is still the most prevalent of the lower genital
tract cancers, followed by vulvar cancer and finally vaginal
cancer, which is quite rare. Unfortunately, invasive cervical
carcinoma remains one of the most common causes of cancer
death for women in the developing world. On a global basis,
cervical cancer remains a significant health problem, with
500,000 new cases occurring each year and an annual death
rate of 230,000 worldwide.1 In the United States, approxi-
mately 13,000 new cases of cervical cancer are diagnosed each
year and only 4,500 deaths due to cervical cancer. This stark
contrast between the low number of cases in the United
States and tragic number of cases in the developing world is
primarily a reflection of the effectiveness of screening for and
treating preinvasive cervical disease.

Cervical, vaginal, and vulvar cancer are usually squamous
cell carcinomas arising from a preinvasive lesion. The rela-
tively slow progression from an in situ lesion to invasive
cancer, which may take anywhere from 5 to 20 years, offers
an important opportunity for screening interventions to
prevent invasive cancer from developing in these women.
Cervical cytology screening lowers the mortality from 
cervical cancer, as evidenced by both population-based and
case-controlled studies.2 Women having cervical cytology
screening at least every 3 years have a 10-fold decrease in their
risk of cervical cancer when compared with women who have
never been screened.3 The focus of this chapter is primarily
on the evaluation and treatment of squamous cell carcinoma
of the cervix, vagina, and vulva because the principles of treat-
ing squamous cell carcinoma in these tissues are applicable
to the other histologies. Cervical cancer is clearly the most
common of the lower genital tract malignancies in women,
accounting for approximately 16% of all gynecologic cancers.
Vulvar cancer is quite uncommon and represents only 4% of
malignancies in the female genital tract and, in contrast to
cervical cancer, occurs most commonly in elderly women,
compared to cervical cancer where the mean age is 51 years
old. Vaginal cancer is even more rare, accounting for only 1%
of gynecologic malignancies. In this chapter, we concentrate
first on cervical cancer, then vulvar cancer, and finish with
the diagnosis and management of vaginal cancer.

Cervical Cancer

Background and Prevalence
Cervical cancer remains a common event in the developing
countries, with annual incidence rates ranging from a high of
83 cases per 100,000 women per year in Brazil to as low as 3
per 100,000 in developed countries such as Israel and the
United States. The highest risk areas around the world are in
Central and South America, the Caribbean, and southern and
eastern Africa.4 The marked contrast in these incidence rates
has been attributed primarily to the success of screening 
programs in the United States and other developed countries.
Other explanations for the high incidence in underdeveloped
countries, which are lacking consistent evidence, include the
higher rate of cigarette smoking and the more frequent early
age of initiating sexual intercourse.

The prevention of cervical cancer is attributed to screen-
ing asymptomatic women on a regular basis with cervical
cytology. The identification of preinvasive cervical dysplasia,
which can be successfully treated with a number of modali-
ties including cryotherapy, surgical excision, or laser ablation,
has resulted in a marked decrease in the number of women
developing cervical cancer. In countries where cervical cytol-
ogy screening is commonly performed, such as the United
States, at least half the cases of cervical cancer occur in
women who have not had regular Papanicolaou (Pap) smear
screening. The cases that do occur in women who have had
regular Pap smear screening tend to be unusual tumors, such
as adenocarcinoma arising within the glands of the cervix, or
in women who have been incompletely or previously treated
for preinvasive disease and then develop a lesion high in the
cervical canal.

The risk factors for developing cervical cancer are tied
closely to the commonly identified etiologic agent human
papillomavirus (HPV).5 This HPV is considered to be a nec-
essary and critical factor in the development of cervical
intraepithelial neoplasia and the subsequent progression to
cervical cancer. Cervical carcinoma usually arises in meta-
plastic squamous epithelium at the junction of the ectocervix
and endocervical canal. This squamous epithelium, which
has undergone metaplasia during adolescence, appears to be
particularly susceptible to the tumor suppressor effects of
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HPV. The preinvasive lesions of cervical dysplasia, also called
cervical intraepithelial neoplasia, will progress to invasive
cervical cancer in 30% to 70% of women if left untreated.
Fortunately, this progression usually takes between 10 to 20
years, allowing many opportunities to prevent the develop-
ment of invasive cancer. The HPV is easily transmitted by
sexual intercourse, so many of the risk factors for cervical
cancer relate to sexual activity. Risk factors associated with
the development of cervical cancer include early age of first
intercourse, lower socioeconomic status, number of sexual
partners, and a smoking history.6 Smoking is associated with
both cervical dysplasia and invasive cancer, suggesting that
cigarette by-products may affect the early evolution of HPV-
related lesions, possibly by increasing the rate of cell turnover
or by the presence of carcinogens in cervical mucus combined
with the immunosuppressive effects of HPV.7 In 2002, results
of the first controlled trial of an HPV vaccine were published,
documenting an HPV-16 vaccine’s efficacy in reducing the
incidence of HPV-16-related cervical dysplasia.8 The editorial
response to this vaccine breakthrough was “The Beginning of
the End for Cervical Cancer?,” emphasizing the importance
of preventing HPV infection and thus decreasing the inci-
dence of both cervical dysplasia and cervical cancer.9

Although vaccination to prevent HPV infection world-
wide carries great promise, there are several short-term bar-
riers to the success of this strategy. First, there are numerous
oncogenic strains of HPV, with HPV-16 only accounting for
half the cases of cervical cancer. A multivalent vaccine is 
currently in clinical trials; if effective it will be a next criti-
cal step in vaccine development. Second, vaccination does not
appear to reduce the incidence of cervical cancer or dysplasia
in women already infected with HPV. Therefore, the benefits
of an HPV vaccination program will be confined to women
who are not yet infected by HPV, and will take several decades
before a marked reduction in cervical cancer results. Unfor-
tunately, despite the possible long-term benefits of an HPV
vaccine, in our lifetime we will continue to see women with
cervical, vaginal, and vulvar cancer.

Diagnosis

The diagnosis of cervical cancer segregates into two groups of
patients. The asymptomatic patient identified on cervical
cytology screening often has an early stage 1 cancer. In 
contrast, women who have not had regular cervical cytology
screening usually present with signs and symptoms of
advanced disease, including pelvic pain and vaginal bleeding.

The Asymptomatic Patient

Most asymptomatic patients will be diagnosed with a Pap
smear showing either malignant cells or a preinvasive lesion,
possibly even atypical squamous cells of undetermined sig-
nificance (ASC). The evaluation of an abnormal Pap smear
includes the use of colposcopic inspection of the cervix fol-
lowed by colposcopically directed biopsies. If the colposcopy,
or the biopsies, suggest an invasive malignancy, then a 
cone biopsy will confirm both the presence of invasion, the
size of the tumor, and the depth of invasion. Occasionally, a
patient with a more-advanced cervical cancer remains asymp-
tomatic and has false-negative cervical cytology. These false-
negative cytology tests usually occur because the tumor

originated high in the endocervical canal or did not shed
malignant cells.

Symptoms of Cervical Cancer

The most common symptom of cervical cancer is abnormal
vaginal bleeding, often presenting as postcoital bleeding.
Women with cervical cancer also frequently complain of 
a watery and malodorous discharge. As cervical cancer
becomes more progressive, patients may note urinary fre-
quency, bladder pressure, or back pain. In the most advanced
cases, patients can present with inguinal lymph node metas-
tasis, lower extremity edema secondary to pelvic sidewall
invasion or tumor replacing the pelvic lymph nodes, or in
stage IV cases vesicovaginal or rectovaginal fistula.

Physical Findings of Cervical Cancer

The physical examination findings of cervical cancer are an
essential component to the clinical staging of this cancer. The
examination focuses on defining the extent of local invasion,
primarily by pelvic examination. This examination includes
visual inspection of the cervix and vagina, bimanual pelvic/
abdominal examination, and rectovaginal examination. Evi-
dence of vaginal mucosal involvement, parametrial tumor
invasion, uterosacral tumor invasion, rectovaginal septum
involvement, and fixation of one or both of the pelvic side-
walls are important considerations. An observational study
by Hoffman and colleagues demonstrated only 50% accuracy
in predicting tumor diameter when pelvic exam findings were
compared with pathology specimens,10 but clinicians are
accurate in predicting other prognostic factors, including
outer third invasion (80%) and vaginal involvement (90%).
Determining the extent of local and distant metastasis is crit-
ical in selecting between surgical and radiotherapy treatment
options. Because physical examination findings are not very
reliable, especially for tumors larger than 4cm, most clini-
cians rely on magnetic resonance imaging (MRI), computed
tomography (CT), and positron emission tomography (PET)
imaging, when available, to better define the extent of
disease. The most common patterns of spread of cervical
cancer are direct extension and lymphatic metastasis. Exam-
ination of the groin and supraclavicular nodes for evidence of
extensive nodal spread is critically important. Although
hematogenous metastasis is less likely, especially with early
cervical cancer, chest radiography at a minimum is indicated
in the initial evaluation of all patients.

Histologic Diagnosis of Cervical Cancer

A clinical diagnosis or cytology diagnosis of cervical cancer
must be confirmed by biopsy-proven histology. A cytologic
evaluation is not definitive evidence of invasive disease in
these patients and is rarely adequate evidence to proceed with
treatment. A colposcopically directed biopsy for a patient
with a visual lesion is generally adequate for establishing the
diagnosis, and these patients can usually be spared the risks
and treatment delay that may result from a surgical biopsy
known as cold knife conization. The pathologic diagnosis of
invasive disease is sometimes difficult in women with a small
lesion and only minimal invasion. The histologic features 
of early invasion of squamous cancer of the cervix include 
differentiation of the invading squamous cells and a brisk
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adjacent inflammatory response. Involvement of the endo-
cervical glands by carcinoma in-situ is a common finding in
preinvasive disease, and any question of invasion versus glan-
dular involvement deserves thorough pathology review. For
patients with a microinvasive lesion, complete excision of the
lesion by cervical conization with negative margins is manda-
tory to determine the extent of disease and the risk of
metastatic disease.

Pathology

Squamous cell carcinoma and adenocarcinoma are the most
frequent histopathologic types of cervical carcinoma. 
Squamous cell carcinoma has been subcategorized into 
keratinizing, nonkeratinizing, and small cell carcinomas.
Adenocarcinoma has been subcategorized to include
endometrioid adenocarcinoma, endocervical adenocarci-
noma, and clear cell adenocarcinoma. Other much less
common histologies seen with cervical cancer include
adenosquamous carcinoma, small cell carcinoma, adenoid
cystic carcinoma, and undifferentiated carcinoma.

Squamous Cell Carcinoma

The majority of squamous cell carcinomas are exophytic or
ulcerative lesions that arise within the transformation zone
of the cervix. These lesions are generally visible on the ecto-
cervix and are easily biopsied. The current classification
scheme for squamous cell carcinomas was developed by the
World Health Organization and divides these tumors into
large cell keratinizing, large cell nonkeratinizing, and small
cell nonkeratinizing types. The presence of keratin pearls is
required for the tumor to be classified as keratinizing.11 Small
cell squamous carcinomas are as common as the keratinizing
large cell carcinomas and are characterized by focal squamous
differentiation without keratin pearl formation. It is impor-
tant to distinguish small cell squamous carcinoma from small
cell undifferentiated carcinoma, which may have neuroen-
docrine features and a significantly more-aggressive behavior.

Verrucous carcinoma is a variant of squamous cell carci-
noma that is characterized by its exophytic growth resem-
bling a giant condyloma. Verrucous carcinomas tend to be
locally aggressive and may spread to adjacent organs includ-
ing the vagina and the endometrium. The malignant behav-
ior of this tumor is unpredictable, although some have
suggested that the risk of nodal metastasis is considerably
lower. Nodal metastases have been reported with this tumor,
as has aggressive dedifferentiation when treated with 
radiotherapy.

Invasive Adenocarcinoma

In the United States and other developed countries where cer-
vical cancer screening is common, there has been a relative
increase in the incidence of adenocarcinomas of the cervix.
In some studies adenocarcinomas now comprise between
15% and 25% of invasive cervical carcinomas. Adenocarci-
nomas are most commonly mucinous adenocarcinoma
arising from endocervical glands, usually developing within
the endocervical canal. These tumors are likely to be endo-
phytic and may expand the cervix before becoming clinically
apparent. Although the prognosis associated with adenocar-
cinomas has remained controversial, most studies have

demonstrated that prognosis is similar to squamous lesions
size for size and stage for stage. In one recently published
Italian randomized clinical trial of radical surgery versus radi-
ation therapy for stage 1B and 2A cervical cancer, 46 of the
343 patients had adenocarcinomas. In that study, there is a
suggestion that adenocarcinomas were more radiation resis-
tant as the overall survival for adenocarcinoma patients
treated with surgery was 79% versus 59% for patients treated
with radiotherapy. This difference was statistically signifi-
cant for the adenocarcinoma group, but in the squamous cell
carcinoma group there was no difference in survival.12 Intesti-
nal-type mucinous adenocarcinomas of the cervical canal
have the histologic appearance of cells that would ordinarily
arise as intestinal adenocarcinomas but in this case arise
within the endocervical canal. Endometrioid adenocarcinoma
has a histologic appearance of its endometrial counterpart. It
is important to distinguish the primary location of this tumor
as it may represent endocervical extension of an endometrial
carcinoma.

Well-differentiated villoglandular adenocarcinomas are a
variant of adenocarcinoma typically seen in young women
and may be associated with oral contraceptive use. Initial
reports of this tumor included no recurrences or deaths
among 37 patients, suggesting that metastasis was unlikely.
Unfortunately, subsequent cases of metastatic disease, espe-
cially nodal metastasis, have been reported and are typically
associated with deep cervical invasion; this is an important
distinction that has lead to the recommendation that these
patients be treated in the same fashion as any other adeno-
carcinoma of the cervix.13

Clear cell carcinoma of the cervix can be seen in patients
with a history of diethylstilbesterol (DES) exposure or as an
extremely rare variant of adenocarcinoma. These tumors 
frequently present at an advanced stage and as a high-grade
lesion and have a relatively poor prognosis.14

Adenosquamous carcinoma is a cervical cancer with both
squamous and glandular features. These tumors can have a
wide range of presentations, including atypical squamous cell
carcinoma with small areas of mucin to an endometrioid-
appearing carcinoma with squamous differentiation, to a
single carcinoma of endocervical type with both squamous
and glandular differentiation. Some controversy is expressed
within the literature as to whether the prognosis associated
with this malignancy is unfavorable, and it likely depends on
which of these different types of adenosquamous carcinoma
is involved.11

Neuroendocrine small cell undifferentiated carcinoma is
a very aggressive malignancy that is characterized by the pres-
ence of neuroendocrine granules. This highly aggressive
tumor has been identified as having a very poor prognosis,
with a 5-year survival as low as 14%.15

Adenoid cystic carcinoma is a malignant lesion with poor
prognosis that resembles its more-common counterpart
within the salivary glands. It is very important to distinguish
adenoid cystic carcinomas from adenoid basal carcinoma,
which is typically a small lesion associated with cervical dys-
plasia or early invasive squamous cancer and carrying with it
a very good prognosis.

Although a wide range of histologies can arise within the
uterine cervix, the treatment principles for these lesions are
generally quite similar. The exceptions are neuroendocrine
small cell carcinomas, which have an extremely aggressive
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behavior, and villoglandular and verrucous carcinomas,
which are not particularly aggressive. With neuroendocrine
tumors, many clinicians have advocated using lung cancer
chemotherapy regimens in addition to chemoradiation;
however, there are no prospective trial data for this rare 
histology that support or confirm the benefit of this 
management.

Staging and Pretreatment Evaluation

Cervical cancer is staged clinically because the majority of
patients are treated with a nonsurgical therapy. The com-
monly accepted staging system for cervical cancer was
adopted by the International Federation of Gynecology and
Obstetrics (FIGO) in 1994 (Table 50.1; 2002 staging).16 The
clinical staging rules are based on clinical evaluation and
basic radiographic studies. The only examinations of the
patient allowed for staging include palpation, inspection, 
colposcopy with biopsy and endocervical curettage, cervical
conization, hysteroscopy, proctoscopy, intravenous pyelo-
gram, and plain film radiographs of the chest and bones. 
Suspected bladder or rectal involvement must be confirmed

TABLE 50.1. International Federation of Gynecology and
Obstetrics (FIGO) staging of cervical cancer, 2002.

Carcinoma of the cervix uteri

Stage 0 Carcinoma in situ.
Stage I Cervical carcinoma confined to uterus (extension to

corpus should be disregarded).
Stage IA Invasive carcinoma diagnosed only by microscopy. All

macroscopically visible lesions, even with
superficial invasion, are IB. Stromal invasion with a
maximal depth of 5.0mm measured from the base
of the epithelium and a horizontal spread of 7.0mm
or less. Vascular space involvement, venous or
lymphatic, does not affect classification.

IA1—Measured stromal invasion of 3.0mm or less in
depth and 7.0mm or less in horizontal spread.

IA2—Measured stromal invasion more than 3.0mm
and not more than 5.0mm with a horizontal spread
7.0mm or less.

Stage IB Clinically visible lesions confined to the cervix or
microscopic lesion greater than IA2.

IB1—Clinically visible lesion 4cm or less in greatest
dimension.

IB2—Clinically visible lesion more than 4cm in
greatest dimension.

Stage II Cervical carcinoma invades beyond the uterus, but
not to the pelvic wall or to the lower third of the
vagina.

IIA—Tumor without parametrial invasion.
IIB—Tumor with parametrial invasion.

Stage III Tumor extends to pelvic wall and/or involves lower
third of the vagina and/or hydronephrosis or
nonfunctioning kidney.

IIIA—Tumor involves lower third of vagina, no
extension to pelvic wall.

IIIB—Tumor extends to pelvic wall and/or
hydronephrosis or nonfunctioning kidney.

Stage IVA Tumor invades mucosa of the bladder or rectum
and/or extends beyond true pelvis (bullous edema is
not sufficient evidence to classify a tumor as T4).

Source: Used with the permission of the American Joint Committee on Cancer
(AJCC), Chicago, Illinois. The original source for this material is the AJCC
Cancer Staging Manual, sixth edition (2002), published by Springer-Verlag New
York, www.springer-ny.com.

by biopsy, with histologic evidence of invasion into the
mucosa of either the bladder or rectum required for a diag-
nosis of involvement of those organs. If there is any doubt
between two stages, the lower stage must be chosen. Because
the majority of patients with cervical cancer are treated in the
underdeveloped world where CT scans and MRI are not avail-
able, the use of those studies has not been adopted for the
clinical staging of cervical cancer. Patients undergoing surgi-
cal assessment or further radiographic assessment with newer
imaging modalities should have these findings noted and
treatment directed based on the results of these studies, even
though they are not allowed to change the clinical staging for
these patients. Fine-needle aspiration of scan-detected suspi-
cious lymph nodes may be helpful in treatment planning but
is not allowed as part of the staging.

Although the rules for clinical staging are very clear that
only plain film radiographs and routine available examination
techniques may be considered in the assignment of the 
clinical stage, most patients in the United States are further
investigated either by surgical staging or with noninvasive
diagnostic studies ranging from lymphangiography to PET
scanning. The goal of more-extensive imaging evaluation is
to better define the radiation treatment fields and doses. The
risk of paraaortic lymph node metastasis is 16% for stage 
II disease and 29% for stage III cervical cancer.17 The added
toxicity of including the paraaortic lymph nodes in the radi-
ation field has motivated investigators to look for better ways
to identify nodal disease.

For many years, bipedal lymphangiography was con-
sidered to be one of the more-sensitive techniques for iden-
tifying nodal metastasis in cervical cancer patients. The 
difficulty in reading lymphangiograms as well as the techni-
cal challenges of performing this study combined with the
side effects and high false-positive rate have led to lymphan-
giography falling out of favor. CT and MRI remain popular
tools for better defining nodal metastasis and evaluating
tumor size and parametrial infiltration.

Magnetic resonance imaging may be particularly impor-
tant in evaluating patients as possible candidates for surgical
therapy because it is useful in identifying parametrial inva-
sion, a relative contraindication to primary surgical therapy
in cervical cancer. Pakkal and colleagues evaluated the accu-
racy of MRI for the assessment of parametrial and lymph node
involvement in cervical cancer patients undergoing surgical
therapy. They compared the surgical staging and pathology
findings with the MRI results and found accuracy in detect-
ing parametrial and lymph node involvement in patients with
cervical carcinoma to be 71% and 86%, respectively. Their
conclusion was that MRI helps decide operability and the type
of operation and aids in the selection of patients who need to
be considered for specialist referral to a gynecologic oncolo-
gist.18 A recent retrospective analysis of 106 consecutive cer-
vical cancer patients treated in the United Kingdom showed
that pretreatment tumor volume measured using MRI with
both an endovaginal and an external coil provides a more-
accurate prediction of prognosis and defines a population at
high risk of recurrence and death. Their results suggest that a
tumor volume of 13cm3 or greater is associated with poor
prognosis and is more important in determining outcome than
depth of invasion or invasion beyond the cervix.19

Recent studies of strategies to detect cervical cancer
metastasis have focused on 18F-fluorodeoxyglucose positron



emission tomography (FDG-PET scanning) and on surgical
staging with or without sentinel node biopsies. These studies
have shown the utility of both surgical staging and PET 
scanning in detecting occult nodal disease and in treatment
planning. A study by Grigsby and colleagues at Washington
University demonstrated excellent lymph node control in a
group of 208 women with cervical cancer evaluated by both
PET and CT scan. They accomplished control of PET-positive
pelvic and paraaortic lymph nodes in most patients using
radiation doses tailored to the size of the lymph nodes and
the PET status of the nodal disease. They found no nodal fail-
ures in the 76 patients with PET-negative pelvic lymph nodes
less than or equal to 1cm when treated with a nodal radia-
tion mean dose of 66.8Gy. They also showed remarkably good
regional control for patients with PET-positive pelvic nodes
as follows: only 3 of 89 failures for nodes less than or equal
to 1cm treated with 66.8Gy, and for nodes ranging from 3.1
to 4.0cm treated with 74.1Gy, there were no failures in the
5 patients. There were no failures for the 33 women with PET-
positive paraaortic lymph nodes ranging up to 3cm in diam-
eter when treated with a mean paraaortic lymph node dose of
43.3Gy. The most common site of failure in this study was
distant metastasis, which was best predicted by PET-positive
lymph nodes of any size.20

Surgical staging with laparoscopic lymphadenectomy 
has been markedly refined over the past decade. Thorough
evaluation of the pelvic and paraaortic lymph nodes can now
be accomplished with minimal morbidity for these women.
Although minimally invasive surgery (MIS) using laparoscopy
is thorough and safe, the survival benefit of this surgical
staging has not been established in a clinical trial and is
unlikely to be so in the future. It is difficult to justify the need
to identify occult positive lymph nodes by surgical resection
considering the nodal control rates demonstrated by Grigsby
using PET and CT imaging and with the improved regional
control now seen with the combination of chemotherapy and
radiotherapy.20

The use of sentinel lymph node biopsies has been studied
as a strategy to plan radiation treatment fields and minimize
the complications of complete lymphadenectomy, most
notably lymphedema. Although some of these trials have
reported an excellent correlation between the sentinel node
and subsequent lymphadenectomy results, others have failed
to demonstrate the excellent results seen in breast cancer and
melanoma. A prospective clinical study from France in par-
ticular raises concern about the use of sentinel lymph node
biopsy as a strategy for further improving on surgical staging.
In this study of 28 patients, multilevel sectioning followed by
cytokeratin immunohistochemistry was used to identify
micrometastasis within lymph nodes. Five of the 28 patients
had metastasis; in 2 patients these metastases were in the
sentinel lymph node, but in the other 3 patients the sentinel
lymph node was negative and the metastases were in 
nonsentinel pelvic lymph nodes.21

Currently, in the United States most women with cervi-
cal cancer undergo thorough pretreatment staging with chest
radiograph and either CT scan or MRI. PET scanning is also
rapidly being integrated into the treatment planning, espe-
cially for patients being treated with chemoradiation. 
Pretreatment cystoscopy and proctosigmoidoscopy are gener-
ally reserved for patients with radiographic or clinical evi-
dence of bladder or rectal invasion. Prospective randomized
trials showing improved outcomes, in particular improved

survival, with either surgical or PET staging have not been
published.22

Treatment

Stage I Cervical Cancer

The treatment of cervical cancer is divided into two groups
of patients, those with early disease, stage I, and those with
advanced disease, stage II and beyond. In early local disease,
the decision is between surgical therapy and chemoradiation
therapy. For cervical cancer patients, surgery and radiation
therapy are equally effective in stage 1 disease, and the deci-
sion on which treatment modality to use is based primarily
on patient preference and the respective side effects. Stage 1a
cervical carcinoma represents microscopic disease and is
broken down into two subgroups; stage 1a1 is microinvasive
disease with stromal invasion of 3mm or less, squamous 
histology, and less than or equal to 7mm of horizontal spread
of the lesion. Ostor et al. reported on more than 3,000 women
who met the criteria for stage 1a1 disease and found the inci-
dence of lymph node metastasis is about 1%.23 The recurrence
rate is about 1% and the death rate is 0.2% for stage 1a1 cer-
vical carcinoma. The treatment options range from cervical
conization, which is adequate treatment so long as all
margins are free of disease, to extrafascial hysterectomy.

For patients with lymphovascular space invasion, there
may be an increased risk of nodal metastasis or recurrence,
but this is controversial. In DiSaia and Creasman’s Clinical
Gynecologic Oncology, it is stated: “ . . . the role of vascular
space involvement in this group of patients does not predict
lymph node metastasis nor recurrence.”24 However,
Benedette et al. showed, in these stage 1a1 patients with lym-
phovascular space invasion, an increased risk of recurrence 
in the range of 3% to 4%.25,26 Based on these findings, the 
presence of lymphovascular invasion suggests the need for
more-radical treatment with particular attention paid to the
regional lymph nodes.

Patients with 1a2 cervical carcinoma have a significantly
greater risk of lymph node metastasis, in the range of 6%.27

Stage 1a2 is characterized as having more than 3mm but 
not more than 5mm of invasion and still less than 7mm of
horizontal spread. As invasion into the cervical stromal
increases, so does the risk of lymph node metastasis. This
higher risk of nodal metastasis precludes conservative
therapy with cervical conization or extrafascial hysterectomy.
Management of these early cervical carcinomas must include
evaluation or treatment of the regional lymph nodes. 
Surgical therapy with radical hysterectomy and pelvic 
lymphadenectomy results in a 95% 5-year survival.

A fertility-sparing variation avoiding radical hysterec-
tomy is radical trachelectomy with pelvic lymphadenectomy.
The published results of this procedure using a vaginal and
laparoscopic approach have outcomes that are comparable to
radical pelvic surgery.28–30 The best candidates for radical tra-
chelectomy have tumor less than 2cm, no lymphovascular
space involvement, stage IA2 or IB1, and either adenocarci-
noma or squamous carcinoma (Table 50.2). Pelvic radiother-
apy is an acceptable approach for these stage I patients but is
generally confined to those women who are not candidates
for surgical therapy, because the late side effects of radio-
therapy are generally more troublesome than the minimal
late effects of surgery. These consequences of pelvic radio-
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therapy include radiation cystitis, proctitis, and ovarian
failure in premenopausal patients.

Microinvasive Adenocarcinoma

The concept of microinvasive adenocarcinoma is controver-
sial because of a lack of extensive data on prognosis for these
patients and a lack of a clear definition of microinvasion for
glandular lesions. The definition of microinvasion is chal-
lenging because these tumors tend to arise within endocervi-
cal glands, making the point of measurement difficult. It is
debated whether invasion should be from the base of the
surface epithelium or from the endocervical gland. The
volume of involved stroma and the risk of lymphovascular
space invasion by these tumors vary considerably depending
on where in the endocervical canal the lesion arises. Glandu-
lar lesions also tend to be multifocal as evidenced by a study
by Ostor et al. in which 27% of the 77 patients had multicen-
tric lesions.31 In patients with adenocarcinoma lesions invad-
ing from 2 to 5mm, Berek et al. identified positive lymph nodes
in 2 of 18 women.32 Both Ostor and Berek report no lymph node
metastasis in women with less than 2mm of invasion.

Successful treatment of microinvasive cervical carcinoma
requires a strict adherence to the staging definitions. The diag-
nosis of microinvasive disease is based on complete surgical
resection of the lesion by cone biopsy with negative surgical
margins. When these criteria are met and other factors such as
lymphovascular space invasion are taken into account, we can
expect a death rate of much less than 1% for stage 1a1 lesions
and a death rate of approximately 2.4% for stage 1a2 lesions.

Stage 1B

When the tumor exceeds 5mm of invasion or 7mm of lateral
extent or is visible but confined to the uterine cervix, it is
stage 1b. Tumor size is the most important prognostic factor
in stage 1 lesions and therefore stage 1b has been further cat-
egorized into stage 1b1, where the tumor is less than or equal
to 4cm in size, and stage 1b2, which is greater than 4cm. The
overall survival for patients with stage 1b cervical carcinoma
is comparable whether they are treated with radical hys-
terectomy and pelvic lymphadenectomy or primary radio-
therapy. An Italian prospective randomized clinical trial in
stage 1b cervical cancer compared radical hysterectomy with
primary radiotherapy.12 In this study, patients undergoing
radical hysterectomy who had high-risk features identified in
the pathology specimen then received adjuvant radiotherapy
also. The two treatment groups had identical 5-year survival
(83%), comparing the radiation group with the surgery plus
tailored postoperative radiotherapy group. Severe toxicity was
noted in 28% of patients in the surgery group and only in 12%
of patients in the radiotherapy group. In this study, 54% of
the stage 1b1 patients (those with tumors 4cm or less)
received adjuvant radiotherapy, and 84% of the stage 1b2

patients received adjuvant radiotherapy. This study clearly
served to highlight the added toxicity that results from com-
bining surgery and radiotherapy in this patient population. In
the current era of treating all radiotherapy patients with con-
current chemotherapy, the rationale of including a treatment
group that receives both surgery and radiation is increasingly
difficult to support. A justification voiced for combining
surgery and radiotherapy is the concept that large tumors may
have poor oxygenation, compromising the radiation effec-
tiveness and therefore hampering the central pelvic control.
To date there are no controlled trials supporting that concern,
and with the increasing effectiveness of the chemoradiation
schema’s central pelvic control it is unlikely to be a critical
issue in stage I disease treated with chemoradiotherapy.

Although radical hysterectomy clearly has the option of
preserving ovarian function and minimizing the late effects
of radiation therapy, there remains a role for postoperative
adjuvant therapy in radical hysterectomy patients with 
specific risk factors. The addition of pelvic radiotherapy with
concurrent cisplatin chemotherapy significantly improves
the overall survival rate when compared to radiation therapy
alone for patients with metastatic disease in the form of
pelvic nodal metastasis, positive margins, or extension into
the parametrial tissues.33 Radical hysterectomy patients with
negative lymph nodes but with large tumors, deep cervical
stromal invasion, and lymphovascular space involvement
also benefit from adjuvant radiotherapy. A Gynecologic
Oncology Group (GOG) study of 277 women with stage 1b1
cervical cancer and negative lymph nodes identified that
those with risk factors including tumor size greater than 4
cm, stromal invasion greater than one-third of the cervical
stroma, or presence of lymphovascular space involvement
benefited from adjuvant pelvic radiotherapy.34 In this study,
the recurrence rates were 15% for those patients who received
radiotherapy and 28% for those who received no further
therapy. In that study, the grade 3 and 4 toxicity rates were
9.3% for the radiotherapy group and only 2.1% for the no
further therapy arm, but considering the significant improve-
ment in recurrence-free survival, those toxicities were 
considered acceptable (Table 50.3).

Stage II–IVA

CHEMORADIATION

Radiotherapy to the cervix, parametria, and nodal areas at risk
for metastatic disease, using external-beam irradiation com-
bined with brachytherapy inserted directly into the cervix,
provides a reasonable chance of cure even in advanced
disease. The 5-year survival rates are 50% to 80% for stage
IIB and 25% to 50% for stage III.35 There are several different
strategies for brachytherapy, ranging from high dose rate
(HDR) to low dose rate techniques to interstitial therapy, all
with fairly comparable outcomes. Surgery alone is not effec-
tive in controlling advanced-stage cervical cancer.

TABLE 50.2. Radical trachelectomy: a fertility-sparing treatment alternative for early-stage cervical cancer.

No. of Median Procedures Recurrence
Trial Reference Year patients Study design follow-up aborted rate Survival

Plante 28 2004 82 Prospective serial 60 months 10 4.2% 2.8%
Covens 29 2002 93 Prospective 30 months 0 7.3% 4.2%

The patients with recurrent disease generally have tumors more than 2cm or high-risk histology. The best candidates for radical trachelectomy have tumor less
than 2cm, no lymphovascular space involvement, stage IA2 or IB1 disease, and either adenocarcinoma or squamous carcinoma.30
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The combination of cytotoxic chemotherapy given as a
radiation-sensitizing agent has markedly improved outcomes
in the last decade. Cisplatin is the most effective single agent
and has been shown in cell lines to be synergistic with radio-
therapy. The interaction between chemotherapy and radia-
tion inhibits DNA repair after sublethal damage, especially
increasing the sensitivity of hypoxic cells.36 The early side
effects of the combination of chemotherapy and radiotherapy
are now well known and appear quite safe. The late chronic
effects of radiotherapy on the rectum, urinary tract, and
vagina may increase with combined therapy, but long-term
data are still pending.

In the 1990s, several Phase II studies established the 
relative safety of combining chemotherapy with radiotherapy
for cervical cancer. Although most of the studies were small,
two larger series served to demonstrate that combining
chemotherapy and radiation in women with cervical cancer
was feasible.37,38 These prospective Phase II studies paved the
way for several Phase III trials that ultimately demonstrated
the significantly improved outcomes of combination
chemotherapy and radiotherapy39–41 (Table 50.4). This table
details the improved disease control and survival and
compare the toxicity data from the three pivotal studies.
Although the incidence of grade III and IV toxicity is quite
variable, one study reported acute grade III and IV toxicity in
49% of patients. As the widespread use of chemoradiation for
cervical cancer is still relatively new, the incidence of grade
III and IV late toxicity is not yet well defined.

In 1999, with several large randomized trials demonstrat-
ing benefit for concomitant cytotoxic chemotherapy with
radiation (chemoradiotherapy), the National Cancer Institute
issued a clinical alert stating that chemoradiation should be
considered for all patients with advanced cervical cancer.42

These compelling results prompted a recent meta-analysis
from the Cochrane Review of data available from 11 trials to
directly, or indirectly, estimate a hazard ratio (HR) for overall
survival.43 They found a highly significant overall survival
benefit for chemoradiation. The HR of 0.71 across all trials
[95% confidence interval (CI) = 0.63–0.81; P less than 0.0001]

represents a 29% reduction in the risk of death and an
absolute improvement in survival of 12% (95% CI =
8%–16%) from 40% to 52%. For progression-free survival, the
overall results also support the use of chemoradiotherapy,
with a HR of 0.61 (95% CI = 0.55–0.68) and an absolute
improvement in progression-free survival of 16% (95% CI =
13%–19%) from 47% to 63%. The significant toxicities (grade
III and IV) for these chemoradiation trials are shown in Table
50.4. As expected, the hematologic toxicity occurred in a 
significantly greater proportion of patients in the chemora-
diotherapy group compared to the control group (white cell
count, 16% versus 8%; platelets, 1.5% versus 0.2%; hemato-
logic, 29% versus 1.3%). Grade III or IV gastrointestinal tox-
icity is also more common in the combined arm (9% versus
4%). Other toxicities including neurologic, skin, and urinary
are essentially comparable for the two groups. Late toxicity
is only available for one of the large Phase III studies.40 There
is no evidence to date of a difference in the late side effects,
but follow-up is still relatively early.

In view of the marked survival benefit of combining
chemotherapy with radiation therapy and the relatively
minimal impact on toxicity, chemoradiation has emerged as
the treatment standard for large or advanced cervical cancer,
usually beginning with stage IB2 (lesion greater than 4cm).
The combination of chemotherapy and radiation therapy
appears to improve the therapeutic ratio and results in
improved local control. The majority of the improvement 
for these patients is in local control, implying that radiation
sensitization is the most important factor in improving out-
comes for these patients. However, in the Phase III Gyneco-
logic Oncology Group (GOG) trial the frequency of lung
metastasis was 3% and 4% for the two cisplatin arms and 10%
for the less-active hydroxyurea arm.41 These data certainly
suggest that some patients may also derive improved distant
control when treated with a cisplatin-based regimen.

Initial studies of chemoradiation considered drugs such as
hydroxyurea and 5-fluorouracil (5-FU). In the 1980s, with
chemoradiation proliferating for the treatment of head and
neck malignancies, the promising combination of cisplatin

TABLE 50.3. Adjuvant radiotherapy in stage 1 cervical cancer.

No. of Median Disease-free
Trial Year Stage patients Study design follow-up Intervention survival Conclusions

Sedlis 1998 IB 277 Randomized 5 years No further therapy 72% versus For women with at least
(GOG Cooperative versus pelvic 85% two risk factors: more
92)34 Group radiotherapy than one-third invasion,

Trial CLS, or tumor more than
4–5cm, the addition of
pelvic radiotherapy
significantly improves
disease-free survival RR
0.53, P = 0.008

Peters33 2000 IA2, IB, 268 Randomized 42 months Radiotherapy alone The addition of
IIA Intergroup versus radiotherapy chemotherapy to 

Trial plus chemotherapy: adjuvant pelvic
cisplatin 70mg/m2, radiotherapy
days 1, 22 significantly improves

5-FU 1,000mg/m2/day, disease-free survival for
for 96 hours women with node-

positive early-stage 
disease P = 0.03

These two cooperative group trials established the benefit of adjuvant radiotherapy in high-risk early-stage cervical cancer, and that the addition of chemotherapy
to adjuvant radiotherapy is beneficial.
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and 96-hour 5-FU was tested in several Phase II trials. In the
GOG trial that compared cisplatin alone or in combination,
the rate of progression-free survival was significantly better
in the group given radiotherapy combined with cisplatin
therapy (109 of 176; P less than 0.001) and for patients given
radiotherapy combined with treatment with cisplatin, fluo-
rouracil, and hydroxyurea (106 of 173; P less than 0.001) than
among patients in the group given radiotherapy combined
with hydroxyurea therapy (73 of 177).41 The progression-free
survival and the overall survival for the group receiving 
cisplatin 40mg/m2 weekly 4 hours before radiotherapy were
almost identical to the group receiving cisplatin 50mg/m2

days 1 and 29 combined with two 96-hour infusions of 5-FU
and hydroxyurea. The frequencies of both grade 3 and grade
4 leukopenia in the group given radiotherapy combined with
treatment with cisplatin, fluorouracil, and hydroxyurea were
more than double the frequencies in the other two groups (P
less than 0.001). Based on comparable efficacy, and less toxi-
city, the weekly cisplatin 40mg/m2 regimen has emerged as
the preferred combination chemoradiation treatment.

NEOADJUVANT CHEMOTHERAPY

The concept of neoadjuvant chemotherapy before surgery or
radiotherapy to reduce tumor burden and facilitate local treat-
ment is popular in some parts of the world.44–46 In a random-
ized prospective trial of 205 women with stage IB cervical
cancer with lesions more than 2cm in diameter, patients were
randomly assigned to either surgery followed by radiotherapy
or neoadjuvant chemotherapy followed by surgery and adju-
vant radiotherapy.44 The neoadjuvant chemotherapy regimen
for this study was three courses of cisplatin 50mg/m2, vin-
cristine 1mg/m2, and bleomycin 25mg/m2 on days 1 to 3, at
10-day intervals. The neoadjuvant chemotherapy arm of this
trial had a higher rate of negative margins (100% versus 85%)
and significantly fewer pelvic failures. However, there was no 
significant difference in the overall survival for the study. 
For the women with larger lesions (stage IB2), there was an
improvement in long-term survival with neoadjuvant
chemotherapy of 80% versus 61%. A critique of this study is
that no chemoradiation was used in the control arm, despite
data showing the significant improvement that occurs when
chemotherapy is added to adjuvant radiotherapy.33 A meta-
analysis of randomized controlled trials of neoadjuvant
chemotherapy before radiotherapy found insufficient evi-
dence of a survival benefit, despite showing a significant
reduction in disease volume by chemotherapy.47

RADIATION THERAPY TECHNIQUES

The two radiation therapy modalities used in treating cervi-
cal cancer are external-beam radiotherapy and brachytherapy.
The brachytherapy is usually placed intracavitary, through
the cervix into the uterus, using any of a variety of after-
loading or high dose rate applicators. Interstitial brachyther-
apy is used for women with advanced disease involving the
lower vagina or extensive parametrial involvement that
cannot be adequately treated with an intracavitary insertion.

The American Brachytherapy Society (ABS) has recently
published guidelines for the use of either high dose rate or
low dose rate brachytherapy as a component of cervical
cancer treatment.48,49 The treatment dose and technique
depend on many variables including disease volume, ability
to displace the bladder and rectum, and institutional prac-

tices. Low-dose brachytherapy, usually with 137Cs, is more
common; however, the number of institutions using high
dose rate (HDR) applicators with 192Ir is rapidly increasing.
The radiation safety and patient convenience factors have
made the HDR approach attractive. In several randomized
trials of women with cervical cancer, HDR was comparable
to low dose rate (LDR) brachytherapy in terms of survival and
complication rates. It is now accepted by the GOG as com-
parable to low dose rate therapy for their clinical trials.50–52

Improved regional control of the paraaortic lymph nodes
can be accomplished with extended-field radiation. The
RTOG conducted a Phase III trial evaluating the effect of 
prophylactic paraaortic radiation to 45Gy in patients with
tumors greater than 4cm but confined to IB2 and Stage II 
cervical cancers. In this trial of patients who were without
clinical evidence of paraaortic nodal disease, there was a 
significantly better 5-year survival rate of 66% versus 55%
favoring the paraaortic extended-field arm.53 In this trial,
severe gastrointestinal toxicity, especially in patients with a
history of prior abdominal surgery, was more common in the
extended-field group. Future clinical trials will need to
address whether pretreatment evaluation using newer 
modalities such as PET scan can eliminate the role of empiric
extended-field radiation for patients with poor prognostic
factors such as tumor size greater than 4cm or high-risk 
histology.

Primary and Recurrent Distant Metastatic Disease

For patients presenting with stage IVB disease, or recurring
with distant metastatic disease, the prognosis is quite poor,
with only 20% surviving for 1 year. For these women the 
role of chemotherapy is palliative; a complete response to
chemotherapy is quite rare. The single-agent response rates
to various agents typically range from 25% for cisplatin to
17% for paclitaxel. Studies of multiagent regimens have
shown improved response rates but no improvement in 
survival. Compared with cisplatin alone, cisplatin plus 
ifosfamide had a significantly higher response rate (33%
versus 19%) and progression-free survival (PFS) (4.6 versus 3.2
months), but no significant improvement in survival. As
expected, the adverse side effects of neutropenia, nephrotox-
icity, and neurotoxicity were increased in the ifosfamide-
containing arm.54 Additional evidence of the lack of benefit
comes from another GOG trial that compared cisplatin 
50mg/m2 every 3 weeks versus paclitaxel 135mg/m2 and
cisplatin 50mg/m2. This study, GOG 169, demonstrated
response rates of 19% and 36% for the single- versus two-drug
regimens, respectively. In this trial again the median PFS was
improved for the two-drug regimen, but there was no differ-
ence in the overall survival or quality of life between single-
agent cisplatin and the two-drug regimen.55 Recently, Long et
al. reported on a GOG Phase III study comparing cisplatin
alone with cisplatin and 3-day topotecan that demonstrated
a significant improvement in survival for the women receiv-
ing the cisplatin and topotecan combination. This regimen 
of cisplatin 50mg/m2 on day 1 and topotecan 0.75mg/m2 on
days 1 to 3 had a progression-free survival of 4.6 months and
an overall survival of 9.4 months. The authors suggest, based
on these results, which are superior to any Phase III results
reported to date, that the cisplatin/topotecan doublet should
be the new standard therapy56 (Table 50.5).
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Salvage Surgical Therapy

RADICAL SURGERY AND EXENTERATION

In selected patients with central pelvic recurrence after radi-
ation therapy, it is possible to completely resect this disease
with either a radical hysterectomy or a total pelvic exentera-
tion. Total pelvic exenteration involves the surgical removal
of the bladder, uterus, cervix, parametria, vagina, and rectum.
In most cases, this is accompanied by reconstruction of 
the vagina, formation of a urinary conduit, and reanastamo-
sis of the rectal stump. The place of pelvic exenteration as
salvage therapy continues to decrease as radiotherapy treat-
ments and chemoradiation have markedly improved the
central pelvic control for women with cervical cancer. For the
rare patient with an isolated distant recurrence, such as a
single pulmonary lesion, consideration should be given to sur-
gical resection or local radiotherapy, acknowledging that
there are no data demonstrating a large group of such sur-
vivors.

Posttreatment Surveillance

After completing treatment, cervical cancer patients are 
typically evaluated every 3 to 4 months for 2 years, then every
6 months until 5 years, and annually therafter.57 The role of
the Papanicolaou (Pap) smear as posttreatment surveillance
is controversial. The National Comprehensive Cancer
Network (NCCN) Clinical Practice Guidelines recommend
obtaining a cytology specimen at each visit. However, in a
retrospective evaluation of 1,096 Stage Ib cervical cancer
patients treated at the M.D. Anderson Cancer Center between
1983 and 1993, all asymptomatic pelvic recurrences were
diagnosed by pelvic examination. In this study, there were
114 symptomatic and 19 asymptomatic recurrences, and Pap
smears did not detect a single asymptomatic recurrence.58

Furthermore, there are no data to suggest that additional 
surveillance strategies with CT scan, MRI, or blood tests for
squamous cell carcinoma antigen levels are of any survival
benefit.

Vulvar Cancer

Vulvar cancer remains a relatively uncommon gynecologic
malignancy, with an estimate of 4,000 new cases in the
United States in 2004 and only 850 estimated deaths.59 The
5-year survival for this cancer ranges from 98% for stage I
disease to 31% for women with stage IV disease.60 This cancer
occurs primarily in elderly women with a mean age at diag-
nosis of 65 years old, and a significant fraction of these cases
occur in women over the age of 80. Because of the socially
awkward location of vulvar cancer and the associated symp-
toms, there is often a delay in the diagnosis of this relatively
slow-growing malignancy. In addition to the patient’s reluc-
tance to complain about a vulvar lesion, a component of
physician delay in the diagnosis of vulvar cancer is also
common. Many of these patients report symptoms of vulvar
cancer lasting for more than a year before the definitive diag-
nosis. Since 1960 when Dr. Stanley Wei first described the
radical surgical resection of vulvar cancer, we have made
remarkable progress in the treatment of this disease and in

our ability to preserve structure and function of the lower
genital tract, bladder, and rectum.61

Background and Etiology

There is no clear etiology to the development of vulvar
cancer. There is an association between human papillo-
mavirus (HPV) and the development of vulvar intraepithelial
neoplasia, which is a preinvasive precursor to some but not
all vulvar carcinoma. In contrast to cervical cancer, only 
a fraction of patients with vulvar carcinoma have tumors 
positive for the human papillomavirus. This group of patients
tends to be younger, often uses tobacco products, and is more
likely to have multifocal disease. HPV-positive patients also
include women who are chronically immunosuppressed,
either because of steroid use for connective tissue diseases,
asthma, or organ transplantation or from human immunode-
ficiency virus (HIV) infection. Because of this causal associa-
tion with human papillomavirus, the risk factors for vulvar
cancer also include sexual activity and a history of genital
warts.

For elderly women, the association with human papillo-
mavirus is usually absent. A significant fraction of these
women, however, do have an associated vulvar dystrophy.
The most common of the associated vulvar dystrophies is
lichen sclerosis. It has estimated that as many as 50% of
elderly women with vulvar cancer have associated lichen
sclerosis. For women with lichen sclerosis, however, the like-
lihood of developing vulvar carcinoma may be as high as 21%,
with overexpression of p53 identified as a potential factor in
the etiology of this cancer.62

Symptoms of Vulvar Cancer

The most common symptom of vulvar cancer is pruritus.
Because itching and discomfort are often associated with
lichen sclerosis, those symptoms are frequently dismissed by
elderly women and/or their physicians. Other symptoms
include vulvar bleeding, a painful mass, malodorous dis-
charge, or enlarged inguinal lymph nodes.

Signs of Vulvar Cancer

Vulvar cancer generally presents as an ulcerated red lesion
that is slightly raised and friable. Occasionally the patient has
a wartlike thick plaque with what appears to be intact epithe-
lium. These lesions, particularly ulcerated lesions, can be
quite tender to palpation.

Histologic Diagnosis

Vulvar cancer is diagnosed by histologic biopsy, typically
accomplished by using either a Keyes or Baker punch biopsy.
Ideally, the biopsy should be obtained from the center of the
lesion and should be deep enough to include the underlying
tissue to establish the presence of invasion and the depth of
invasion. An excisional biopsy is not warranted unless needed
to distinguish between a noninvasive lesion and early 
invasion. If there is a suggestion of a large raised lesion 
being noninvasive, then wide local excision of that lesion
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should be preformed to establish the presence or absence of
invasion.

Patterns of Spread

Vulvar cancer spreads primarily by direct extension to the
adjacent vagina, urethra, perineum, and rectum. As the depth
of invasion increases and the lateral extent of this disease
increases, so does the risk of metastatic spread to the
inguinal/femoral lymph nodes. Fortunately, hematogenous
spread is generally a late occurrence associated with either
advanced nodal involvement, or recurrent cancer. The lym-
phatic spread of vulvar cancer is in an orderly fashion, start-
ing in the inguinal femoral region and then, as those lymph
nodes become involved, spreading to the pelvic lymph nodes.
Isolated pelvic lymph node metastasis, without inguinal
femoral node involvement, is quite rare. The incidence of
inguinal lymph node metastasis ranges from 10% for stage 1
disease up to 89% for patients with stage 4 disease. The most
important predictors of lymph node metastasis are stage,
tumor size (Table 50.6), and depth of invasion. Only 20% of
patients with positive groin nodes have positive pelvic lymph
nodes.

Hematogenous Metastasis

Hematogenous metastasis of vulvar cancer is a rare late
occurrence. Most patients with hematogenous spread of their
disease have advanced-stage vulvar cancer and in most cases
have positive pelvic lymph nodes. A small fraction of these
patients with widely metastatic disease develop a paraneo-
plastic hypercalcemia, either as a direct consequence of 
their squamous cell carcinoma or secondary to their lung
metastasis.

Pathology

Squamous cell carcinoma is the most common histology
causing vulvar cancer. Vulvar melanomas are quite rare in
comparison to squamous cell carcinoma of the vulva and
account for less than 5% of vulvar cancers. Basal cell carcino-
mas may also occur on the vulva and represent only about 2%
of vulvar cancers. Extramammary Paget’s disease of the vulva
is generally an adenocarcinoma in situ, but in 10% to 12% of
patients there is an underlying invasive component of Paget’s
disease and in 4% to 8% of patients there is an underlying 
gastrointestinal (GI) tract adenocarcinoma.63 Adenocarcinoma
of the vulva may also arise within the Bartholin’s gland and
simulate a vulvar primary cancer. Bartholin’s gland cancer is
generally managed as a vulvar cancer; half the cancers arising
within the Bartholin’s gland are squamous malignancies and
the other half are adenocarcinoma.

Verrucous carcinoma is an uncommon variant of squa-
mous cell carcinoma of the vulva that is associated with exo-

phytic growth which may result in a very large warty tumor
of the vulva. Verrucous carcinomas tend to be slow growing
and locally invasive with a relatively low likelihood of lymph
node metastasis.64 Some reports have suggested that radiation
therapy may induce a highly malignant transformation of ver-
rucous carcinomas, resulting in subsequent aggressive behav-
ior and regional or distant metastasis. Although that concept
was originally reported in 1973, subsequent studies have had
difficulty confirming this aggressive behavior associated with
radiotherapy.65

Melanoma

Vulvar melanomas are a relatively rare malignancy that
occurs most commonly in postmenopausal women. The areas
of the vulva most commonly affected are the labia minora and
the clitoris. Any pigmented lesion of the vulva must be biop-
sied to rule out melanoma. The other pigmented lesion of the
vulva is squamous carcinoma in situ, so careful histologic
evaluation of these pigmented lesions is essential in treat-
ment planning. The staging and management of vulvar
melanoma follow the treatment guidelines for melanoma
rather than squamous malignancies of the vulva.

Staging

The FIGO surgical staging system was most recently revised
in 2000 (Table 50.7); within the staging system, depth of inva-
sion is used in stage 1 to distinguish between stage 1a and 1b
disease.66 Depth of invasion is defined as the measurement of
tumor from the epithelial–stromal junction of the adjacent
most superficial dermal papilla to the deepest point of inva-
sion. Depth of invasion is an important prognostic factor for
lymph node metastasis, noting that in many large series
tumors with less than 1mm invasion have no lymph node
metastasis, whereas tumors with 1 to 3mm of invasion have
an approximately 8% to 10% risk of nodal metastasis and
tumors that invade more than 5mm have an approximately
35% risk of nodal metastasis.

Pretreatment Evaluation

Radiographic evaluation with chest X-ray and a complete 
laboratory study are essential in any patient diagnosed with
vulvar carcinoma. In addition to the routine cancer staging
studies, colposcopy of the vulva, vagina, and cervix is essen-
tial to define the extent of preinvasive disease, especially in
younger patients where associated preinvasive lesions of the
vagina or cervix may be present. A CT scan of the inguinal
femoral lymph nodes and pelvis can be helpful in identifying
enlarged lymph nodes in the groin or pelvis. This identifica-
tion is particularly important if nodal disease is suspected as
the extent of inguinal femoral lymphadenectomy may be 

TABLE 50.6. Vulvar cancer: tumor size as a risk factor for lymph node metastasis.

Study Year No. of patients Trial design < 2.1cm 2.1–3.0m 3.1–4cm > 4cm

Homesley et al.60 1991 381 Prospective Cooperative 36 of 190 55 of 175 44 of 81 64 of 134
(GOG) Group Surgicopathology 19% 31% 54% 48%

Study

In one of the only prospective vulvar cancer trials, size greater than 2cm was established as an important prognostic indicator of risk for nodal metastasis.
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TABLE 50.7. Staging of vulvar cancer.

Categories

TX Primary tumor cannot be assessed
T0 No evidence of primary tumor
Tis Carcinoma in situ (preinvasive carcinoma)
T1 Tumor confined to vulva or vulva and perineum, 2cm

or less in greatest dimension
T1A Tumor confined to vulva or vulva and perineum,

2cm or less in greatest dimension and with
stromal invasion no greater than 1.0mm*

T1B Tumor confined to vulva or vulva and perineum,
2cm or less in greatest dimension and with
stromal invasion greater than 1.0mma

T2 Tumor confined to the vulva or vulva and perineum,
more than 2cm in greatest dimension

T3 Tumor of any size with contiguous spread to the lower
urethra, and/or vagina or anus

T4 Tumor invades any of the following: upper urethra,
bladder mucosa, rectal mucosa, or is fixed to the
pubic bone

Regional lymph nodes (N):
• NX—Regional lymph nodes cannot be assessed;
• N0—No regional lymph node metastasis;
• N1—Unilateral regional lymph node metastasis;
• N2—bilateral regional lymph node metastases.
Distant metastasis (M).
• MX—Distant metastasis cannot be assessed;
• M0—No distant metastasis;
• M1—Distant metastasis.

Carcinoma of the Vulva: Stage Grouping.

FIGO
Union Internationale Conta la Cancrum (UICC)

stage T N M

0 Tis N0 M0
I T1 N0 M0
IA T1A N0 M0
IB T1B N0 M0
II T2 N0 M0
III T1 N1 M0

T2 N1 M0
T3 N1 M0

IVA T1 N2 M0
T2 N2 M0
T3 N2 M0
T4 Any N M0

IVB Any T Any N M1
aThe depth of invasion is defined as the measurement of the tumor from the
epithelial–stromal junction of the adjacent most superficial dermal papilla, to
the deepest point of invasion.

Histopathologic types:
Squamous cell carcinoma is the most frequent form of cancer of the vulva.
Malignant melanoma is the second most common tumor and should be
reported separately. Other histopathologic types are adenocarcinoma underly-
ing Paget’s disease of vulva, verrucous carcinoma, Bartholin gland carcinoma,
adenocarcinoma not otherwise specified (NOS), basal cell carcinoma.

• Histopathologic grades (G):
• Gx—Grade cannot be assessed;
• G1—Well-differentiated;
• G2—Moderately differentiated;
• G3—Poorly or undifferentiated.

Source: Used with the permission of the American Joint Committee on Cancer
(AJCC), Chicago, Illinois. The original source for this material is the AJCC
Cancer Staging Manual, sixth edition (2002), published by Springer-Verlag New
York, www.springer-ny.com.

tailored to remove only the involved nodes if it is known that
radiotherapy will be administered postoperatively.

Treatment

The surgical management of vulvar carcinoma requires the
experience and additional training provided by a Gynecologic
Oncology Fellowship. The treatment strategy must focus on
adequate radical excision of the local lesion without disrupt-
ing the physiologic function of the adjacent bladder, urethra,
or rectum. This excision should be designed to consider and
preserve sexual functioning if possible. Management of the
regional lymph nodes is based on the concept that nodal
metastasis occurs by embolization of tumor cells from the
primary tumor to the regional lymph nodes. This concept has
allowed for surgical management to evolve from an ultrarad-
ical massive resection of the inguinal femoral lymph nodes
en bloc with the vulva to the use of separate groin incision
and a vulvar incision. The ultraradical en bloc excision of
groin and vulva was complicated by a 50% to 75% wound
breakdown rate and fairly devastating psychosexual morbid-
ity. The transition to less-radical surgery and individualized
surgical resection has resulted in significantly less operative
morbidity without compromising the cure rate. A contempo-
rary radical vulvectomy is now a surgical procedure with a
goal of resecting the tumor with a 1.0- to 2.0-cm margin and
dissection down to the underlying fascia. A review by Heaps
and colleagues from University of California at Los Angeles
(UCLA) of 135 vulvar cancer patients with all stages of disease
revealed that a 1-cm tumor-free surgical margin resulted in
excellent local control.67 Although the term radical vulvec-
tomy implies that the entire vulva is removed, in fact most
vulvar cancers can be managed with a modified procedure
that spares the uninvolved vulva. Because many of the lesions
only involve the posterior vulva, preservation of the anterior
vulva and clitoris is often possible for these patients.

Surgical Management of the Inguinal Femoral
Lymph Nodes

The risk of lymph node metastasis ranges from 8% for lesions
2mm thick to almost 80% for large, deeply invasive lesions.
The spread to regional lymph nodes is relatively orderly,
beginning with the inguinal lymph nodes before spreading to
the pelvic nodes.68 Lymph node metastases are also reason-
ably lateralized so that lesions more than 1 to 2cm from the
midline can be managed with unilateral lymphadenectomy.
The contralateral nodes are at risk, however, if the ipsilateral
groin nodes are positive, and this must be considered in plan-
ning any postoperative adjuvant therapy. Involvement of the
regional lymph nodes is the most important prognostic indi-
cator in squamous cell carcinoma of the vulva.60

Control rates as high as 70% have been reported for
patients with positive groin nodes treated by surgical resec-
tion and radiation therapy at the time of initial diagnosis. If,
however, vulvar cancer recurs in a previously undissected
groin, the salvage prospects are very poor.69 Because of the
poor prognosis associated with groin node recurrence, exquis-
ite attention is paid to the thoroughness of the inguinal
femoral lymphadenectomy, and an inguinal femoral lym-
phadenectomy is required in any patient with more than 
1mm of stromal invasion or a lesion more than 2mm thick.
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The serious toxicity associated with inguinal femoral
lymphadenectomy includes lymphedema in 15% to 30% of
patients and is most common in those women receiving post-
operative radiotherapy or those with chronic lymphangitis.
This toxicity has prompted investigators to look at modifica-
tions to complete lymphadenectomy, many of which have
been proposed but not yet verified in a prospective clinical
trial. Replacing lymphadenectomy by groin irradiation was
studied by the GOG in a randomized trial that was closed early
because of excessive number of groin recurrences in the radio-
therapy arm. In this study 5 of 26 patients in the radiation-
only treatment arm had recurrence in the groin. In the surgical
arm of this study, 5 of 23 patients had positive groin nodes
and, when they received postoperative radiotherapy, none
recurred.70 This study was later criticized because the target
depth dose for the radiation was deemed to be too superficial,
at 3cm, when a quality evaluation of the patients by CT scan
revealed the average depth of the groin nodes to be 6cm.71

In a small, 48-patient, retrospective study Petereit and 
colleagues demonstrated adequate nodal control using groin
irradiation and found less morbidity.72 In view of the poor
GOG study outcome, however, it is unlikely that groin irra-
diation will ever gain a significant place in the primary man-
agement of vulvar cancer. Another proposed treatment
modification was to perform only a superficial lymphadenec-
tomy, noting that this cancer rarely bypasses the superficial
nodes and that if these are positive the patient would receive
adjuvant radiotherapy.73 When this was studied by the GOG,
however, there were 6 recurrences in 121 women with nega-
tive superficial lymph nodes and early-stage lesions.74 This
disturbingly high recurrence rate suggests that a complete
superficial and deep lymphadenectomy should be performed
until a proven alternative is found. The most recent proposed
treatment modification is sentinel lymph node biopsy, which
may allow a much more limited lymph node dissection and
consequently a decrease in the associated morbidity such as
lymphedema and lymphangitis. In a recent study of 52
patients undergoing primary surgery for vulvar cancer, using
isosulfan blue dye a sentinel lymph node was identified in 57
of 76 groins examined (75%) and in 46 of 52 patients (88%).75

An ongoing GOG trial using both isosulfan blue and lym-
phoscintigraphy is expected to define the sensitivity and
utility of sentinel lymph node biopsies in the management of
vulvar cancer.

Advanced Vulvar Cancer

Patients with advanced vulvar cancer comprise three groups
with a wide range of prognoses. First, women with evidence
of occult nodal metastasis, with one or two positive nodes at
the time of radical vulvectomy and inguinal femoral lym-
phadenectomy, who are then treated with radiotherapy, have
a 75% disease-free survival.60 Women with locally advanced
disease involving either the urethra, bladder, rectum, or 
bilateral enlarged lymph nodes have a 55% to 75% complete
response with a combination of surgery, radiation, and in
some cases chemotherapy as a radiation-sensitizing agent.
Finally, for women with distant metastatic disease, whether
it be primary or recurrent, the prognosis is quite poor and
these patients are treated with palliative intent.

Patients with more than one microscopic positive groin
node metastasis, or occult macroscopically positive nodes,

should receive radiation to the bilateral pelvis and groins.
This strategy grew out of a GOG randomized trial in which
patients with positive groin nodes received either ipsilateral
pelvic lymph node dissection or radiotherapy to 45 to 50Gy.
In this trial, the 2-year survival for the radiation group was
68% versus 54% for the surgery group. Recurrence in the
groin was rare (5%) in the radiotherapy arm, and occurred in
24% of those women treated with lymphadenectomy alone.76

Treating women with large vulvar tumors involving 
critical structures such as the rectum or urethra with a com-
bination of chemotherapy and radiotherapy can frequently
avoid an ultraradical resection of the vulva in combination
with the bladder or rectum. This concept was first proposed
by Boronow in the early 1970s as an alternative to pelvic
exenteration.77 Boronow later described 37 of his patients,
noting a 5-year survival of 75% for locally advanced disease
treated with radiotherapy followed by surgery.78 In the 1980s
and 1990s, with radiation-sensitizing chemotherapy emerging
for cervical cancer treatment, it was logical to add chemo-
therapy to the management of these women with locally
advanced vulvar cancers. Several studies have considered
various combinations of chemotherapy using 5-FU, cisplatin,
and mitomycin C either alone or in combination, with 5-year
survival as high as 54%.79–83 The role of surgical resection of
the primary tumor site after completion of radiotherapy has
been controversial. This procedure is usually complicated by
slow and poor wound healing and has not been shown to
improve outcomes. Our current recommendation is to
reserve surgical resection for the patient with persistent
disease and then to anticipate the need to reconstruct the area
with a myocutaneous flap to improve to prospects for healing.

Locally Recurrent Disease

Local recurrence of vulvar cancer occurs most commonly in
patients with a large primary tumor, a close margin (less than
1cm),67 or chronic immunosuppression. For patients with
large tumors or close margins, the disease recurrence is
usually adjacent to the urethra or rectum, which explains the
compromised margin. These lesions are often best managed
with local radiotherapy, with or without sensitizing
chemotherapy. If surgical resection can be accomplished with
adequate margins, then plastic reconstruction is usually
required as a component of this procedure. Hoffman and col-
leagues from the Moffat Cancer Center reported on excellent
salvage results using aggressive radiotherapy techniques
including interstitial brachytherapy.84 They report survival of
9 of 10 patients treated with locally aggressive radiotherapy,
but also noted severe radiation morbidity in 6 of the 10
women.

Vaginal Cancer

Background

The rarest of the lower genital tract gynecologic malignancies
is vaginal cancer; 80% are squamous cell carcinomas, and the
remainder are adenocarcinoma, melanoma, and sarcoma.
This malignancy mostly occurs in elderly women with a
median age of 60 years.85 Similar to vulvar carcinoma, human
papillomavirus appears to be an etiologic agent in some but
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not all cases of vaginal carcinoma. The presence of vaginal
intraepithelial neoplasia, an HPV-related precursor lesion
comparable to cervical intraepithelial neoplasia, is present in
some patients with squamous cell carcinoma of the vagina.
The incidence of precursor lesions and the time to progres-
sion from vaginal intraepithelial neoplasia to invasive cancer
is not nearly as well defined for vaginal cancer as compared
with cervical cancer.86

Staging

Vaginal carcinoma is staged according to the criteria of FIGO
shown in Table 50.8. The staging of vaginal cancer follows
the clinical staging rules for cervical carcinoma. In particu-
lar, the stage is assigned on the basis of clinical examination
and may include cystoscopy and proctosigmoidoscopy as well
as routine laboratory studies and chest X-ray. Further radi-
ographic or other imaging techniques such as CT scan, PET
scan, and MRI, although they may be useful in treatment
planning, are not allowed as a component of the staging 
examination.

The FIGO staging of vaginal cancer identifies any vaginal
lesion that also involves the cervix as being a cervical cancer.
Similarly, any vaginal lesion that also involves the vulva is
defined as vulvar carcinoma. In a patient who has a prior
history of cervical carcinoma and develops a lesion within the
vagina less than 5 years after treatment for cervical cancer, it
is considered to be a recurrence of cervical carcinoma, but
after 5 years is considered to be a new vaginal carcinoma.

Signs and Symptoms

Irregular vaginal bleeding or profuse watery discharge are 
the most common symptoms of vaginal carcinoma. Pelvic 
or back pain, lower extremity swelling, urinary frequency,
change in the caliber of stool, or hematochezia are all symp-
toms of advanced-stage disease.

Diagnosis

Occult vaginal cancer may be diagnosed by Pap smear or 
colposcopic examination. For patients with a grossly visible
lesion, a punch biopsy using a cervical biopsy instrument or
Keys punch can be used to provide adequate histologic evi-
dence of this cancer. For patients in whom histology reveals
an adenocarcinoma, consideration should be given to other
primary sites of disease such as colorectal cancer, metastatic
endometrial carcinoma, or a Bartholin’s gland cancer. In rare

TABLE 50.8. FIGO staging of vaginal cancer.

Stage Description

0 Carcinoma in situ
I Tumor confined to the vagina
II Tumor invades paravaginal tissues but not to pelvic wall
III Tumor extends to pelvic wall
IVA Tumor invades mucosa of the bladder or rectum and/or

extends beyond the true pelvis (bullous edema is not
sufficient evidence to classify a tumor as T4)

Source: Used with the permission of the American Joint Committee on Cancer
(AJCC), Chicago, Illinois. The original source for this material is the AJCC
Cancer Staging Manual, sixth edition (2002), published by Springer-Verlag 
New York, www.springer-ny.com.

patients adenocarcinoma of the rectovaginal septum may
arise in a remnant of residual endometriosis; this is particu-
larly true in patients who may have undergone hysterectomy
for endometriosis treatment and then been treated with unop-
posed estrogen therapy.

Patterns of Spread

Vaginal carcinoma is similar to both vulvar cancer and cervi-
cal cancer in its propensity for direct invasion into surround-
ing tissues and lymphatic metastasis. Although the most
common site of vaginal carcinoma is the upper third of the
vagina, these generally spread directly to the pelvic lymphat-
ics in a fashion similar to cervical carcinoma. Lesions in 
the lower one third of the vagina may spread to either the
inguinal femoral lymph nodes or the pelvic lymph nodes, so
particular care must be taken to ensure that treatment 
consideration is given to both these sites of lymph nodes.

Treatment

Surgical therapy plays a minor role in the management of
vaginal cancer because of the difficulty in obtaining adequate
surgical margins. For lesions involving the posterior vagina,
the presence of the rectum immediately adjacent to the pos-
terior vaginal wall precludes obtaining an adequate margin for
anything but the earliest microinvasive lesion; this is also
true for anterior vaginal lesions where the immediately adja-
cent bladder precludes adequate tissue margin to effect cure
by surgery alone. For patients with advanced local disease
involving the bladder or rectum, a pelvic exenteration may be
required to adequately control this disease.

Radiotherapy

Because a majority of patients with vaginal carcinoma are
treated with radiation therapy, it should be noted that if the
lesion is in the upper two thirds of the vagina the treatment
plans generally parallel those that would be used for cervical
carcinoma. If the lesion involves the lower one third of the
vagina, then consideration must be given to treating the
inguinal femoral lymph nodes as well as the pelvic lymph
nodes. For lower vaginal lesions as well as bulky vaginal
lesions, the use of interstitial brachytherapy is often required
to effect adequate radiation dose to the tumor.

There is no evidence confirming the beneficial affects 
of adding chemotherapy to the radiation treatment plan for
vaginal carcinoma. Given the significant improvement in out-
comes for patients with cervical carcinoma when treated with
combined therapy, most academic centers now treat these
patients with chemoradiation using cervical carcinoma treat-
ment schemes.

Treatment-Related Complications

The immediately adjacent bladder and rectum often receive
very high doses of radiation therapy as a component of treat-
ment for vaginal carcinoma, and therefore the patients may
have significant radiation cystitis or proctitis. In the worst
cases, patients may develop a fistula between either the
bladder or rectum, depending on the location of the lesion and
the dose of radiation required to control that lesion. Vaginal
function is often disrupted by these treatments, with fibrosis,



stenosis, and significantly decreased lubrication resulting
from the local radiation therapy. The use of a vaginal dilator
and personal lubricants may help preclude some of this loss
of function.

Prognosis

The prognosis for vaginal cancer is worse than that seen with
cervical or vulvar carcinoma. In a compilation of several
studies, Berek et al. identified a 5-year survival of 69% for
stage 1 vaginal cancer, 46% for stage 2, 30% for stage 3, and
18% for stage 4 diseases.87 They note that most recurrences
of this disease are within the pelvis, either from lack of
regional control of involved lymph nodes or from inability to
control the primary tumor. For those patients with an iso-
lated central pelvic failure, consideration may be given to
salvage treatment with pelvic exenteration.

Pathology

Although the majority of vaginal cancers are squamous cell
carcinomas, other histologic types occur rarely.

Clear Cell Carcinoma Arising After
Diethylstilbestrol Exposure

In 1971, Herbst et al. reported on seven women who devel-
oped clear cell adenocarcinoma of the vagina.88 They linked
this unusual preponderance of clear cell carcinoma in young
women to in utero exposure to diethylstilbestrol (DES). In the
late 1940s and particularly in the early 1950s, DES was pre-
scribed to women with a history of pregnancy loss. It was
believed that DES decreased the likelihood of spontaneous
abortion and early pregnancy loss. A randomized clinical trial
in 1954 by Dieckmann and colleagues at the University of
Chicago showed that DES was not effective in preventing
pregnancy loss.89 Despite early evidence that DES was not
effective, it was still commonly prescribed in many parts of
the country throughout the 1950s and into the 1960s.

Women who were DES exposed have several other asso-
ciated complications of that exposure, including adenosis of
the upper vagina, an increased risk of cervical dysplasia, and
increased risk of preterm delivery, ectopic pregnancy, and
uterine malformations. Although those gynecologic conse-
quences are relatively common after DES exposure, the risk
of developing a clear cell adenocarcinoma in the exposed
young women is estimated to be 1 in 1,000. The mean age of
clear cell carcinoma of the vagina occurring in DES-exposed
women is 19 years old. As this cohort of women has aged, the
incidence of these DES-exposed clear cell carcinomas has
clearly decreased. There is no evidence to date of other 
DES-induced malignancies in the lower genital tract, but 
continued surveillance is indicated to detect a second peak
incidence of in utero exposure-related malignancy.

Sarcoma

Vaginal sarcomas are extremely rare and are generally
managed by a combination of surgical resection followed by
adjuvant chemotherapy or radiation therapy. Embryonal
rhabdomyosarcoma is a pediatric variant of vaginal sarcoma
that is treated by the combined modality approach involving
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neoadjuvant chemotherapy followed by radiation therapy and
in some cases surgery. This multimodality approach has led
to significant improvements in survival during the past 20
years.

Melanoma

Malignant melanoma involving the vagina is also exceedingly
rare and in many cases has a very poor prognosis. The median
age of this disease is 58 years old, with most patients pre-
senting with a Clark’s level 4 lesion at the time of detection.
Because of the deep invasion at the time of diagnosis, it is
quite common for patients to develop hematogenous metas-
tasis from this disease, and the 5-year survival is only 10%.
For women with melanoma involving the vagina, it is often
necessary to perform anterior, posterior, or total pelvic exen-
teration to obtain adequate surgical margins around the
melanoma.90
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Gestational
Trophoblastic Neoplasia

John R. Lurain

estational trophoblastic neoplasia includes invasive
mole, choriocarcinoma, and placental site tropho-
blastic tumor. The overall care rate in the treatment

of these tumors currently exceeds 90%. This success is the
result of the inherent chemotherapy sensitivity of tro-
phoblastic neoplasms, the effective use of the tumor marker
human chorionic gonadotropin (hCG) for diagnosis of disease
and monitoring of therapy, the referral of patients to or con-
sultation with specialized treatment centers, the identifica-
tion of prognostic factors that enhance individualization of
therapy, and the development of active combinations of
chemotherapy agents used in conjunction with irradiation
and surgery to treat patients with the most advanced disease.1

Diagnosis and Classification

Gestational trophoblastic neoplasia is diagnosed by rising or
plateauing hCG levels following evacuation of a hydatidiform
mole, a histopathologic diagnosis of invasive mole, chorio-
carcinoma or placental site trophoblastic tumor, or persistent
elevation of hCG usually in conjunction with demonstrated
metastases following any pregnancy event. Once the diagno-
sis of a gestational trophoblastic neoplasm has been made, 
it is necessary to determine the extent of disease. After a 
thorough history and physical examination, the following
clinical studies should be obtained: chest X-ray, computed
tomography (CT) scans of the chest, abdomen, and pelvis, CT
or magnetic resonance imaging (MRI) of the brain, complete
blood and platelet counts, serum chemistries including liver
and renal function studies, and quantitative serum hCG.

After these initial studies, patients are categorized as
having nonmetastatic, metastatic low-risk, or metastatic
high-risk gestational trophoblastic neoplasia. Patients with
metastatic tumors were originally classified as being at higher
risk for treatment failure based on one or more of the fol-
lowing poor prognostic factors described by investigators at
the National Cancer Institute (NCI): (1) more than 4 months
from antecedent pregnancy to diagnosis; (2) pretreatment
hCG level more than 100,000IU/24-hour urine or more than
40,000mIU/mL serum; (3) metastases to sites other than the
lung and vagina; (4) antecedent term pregnancy; and (5) pre-
vious failed therapy.2 In 1983, the World Health Organization
(WHO) adopted a prognostic scoring system, initially pro-
posed by Bagshawe and subsequently modified, based on the
patient’s age, parity, and type of antecedent pregnancy, the
interval between antecedent pregnancy and trophoblastic

tumor event, hCG level, number and sites of metastases,
largest tumor mass, and previous chemotherapy. A weighted
numerical value is applied to each prognostic factor and then
added together; the resultant score is used to divide patients
into low-risk (less than 7) and high-risk (7 or more) groups
(Table 51.1). An anatomic staging system was adopted by the
International Federation of Gynecology and Obstetrics (FIGO)
Cancer Committee in 1982 (Table 51.2) and changed to
include the modified WHO score in 2000.3 In this system, the
modified WHO score is depicted by an Arabic numeral fol-
lowing and separated by a colon from the stage, which is
depicted by a Roman numeral.

Patients with nonmetastatic (FIGO stage I) and low-risk
metastatic (FIGO stages II and III, WHO score less than 7) ges-
tational trophoblastic neoplasia can be treated with single-
agent chemotherapy resulting in a survival rate approaching
100%. Patients with high-risk metastatic disease (FIGO stage
IV or WHO score 7 or higher) should be treated more aggres-
sively with initial combination chemotherapy with or
without adjuvant radiotherapy or surgery to achieve a cure
rate of 80% to 90%. Patients with gestational trophoblastic
neoplasia must be chosen for single-agent or multiagent
chemotherapy based on careful attention to selection criteria
to ensure the best outcome with the least morbidity.

Development of Chemotherapy for Gestational
Trophoblastic Neoplasia

Investigators at the National Cancer Institute (NCI) in the
United States first demonstrated the efficacy of chemother-
apy in the treatment of metastatic gestational trophoblastic
disease in the late 1950s and early 1960s. In 1948, Hertz4 pre-
sented data demonstrating that fetal tissues required large
amounts of folic acid to support trophoblastic growth in
experimental animals and that this growth could be inhibited
by the folic acid antagonist methotrexate. In 1956, Li et al.5

first reported complete regression of metastatic gestational
trophoblastic disease in women treated with methotrexate.
During the decade that followed, the group at the NCI sys-
tematically studied the effects of chemotherapy on gesta-
tional trophoblastic disease.6–8 In patients with metastatic
disease, they obtained complete sustained remissions in 47%
using methotrexate alone and in 74% using methotrexate and
actinomycin D (an antitumor antibiotic that intercalates
DNA), sequentially. In patients with nonmetastatic disease,
they achieved complete remissions in 93% using methotrex-
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ate without hysterectomy and an overall cure rate of 
98%.

The NCI investigators made many important contribu-
tions to the treatment of trophoblastic disease and to cancer
chemotherapy in general. First, they proved that metastatic,
as well as nonmetastatic, cancer could be cured by drug
therapy. Second, they established that higher-dose intermit-
tent chemotherapy was more effective than a lower daily
dose. Third, they demonstrated that chemotherapy response
could be effectively monitored by accurately measuring hCG.
They also recognized that the outcome of therapy depended
largely on duration of disease, height of the pretreatment hCG
level, presence or absence of brain or liver metastases, and
expertise in the use of chemotherapy drugs. More than 95%
of patients who were diagnosed early and treated vigorously
were cured, whereas patients in whom there was a delay in
diagnosis or inappropriate therapy resulting in more-
extensive disease had only a 36% remission rate.

Chemotherapeutic agents other than methotrexate and
actinomycin D were subsequently found to be effective in
gestational trophoblastic disease. Sung et al.9 and Bagshawe10

reported on the use of 6-mercaptopurine (6-MP), an
antimetabolite purine analogue. There seemed to be no
advantage of 6-MP over methotrexate or actinomycin D, and
toxicity was significantly greater. The alkylating agents
cyclophosphamide and chlorambucil were combined with
methotrexate and actinomycin D (MAC) to produce some
cures in patients resistant to single-agent chemotherapy.11

Sung et al.12 reported excellent results with 5-fluorouracil
(5-FU), an antimetabolite fluoropyrimidine. Yim et al.13 were
able to demonstrate a good response to bleomycin, an anti-
tumor antibiotic that induces single-strand breaks in DNA.
They suggested that bleomycin should not replace methotrex-
ate or actinomycin D as first-line therapy because of pul-
monary and cutaneous toxicity, but should be used in

combination chemotherapy regimens for patients who
become resistant to more-conventional drugs. The vinca alka-
loids vincristine and vinblastine, which inhibit microtubular
polymerization, thereby arresting function of the mitotic
spindle, have known activity in gestational trophoblastic
disease and have been used in combination therapy.14,15

In the 1970s, Newlands et al.16–18 identified etoposide
(VP16-213), an epipodophyllotoxin that binds to the micro-
tubules and interferes with the normal functioning of the
topoisomerase II enzyme, as a very active agent in the treat-
ment of resistant gestational trophoblastic neoplasia and sug-
gested that it be incorporated into initial chemotherapy for
high-risk disease. Ifosfamide, an alkylating agent similar to
cyclophosphamide, has been used successfully alone or in
combination for the treatment of resistant gestational tro-
phoblastic tumors.19 Cisplatin and carboplatin, alkylating-
type drugs that form platinum adducts with DNA, have been
employed in combination with other drugs, most commonly
etoposide, bleomycin, and ifosfamide, for the treatment of
resistant trophoblastic disease.14,15,20–23 Most recently, pacli-
taxel, an extract from the bark of the Western yew tree Taxus
brevifolia that binds to and stabilizes the intracellular micro-
tubules disrupting normal mitotic spindle function, has been
shown to inhibit growth of choriocarcinoma in vitro,24,25 and
a few remissions using paclitaxel in patients with resistant
gestational trophoblastic neoplasia have been reported.26–28

Nonmetastatic Disease

Patients with nonmetastatic gestational trophoblastic neo-
plasia (FIGO stage I) should be treated with single-agent
methotrexate (MTX) or actinomycin D (Act D) chemother-
apy. Several different outpatient chemotherapy protocols
have been used, all yielding excellent and fairly comparable
results (Table 51.3). Hysterectomy is used as part of primary
therapy in patients who no longer wish to preserve fertility
and when the diagnosis is placental site trophoblastic tumor
or as secondary therapy for resistant uterine disease.

Methotrexate given IM or IV for 5 days every 2 weeks has
been the traditional treatment. In 1995, we reviewed nearly
30 years of experience in treating nonmetastatic gestational
trophoblastic neoplasia at the Brewer Trophoblastic Disease
Center to determine effectiveness of therapy, evaluate toxic-
ity, and assess factors associated with chemotherapy resis-

TABLE 51.1. Modified World Health Organization (WHO) scoring system for gestational trophoblastic neoplasia.

SCORE

Risk factors 0 1 2 4
Age factors <39 >39
Antecedent pregnancy Hydatidiform mole Abortion Term
Pregnancy event to treatment interval <4 4–6 7–12 >12
(months)
Pretreatment human chorionic <103 103–104 104–105 >105

gonadotropin(hCG) (mIU/mL) < 103

Largest tumor mass, including uterus (cm) 3–4 >5
Site of metastases Spleen kidney Gastrointestinal tract Brain Liver
Number of metastases 1–4 4–8 >8
Previous failed chemotherapy 1 drug >2 drugs

The total score for a patient is obtained by adding the individual scores for each prognostic factor: <7 = low risk; ≥7 = high risk.

TABLE 51.2. International Federation of Gynecology and
Obstetrics (FIGO) staging for gestational trophoblastic neoplasia.

Stage I Disease confined to the uterus
Stage II Disease extends outside the uterus but is limited to 

genital structures (adnexa, vagina, broad ligament)
Stage III Disease extends to lungs with or without genital 

tract involvement
Stage IV Disease involves other metastatic sites
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tance using the 5-day MTX regimen.29 Of 337 patients treated
between 1962 and 1990, 253 were initially treated with
single-agent MTX 0.4mg/kg (maximum, 25mg) IV daily for 5
days every other week (9-day window). Primary remission
was achieved in 226 (89.3%). Of the 27 patients (10.9%) resis-
tant to methotrexate, 22 (8.7%) were placed into remission
with a second agent, Act D. Multiagent chemotherapy or
surgery was required in only 5 patients (2.0%). Relapse from
remission occurred in 6 patients (2.4%) from 1 to 9 months
after completing initial therapy. All 253 patients were even-
tually placed into permanent remission. Factors found to be
significantly associated with the development of MTX resis-
tance were pretreatment hCG levels greater than 50,000
mIU/mL, nonmolar antecedent pregnancy, and clinicopatho-
logic diagnosis of choriocarcinoma. Significant toxicity to
MTX necessitating a change to another chemotherapeutic
agent occurred in only 12 patients (4.7%); no life-threatening
toxicity occurred. There was no alopecia related to MTX, and
nausea was not a common side effect. The most common
toxic reaction to MTX was oropharyngeal ulcerations (stom-
atitis), which were managed symptomatically with “cock-
tails” including antacids, sulcralfate, viscous lidocaine, and
antifungals. These manifestations usually persisted for only
a short time but must have been resolved before another
course of chemotherapy was initiated. Other less common or
minor toxic side effects were conjunctivitis, pleuritic or 
peritoneal pain, and skin rash. Our results of approximately
90% complete response and 100% overall survival confirmed
earlier reports from our center and others that single-agent
methotrexate in a 5-day outpatient course every 2 weeks 
is a highly effective and well-tolerated treatment for non-
metastatic gestational trophoblastic neoplasia.

In an attempt to reduce toxicity to methotrexate,
Bagshawe and Wilde30 introduced folinic acid rescue.
Methotrexate with folinic acid (MTX-FA) has been applied to
the treatment of nonmetastatic gestational trophoblastic neo-
plasia. This regimen uses slightly high doses of MTX, 1.0–1.5
mg/kg IM every other day for 4 doses, plus FA 0.1–0.15mg/kg
IM 24 hours after each MTX dose, repeated as needed after a
minimum rest period of 7 days. Berkowitz et al.31 from the
New England Trophoblastic Disease Center reported that
MTX-FA induced primary remission in 147 (90.2%) of 163
patients with nonmetastatic disease. Complete remission
was subsequently achieved in all patients, but 7.1% required
multiagent chemotherapy or surgery. Bagshawe et al.,32 from
Charing Cross Hospital in London, reported that they were

able to cure 99.7% of 348 low-risk patients (most with non-
metastatic disease) with the use of MTX-FA. They noted that
26% of patients had to switch treatment because of drug resis-
tance (20%) or drug-induced toxicity (6%). Similarly, Wong 
et al.33 from Hong Kong treated 68 low-risk patients with
MTX-FA. Sustained remission was achieved in 76% with
MTX-FA alone; 11.8% developed drug resistance requiring
multiagent chemotherapy to achieve cure, and 8.8% had a
treatment change because of MTX toxicity.

Rotmensch et al.34 suggested that the reduced toxicity of
the MTX-FA regimen compared with MTX alone was due to
the every-other-day scheduling of MTX and not to FA. They
measured plasma methotrexate levels in patients being
treated with MTX-FA and noted that MTX levels at the time
of FA administration were below levels necessitating FA
rescue.

Single, weekly dose scheduling of methotrexate has been
devised in an attempt to develop a more-efficient and less
costly, yet safe and effective, chemotherapy for patients with
nonmetastatic gestational trophoblastic neoplasia. The Gyne-
cologic Oncology Group used single, weekly IM doses of MTX
30–50mg/m2 to treat patients with nonmetastatic postmolar
disease. Homesley et al.35 reported a primary remission rate
of 74% in 62 patients using this regimen; 4.8% required mul-
tiagent chemotherapy, 3.2% required surgery, and 1 patient
eventually died. Hoffman et al.36 subsequently reported on a
single-institution experience using weekly IM MTX to treat
20 similar patients. The primary remission rate was 60%; 5%
required multiagent chemotherapy for cure.

High-dose methotrexate IV infusion with folinic acid
rescue (HDMTX-FA) has been used to treat patients with non-
metastatic gestational trophoblastic disease. Berkowitz and
colleagues37,38 reported on the use of a 100mg/m2 IV bolus and
then a 200mg/m2 12-hour IV infusion of MTX followed by FA
15mg IM or PO every 12 hours for 4 doses starting 24 hours
after beginning MTX. The primary control rate was only 69%,
and 18.8% of patients required multiagent chemotherapy to
attain remission. Elit et al.39 treated 65 patients with a 1,000
mg, 6-hour MTX infusion followed by FA rescue at 24 hours,
resulting in a remission rate of 86%. Wong et al.,40 using a
similar MTX infusion protocol in 51 patients, obtained a 90%
remission rate.

Different MTX chemotherapy regimens for treatment of
nonmetastatic disease have been compared. At the South-
eastern Regional Trophoblastic Disease Center, Smith et al.41

compared 29 patients treated with MTX-FA with 39 histori-

TABLE 51.3. Chemotherapy for nonmetastatic and low-risk metastatic gestational trophoblastic neoplasia.

Drug Dosing regimen

Methotrexate (MTX) 0.4mg/kg/day i.v. or i.m. (max. 25mg) for 5 days
Repeat every 14 days (9-day window)

Actinomycin D 10–12mg/kg/day i.v. for 5 days Repeat every 14 days (9-day window)
Methotrexate 1.0–1.5mg/kg i.m. every other day for 4 doses (days 1, 3, 5, 7)

Folinic acid (FA) 0.1–0.15mg/kg i.m. every other day for 4 doses (days 2, 4, 6, 8)
Repeat every 15–18 days (7- to 10-day window)

Methotrexate 100mg/m2 i.v. push, then 200mg/m2 in 500mL D 5W over 12h
Folinic acid 15mg i.m. or p.o. every 12h for 4 doses beginning 24h after the start of MTX
Repeat every 18 days, as needed

Methotrexatea 30–50mg/m2 i.m. weekly
Actinomycin Da 1.25mg/m2 i.v. every 2 weeks
a Should not be used for patients with metastatic or resistant disease.



cal controls treated with a 5-day course of MTX. A change in
chemotherapy because of MTX resistance was required in
27.5% of patients receiving MTX-FA compared with 7.7% of
patients receiving MTX alone. Gleeson et al.42 reported
primary remission rates of 69% in 13 patients treated with
weekly IM MTX and 75% in 12 patients treated with 
MTX-FA.

The lower primary remission rates achieved with the
MTX-FA, weekly MTX, and MTX infusion protocols com-
pared with 5-day MTX regimen may be attributable to shorter
overall duration of chemotherapy exposure of trophoblastic
cells to inhibiting levels of the drug during the S phase of the
cell cycle, where MTX exerts its cytotoxic effect by inter-
rupting thymidylic acid biosynthesis.43 Methotrexate admin-
istrated at set intervals over 5 days affords increased drug
exposure compared to other MTX regimens. Another reason
for increased failure to achieve remission with various MTX
protocols is that some patients may actually have metastatic
disease. Mutch et al.44 reported that at least 40% of patients
with negative chest X-rays, who presumably had non-
metastatic disease, actually had micropulmonary metastases
on CT of the lungs, and that 50% of these patients developed
resistance to treatment with MTX-FA. Therefore, one must
take into consideration toxicity, patient convenience, and
cost, as well as the chance of requiring a change in
chemotherapy, including multiagent chemotherapy, to
achieve cure when choosing a MTX regimen for treatment of
nonmetastatic disease.

Actinomycin D 10–12mg/kg IV daily for 5 days or as a
single 1.25mg/m2 IV dose every 2 weeks is an acceptable
alternative to MTX for treatment of nonmetastatic gesta-
tional trophoblastic neoplasia. Act D generally causes more
nausea and alopecia than MTX and produces local tissue
injury if IV extravasation occurs. Therefore, Act D is most
often used as secondary therapy in the presence of MTX resis-
tance rather than as primary therapy. However, Act D is the
appropriate primary therapy for patients with hepatic or renal
disease or effusions contraindicating the use of MTX.

The New England Trophoblastic Disease Center first
reported on the use of the 5-day Act D regimen to treat 31
patients with nonmetastatic gestational trophoblastic neo-
plasia, yielding a primary remission rate of 94%.45 Subse-
quently, Petrilli and Morrow46 and Kohorn47 reported 77% and
88% primary remission rates in 13 and 43 patients, respec-
tively. In our series from the Brewer Center, 78% of 13 pa-
tients initially treated with Act D achieved primary remis-
sion.29 Pulsed Act D (1.25mg/m2 every 2 weeks) has been used
to treat nonmetastatic postmolar disease.48–50 Complete
response rates of 75% to 100% have been reported in a small
number of patients meeting these limited criteria.

Alternating 5-day regimens of MTX and Act D every other
week for treatment of nonmetastatic trophoblastic neoplasia
have been suggested to decrease drug resistance and cumula-
tive toxicity. Smith51 first reported a 100% primary remission
rate using this scheme. Rose and Piver52 and Lurain and Elf-
strand29 subsequently confirmed the excellent results with
this treatment plan. The tendency, however, has been to use
MTX as primary therapy and avoid Act D if possible because
of the greater hair loss and nausea as well as local IV infil-
tration tissue damage associated with Act D.

In summary, single-agent chemotherapy with MTX or Act
D by a variety of regimens is the appropriate treatment for
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nonmetastatic gestational trophoblastic neoplasia (Table
51.4). Overall, cure is anticipated in essentially all patients
with nonmetastatic disease. Approximately 85% to 90% of
patients can be cured by the initial chemotherapy regimen.
Most of the remaining patients will be placed into permanent
remission with additional single-agent chemotherapy. Rarely
do patients require multiagent chemotherapy or surgery for
cure.

Low-Risk Metastatic Disease

Patients categorized into the low-risk metastatic disease
group (FIGO stages II and III, WHO score less than 7) should
be treated with single-agent chemotherapy using 5-day dosage
schedules of MTX or Act D or the 8-day MTX-FA protocol.
The weekly MTX or biweekly Act D single-dose protocols
currently in use for nonmetastatic postmolar disease should
not be employed for treatment of metastatic disease. If resis-
tance to the initial drug occurs, the alternate single agent in
a 5-day dosage schedule is begun. Patients who develop resis-
tance to sequential single-agent MTX and Act D chemother-
apy are then treated with combination chemotherapy, as for
high-risk disease. Hysterectomy may be performed as adju-
vant treatment coincident with the institution of chemother-
apy to shorten the duration of therapy or to eradicate
persistent, chemotherapy-resistant disease in the uterus.
Several studies have demonstrated the high curability of 
low-risk metastatic disease using this approach.53–55

DuBeshter et al.53 at the New England Trophoblastic
Disease Center treated 48 patients with low-risk metastatic
gestational trophoblastic neoplasia with single-agent MTX
with or without FA or Act D between 1965 and 1990. All
patients achieved sustained remission, although 50%
required a second single agent, 14% needed multiagent
chemotherapy, and 12% underwent surgical resection of
resistant tumor foci. Multiagent chemotherapy was more
often required after the use of MTX-FA protocols (30%) than
single-agent MTX or Act D (4%).

Soper et al.54 at the Southeastern Regional Trophoblastic
Disease Center retrospectively analyzed 52 patients with 
low-risk metastatic gestational trophoblastic disease treated
with 5-day cycles of IM MTX repeated every 14 days. Pri-
mary remission was achieved in 60%. Therapy was changed
because of drug-resistance in 19% and toxicity in 21%. Only
2 patients (4%) required multiagent chemotherapy, 1 of
whom also underwent hysterectomy. Pretherapy hCG at

TABLE 51.4. Results of chemotherapy for nonmetastatic
gestational trophoblastic neoplasia.

Chemotherapy Primary Multiagent Surgery for
regimen remissions, % chemotherapy, % resistance, %

MTX 5-day 91 1 1
MTX-FA 75 5 2
MTX weekly 70 5 3
MTX high-dose 69 19 —
infusion with FA
Act D 5-day 92 — —
Act D pulse 80 — —

Modified from Lurain,1 by permission of Current Treatment Options in 
Oncology.
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more than 10,000mIU/mL was associated with the develop-
ment of drug resistance. Sustained remission was achieved in
all patients.

At the Brewer Center, we treated 92 low-risk metastatic
disease patients between 1962 and 1992.55 Initial treatment
consisted of 5-day cycles of IV MTX (61), Act D (4), alternat-
ing MTX/ACT D (5), and hysterectomy with single-agent
chemotherapy (22). All patients were cured. Remission was
achieved in 98.9% of patients with MTX and Act D used
alone or sequentially with or without hysterectomy; only one
patient (1.1%) needed multiagent chemotherapy. Toxicity
was relatively mild and easily remedied, necessitating a
change in chemotherapeutic agents in 10.7% of patients.
Patients in whom initial therapy failed tended to be older and
had higher pretreatment hCG levels and WHO scores than
those successfully treated; however, the only statistically 
significant finding was that patients with large vaginal 
metastases were more likely to require secondary therapy.

In summary, single-agent chemotherapy with MTX or Act
D, each given for 5 consecutive days every other week, is the
preferred treatment for patients with low-risk metastatic 
gestational trophoblastic neoplasia (Table 51.5). With appro-
priate selection of patients as well as proper administration
of treatment, cure should approach 100%, and the greater
morbidity associated with the use of multiagent chemother-
apy can usually be avoided. Approximately 30% to 50% of
patients in this category develop resistance to the first
chemotherapeutic agent and require alternate treatment.
Eventually, 5% to 15% of patients treated with sequential
single-agent chemotherapy will require multiagent
chemotherapy with or without surgery to achieve remission.

High-Risk Metastatic Disease

Patients with high-risk metastatic gestational trophoblastic
neoplasia (FIGO stage IV or WHO score 7 or more) should be
treated with initial multiagent rather than single-agent

chemotherapy with or without adjuvant radiotherapy or
surgery.56 During most of the 1970s and 1980s, the primary
multidrug regimen used was MAC: methotrexate, actino-
mycin D, and cyclophosphamide or chlorambucil. Reported
cure rates ranged from 63% to 71%.57 In the late 1970s,
Bagshawe and colleagues at Charing Cross Hospital in
London introduced the seven-drug CHAMOCA protocol,
using cyclophosphamide, hydroxyurea, actinomycin D,
methotrexate with folinic acid, vincristine and doxorubicin,
for treatment of high-risk patients and reported a primary
remission rate of 82%.58 However, in a randomized clinical
trial comparing MAC and CHAMOCA for primary treatment
of high-risk patients, the Gynecologic Oncology Group found
that the MAC regimen was more effective (cure rates, 95%
versus 70%, respectively) and less toxic than the CHAMOCA
regimen.59 After the discovery in the late 1970s that etopo-
side (VP16-213) was a very effective chemotherapeutic agent
for gestational trophoblastic neoplasia, Newlands et al.60

formulated the EMA-CO regimen, employing etoposide,
high-dose methotrexate with folinic acid, actinomycin D,
cyclophosphamide, and vincristine (Table 51.6). They origi-
nally reported an 80% complete clinical response rate and
82% survival with minimal toxicity in 76 high-risk patients
who had not received any prior chemotherapy. Since then,
complete response rates and long-term survival rates of more
than 80% have been reported by several groups, making the
EMA-CO protocol, or some variation of it, the initial multi-
agent chemotherapy of choice for treatment of patients with
high-risk metastatic gestational trophoblastic neoplasia
(Table 51.7).

Bolis et al.61 reported an initial complete response rate of
94% and survival in 88% of 17 patients with high-risk disease
treated primarily with EMA-CO. Only 1 patient failed to
achieve an initial complete response, and 3 patients (19%)
relapsed from remission. In 1992 we reported our preliminary
results with EMA-CO for primary treatment of patients with
high-risk metastatic gestational neoplasia at the Brewer 
Trophoblastic Disease Center between 1986 and 1991. Ten 

TABLE 51.5. Single-agent chemotherapy for low-risk metastatic gestational trophoblastic neoplasia.

No. of Primary Multiagent Surgery for
Series patients remission, % chemotherapy, % resistance, % Survival, %

DuBeshter et al.53 48 48 15 12 100
Soper et al.54 52 60 4 2 100
Roberts and Lurain55 92 67 1 0 100

Source: Modified from Roberts and Lurain,55 by permission of American Journal of Obstetrics and Gynecology.

TABLE 51.6. EMA-CO chemotherapy regimen for high-risk gestational trophoblastic neoplasia.

Day Drug Dosing

1 Etoposide 100mg/m2 i.v. infusion over 30min
Actinomycin D 0.5mg i.v. push
Methotrexate 100mg/m2 i.v. push, then 200mg/m2 in 500mL D5W over 12h

2 Etoposide 100mg/m2 i.v. infusion over 30min
Actinomycin D 0.5mg i.v. push
Folinic acid 15mg i.m. or p.o. every 12h for 4 doses beginning 24h after the start of methotrexate

8 Cyclophosphamide 600mg/m2 i.v. infusion
Vincristine 1.0mg/m2 i.v. push

EMA-CO: etoposide, high-dose methotrexate with folinic acid, actinomycin D, cyclophosphamide, and vincristine.

Repeat cycle on days 15, 16, and 22 (every 2 weeks).
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of 12 patients (83%) had lasting complete clinical responses
to EMA-CO.62 Soper and colleagues63 treated 22 high-risk
patients with EMA-CO. Four (67%) of six patients receiving
primary therapy and 13 (81%) of 16 patients receiving sec-
ondary therapy had complete responses; 6 (35%) of 17 com-
plete responders developed recurrences within 6 months of
therapy. Overall, 68% of patients remained without evidence
of disease. Quinn et al.64 from Australia treated 35 patients
with metastatic disease with EMA-CO. Most of the patients
had high-risk features and all had WHO scores above 4. The
survival rate was 89%. All four deaths occurred in patients
who had hepatic and/or central nervous system metastases.

More recently, Bower et al.65 updated the Charing Cross-
London experience using EMA-CO to treat 272 women with
high-risk disease. There were 11 (4%) early deaths, 214 (78%)
complete remissions to EMA-CO, and an additional 33 (12%)
complete responses to subsequent cisplatin-based chemother-
apy and surgery, yielding an overall survival rate of 88%. Kim
et al.66 from Korea treated 165 high-risk patients with the
EMA-CO regimen. Of 96 patients who received EMA-CO as
first-line treatment, 87 (91%) had complete remissions,
whereas only 51 (74%) of the 69 patients who received EMA-
CO as second- or third-line therapy entered into remission.
The overall survival rate was 84%. Factors that predicted poor
prognosis were tumor age greater than 12 months, metastases
to more than two organ systems, and previous inadequate
chemotherapy or unplanned surgery. In patients with two or
three of these factors, death rates were 18% and 57%, respec-
tively. We recently updated our experience with EMA-CO for
treatment of high-risk disease at the Brewer Center from 1986
to 2001.67 Of the 45 patients treated with EMA-CO (25 as
primary therapy and 20 as secondary therapy), 32 (71%) had
a complete response, 9 (20%) developed resistance but were
subsequently placed into remission with platinum-based
chemotherapy, and 4 (9%) died of widespread metastatic
disease, resulting in an overall survival rate of 91%.

Two groups have reported on the use of an EMA protocol
without CO for treatment of high-risk disease, yielding
similar results. Soto-Wright et al.68 from the New England
Trophoblastic Disease Center were able to achieve remissions
in 5 (71%) of 7 patients treated primarily with EMA and in
21 (95%) of 22 patients treated secondarily with EMA, even-
tually placing all 29 patients into remission. Matsui et al.69

from Japan reported obtaining complete remissions in 
21 (78%) of 27 patients treated primarily with EMA and in 
8 (67%) of 12 patients who had received chemotherapy prior
to EMA. The overall survival rate was 87%. Of note, grade 
4 neutropenia and thrombocytopenia occurred in 5.3% and

6.4% of treatment cycles, respectively, resulting in one
chemotherapy-related death.

In almost all the reports, treatment with EMA ± CO was
generally well tolerated and toxicity was mild. In our series,
there were no treatment-related deaths or life-threatening
toxicity.67 Neutropenia necessitating a 1-week delay of treat-
ment occurred in 13.5% of 257 treatment cycles. We have
been using granulocyte colony-stimulating factor (G-CSF, 
300mg SC days 9–14 of each subsequent treatment cycle) if
any neutropenia-associated treatment delay is encountered.
Anemia requiring blood transfusions and grade 3–4 neutrope-
nia without thrombocytopenia were associated with only
5.8% and 1.9% of treatment cycles, respectively.

Primary treatment of high-risk gestational trophoblastic
disease using cisplatin/etoposide-containing combinations
has also been reported. Theodore et al.70 treated 8 patients
with high-risk disease primarily with cisplatin/etoposide/
actinomycin D combination chemotherapy. All eight patients
had complete responses to this chemotherapy and were
apparently cured. Although all patients had WHO scores
above 7, several had nonmetastatic disease and none had
metastases to more than one organ site, usually the lungs.
Bakri and associates71,72 reported using a similar regimen as
primary therapy for patients presenting with brain or liver
metastases. Eight (67%) of 12 patients survived. Surwit and
Childers73 substituted etoposide (100mg/m2) and cisplatin (80
mg/m2) (EP) for cyclophosphamide and vincristine (CO) on
day 8 in the EMA-CO regimen, as suggested by Newlands et
al.,74 for primary treatment of high-risk patients. They
reported remission in the four patients treated with this
EMA-EP protocol. In general, primary treatment of high-risk
patients using cisplatin/etoposide combinations results in
significant cumulative toxicity, often before a complete
response is accomplished, and may compromise the ability to
deliver adequate salvage chemotherapy.

When central nervous system metastases are present,
whole-brain irradiation (3,000 cGy in 200-cGy fractions) is
usually given simultaneously with the initiation of
chemotherapy.75–77 Brain irradiation has the dual purpose of
being both tumoricidal and hemostatic. Yordan et al.75

reported that death due to brain involvement occurred in 
11 of 25 patients (44%) treated with chemotherapy alone but
in none of 18 patients treated with brain irradiation and
chemotherapy. During radiotherapy, the methotrexate infu-
sion dose in the EMA-CO protocol is increased to 1g/m2, and
30mg folinic acid is given every 12 hours for 3 days starting
32 hours after the infusion begins. Overall, 50% to 80% of
patients with brain metastases can be cured, depending on

TABLE 51.7. Results of EMA ± CO chemotherapy for high-risk gestational trophoblastic neoplasia.

Primary Secondary
therapy therapy

No. Complete No. Complete
Series of patients response, % Survival, % of patients response, % Survival, %

Bower et al.65 151 78 85 121 79 90
Kim et al.66 96 — 91 69 — 74
Escobar et al.67 25 — 94 20 — 90
Soto-Wright et al.a,68 7 71 100 22 95 100
Matsui et al.a,69 27 78 89 12 67 83
a EMA only.

Source: Modified from Lurain,1 by permission of Current Treatment Options in Oncology.



patient symptoms as well as number, size, and location of the
brain lesions.

Evans et al.,76 at the Southeastern Regional Trophoblastic
Disease Center, treated 42 patients with brain metastases
with brain irradiation and chemotherapy. Twelve of 16
patients (75%) who presented initially with evidence of brain
lesions and no prior therapy were successfully treated. Five of
23 patients (22%) survived who had received prior treatment
(5 of 13) or developed brain lesions while undergoing systemic
chemotherapy (0 of 10). At the Brewer Trophoblastic Disease
Center, 26 (4.1%) of 631 patients who underwent treatment
for trophoblastic neoplasia between 1962 and 1994 had or
developed evidence of brain metastases. Patients were treated
with chemotherapy and whole-brain irradiation. The overall
5-year actuarial survival rate was 51%:100% (6 of 6) for
patients with asymptomatic or minimally symptomatic 
brain disease at presentation, 39% (5 of 14) for patients with
symptomatic brain metastases at presentation, and 17% (1 of
6) for patients who developed brain metastases during
chemotherapy.77

As an alternative to whole-brain irradiation, the Charing
Cross Hospital group has recommended the addition of
intrathecal methotrexate or surgical excision with steriotac-
tic irradiation in selected patients. Eighty-six percent of their
patients with brain lesions achieved complete remission
using this approach.78 Bakri and associates,71 at the New
England Trophoblastic Disease Center, reported achieving
sustained remissions in four of eight patients (50%) with
brain metastases who were treated with systemic chemother-
apy combined with intrathecal methotrexate without brain
irradiation.

Resistant High-Risk Disease

Approximately 30% of high-risk patients have an incomplete
response to first-line chemotherapy or relapse from remission
and require secondary chemotherapy. Salvage chemotherapy
with drug regimens employing etoposide and platinum
agents, often combined with surgical resection of sites of 
persistent tumor (usually in the uterus or lungs), will result
in cure of most of these high-risk patients with resistant
disease.56

The EMA-EP regimen, substituting etoposide and cis-
platin for cyclophosphamide and vincristine in the EMA-CO
protocol, seems to be the most appropriate therapy for
patients who have responded to EMA-CO but have plateau-
ing low hCG levels or who have developed reelevation of hCG
levels after having had a complete response to EMA-CO.
Newlands et al.74 reported curing 30 (88%) of 34 patients with
disease refractory to EMA-CO by treating them with the
EMA-EP regimen. The majority of these patients had only
low-level hCG plateaus and also underwent surgical proce-
dures; however, 9 of 11 patients treated with EMA-EP
without adjuvant surgery were cured.

High-risk patients who have clearly developed resistance
to methotrexate-containing treatment protocols should be
treated with platinum–etoposide drug combinations.
Theodore and associates70 used a cisplatin–etoposide + actin-
omycin D regimen to treat 14 patients with drug-resistant 
trophoblastic disease. Eleven (78%) achieved remission;
however, all but 2 had failed only a single- or double-agent

methotrexate or actinomycin D chemotherapy regimen.
Soper et al.79 treated 7 patients who demonstrated resistance
to multiagent chemotherapy with the combination of etopo-
side 100mg/m2 and cisplatin 20mg/m2 each, given IV daily
for 5 consecutive days every 21 days. Six patients (86%) 
had return of their hCGs to normal, but only 3 (43%) had 
sustained remissions. Hematologic and renal toxicity were
significant.

The combination of cisplatin, vinblastine, and bleomycin
(PVB) has been used in the past to induce remissions in some
patients with resistant high-risk gestational trophoblastic
neoplasia.14,15,20 More recently, etoposide has replaced vin-
blastine in this regimen.18,21 The BEP protocol (cisplatin 20
mg/m2 IV and etoposide 100mg/m2 IV on days 1–4 repeated
every 21 days, as well as bleomycin 30U IV weekly starting
on day 1) is currently our first chemotherapy choice for
patients with resistance to EMA-CO/EMA-EP. Ifosfamide has
also been combined with etoposide and cisplatin to treat
patients with refractory gestational trophoblastic disease,
resulting in some cures.19 The VIP protocol that we have used
is etoposide 75mg/m2 IV, ifosfamide 1.2g/m2 IV, and cisplatin
20mg/m2 IV every day for 4 days. Mesna is given as a 
120mg/m2 IV bolus just before the first dose of ifosfamide,

followed by a 1.2g/m2 12-hour IV infusion daily after each
ifosfamide dose.22 If significant cisplatin-induced renal or 
neurologic toxicity occurs, carboplatin can be substituted for
cisplatin in the ICE protocol: ifosfamide 1.2g/m2 on days 1–3
with mesna as noted above, carboplatin 300mg/m2 IV on day
1, and etoposide 75mg/m2 IV on days 1–3.23 Both regimens are
repeated every 21 days. To decrease the incidence of severe
neutropenia, which occurs almost universally with these pro-
tocols, and to avoid treatment delays, G-CSF is administered
on days 6–14 of each treatment cycle, and a complete blood
count is obtained on days 8 and 15.80

Another approach to improving response to secondary
therapy for high-risk disease is to administer chemotherapy
agents with known activity at doses much higher than usual.
Collins et al.81 treated a patient with refractory disease in the
lung and brain after both EMA-CO and PVB chemotherapy
with very high dose etoposide, 4,200mg/m2 at 60 hours IV
infusion and cyclophosphamide 50mg/kg IV daily, for 4 days
without bone marrow support. Although severe mucositis
and pancytopenia occurred, the hCG level returned to normal
within 14 days of therapy and the patient was disease free 
15 months later. We treated two patients similarly; both
achieved normal hCG levels immediately after treatment,
but disease recurred in both, 4 and 6 months later.82 Lotz et
al.83 treated five patients with gestational trophoblastic
tumors who were refractory to standard therapy with high-
dose chemotherapy, consisting of ifosfamide 1,500mg/m2 and
carboplatin 200mg/m2, both given IV daily for 5 days, fol-
lowed by autologous bone marrow transplantation. Only two
of the patients had normalization of their hCG levels, for 68
and 2 months, respectively, and 1 patient died of therapy-
related complications. Giacolone et al.84 and van Besian et
al.85 each reported on one patient with refractory gestational
trophoblastic disease who had a complete response to high-
dose chemotherapy. Further data on the use of high-dose
chemotherapy with autologous bone marrow transplantation
or peripheral stem cell support are necessary before this form
of treatment can be recommended as initial salvage therapy
for patients failing EMA-CO.
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Newer anticancer agents have been developed that may
also have a role in the treatment of gestational trophoblastic
neoplasia. Paclitaxel has been shown to inhibit growth of
choriocarcinoma in tissue culture.24,25 Jones et al.,26 Termrun-
gruanglert et al.,27 and Gershon et al.28 each reported remis-
sions using paclitaxel in patients with resistant gestational
choriocarcinoma. Obsorne et al.86 recently reported achieving
remission in patients with resistant high-risk disease using 
a doublet of paclitaxel/etoposide and paclitaxel/cisplatin
alternating every 2 weeks. The topoisomerase I inhibitor
campthecins, topotecan and irinotecan, and new antimetabo-
lites, such as gemcitabine, have been shown to have signifi-
cant antitumor activity against a wide range of cancers and
need to be evaluated in resistant gestational trophoblastic
neoplasia.

Adjuvant surgical procedures, especially hysterectomy
and thoracotomy, may be of use in removing known foci of
chemotherapy-resistant disease in selected patients with per-
sistent or recurrent high-risk gestational trophoblastic neo-
plasia.87–89 Chemotherapy is usually administered at the time
of surgery to (1) eradicate any occult metastases that may also
be present, (2) reduce the likelihood of tumor dissemination
at surgery, and (3) maintain cytotoxic levels of chemotherapy
in tissues and plasma in the event that viable tumor cells are
disseminated at the time of surgery.

Patients with evidence of uterine disease but no or very
little extrauterine disease may benefit from hysterectomy.
Mutch et al.90 reported curing 10 (71%) of 14 patients who
had hysterectomy as part of their treatment for recurrent
disease. Resection of pulmonary nodules in highly selected
patients with drug-resistant disease (solitary pulmonary
nodule, no evidence of other metastatic sites or uterine
disease, hCG level less than 1,000mIU/mL) may also be suc-
cessful in inducing remission. Tomoda et al.91 were able to
cure 14 (93%) of 15 patients who satisfied their criteria by
resection of resistant pulmonary disease. Mutch et al.90

reported that 4 (44%) of 9 patients who underwent thoraco-
tomy with pulmonary wedge resection of resistant chorio-
carcinoma survived. Prompt hCG regression within 1 to 2
weeks of surgical resection predicts a favorable outcome.90–92

Surgery may also have a role in the therapy of high-risk
disease as a means of controlling tumor hemorrhage, reliev-
ing bowel or urinary obstruction, treating infection, or dealing
with other life-threatening complications. Selective angio-
graphic embolization of the uterine arteries may be used to
control uterine or pelvic tumor bleeding in lieu of surgical
intervention.93

In summary, intensive multimodality therapy with EMA-
CO or some variation of it, along with adjuvant radiotherapy
and surgery when indicated, has resulted in cure rates of 80%
to 90% in patients with high-risk metastatic gestational 
trophoblastic neoplasia. Approximately 30% of high-risk
patients will fail first-line therapy or relapse from remission.
Most of these patients have a clinicopathologic diagnosis of
choriocarcinoma, multiple metastases to sites other than the
lungs and vagina, and inadequate previous chemotherapy.
Salvage chemotherapy with drug regimens combining 
platinum agents, etoposide, and bleomycin, ifosfamide, or
paclitaxel, often in conjunction with surgical resection of
sites of persistent tumor, will result in cure of most of these
high-risk patients. Colony-stimulating factors should be used
to prevent treatment delays and dose reductions. Newer 

anticancer drugs, such as paclitaxel and gemcitabine, or high-
dose chemotherapy may have a role in the future manage-
ment of selected patients.

Placental-Site Trophoblastic Tumor

Placental-site trophoblastic tumor (PSTT) is an uncommon
variant of gestational trophoblastic neoplasia. Pathologically,
it consists predominantly of intermediate trophoblasts that
secrete human placental lactogen (hPL), is associated with
less vascular invasion, necrosis, and hemorrhage than typical
choriocarcinoma, and has a propensity for lymphatic spread.
The most common presentation is irregular vaginal bleeding,
often distant from a preceding nonmolar gestation. Placental-
site tumors tend to remain within the uterus, disseminate
late, and produce low levels of hCG relative to their tumor
mass. The clinical classification schemes and scoring systems
used for other gestational trophoblastic neoplasms do not
apply to PSTT. These tumors are relatively resistant to
chemotherapy.

Hysterectomy is the treatment of choice for PSTT.
Patients with metastatic disease should be treated with EMA-
EP chemotherapy. Newlands et al.74 managed 17 patients with
PSTT: 8 nonmetastatic and 9 metastatic to lungs (5), pelvis
(3), and lymph nodes (1). All but 1 patient had a hysterectomy,
and 14 had chemotherapy. The overall survival rate was 76%
:100% for nonmetastatic disease and 56% for metastatic
disease. The most significant adverse prognostic variable was
an interval of more than 2 years from antecedent pregnancy
event to treatment. Cure was achieved in all 12 patients
whose interval was less than 2 years compared with only 1
of 5 whose interval was more than 2 years.

Follow-Up After Treatment for Gestational
Trophoblastic Neoplasia

Disease Surveillance

After completion of chemotherapy, serum quantitative hCG
levels should be obtained at 1-month intervals for 12 months.
The risk of recurrence is exceedingly low after 1 year. Physi-
cal examinations are performed at 6- to 12-month intervals;
other examinations such as chest X-rays are rarely indicated.
Contraception should be maintained during treatment,
preferably with oral contraceptives, and for 1 year after com-
pletion of chemotherapy. During a subsequent pregnancy,
pelvic ultrasound is recommended in the first trimester to
confirm a normal gestation, because these patients are at
increased risk for another gestational trophoblastic disease
event. The products of conception or placentas from future
pregnancies should be carefully examined histopathologi-
cally, and an hCG level should be obtained 6 weeks after any
pregnancy event.

Reproductive Performance

The successful treatment of gestational trophoblastic neopla-
sia with chemotherapy has resulted in a large number of
women whose reproductive potential has been retained
despite exposure to drugs that have ovarian toxicity and 
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teratogenic potential. Most women resume normal ovarian
function following chemotherapy and exhibit no increase in
infertility. Many successful pregnancies have been reported.94

In general, these women experience no increase in incidences
of abortions, stillbirths, congenital anomalies, prematurity, 
or major obstetric complications. There is no evidence for
reactivation of disease because of a subsequent pregnancy,
although patients who have had one trophoblastic disease
episode (hydatidiform mole or choriocarcinoma) are at greater
risk for developing a second episode in a subsequent preg-
nancy, unrelated to whether they had previously received
chemotherapy.

Secondary Malignancies

Because many anticancer drugs are known carcinogens, there
is concern that the chemotherapy used to induce long-term
remissions or cures of one cancer may induce second malig-
nancies. Until recently, there were no reports of increased
susceptibility to the development of other malignancies after
successful chemotherapy for gestational trophoblastic
tumors95; this was probably due to the relatively short expo-
sure of patients to intermittent schedules of methotrexate
and actinomycin D and the infrequent use of alkylating
agents. However, after the introduction of etoposide-
containing drug combinations for treatment of gestational
trophoblastic tumors in the 1980s, an increased risk of sec-
ondary malignancies, including acute myelogenous leukemia,
colon cancer, melanoma, and breast cancer, was identified.96
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Ovarian Cancer
Yukio Sonoda and David Spriggs

varian cancer consistently ranks as the most common
cause of death among the gynecologic malignancies.
There will be an estimated 16,090 deaths attributable

to this illness in the year 2004,1 and with 25,580 annual new
cases of ovarian cancer, it ranks as the fifth most common
cancer among females in the United States. The incidence
rates for this particular malignancy are higher in white com-
pared to black women.2 The lifetime risk in the general 
population is 1.4%, with incidence increasing with age up to
age 80.

The management of ovarian cancer, fallopian tube cancer,
and primary peritoneal cancer are generally indistinguishable.
The number of fallopian tube cancers is far too small to con-
stitute an independent literature whereas the diagnosis of
primary peritoneal cancer is often presumptive, based on the
distribution of tumor deposits or prior oophorectomy. The
surgical and chemotherapy management principles described
here for ovarian cancer can be generally applied to fallopian
tube cancers or peritoneal cancers unless otherwise specified.
For purposes of conceptualization, it is useful to imagine
ovarian cancer as a series of networked disease states or
groups of patients with similar outcomes. The material is
organized within this framework.

Screening and Prevention

Epidemiology of Ovarian Cancer

Multiple risk factors have been associated with an increased
risk of ovarian cancer. Race and country of origin have been
associated with increased risk for this disease. Industrialized
countries, with the exception of Japan, have the highest rates
of ovarian cancer and the nonindustrialized countries the
lowest. The incidence in the United States among the white
population is 14.2 per 100,000. In Japan, the incidence is 2.7
per 100,000 and in India it is 4.6 per 100,000. However, when
immigrants from Japan move to the United States, after one
or two generations, their risk is similar to that of a native-born
American.3. Race may also play a role in the development of
this disease because the risk of developing ovarian cancer is
46% greater in Caucasians compared to African-Americans.4

Diet

Dietary factors such as dietary fat intake, milk product con-
sumption, and antioxidant intake all have been investigated as

potential risk factors. Although epidemiology and case-control
studies have suggested increased risk associated with each of
these factors, none has been confirmed in the large, prospec-
tive Nurses Health Study cohort. In that study, subjects’
dietary intake was assessed using a self-administered food fre-
quency questionnaire.5–7 There were 301 cases of invasive
epithelial ovarian cancer confirmed among 80,258 partici-
pants. None of the dietary features studied were found to
increase ovarian cancer risk. For dietary fat, those women in
the highest quintile of fat intake had a relative risk of 1.03 [con-
fidence interval (CI) 0.72, 1.45; P = 0.97] of developing ovarian
cancer when compared to women in the lowest quintile.

Lactose and its metabolic product galactose have also
been implicated in retrospective analysis.8 Using the Nurses’
Health Study data, Fairfield et al. observed a 40% increase in
risk of all types of ovarian cancer for subjects in the highest
category of lactose consumption compared to those in the
lowest.9 This increase of risk did not achieve statistical sig-
nificance. In the same study, Fairfield et al. prospectively
assessed the consumption of vitamins A, C, and E, and spe-
cific carotenoids as well as fruit and vegetable intake among
80,326 women in the Nurses’ Health Study. A high con-
sumption of these antioxidant vitamins or intake of fruits did
not translate into a decreased risk of ovarian cancer.10 In
summary, diet has not been convincingly shown to contribute
to ovarian cancer incidence.

Reproductive Factors

There have been multiple studies examining the effect of
parity on the incidence of ovarian cancer. Whittemore et al.,
reporting for the Collaborative Ovarian Cancer Group, sum-
marized the results of 12 case-controlled studies from the
United States and demonstrated a significant protective effect
from pregnancy.11 A single term pregnancy resulted in a sig-
nificant reduction in risk of ovarian cancer [odds ratio (OR),
0.47; 95% CI, 0.40–0.56]. This risk reduction continued with
future pregnancies; after six term pregnancies, the OR was
0.29 (95% CI, 0.20–0.42).

Reproductive factors were prospectively studied in the
Nurses Cohort study, which followed 121,700 women since
1976.12 The authors found that each parity reduced the risk
of ovarian cancer (OR, 0.84; 95% CI, 0.77–0.91 for each preg-
nancy). This protective effect of parity supports the “inces-
sant ovulation” hypothesis, which is based on the premise
that ovarian cancer develops from an aberrant repair process
of the surface epithelium that is ruptured and repaired during
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each ovulatory cycle.13 By reducing the number of ovulatory
cycles by pregnancy, there theoretically is a reduction in the
probability that a cancer would develop.

Genetic Predisposition

This strongest risk factor for the development of ovarian
cancer is genetic predisposition. Family history of ovarian
cancer has long been known to be a strong risk factor for
ovarian cancer. Case-controlled studies have demonstrated
that relatives of patients with ovarian cancer had an increased
risk themselves of developing ovarian cancer.14 The odds
ratios for patients with first- or second- degree relatives with
ovarian cancer were 3.6 (95% CI, 1.8–7.1) and 2.9 (95% CI,
1.6–5.3) when compared to subjects without a family history
of this disease.

It has been estimated that approximately 10% of all
epithelial ovarian carcinomas result from a hereditary pre-
disposition, and two distinct syndromes have been currently
identified.15 The most common is the hereditary breast-
ovarian cancer syndrome, which accounts for 75% to 90% of
all hereditary ovarian cancers. It is linked to mutations of the
BRCA 1and BRCA 2 genes, which were both identified in the
early 1990s. These genes are inherited in an autosomal dom-
inant manner, which leads to increased susceptibility to
ovarian cancer with variable penetrance. Linkage studies have
demonstrated that the lifetime risk for the development of
ovarian cancer for carriers of the BRCA 1 gene is in the range
of 16% to 63%.15 Similar studies have estimated the risk in
BRCA 2 carriers to be 16% to 27%. These genes clearly place
one at significantly higher risk than the 1.4% risk of the
general population.16,17

The second recognized ovarian cancer syndrome is the
hereditary nonpolyposis colorectal cancer syndrome
(HNPCC). Mutations in the DNA mismatch-repair (MMR)
genes are responsible for this syndrome. Specifically, muta-
tions in MLH1 and MSH2 account for 90% of subjects with
HNPCC.18 In a study of 50 HNPCC families, Aarnio et al.
determined the average lifetime risk of ovarian cancer in
patients belonging to the HNPCC kindred is 12%.19 Although
this syndrome accounts for only a small fraction of heredi-
tary ovarian cancer, these patients clearly have a lifetime risk
significantly higher than the general population and should
be considered for prophylactic surgery or screening.

Risk Reduction

Oral Contraceptive Pills

Oral contraceptive pills are one of the established findings to
be associated with risk reduction for ovarian cancer. They
have been shown to provide a protective effect for the devel-
opment of ovarian cancer in many case-controlled trials. The
World Health Organization (WHO) conducted a review of 368
patients with ovarian cancer compared to 2,397 matched con-
trols.20 The relative risk for women who had ever used oral
contraceptives was 0.75. The risk decreased with increasing
time since cessation of use and with longer duration of use.

Although the early studies that demonstrated the protec-
tive effect of oral contraceptives were based on formulations
containing 50mg or more estrogen, recent case-controlled
studies have demonstrated that the lower-dose formulations
also provide a similar degree of risk reduction. In a case-con-

trolled study, Ness et al. demonstrated that ovarian cancer
risk reduction was similar when on oral contraceptives inde-
pendent of low-dose and high-dose formulations.21 Similar
findings were reported in a study from Norway and Sweden
consisting of 103,551 patients. Any use of oral contraceptives
was associated with a decreased relative risk of 0.6 (95% CI,
0.5–0.8), and longer duration of use appeared to have an
increasing protective effect.22 The obvious benefits observed
with oral contraceptive use in the general population are also
evident in those patients who are members of a hereditary
ovarian cancer syndrome.23

Prophylactic Surgery

The high mortality associated with ovarian cancer has
prompted physicians to recommend that patients who are at
risk for developing this deadly malignancy may opt to
undergo prophylactic surgery to remove the source before it
can develop. This concept of removing the ovaries to prevent
a potential ovarian cancer is not new, as gynecologists have
been performing this for many years at the time of surgery
for benign disease. It has also been used in premenopausal
patients as a hormonal adjuvant treatment for metastatic
breast cancer. Patients with a germline mutation in BRCA1/2
or the MMR genes or those with a clinical diagnosis of hered-
itary breast-ovarian cancer (HBOC) or HNPCC syndrome are
typically candidates for this procedure. In the majority of
cases, prophylactic oophorectomy can be performed by
laparoscopy as an outpatient procedure with an acceptable
complication rate.24

Because the majority of these patients have a genetic pre-
disposition for cancer, occasionally an unrecognized ovarian
cancer is found in patients undergoing prophylactic oophorec-
tomy. Rebbeck et al. identified 6 (2.3%) stage I ovarian
cancers in 259 patients with germline BRCA mutations at
time of prophylactic oophorectomy.25 There were also 2 cases
of primary peritoneal cancer diagnosed 3.8 and 8.6 years,
respectively, after the procedure. This result was compared to
a control group of 292 patients who did not undergo prophy-
lactic oophorectomy. After a mean follow up of 8.8 years, 58
(19.9%) women in the control group were diagnosed with
ovarian cancer; thus, there was a 96% risk reduction for
coelomic epithelial cancer in those patients undergoing a pro-
phylactic oophorectomy. The risk of breast cancer was also
decreased by 53% in those patients who had a prophylactic
oophorectomy. Kauff et al. reported such a finding in 98
women who underwent a prophylactic bilateral salpingo-
oophorectomy.24 One primary peritoneal cancer was diag-
nosed, whereas in the control group there were 5 ovarian or
primary peritoneal cancers, resulting in a risk reduction of
85%. A reduction in the risk of breast cancer by almost 70%
was also reported.

Patients at high risk for ovarian cancer are likely at
increased risk for carcinoma of fallopian tube cancer.26 Thus,
a complete bilateral salpingo-oophorectomy is warranted,
with emphasis on removing as much of the tube as is tech-
nically possible. It is likely that a small interstitial portion of
the tube will remain within the cornu of the uterus. Some
may recommend a hysterectomy to remove this, but fallop-
ian tube cancers tend to arise at the fimbria or in the isthmus
portion and not within the interstitial portion. There have
been no reports of fallopian tube cancer arising subsequent to
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a prophylactic bilateral salpingo-oophorectomy. Some may
contemplate a hysterectomy at the time of prophylactic
oophorectomy for the prevention of endometrial cancer;
however, there are no good data to support that germline
BRCA mutations increase the risk of endometrial cancer. In
contrast, patients belonging to the hereditary nonpolyposis
colorectal cancer syndrome group are at significant risk of
developing ovarian and endometrial cancer. Such patients
should be offered prophylactic hysterectomy and bilateral
salpingo-oophorectomy.

Prophylactic surgery is not 100% effective. Patients
undergoing prophylactic surgery should be made aware of the
risk of primary peritoneal cancer. Previous estimates of this
risk after prophylactic surgery are in the range of 0.5% to
2.0%.24,25,27 In a retrospective review of 22 Jewish patients
with primary peritoneal cancer, Levine et al. predicted the
lifetime risk for BRCA mutation carriers to be 1.3%.26

Extensive counseling before prophylactic surgery,
whether bilateral salpingo-oophorectomy with or without a
hysterectomy, requires a detailed discussion of the risks and
benefits with the patient. The after-effects of such surgery
should be addressed before the procedure because some of
these patients will experience symptoms such as vaginal
dryness and pain with sex, which can significantly contribute
to dissatisfaction with surgery.28

Screening and Early Detection

Who Should Be Screened?

Although the majority of patients with ovarian cancer present
with advanced disease and have a poor prognosis, those
patients fortunate enough to have their cancer detected when
it is still limited to the ovaries have an associated 5-year 
survival between 80% and 90%.29 Because the majority of
patients are found to have ovarian cancer at an advanced
stage, an effective screening program for this disease would
clearly be beneficial. Unfortunately, such a program has yet
to be determined. Although the average lifetime risk of devel-
oping ovarian cancer is 1 in 70, only 1 in 2,500 women will
develop the disease in any given year. This low incidence
necessitates that any test used for ovarian cancer screening
be both highly sensitive and highly specific. To date, however,
the sensitivity and specificity of available screening tech-
nologies (i.e., transvaginal ultrasound and serum CA 125) are
not adequate to be used in women at average risk.30

Because of the low prevalence of disease in the general
population, research in screening for this disease has begun
to focus on populations at increased risk. As mentioned, epi-
demiologic studies have identified a number of risk factors
for ovarian cancer. Although both reproductive and environ-
mental influences may modify risk to a small degree, family
history of early-onset breast cancer and ovarian cancer is
clearly the most important risk factor identified to date. It 
is believed that approximately 10% of all ovarian cancers are
the result of an inherited mutation in either the BRCA1
or BRCA2 genes. A much smaller proportion of inherited
ovarian cancer is caused by mutations in the genes associated
with the hereditary nonpolyposis colon cancer (HNPCC) syn-
drome. These women are at significantly higher risk and are
recommended to participate in ovarian cancer screening with
transvaginal ultrasound and CA 125 starting no later than the

mid-thirties. Risk-reducing salpingo-oophorectomy after
child bearing has also been shown to reduce the risk of sub-
sequent breast and gynecologic cancer in BRCA mutation car-
riers and should be discussed.24

Efficacy of Screening

SERUM MARKERS

Screening modalities that have drawn the most attention over
the past two decades have been serum markers and radiologic
imaging. Bast et al. initially reported on the CA 125 assay in
1983.31 CA 125 is a high molecular weight glycoprotein that
is recognized by the murine OC 125 monoclonal antibody.
Since that time, CA 125 has been the most extensively
studied tumor marker for ovarian cancer screening.

Several large prospective studies have investigated the use
of CA 125 levels as an initial test to screen for ovarian cancer.
Einhorn et al. screened 5,500 healthy Swedish women at least
40 years of age with CA 125.32 One hundred seventy-five
women with elevated CA 125 levels and an age-matched
control group were followed with pelvic examination and
sonography every 6 months and serial CA 125 levels every 3
months. Six ovarian cancers were found in the study popula-
tion, 2 stage IA, 2 stage IIB, and 2 stage IIIC. In each of these
6 cases, CA 125 either doubled or reached 95U/ml during a
median follow-up of 32 months. Three women in the control
group developed an ovarian cancer. CA 125 levels greater than
35U/mL exhibited a specificity of 98.5% in women age 50 or
older.

Jacobs et al. conducted a randomized control trial on
22,000 healthy postmenopausal women who were screened
with CA 125.33 Patients with a value of 30U/mL or greater
were examined with a pelvic ultrasound (transabdominal in
the first year of study, then transvaginal in the subsequent
enrollees), and those with an abnormal ultrasound were sur-
gically explored. Twenty-nine patients underwent surgical
exploration that identified 6 (3 stage I) ovarian cancers during
the first 3 years of screening. Ten additional women devel-
oped ovarian cancer in the 8 years following their screening.
Twenty women in the no-screening group developed ovarian
cancer. The positive predictive value of this screening proto-
col was 20.7%. There was a higher percentage of early-stage
ovarian cancers in the screened group (31.3% with stage I/II
disease versus 10% in the nonscreened group), but this dif-
ference was not significant (P = 0.17). Ovarian cancer patients
in the screened group did have a longer median survival than
those in the control group (72 versus 42 months; P = 0.011),
but this may be due to a lead-time bias rather than a true
benefit from screening.

ULTRASOUND

Transabdominal ultrasound has been studied as a screening
modality for ovarian cancer. In a prospective study, 5,479
asymptomatic women were subjected to three annual sono-
graphic evaluations. Patients with abnormal findings were
referred for surgical evaluation. An abnormal sonogram was
found in 326 patients (5.9%), and 5 patients with ovarian
cancer (all stage I) were identified. More than 25% of the false-
positive sonograms had no ovarian pathology at exploration,
and 74.3% had benign ovarian abnormalities. This screening
method resulted in 51 surgical procedures for each cancer
found.34
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In an attempt to improve on this, transvaginal ultrasound
has been studied as an alternative modality. van Nagell et al.
reported on 1,300 asymptomatic postmenopausal women
who were screened with transvaginal ultrasound.35 Ovarian
abnormalities were found in 33 women (2.5%). Of these, 27
went on to have laparotomy, and 2 were found to have stage
IA ovarian cancer. The same group subsequently reported on
3,220 postmenopausal women using both transvaginal ultra-
sound and a specific morphologic index. Morphologic index
was abnormal in 44 of the women, and 3 were found to have
ovarian cancer (2 stage IA and 1 stage IIIB).

The same authors undertook a more targeted approach
directing screening to patients who were classified as at risk
for ovarian cancer.36 The group included women older than
age 50 and women older than age 25 with  a family history
of ovarian cancer. Annual transvaginal sonogram was per-
formed on 14,469 women. Patients with an abnormal scan
had a repeat in 4 to 6 weeks, and those with a second abnor-
mal scan had a CA 125, tumor morphology indexing, Doppler
flow, and surgical evaluation. Of 180 patients who underwent
surgical evaluation, 17 ovarian cancers were detected (11
stage I, 3 stage II, and 3 stage III). Among patients with normal
screening sonograms, 4 were considered to have false-
negative screening tests (development of ovarian cancer or
peritoneal cancer within 12 months of a normal sonogram).
The sensitivity for ovarian cancer was 81%, specificity 
was 98.9%, and the positive predictive value was 9.4%. The
sensitivity for detecting stage I ovarian cancer (excluding 
borderline and granulosa tumors) was 31%.

Summary of Screening for Ovarian Cancer
Although screening for ovarian cancer using CA 125 and
ultrasound can detect disease in its earliest stage (Table 52.1),
the low prevalence of this disease makes the positive predic-
tive value (PPV) too low for use in the general population. CA
125 alone lacks specificity, especially in the premenopausal
population, and may lack sensitivity for early-stage disease.
Ultrasound screening still is considered experimental in the
general population.37 Combining CA 125 and ultrasound may
sacrifice sensitivity and only achieves a high PPV in the post-
menopausal population.

To be effective, a screening test should result in a decrease
in mortality. There has yet to be a well-designed clinical
study that has been able to demonstrate this. Currently, there
are three large ongoing randomized trials that, it is hoped, will
provide more information on the role of CA 125 and ultra-
sound in the screening for ovarian cancer in the general pop-
ulation. The Prostate, Lung, Colon, and Ovarian trial is being
conducted by the National Institutes of Health and is a ran-
domized trial of screening versus no screening for these
cancers. Approximately 74,000 women over age 60 years will
be randomized to CA 125 testing, ultrasound, and physical
examination or to a no-screening control group. This sample
size will require 16 years of follow-up to have an 80% power
to detect a 30% decrease in mortality.

Two European groups are also conducting large random-
ized screening trials. The St. Bartholomew’s group will ran-
domize 120,000 postmenopausal women over 50 years to
annual CA 125 screening or to a no-screening control group.
Women with an abnormal CA 125 will have follow-up with
a sonogram, which may lead to surgical evaluation. This
study is designed to have an 80% power to detect a 30%
reduction in mortality. Third, the European Multicentre
Study group will randomize 120,000 postmenopausal women
to screening with transvaginal sonography or no screening.

These large randomized studies will provide more infor-
mation on the role of CA 125 and ultrasound for the screen-
ing of ovarian cancer in the general population. Until such
results are available, screening in the general population
remains unproven. Participation in screening clinical trials is
an option for these people. For patients belonging to a hered-
itary ovarian cancer syndrome group who have a higher risk
of developing ovarian cancer, screening with CA 125, clinical
examination, and transvaginal sonography can be recom-
mended, and eventually these patients may consider prophy-
lactic surgery when childbearing is completed.

Primary Surgery for Ovarian Cancer

Surgery is essential for the diagnosis and treatment of ovarian
cancer. Not only does it provide a pathologic diagnosis in
cases of suspected ovarian cancer, it provides an opportunity
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TABLE 52.1. Large screening trials.

No. of
No. No. of No. Initial No. of positive

Trial Reference Year of patients invasive cancers with stage I intervention positive screens screens/cancer

Einhorn 32 1992 5,550 6 2 CA125 175 29
Jacobs 167 1993 22,000 11 4 CA125a 41 3.7
Grover 168 1995 2,550 1 0 CA125a 16 16
Adonakis 169 1996 2,000 1 1 CA125a 15 15
Jacobs 33 1999 10,958b 6 3 CA125a 29 4.8
Van Nagell 35 1995 8,500 8 6 TVSc 121 15
Campbell 34 1989 5,479 5 5 TAS 326 65
Sato 170 2000 51,550 22 17 TVSc 324 15
DePriest 171 1997 6,470 6 5 TVSc 90 15
Van Nagell 36 2000 14,169 17 11 TVSc 180 10.6
a Followed by pelvic sonogram if CA125 abnormal.
b Randomized controlled trial with 10,977 controls.
c Followed by additional testing if abnormal.



for the cytoreduction of advanced-stage disease or the staging
of apparent early-stage disease. The International Federation
of Gynecology and Obstetrics (FIGO) staging system involves
a comprehensive surgical staging system based on the known
patterns of spread. Essential elements of this are given in
Table 52.2.

Impact of “Maximal Surgical Effort” on Outcome

The term maximal surgical effort was first introduced for
patients with ovarian cancer in 1968 by Munnell when he
reported an improved survival in patients who underwent a
“definitive surgery” compared to those who had “partial
removal” or “biopsy only.”38 Similar reports illustrating
improved survival in patients who underwent surgical cyto-
reduction followed.39

Quantification of residual disease was first described by
Griffiths in 1975,40 who reported on 102 patients with stage
II or III ovarian cancer who were treated with single-agent
melphalan after primary surgical cytoreduction. The patients
were stratified based on the largest diameter of residual
disease after primary debulking surgery. Median survival 
was 39 months for patients with no gross residual disease, 
29 months for those with residual tumor less than 0.5cm, 
18 months for patients with 0.6 to 1.5cm residual tumor, and
11 months for patients with residual tumor greater than 
1.5cm. Others have demonstrated the benefit of primarily
cytoreductive surgery in the management of patients with
ovarian cancer in retrospective series.

There have been several studies that have demonstrated
that the number of residual lesions may have an effect on
outcome. Gall et al. demonstrated that, in patients with less
than 3cm of residual disease, those with 1 lesion had improved
survival compared to those with more than 1 lesion.41 Hoskins
et al. reported on the re-review of another stage III (optimal)
Gynecologic Oncology Group study and found a significant
difference in progression-free interval and survival based on
the number of residual lesions.42 Patients had an increase in
relative risk for greater than 20 residual lesions.

Although diameter of residual disease may be only one of
the factors that may influence prognosis, it remains the most
widely used method to quantify the effects of cytoreductive
surgery. Typically, the patients are reported using the termi-
nology of “optimal” and “suboptimal”; however, the precise
cutoff and the measure of outcome may vary between studies.
Typically, the reported cutoffs have been between 0.5 and 
3.0cm, and currently, the Gynecologic Oncology Group
(GOG) employs a cutoff of largest residual nodule 1cm or less

as being “optimal.” Outcome measurements that have been
employed include response to chemotherapy, likelihood of
achieving a negative second look, and survival, but in all
parameters, a clear benefit exists to patients in whom
“optimal” cytoreduction is achieved.

Recently the benefits of maximal cytoreductive surgery
have been illustrated in a large meta-analysis. Bristow et al.
identified 53 studies on patients who predominantly had
stage III or IV epithelial ovarian cancer and who underwent
initial cytoreductive surgery followed by chemotherapy that
included either cisplatin or carboplatin.43 Maximal cytore-
duction was considered to have occurred if the residual
disease measured 3cm or less in largest diameter. Ninety-five
percent of studies used either 1 or 2cm as the cutoff for defin-
ing maximum cytoreduction. There was a statistically sig-
nificant positive correlation between percent maximal
cytoreduction and log median survival time. Each 10%
increase in maximal cytoreduction was associated with a
5.5% increase in median survival time. When survival was
compared between a cohort who had 25% or less maximal
cytoreductive surgery to one with greater than 75%, there
was a 50% increase in median survival time in the group with
the higher percent of maximum cytoreductive surgery. The
authors concluded that maximal cytoreduction was one of the
most powerful determinants of cohort survival among
patients with stage III and IV ovarian cancer, and consistent
referral of patients with suspected advanced ovarian cancer to
expert centers for primary surgery may be the best means
available for improving overall survival.

Value and Extent of Retroperitoneal Lymph 
Node Dissection

Ovarian cancer can disseminate by several proposed methods:
direct extension, exfoliation of cells into the peritoneal
cavity, lymphatic spread, or hematogenous dissemination.
The role of retroperitoneal lymph node dissection is another
topic of debate in the surgical management of ovarian cancer.
Lymphatic spread to the retroperitoneal lymph nodes is
believed to follow the vascular drainage of the ovary; thus,
lymphatic tissue up to the level of the left renal vein is at risk
for disease spread.

The diagnostic value of retroperitoneal node dissection
cannot be questioned in apparent clinical stage I disease.
Because adjuvant chemotherapy is prescribed in all but the
earliest cases of ovarian cancer, determining node status is
imperative for the management of early-stage disease. In
patients with clinically apparent early-stage disease, approx-
imately 10% will have pathologic evidence of nodal 
metastasis.44

Patients with advanced-stage (III and IV) disease require
chemotherapy as part of their management, and lymph node
dissection has a lesser impact on management plan. The ther-
apeutic benefits of systemic lymph node dissection are not
clear. Burghardt et al. retrospectively reviewed the 5-year actu-
arial survival rate for stage III ovarian cancer patients who had
and had not undergone pelvic lymphadenectomy.45 The
patients who had undergone lymphadenectomy had a 5-year
actuarial survival rate of 53% compared to 13% in those
patients who did not. Obviously, the no-lymphadenectomy
group may well have been more advanced, based on selection
bias.
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TABLE 52.2. Comprehensive staging for ovarian cancer.

Peritoneal cytology
Intact tumor removal
Complete abdominal exploration
Removal of the remaining ovary, uterus, and tubes (may be
preserved in select cases)
Infracolic omentectomy
Pelvic and paraaortic lymph node sampling
Multiple biopsies from areas at risk for spread (i.e., diaphragm,
paracolic gutters, pelvis)



In a comparative study of stage IIIC–IV optimally (gross
residual disease less than 2cm) cytoreduced patients with
epithelial ovarian cancer, Scarabelli et al. demonstrated that
systemic pelvic and paraaortic lymphadenectomy signifi-
cantly improved survival in previously untreated patients.46

With a median follow up of 26 months (range, 9–60), the esti-
mated 4-year survival for patients who had undergone lym-
phadenectomy was 22% compared to those who had not, 0%
(P less than 0.001). Twenty-three of the 30 patients (76.6%)
who had undergone a systematic lymphadenectomy had pos-
itive pelvic and/or paraaortic nodes. There was a significant
difference in survival based on nodal status, with an estimated
2-year survival of 46% for the node-positive patients compared
to 100% in the node-negative patients. As in untreated
patients who were optimally reduced at primary surgery, a
similar survival benefit has also been shown in untreated
patients with advanced-stage ovarian cancer who underwent
complete resection of disease in the peritoneal cavity and who
undergo systemic pelvic and paraaortic lymphadenectomy.
The use of systematic lymphadenectomy does not affect sur-
vival if patients are left with suboptimally debulked disease.47

In an attempt to better define the impact of aortic and
pelvic lymphadenectomy in patients with advanced-stage
ovarian cancer, Spirtos et al. conducted a prospective study 
of 77 consecutive patients with advanced-stage epithelial
ovarian cancer who were undergoing exploratory laparo-
tomy.48 Complete pelvic and paraaortic lymphadenect-
omy was attempted whenever maximal cytoreduction was
obtained to residual tumor nodules less than 1cm. Fifty-six
of the 77 patients (73%) enrolled underwent systematic lym-
phadenectomy. Twenty-one patients (27%) did not undergo
the procedure because it would not have impacted the cytore-
ductive status or because intraoperative conditions precluded
it. Positive lymph nodes were found in 36 of the 56 (64%)
patients who had a lymphadenectomy, and of these 23 (64%)
were macroscopically positive. With a median follow-up of 
30 months, 10 of 20 (50%) of patients with negative lymph
nodes, 6 of 13 (46%) with microscopically positive lymph
nodes, 10 of 23 (43%) with resected macroscopically posi-
tive nodes, and 2 of 21 (10%) with residual disease at least 
1cm in diameter were alive without evidence of disease. The
authors concluded that lymphadenectomy offers little benefit
if the nodes are macroscopically negative. However, removal
of macroscopically positive nodes was advocated because sur-
vival in this group was similar to that of patients with micro-
scopically positive nodes.

Although it appears that systematic pelvic and paraaortic
lymphadenectomy may have a role in the primary surgical
management of advanced ovarian cancer if patients can be
maximally cytoreduced, one explanation may be that a por-
tion of patients who have undergone maximal cytoreduction
may have macroscopically enlarged nodal disease greater than
1cm, 14.3% of patients in one prospective series.49 The
results of an internationally randomized trial to evaluate the
role of systematic lymphadenectomy versus resection of any
bulky nodes in optimally debulked patients may provide
more information to help formulate surgical algorithms.

Role of Neoadjuvant Therapy

The traditional sequence of management for ovarian cancer
is composed of initial surgery followed by chemotherapy.

This sequence seems to be the optimal approach in most
women because it provides an opportunity to confirm a sus-
pected diagnosis of ovarian cancer, remove large tumor
masses that may have poor blood supply, and theoretically
increase the chemosensitivity of remaining tumor nodules by
causing a greater number of tumor cells to enter the dividing
phase.

However, the traditional approach of surgery followed by
adjuvant chemotherapy may not be the best sequence to treat
all patients who present with advanced ovarian cancer. In par-
ticular, patients who are too ill to tolerate a large debulking
procedure or patients with tumor that cannot be reduced to
remaining disease with a greatest diameter less than 2cm
may be better served by receiving chemotherapy first. This
approach has the advantage of avoiding aggressive surgery in
patients with chemoresistant disease.

Neoadjuvant chemotherapy, which is given to patients
with advanced ovarian cancer before cytoreductive surgery,
has several theoretical advantages over primary cytoreduc-
tion: (1) improvement of performance status, especially in
elderly patients and those with pleural effusions and ascites;
(2) decrease in the extent and morbidity of surgery by reduc-
ing tumor volume preoperatively; and (3) increase in the per-
centage of patients undergoing optimal cytoreduction.

Several retrospective studies have evaluated this approach
in the management of advanced ovarian cancer. Vergote et al.
reported on 285 patients with advanced ovarian cancer treated
between 1980 and 1997.50 Between 1980 and 1988, all patients
underwent primary debulking surgery. Between 1989 and
1997, patients were surgically evaluated to determine if they
should receive chemotherapy first (43%) or cytoreductive
surgery (57%). Crude 3-year survival when the neoadjuvant
approach was applied in the latter part of the study was 42%,
compared to 26% during the early time period when all
patients underwent primary debulking surgery.

Ansquer et al. reported the French multicenter experience
with neoadjuvant chemotherapy for ovarian cancer deemed
unresectable by either laparoscopy (61%) or laparotomy
(39%).51 Patients received a median of four cycles of chem-
otherapy preoperatively. Eighty percent responded to
chemotherapy and underwent subsequent debulking, which
was optimal in 91% of patients. The authors concluded that
neoadjuvant chemotherapy in unresectable ovarian cancer led
to a selection of chemosensitive patients who could subse-
quently undergo optimal cytoreduction in the majority of
cases. In addition, aggressive cytoreduction was avoided in
patients with initial chemoresistance. The absence of any
prospective evaluation of the neoadjuvant approach make its
routine application inappropriate at this time.

A concept that has been combined with neoadjuvant
chemotherapy is interval cytoreduction. In spite of the fact
that employing more-aggressive surgical procedures can
increase the “optimal” debulking rate, a portion of patients
will undoubtedly be left with “suboptimal’ residual disease.
Because these patients have a substantially worse prognosis
than those who are optimally cytoreduced, some have evalu-
ated the benefit of a brief course of chemotherapy followed
by a second attempt at cytoreduction (“interval cytoreduc-
tion”) before completing a prescribed chemotherapy regimen.
Lawton and coworkers attempted cytoreduction of 28
patients after three cycles of platinum-based chemotherapy
and were successful in debulking 25 patients to residual
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disease of less than 2cm.52 Ng and associates described 38
patients who underwent interval cytoreduction after two
intensive courses of platinum-based chemotherapy and
reported that 30 of these patients could be cytoreduced to less
than 1cm of residual disease.53 Thus, it appears that interval
cytoreduction can be quite successful in allowing patients a
second opportunity for optimal cytoreduction. The effect of
this interval cytoreduction on long-term prognosis, however,
is less clear. Neijt and coauthors did not find the survival rate
of a small group of patients who underwent interval cytore-
duction to be as high as that of those who underwent suc-
cessful cytoreduction at the initial operation.54

Although it appears feasible to improve the percentage of
patients who can be reduced to optimal disease by presurgi-
cal treatment with chemotherapy, existing data are insuffi-
cient to determine whether this approach results in improved
median survival. Comparison to patients who were cytore-
duced initially may bias this because of the potential “favor-
able biology” of those who could be cytoreduced initially. A
true comparison would be with those patients who could not
be cytoreduced and not undergo interval cytoreduction.

The use of interval debulking for ovarian cancer has been
studied in a large prospective randomized fashion by the 
European Organization for the Research and Treatment of
Cancer (EORTC).55 Patients with FIGO IIb-IV ovarian cancer
who had been suboptimally debulked were included in this
study. Four hundred twenty-five patients were initially
treated with three courses of chemotherapy consisting of cis-
platin and cyclophosphamide after which they were random-
ized to undergo either an interval laparotomy followed by
another three courses of chemotherapy or another three
courses of chemotherapy alone. One hundred six women were
not eligible for randomization because of progression of
disease, uncompleted chemotherapy, contraindication to
surgery, or other reasons. Patients undergoing interval surgery
had a significantly improved 2-year overall survival and pro-
gression-free survival compared to those patients treated with
chemotherapy alone: 56% versus 46% and 38% versus 26%,
respectively. Median survival in the interval laparotomy
group was 26 months compared to 20 months in the control
group.

The Gynecologic Oncology Group (GOG) undertook a
similar study to evaluate the role of interval cytoreduction on
progression-free and overall survival in patients with subop-
timally debulked ovarian cancer. Patients who had subopti-
mal disease after initial therapy were clinically reassessed.
Those who were responding or those with stable disease were
randomized to interval cytoreduction or no surgery. All
patients received an additional three courses of chemother-
apy. Median overall survival and progression-free survival
were not significantly different between those who under-
went interval cytoreduction and the control group: 32 months
versus 33 months and 10.5 months versus 10.8 months,
respectively. Based on these results, the authors concluded
that interval secondary cytoreductive surgery is not benefi-
cial in regard to overall survival and progression-free survival
for patients with advanced-stage suboptimal disease who 
had previously undergone maximal primary cytoreductive
surgery. An explanation for the conflicting results of these
two large randomized trials may rest in the extent of initial
suboptimal surgery in that all patients in the GOG trial were
initially operated on by surgeons specifically trained in

ovarian cancer surgery whereas the surgical expertise level in
the EORTC trial was not as consistent. Based on these find-
ings, interval cytoreduction does not appear to have a role in
patients who have undergone an aggressive initial attempt at
cytoreduction by a gynecologic oncologist and are left with
suboptimal disease. Neoadjuvant chemotherapy with interval
cytoreduction may have a role in patients who, at initial 
diagnosis, are truly deemed unresectable via CT scan or
laparoscopy or those who are initially felt to be medically
unfit to undergo surgery.

Impact of Spillage in Stage IC Disease

Several controversial issues surround the surgical staging of
early-stage disease. The significance of intraoperative rupture
in cases with disease otherwise confined to the ovaries is a
situation that has attracted much attention. Dembo et al.
examined the prognostic factors in stage I epithelial ovarian
cancer (EOC).56 This study was a two-part study in which data
from 252 Canadian patients were used to generate a hypoth-
esis and the result was applied to a separate group of 267 
Norwegian patients. The presence of tumor rupture was not
a poor prognostic factor in the relapse-free rate. Ahmed et al.
reported on a series of 194 patients with stage I epithelial
ovarian cancer who were entered into a trial of observation
only after surgery.57 Patients who had rupture at time of
surgery did not have a significantly worse survival. Similar
conclusions were reached by Sevelda et al., who performed a
case-controlled analytical study on 60 patients who had
tumor confined to one or both ovaries.58 Half the patients had
their tumors removed intact and the others had intraopera-
tive rupture. All patients underwent a staging procedure con-
sisting of bilateral salpingo-oophorectomy, hysterectomy,
omentectomy, and pelvic lymphadenectomy. All patients
except 10 received whole abdominal radiation therapy.
Tumors were of significantly higher grade and there were
more bilateral tumors in the group who had intraoperative
rupture. On multivariate analysis, tumor grade, stage, and
intraoperative rupture did not have a prognostic influence on
5-year survival. The authors concluded that prognosis of
patients with stage I tumors does not depend on intraopera-
tive rupture. Other studies examining the effect of intraoper-
ative rupture on recurrence-free survival in untreated patients
have also demonstrated similar findings.59

Intraoperative rupture has been reported to be a poor prog-
nostic factor in other series. In a large retrospective study of
1,545 patients with FIGO stage I invasive epithelial ovarian
cancers from the Netherlands, Vergote et al. correlated
disease-free survival with various clinical and pathologic vari-
ables.60 All patients underwent laparotomy, hysterectomy,
bilateral salpingo-oophorectomy, and infracolic omentec-
tomy. Peritoneal washings, diaphragmatic scrapings, and
retroperitoneal lymphadenectomy were not routinely done.
Tumor rupture and timing of such was recorded. On multi-
variate analysis, degree of differentiation (moderate and poor),
preoperative and intraoperative rupture, and age at diagnosis
were predictive of recurrence.

The issue of intraoperative rupture remains controver-
sial. However, capsular rupture whether preoperative or 
intraoperative does result in upstaging according to FIGO 
criteria, and adjuvant treatment should be prescribed 
accordingly.
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Second-Look Surgery

Second-look surgery was first introduced as a diagnostic and
therapeutic intervention for patients with gastrointestinal
malignancies. In the management of ovarian cancer, it can 
be defined as a comprehensive surgical exploration in an
asymptomatic patient who has completed initial surgery 
and a planned program of chemotherapy. After initial 
surgery, patients may not have measurable disease; thus,
second-look surgery was initially used as a means of deter-
mining when a patient’s chemotherapy could be discontin-
ued.61 The procedure was widely used in the 1970s and 1980s,
but its enthusiasm has waned, and it remains a topic of con-
troversy.

Second-look surgery has been evaluated in patients with
early-stage disease. Reporting the Ovarian Cancer Study
Group and the GOG patients, Walton et al. reported on 112
patients with FIGO stage I or II ovarian carcinomas who
underwent second-look surgery after completion of adjuvant
therapy.62 Of the 95 patients who were asymptomatic at 18
months, only 5% had positive findings, compared to the 17
patients who were symptomatic (bowel obstruction, abdom-
inal or pelvic complaints, weight loss, or other symptoms 
suspicious for recurrent disease). Of these patients, 53% 
had disease at second-look surgery.

In a smaller series, Rubin et al. reported on 54 stage I
patients who underwent second-look surgery following com-
plete surgical staging and adjuvant chemotherapy.63 They
found, as did Walton et al., that only 5.5% of patients had
disease. None of the patients with grade 1 tumors had disease.
Tumor grade was a significant predictor of recurrence fol-
lowing a negative second look, with grade 1 and 2 having a
0% risk of recurrence compared to 52% in the grade 3 tumors.
Substage, histologic type, and chemotherapy type or duration
did not predict recurrence. Given the small positive yield 
of second-look surgery in early-stage patients who have 
been initially comprehensively staged, it is not routinely 
recommended.

In patients with advanced ovarian cancer, the issues of
second-look surgery are not as clearly defined. Surgical eval-
uation remains the most accurate method to date of evaluat-
ing patients with small-volume disease. In a prospective
study of patients with ovarian cancer, Meier et al. demon-
strated a 50% false-negative rate when correlating CA 125
levels with surgical findings.64 Of those patients with stage
III/IV disease and found to be disease free at second-look
surgery, more than half have a recurrence of their disease with
continued follow-up.65 This finding brings the utility of
second look into question. Experience from a large GOG ran-
domized trial illustrates these issues. In a comparison of pro-
gression-free survival and overall survival in patients from
GOG Protocol 158, Ozols and Greer compared 393 subjects
preselected to undergo second look to 399 patients who did
not. Second-line chemotherapy was not standardized in the
study.66 Two hundred ninety-four (75%) of the second-look
group went on to have the procedure. The adjusted relative
risk was 0.88 (95% CI, 0.73, 1.06), and the difference in
median progression free survival was 2.1 months for the
second-look group (25.0 versus 22.9 months). There was no
difference in survival between the groups, and they concluded
second-look surgery combined with various second-line ther-
apies improved progression-free survival or overall survival in
primarily positive patients.

Although a true benefit to second-look surgery alone has
yet to be proven, the procedure does allow an opportunity for
secondary cytoreduction if feasible. Several retrospective
series have shown a benefit to secondary cytoreduction at
time of second look. In a retrospective review of 150 patients
with ovarian cancer from the Mayo Clinic who underwent
second-look surgery, Dowdy et al. demonstrated that patients
with macroscopic disease of 1cm or more and who were able
to be cytoreduced to microscopic disease had a better survival
compared to those subjects who had residual macroscopic
disease and those with disease of 1cm or more who were sec-
ondarily cytoreduced to microscopic disease.67 Other studies
in the literature have also demonstrated such a benefit.68,69

Second-look surgery does not appear to have a role in the
management of patients with early-stage ovarian cancers. Its
role in patients with advanced-stage disease still is contro-
versial, although it can be justified in the clinical trial setting
when response to therapy must be accurately determined.
Certain situations such as placement of an intraperitoneal
catheter may justify its routine use in patients with advanced-
stage disease. If gross residual disease is found, strong con-
sideration should be given to secondary cytoreduction if
microscopic residual can be obtained.

Primary Chemotherapy for Ovarian Cancer

In the clinical management of ovarian cancer, management
has traditionally been divided into low-stage (FIGO stage I
and stage 2) cancer and advanced disease, based on the results
of surgical staging. The clinical outcome for low-stage cancers
is far superior to that of more-advanced disease. The clinical
trials and analyses are routinely divided into these two
groups, which allows the most clear-cut evaluation of the
clinical data.

Low-Stage Disease

Adjuvant Treatment for Stage 1 and Stage 2
Epithelial Ovarian Cancer

The benefit of immediate adjuvant therapy for low-stage
ovarian cancer is a key question when surgical therapy alone
can lead to a long-term disease-free survival in excess of 80%.
In the early 1980s, the Gynecologic Oncology Group con-
ducted a pair of randomized adjuvant therapy trials for com-
prehensively staged patients with stage I tumors.70 In the first,
eligible patients had FIGO stage IA or IB tumors that were of
well- or moderately differentiated grade. Patients either were
observed or treated with adjuvant melphalan. After a median
follow-up of more than 6 years, there was no significant dif-
ference between the two groups. The 5-year disease-free sur-
vival was 91% versus 98% (P = 0.041) and the overall survival
was 94% versus 98% (P = 0.43) in the observation and mel-
phalan group, respectively. Three (38%) of 8 patients who had
clear cell histology relapsed as compared to only 2 (3%) of 
63 patients with other histologic types. This finding led the
authors to define a low-risk group that included patients 
with disease confined to one or both ovaries, intact capsule,
no adhesions or extracystic tumor, no ascites, negative peri-
toneal washings, and well- or moderately differentiated 
histology. A prospective, observational study of 194 patients
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with stage I disease reported similar survivals from stage 1A
and 1B disease.71 It appears that well-staged patients with
disease limited to the ovaries and who have well-differenti-
ated tumors have high enough survival rates that they do not
derive benefit from adjuvant therapy. The recommendation
for patients with stage IA or IB, grade 2 disease still remains
controversial, with some recommending adjuvant therapy
while others do not. The importance of comprehensive
staging before withholding adjuvant therapy cannot be
stressed enough, given that as many as 31% of patients will
have subclinical metastasis, which should be treated.70

In contrast to the low-risk patients, patients with grade 3
cancers, stage 1C disease or stage 2 disease, are generally con-
sidered to be at high risk, and adjuvant treatment is more
likely to be beneficial. Chemotherapy use as adjuvant treat-
ment has also been studied in prospective fashion (Table
52.3). The Italian collaborative group, Gruppo Interregionale
Collaborativo in Ginecologia Oncologica (GICOG), con-
ducted two simultaneous randomized trials.72 The first trial
included patients with stage IA and IB, grade 2 and 3 tumors
who were randomized to adjuvant therapy with cisplatin 
(50mg/m2 every 28 days for six cycles) or no further treat-
ment. The second trial randomized stage IC patients of any
grade to cisplatin (50mg/m2 every 28 days for six cycles) or
intraperitoneal phosphorus-32 (32P) (15mCi). With a median
follow-up of 76 months, the 5-year disease-free survival was
83% (cisplatin) compared to 65% (no treatment) in the first
trial (P = 0.09) and 85% (cisplatin) compared to 65% (32P arm)
in the second trial (P = 0.008). In both trials, the difference
was primarily due to a reduction of relapses in the pelvis only.
In neither of the two trials was there a significant difference
in 5-year overall survival due to the initiation of platinum-
based chemotherapy at time of relapse for the no-treatment
group. The authors also suggested the lack of difference in
overall survival may be due to the limited impact of adjuvant
therapy, low doses at which the cisplatin was administered,
impact of salvage therapy, or that the study was underpow-
ered. Trope et al. reported on their randomized study of adju-
vant chemotherapy in stage I high-risk ovarian cancers.73

They defined high risk as FIGO grade 1 aneuploid, grade 2 or
3, or clear cell carcinomas. One hundred sixty-two patients
were randomized to receive either adjuvant carboplatin [area
under the curve (AUC) 7] every 28 days for six courses or no

adjuvant treatment. With a median follow-up of 46 months,
estimated 5-year disease-free survivals were similar, at 70%
and 71% in the treatment group and control group, respec-
tively. Five-year disease-specific survival was 86% and 85%
in the treatment and control groups, respectively. The authors
believed the results were inconclusive because of the small
size of the study.

More recently, the results of two large prospective ran-
domized European trials of chemotherapy treatment have
been published. These trials attempted to address the issue of
adjuvant chemotherapy use in high-risk early-stage ovarian
cancer. Unfortunately, the patient populations from these
studies were flawed by an absence of consistent, comprehen-
sive staging. In an EORTC trial, patients were accrued from
40 centers in nine European countries. Eligibility criteria for
this trial included patients with FIGO stage IA–IB (grade 2 or
3)–IIA tumors or patients with stage I–IIA clear cell carcino-
mas who underwent surgical treatment that consisted of total
abdominal hysterectomy and bilateral salpingo-oophorec-
tomy in most cases, in addition to surgical staging. The sur-
gical staging consisted of at least careful inspection of the
peritoneal surfaces, with biopsy of any suspicious lesion. Sur-
gical staging had four classifications ranging from optimal, if
a comprehensive staging procedure as previously described
was performed, to inadequate, if peritoneal surfaces were
carefully inspected. Four hundred forty-eight patients were
randomized to receive either adjuvant platinum-based
chemotherapy or observation, with the endpoints being ove-
rall survival and recurrence-free survival. The overall survival
was similar comparing adjuvant therapy to observation with
a hazard ratio of 1.45 (CI, 0.93–2.27; P = 0.10]. The recurrence-
free survival was improved in the patients who had adjuvant
therapy, with a hazard ratio of 1.59 (CI, 1.09–2.31; P = 0.02].
Because comprehensive staging was not mandated, only
approximately one-third of patients qualified as being opti-
mally staged. When the patients were analyzed based on thor-
oughness of staging, the patients who were not optimally
staged had improved disease-free and overall survival rates if
treated with adjuvant chemotherapy; however, no difference
was identified among the optimally staged patients, a much
smaller group. The authors concluded that adjuvant che-
motherapy was associated with improved recurrence-free sur-
vival. However, the benefits of chemotherapy appear limited
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TABLE 52.3. Adjuvant chemotherapy for early-stage ovarian cancer.

No. of Median
Author Reference Year Stage patients Treatment follow-up (F/U) Outcome (%) P value

Young 70 1990 IA–B grade 43 Melphalan >6 years 98 (5-year DFS) 0.41
1, 2 38 No treatment 91

Bolis 72 1995 IA–B, grade 41 CDDP 76 months 83 (5-year DFS) 0.095
2–3 42 No treatment 65

Trope 73 2000 I 81 Carboplatin 46 months 70 (5-year DFS) 0.9
81 No treatment 71

Trimbos 74 2003 I–IIA 224 Platinum-based 5.5 years 76 (5-year DFS) 0.02¥

(ACTION) 224 No treatment 68
Colombo 75 2003 I–IIIa 241 Platinum-based 51 months 73 (5-year DFS) 0.01
(ICON1) 236 No treatment 62
Trimbos (ICON1 74 2003 I–IIIa 465 Platinum-based >4 years 76 (5-year DFS) 0.001
and ACTION) 460 No treatment 65

DFS, disease-free survival.
a Majority of patients are stage I/II.
¥ No difference in disease-free survival for optimally staged patients.



to those patients who do not undergo optimal staging and
thus are at risk for having subclinical disease.

Over a similar time period, the International Collabora-
tive Ovarian Neoplasm Collaborators group conducted their
own adjuvant chemotherapy trial for early-stage ovarian
cancer (ICON 1).74,75 The eligibility criteria were even less
stringent in that entry into the trial was based on the clini-
cian’s judgment, which probably resulted in some occult
advanced stage patients being included in the trial. If the 
clinician was uncertain if the patient required adjuvant
chemotherapy, the patient was eligible for the ICON 1 trial,
so long as she had all visible disease removed. Hysterectomy,
bilateral salpingo-oophorectomy, and omentectomy were the
minimum surgical requirements. Patients were randomized
to a platinum-containing regimen or observation. With a
median follow-up of 51 months, the 5-year overall survival
was 79% in the adjuvant therapy group, which was signi-
ficantly better than the 70% in the observation arm. The
disease-free survival was also significantly better in the adju-
vant treatment arm (73% versus 62%). The authors con-
cluded that platinum-based adjuvant therapy improves
survival and delays recurrence in patients with early-stage
epithelial ovarian cancer.

In a preplanned combined analysis of the ACTION and
ICON1 trials, the authors published the results of all 925
patients. With a median follow-up of more than 4 years, 5-
year overall survival was 82% in the chemotherapy arm and
74% in the observation arm (P = 0.008). Five-year recurrence-
free survival was also improved in the chemotherapy arm
compared to the observation arm (76% versus 65%, respec-
tively; P = 0.001). However, because the majority of patients
in this joint study were not optimally staged, the argument
still remains as to whether the presence of unappreciated
residual disease could account for the apparent beneficial
effect of adjuvant chemotherapy in this joint analysis.
Although platinum-based adjuvant therapy appears to have a
role in the incompletely staged population, its role in the
comprehensively staged, early-stage patient remains unan-
swered by this trial.76

The drugs to be used in this setting have never been
directly tested. In advanced disease, platinum-based therapy
has been shown to be superior to nonplatinum therapy and
combination therapy is superior to single-agent treatment.77

That information has been extrapolated to low-stage disease,
and all recent trials employ platinum-based therapy. The
American approach, dictated by the Gynecologic Oncology
Group (GOG), is to employ paclitaxel and carboplatin in the
chemotherapy approach, although the contribution of pacli-
taxel in this setting has not been established. The issue of
duration of adjuvant therapy has been addressed. The GOG
recently reported the results of its randomized trial of adju-
vant treatment for poor prognosis, early-stage ovarian cancer.
The objective of this study was to determine if adding an addi-
tional three cycles of chemotherapy would significantly lower
the rate of cancer recurrence. They compared adjuvant
therapy with six cycles of paclitaxel (175mg/m2 over 3 hours)
and carboplatin (7.5 AUC over 30 minutes) to the standard
arm of three cycles of the same.78 All patients were required
to have undergone a comprehensive staging laparotomy
including retroperitoneal lymph node sampling, and of the
457 accrued patients, 107 were deemed ineligible due to
incomplete surgical staging. Of the 321 eligible patients, 241

(75%) were alive without recurrence with a median follow-
up of 4.5 years. The risk of recurrence was 33% lower (27%
in the three-cycle arm versus 19% in the six-cycle arm);
however, this number did not reach statistical significance.
When the analysis was performed to include incompletely
staged patients, the recurrence rate was 24% less on the six-
cycle regimen, which was not statistically significant. Toxic-
ity was significantly greater in the six-cycle arm. The authors
concluded that the additional three cycles of carboplatin and
paclitaxel did not significantly improve the rate of recurrence
in these early-stage patients but that it did result in more 
toxicity.

Value of Radiation-Based Therapy

Two types of radiation have been studied as adjuvant therapy
for early-stage disease. Both external-beam radiation and
intraperitoneal radiation have been evaluated, but some of the
studies have included patients with advanced-stage disease
who have been optimally debulked, and this must be kept in
mind when interpreting these studies.

Because ovarian cancer tends to disseminate throughout
the entire peritoneal cavity, adjuvant external-beam radiation
therapy should be directed to encompass both the abdomen
and pelvis. There have been two prospective randomized
trials comparing the role of pelvic radiation to observation. A
GOG study randomized 168 stage I patients between obser-
vation, pelvic radiation, and melphalan.79 Of the entire group,
only 86 were eligible for analysis; thus, the treatment arms
were not equally matched for prognostic variables. Neither
pelvic radiation nor melphalan reduced the recurrence rates
when compared to observation. Similar results were found by
Dembo et al., who randomized 41 stage IA patients to pelvic
radiation therapy or observation. There were four relapses in
the radiation arm and one in the observation arm.80 They con-
cluded that there was no benefit in survival or prevention of
relapse from pelvic radiation because the entire peritoneal
cavity was at risk for failure.

The lack of effective control with pelvic radiation therapy
led to studies using whole abdominal radiation (WAR).
Several randomized trials comparing WAR to chemotherapy
as adjuvant treatment for early-stage ovarian cancer have
been reported in the literature (Table 52.4). Of these, only one
demonstrated a significant benefit.

Dembo et al. reported their experience with 147 patients
with stage I–III ovarian cancer. Patients were treated with
either abdominopelvic radiation or pelvic radiation with or
without chlorambucil.80 The benefit was seen only in patients
with less than 2cm or no residual disease, whose 10-year sur-
vival was 64% compared to 40% in the pelvic radiation group
(P = 0.0007). Patients with residual disease greater than 2cm
did not show any benefit. In a randomized trial of WAR
(2,600–2,800cGy) with a 2,000-cGy pelvic boost versus mel-
phalan (12 cycles of 0.2mg/kg/day for 5 days), Smith et al.
reported a 2-year disease-free survival of 85% versus 90% in
the stage I patients treated with WAR and chemotherapy,
respectively.81 For stage II patients, disease-free survival was
55% and 58%, respectively. No statistical significance infor-
mation was reported in the study. Klaassen et al. evaluated
257 patients with ovarian cancers ranging from stage I to III
optimally debulked patients who were randomized to
intraperitoneal 32P (10–15mCi), melphalan (8mg/m2/day for 4
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days every 4 weeks for 18 cycles), or WAR (2,250cGy over 20
fractions using moving strip technique).82 Comprehensive
staging was not mandatory. All patients were initially treated
with pelvic radiation (2,250cGy before WAR or 4,500cGy
before melphalan or 32P). With a median follow-up of 8 years,
5-year disease-free survivals were similar at 66%, 61%, and
62% for the three arms, respectively, but the authors also
noted that protocol violations in the whole abdominal target
volume were associated with reduced survival.

Although earlier randomized trials have compared WAR
to nonplatinum-based forms of chemotherapy, the Northwest
Oncologic Cooperative Group of Italy attempted to com-
pare WAR (4,330cGy/24 fractions of pelvic radiation plus
3,020cGy to the upper abdomen) to six cycles of adjuvant 
cisplatin (50mg/m2) and cytoxan (600mg/m2) chemotherapy
in patients with stage I and II disease.83 The study was closed
early due to poor protocol compliance and low accrual. With
a median follow-up of 60 months, 5-year survival was 71%
and 53 % (P = 0.16), and relapse-free survival was 74% and
50% (P = 0.07) for the chemotherapy and WAR arms, respec-
tively. When the data were analyzed according to treatment
received rather than treatment assigned, no significant dif-
ference could be detected in relapse-free survival (73% versus
60%) or overall survival (73% versus 68%) for patients receiv-
ing chemotherapy and WAR, respectively.

The role of external-beam radiation as adjuvant therapy for
the treatment of early-stage ovarian cancer remains unclear. It
is apparent that adjuvant radiation therapy should encompass
the entire abdomen because these patients are at risk for
relapse in the entire peritoneal cavity. Although the older
studies have seemed to demonstrate that WAR may be as effec-
tive as chemotherapy, these results have yet to be adequately
demonstrated in patients with early-stage disease who have
been treated with modern chemotherapy. The evolution of
modern-day chemotherapy for ovarian cancer may make
further efforts to study adjuvant radiation therapy difficult.

Intraperitoneal Radioactive Isotopes

Radioactive isotopes have been used as adjuvant therapy for
the treatment of early-stage ovarian cancer. The isotope most

commonly used has been 32P. It is an emitter of beta radiation
only, which avoids the toxicity associated with gamma radi-
ation. It has a half-life of 14.3 days and an average tissue pen-
etration of 1.4–3.0mm. After it is instilled into the abdomen,
the patient is placed in several positions to assure adequate
distribution throughout the peritoneal cavity. As one might
suspect, distribution of the radioactive colloid may be a
potential problem. The intraperitoneal distribution can be
tested before 32P instillation with radioactive technetium
sulfur colloid or after radiocolloid instillation with scinti-
graphic imaging of Bremsstrahlung photons.

Distribution patterns of intraperitoneal 32P have been
studied by Vergote et al.84 They used a gamma camera to
detect Bremsstrahlung photons in 297 patients. Images were
obtained 2 to 24 hours and 3 to 7 days following administra-
tion of P32. They demonstrated that there was an uneven dis-
tribution in 165 patients, loculation in 2%, leakage in 3%,
and uptake in the thoracic lymph nodes in 54%. There was
uneven accumulation of isotope in the pelvis (60%) and right
flank (33%). Forty-six percent of patients were noted to ini-
tially have even distribution but later were found to have
major accumulation at 3 to 7 days. No relationship was noted
between uneven distribution, loculation, or leakage of 32P and
relapse or bowel obstruction.

Several studies have compared the use of intraperitoneal
32P as adjuvant treatment for early-stage disease (Table 52.5).
As previously mentioned, the National Cancer Institute of
Canada examined the use of intraperitoneal 32P compared to
whole abdominal radiation and melphalan in patients with
high-risk stage I–II disease or optimally debulked stage III
disease.83 Comprehensive staging was not mandatory, and
with a median follow-up of 8 years, 5-year survival was
similar. The authors noted a high incidence of bowel com-
plications in the 32P and pelvic radiation arm, and this trial
was closed prematurely.

The GOG studied adjuvant treatment use in 141 patients
with stage I poorly differentiated or stage II tumors.70 Patients
were randomly assigned to treatment with either melphalan
(0.2mg/kg/day) for 5 days every 4 to 6 weeks for 12 cycles or
one dose (15mCi) of intraperitoneal 32P at time of surgery.
With a median follow-up of greater than 6 years, the disease-
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TABLE 52.4. Randomized trials of adjuvant whole abdominal radiation (WAR) for early-stage ovarian cancer.

No.
Author Reference Year Stage of patients Treatment arms Outcome (%) P value

Klaassen 82 1988 IA, B 107 WAR 62 (5-year OS) NS
(grade 3) 106 Melphalan 61
IC-III OD 44 P32 66

Smith 81 1975 I 14 WAR 85 (2-year DFS) NR
28 Melphalan 90

Smith 81 1975 II 37 WAR 55 (2-year DFS) NR
29 Melphalan 58

Sell 172 1990 I 60 WAR 63 (4-year OS) NS
58 Pelvic RT and cytoxan 55

Chiara 83 1994 I–II 44 Cisplatin/Cytoxan 74 (5-year DFS) 0.07
25 WAR 50

Dembo 173 1984 I–III OD 76 WAR 64 (10-year OS) 0.0007
71 Pelvic RT ± chlorambucil 40

OD, optimally debulked; NS, not significant; DFS, disease-free survival; OS, overall survival; NR, not reported; RT, radiation therapy; WAR, whole abdominal 
radiation.

Source: Adapted from Rubin SC, Sutton GP (eds) Ovarian Cancer, 2nd ed. Philadelphia: Lippincott Williams & Wilkins, 2001.



free survival was 80% in both arms, and the overall survival
was 81% and 78% with melphalan and 32P, respectively (P =
0.48). Twenty-four of the patients were reclassified as border-
line tumors but were evenly distributed among the two
groups. Excluding these patients reduced the 5-year survival
to 76%. When comparing the two treatment regimens, the
GOG decide to label 32P as the standard, given its lower cost,
ease of administration, and lack of leukemia risk.

The GOG subsequently compared adjuvant 32P to three
cycles of cyclophosphamide and cisplatin in patients with
stage IC and II with no macroscopic residual disease and stage
IA and stage IB poorly differentiated tumors.79 There were 205
patients randomized, and median follow-up was 6 years. The
5-year recurrence-free survival was 77% for the chemother-
apy arm and 66% for the 32P arm. After adjusting for stage and
histologic grade, the estimated recurrence rate was 31% lower
for the chemotherapy arm; however, this was not statistically
significant (P = 0.075). Overall 5-year survival was 84% for
the chemotherapy arm and 76% for the 32P arm. Although
there was no significant difference between the two arms, the
better progression-free interval with the cyclophosphamide
and cisplatin and the associated problems with 32P distribu-
tion and bowel toxicities made platinum-based combinations
the standard adjuvant therapy for patients with early-stage,
high-risk ovarian cancer.

Vergote et al. reported their experience with 347 patients
with stage I–III epithelial ovarian cancer without residual
disease.84 Comprehensive staging was not required in this
series. Patients were randomized to receive intraperitoneal 32P
(7–10mCi) or six cycles of cisplatin (50mg/m2). Patients ran-
domized to the 32P arm and who were found to have intraperi-
toneal adhesions were treated with WAR. With a median
follow-up of 62 months, the estimated 5-year rates of crude
survival and disease-free survival were similar. In the 32P arm,
these were 83% and 81%, respectively, compared to the cis-
platin arm, 81% and 75%. Bowel obstruction occurred with
a significantly higher frequency in the 32P or WAR groups
compared to the cisplatin group. The authors recommended
that cisplatin be used for adjuvant therapy in future studies.

The Italian collaborative group, Gruppo Interregionale
Collaborativo in Ginecologia Oncologica (GICOG), simulta-
neously reported on two randomized trials for adjuvant
therapy for early-stage ovarian cancer.72 In these trials.
patients underwent surgical staging without routine nodal

assessment, which was done by presurgical lymphangiogram
or optional surgical biopsy. The first trial included patients
with stage IA and IB, grade 2 and 3 tumors, who were ran-
domized to adjuvant therapy with cisplatin (50mg/m2 every
28 days for six cycles) or no further treatment. The second of
the trials randomized stage IC patients of any grade to cis-
platin (50mg/m2 every 28 days for six cycles) or intraperi-
toneal 32P (15mCi). With a median follow-up of 76 months,
the 5-year disease-free survival was 83% (cisplatin) versus
65% (no treatment) (P = 0.09) in the first trial and 85% (cis-
platin) compared to 65% (32P arm) (P = 0.008) in the second
trial. In both trials the difference was primarily due to a reduc-
tion of relapses in the pelvis only. In neither of the two trials
was there a significant difference in 5-year overall survival,
which the authors suggested may result from the limited
impact of adjuvant therapy, low doses at which the cisplatin
was administered, impact of salvage therapy, or that the study
was underpowered.

In summary, the literature on treatment of low-stage
ovarian cancer is limited by poor staging and low frequency
of relapse. Randomized data suggest that low-risk patients
(stage 1A, 1B with grade 1 and grade 2 histology) have an
excellent prognosis and cannot be shown to benefit from adju-
vant therapy. Although the randomized trial results are dis-
cordant, meta-analysis and the largest clinical trials agree that
platinum-based chemotherapy appears to decrease recurrence
and increase survival in high-risk patients.85 The duration of
platinum-based therapy is still uncertain, although the
benefit at least three cycles is not in dispute. The contribu-
tion of paclitaxel in this setting is unknown. Randomized
trials suggest that radiation therapy is probably similar to
chemotherapy in survival benefit.

Primary Chemotherapy for Advanced-Stage 
(IIc–1V) Disease

Platinum-Based Therapy

The evolution of chemotherapy for advanced ovarian cancer
began with single alkylating agents and evolved into combi-
nation therapy by the early 1980s. Cyclophosphamide, dox-
orubicin, altretamine, and 5-fluorouracil were all employed
with limited success. This evolution culminated with the
widespread implementation of platinum complex (cisplatin)-
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TABLE 52.5. Adjuvant intraperitoneal 32P for early-stage ovarian cancer.

No.
Author Reference Year Stage of patients Treatment Outcome (%) P value

Young 70 1990 IA–B (grade 3), 68 Melphalan 80 (5-year DFS) 0.87
stage II 73 P32 80

Young 79 2003 IA–B (grade 3), 107 CDDP/CTX 77 (5-year DFS) 0.08
stage II 98 P32 66

Vergote 84 1993 I, II, III OD 171 CDDP 75 (5-year DFS) 0.57
169 P32 81

Bolis 72 1995 IC 82 CDDP 85 (5-year DFS) 0.008
79 P32 65

Klaassen 82 1988 IA, B (grade 3) 107 WAR 62 (5-year OS) NS
IC-III OD 106 Melphalan 61

44 P32 66

DFS, disease-free survival; CDDP, cisplatin; CTX, cyclophosphamide; OD, optimally debulked; OS, overall survival; NS, not significant.

Source: Adapted from Rubin SC, Sutton GP (eds) Ovarian Cancer, 2nd ed. Philadelphia: Lippincott Williams & Wilkins, 2001.



based treatment by the end of that decade. That question has
been definitively resolved with level 1 evidence and is not
revisited here. The interested reader is referred to compre-
hensive meta-analyses for discussion of this point.77,86

However, the question of which platinum complex is best has
been more recently resolved (Table 52.6). In a series of com-
parison, either alone or in combination with cyclophos-
phamide and doxorubicin, carboplatin has been consisten-
tly equivalent to cisplatin treatment.87–89 More recently, two
large studies of cisplatin/paclitaxel versus carboplatin/
paclitaxel have been reported.66,90 As was seen in cyclo-
phosphamide combinations a decade earlier, there is not a 
statistically significant difference between the two paclitaxel-
containing regimens. Equivalence between carboplatin and
cisplatin has also been confirmed in meta-analysis.77 Because
carboplatin is generally better tolerated with substantially
less toxicity, the current treatment depends on carboplatin
therapy. The value of oxaliplatin in ovarian cancer treatment
is uncertain. Cyclophosphamide and oxaliplatin were com-
pared to cisplatin and cyclophosphamide in a small random-
ized trial with similar efficacy in previously treated patients.91

Anthracyclines have been proposed to improve outcome
in ovarian cancer. Omura and colleagues compared
cyclophosphamide–doxorubicin–cisplatin to cyclophos-
phamide and cisplatin.92 Although there was no statistical dif-
ference, there was a trend toward improved survival. A
meta-analysis confirmed a modest advantage to doxorubi-
cin-containing regimens.93 However, following the advent of
paclitaxel, doxorubicin therapy has generally fallen from
favor. Two large randomized trials of paclitaxel and carbo-
platin plus or minus epirubicin have been reported in abstract
form, and neither survival or overall survival have been
improved in these studies. Toxicity was clearly increased.

Paclitaxel-Based Therapy

With the initial report of the GOG 111 study by McGuire et
al., chemotherapy of ovarian cancer entered the taxane era.94

The randomized studies examining the value of paclitaxel in
ovarian cancer are listed in Table 52.7. Two of these trials
(GOG 111 and OV 10) are clearly positive whereas two later
trials (GOG 132 and ICON 3) suggest that therapy with
taxane adds little to the effect of platinum complex therapy.
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TABLE 52.6. Platinum-based primary therapy of advanced-stage ovarian cancer: selected studies.

Residual No. of
Author Reference Year disease patients Treatment Response DFS (%) Survival P value

Swenerton 87 1992 Macroscopic Total 447 Cisplatin + CTX 57% 56 weeks 100 weeks NS
Carboplatin + CTX 59% 58 weeks 110 weeks

Alberts 88 1992 Suboptimal Total 342 Cisplatin + CTX 52% 17.4 months
Carboplatin + CTX 61% 20.0 months NS

ICON 2 89 1998 Stage I–IV 766 CAP NR 70 (5-year DFS) 33 months HR
760 Carboplatin 71 33 months 1.0

Ozols 66 2003 Optimal Total 792 Cisplatin/paclitaxel NA 19.4 months 48.7 months HR
Carboplatin/paclitaxel 20.7 months 57.4 months 0.84

(0.7–1.02)b

du Bois 90 2003 I–IIIa Total 798 Cisplatin/paclitaxel NR 19.1 months 44 months NS
Carboplatin/paclitaxel 17.2 months 43 months

HR, hazard ratio; CAP, cyclophosphamide, doxorubicin, and cisplatin.
a CAP + cyclophosphamide, doxorubicin, cisplatin.
b 95% confidence interval.

TABLE 52.7. Paclitaxel-based treatment of advanced ovarian cancer.

Residual No. of
Author Reference Year disease patients Treatment Response DFS (%) Survival P value

McGuire 94 1996 Suboptimal Total Cisplatin + CTX 60% 13 months 24 months P < 0.001
410 Cisplatin + paclitaxel 73% 18 months 38 months

Piccart 95 2000 Stage II–IV Total Cisplatin + CTX 45% 11.5 months 25.8 months P < 0.0016
680 Cisplatin + paclitaxel 59% 15.5 months 35.6 months

ICON 3 96 2002 Stage I–IV Total Paclitaxel + cisplatin NR 17.3 months 36.1 months HR = 0.98
2,074 or carboplatin

CAP 16.1 months 35.4 months NS
Carboplatin

Muggia 174 2000 Suboptimal Total Cisplatin 67% 16.3 months 30.2 —
648 Paclitaxel 42% 11.2 months 26.0 HR = 1.15

Cisplatin + paclitaxel 67% 14.0 months 26.6 HR = 0.99
Ozols 66 2003 Optimal Total Cisplatin/paclitaxel NA 19.4 months 48.7 months HR 0.84

792 Carboplatin/paclitaxel 20.7 months 57.4 months (0.7–1.02)b

du Bois 90 2003 I–IIIa Total Cisplatin/paclitaxel NR 19.1 months 44 months NS
798 Carboplatin/paclitaxel 17.2 months 43 months

a CAP + cyclophosphamide, doxorubicin, cisplatin.
b 95% confidence interval.



GOG 111 was the first trial of paclitaxel that compared
paclitaxel/cisplatin to cyclophosphamide/cisplatin in pa-
tients with suboptimally debulked ovarian cancer.94 The
paclitaxel arm showed a distinct advantage for both progres-
sive-free survival (18 versus 13 months) and overall survival
(38 versus 24 months). These results were essentially dupli-
cated by a confirmatory trial performed by the EORTC and
the National Cancer Institute of Canada, which found that a
paclitaxel/cisplatin arm was superior for both progression-
free survival (16 versus 12 months) and overall survival (35
versus 25 months).95 Unfortunately, the issue was reopened
when a subsequent GOG study, GOG 132, found that the
same experimental arm of cisplatin/paclitaxel was not sig-
nificantly better than cisplatin alone at 100mg/m2. In this
study, the progression-free survival for the taxane arm and the
cisplatin arms were similar (14 versus 16 months) and sur-
vival was not different (26 versus 30 months). Another very
large study, ICON 3, was also initiated as a confirmatory
study and, similar to GOG 132, could not confirm the supe-
riority of taxane-based therapy. In the ICON 3 study, the time
to treatment failure was 17.3 months for the paclitaxel-con-
taining arm and 16.1 for the nontaxane treatment. The sur-
vival of the paclitaxel arm was similar to that seen with the
control arm of either carboplatin or cisplatin, doxorubicin,
and cyclophosphamide (36.1 versus 35.4 months).96

The explanation for the discordance remains uncertain. In
a meta-analysis, Sandercock and colleagues examined the
potential design differences that might lead to the disagree-
ment.97 They make several points of interest. The time to pro-
gression is remarkably similar for the paclitaxel/platinum
arms (16–18 months) in the four studies but both GOG 
11 and OV 10 have a surprisingly poor outcome for the
cyclophosphamide / cisplatin control groups and a negative
effect of cyclophosphamide has been postulated. Results from
randomized trials that compared cyclophosphamide/doxo-
rubicin/cisplatin, a control arm in ICON 3, to cyclophos-
phamide/cisplatin have been inconclusive, but meta-analysis
has suggested that cyclophosphamide/cisplatin may be infe-
rior.92,98,99 It is also noted that paclitaxel was not available for
recurrent disease patients whereas late treatment of control
arm patients in the other trials might blunt the survival dif-
ferences compared to GOG 111. The issue remains unre-
solved. In the United States, the National Comprehensive
Cancer Network (NCCN) has supported paclitaxel and plat-
inum as the standard of therapy; this standard is generally
accepted around the world, and it is unlikely that additional
studies of this issue will be initiated.

Dose and Schedule

The dose, frequency, and duration of primary chemotherapy
have also been subjects of intensive investigation. Dose inten-
sity/schedule studies for platinum complex therapy are sum-
marized in Table 52.8. The doses of cisplatin and carboplatin
have both been carefully investigated without any evidence
that either agent has a significant dose response within the
clinically useful range.100–103 The analysis by Egorin and col-
leagues suggested that a carboplatin dose above an AUC of
5–6 is fruitless and even a carboplatin AUC 4 maybe suffi-
cient.104,105 Although a small study by Kaye et al. suggested a
modest survival advantage, they also recommended a

maximum dose of 75mg/m2 for toxicity reasons.106 Duration
of platinum-based treatment has not been as well examined.
Two small randomized trials in the prepaclitaxel era have
failed to show an advantage to prolonged therapy. A study of
5 cycles versus 10 cycles of cyclophosphamide, doxorubicin,
and cisplatin showed no difference.107 Another study of the
same three-drug regimen showed no advantage for 12 cycles
of therapy compared to a more standard 6 cycles.108 No ran-
domized examination of duration of therapy for carboplatin
plus paclitaxel has been performed.

The number of paclitaxel schedule/dose intensity studies
is smaller but the results are similar. A two by two factorial
study of infusion time and dose compared 135mg/m2 with
175mg/m2 and 3-hour infusions with 24-hour infusions.109 No
statistical difference was identified. A GOG study comparing
135mg/m2, 175mg/m2, and 250mg/m2 was similarly negative
for survival advantage, although the 250mg/m2 dose arm had
a modest increase in response rate to paclitaxel therapy.110 In
a carboplatin combination study, Bolis and colleagues ran-
domized 504 patients between carboplatin and paclitaxel at
175mg/m2 and carboplatin and paclitaxel at 225mg/m2.111

Although the higher dose was more toxic, there was no
improvement in survival. In a single randomized study of
weekly paclitaxel, a weekly dose of 67mg/m2 was nearly iden-
tical to a 200mg/m2 dose of paclitaxel given once every 3
weeks.112

Intraperitoneal Therapy

Because ovarian cancer is primarily a disease of the peritoneal
cavity, regional therapy has been an area of considerable
interest. Models of intraperitoneal (IP) chemotherapy show
distinct theoretical advantages, especially for small-volume
disease.113,114 The use of intraperitoneal chemotherapy has
been carefully explored in several large randomized clinical
trials conducted by the GOG. Although each appears to favor
the arm containing intraperitoneal therapy, quirks in trial
design and treatment toxicity have prevented intraperito-
neal therapy from becoming the single standard of care.115,116

The first randomized compared cyclophosphamide plus 
100mg/m2 of cisplatin, given either by the intravenous 
or intraperitoneal route.115 The study showed a survival 
advantage (HR = 0.76) but was overtaken by the introduction
of carboplatin and paclitaxel in the primary treatment 
paradigm. The next study included a preparative regimen of
two cycles of carboplatin (AUC = 9) and then six cycles of 
cisplatin and paclitaxel.116 As in the first study, the survival
difference was statistically significant in favor of the IP 
arm (HR = 0.81), even though a substantial fraction of the IP
arm received little or no IP therapy because of toxicity. A
third large randomized trial using IP cisplatin and IP pacli-
taxel has also been completed. The IP arm had a superior pro-
gressive-free survival, but overall survival analysis is not yet
complete.117

The failure of IP therapy to assume a position of thera-
peutic prominence is a complicated problem. Certainly, 
100mg/m2 of cisplatin is toxic, and the renal, gastrointesti-
nal, and neurologic toxicities are all daunting. The technical
aspects of IP administration are also a factor. Without expe-
rienced surgeons, nurses, and medical oncologists, the fre-
quency of complications including catheter failure, infection,
and renal damage is unacceptably high.118 Despite the pres-
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ence of a survival advantage, it seems likely that IP cisplatin
therapy never become widely accepted, and studies of IP car-
boplatin are being initiated.

Consolidation Therapy

PACLITAXEL BASED THERAPY

One of the most controversial areas in ovarian cancer treat-
ment is the use of “consolidation therapy,” defined as addi-
tional therapy for patients in clinical complete response at the
end of primary treatment (Table 52.9).119 Intraperitoneal

therapy, immune-based treatments, and extended cytotoxic
therapies have all been examined in Phase II and occasional
Phase III trials. No consensus has yet emerged, and the state
of the art is based on comparison to no treatment rather than
direct therapeutic comparisons. The only trial to show a
modest advantage was GOG 178, a randomized comparison
of 12 months of paclitaxel to a shorter, 3-month paclitaxel
treatment.120 This trial showed a progression-free survival
advantage that was highly significant in favor of 12 months
of treatment, but the trial was closed by the data safety mon-
itoring committee and survival data will not be available.
Unfortunately, without the survival analysis, this trial has
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TABLE 52.8. Platinum dose intensity, duration of therapy, and paclitaxel dose intensity.

Residual No.
Author Reference Year disease of patients Treatment Response DFS (%) Survival P value

Conte 101 1996 Suboptimal Total 145 Cyclo + doxorubicin 61% 18 months 29 months NS
Cisplatin 50mg/m2 57% 13 months 24 months
Cisplatin 100mg/m2

McGuire 102 1995 Suboptimal Total 485 Cyclophosphamide + 55% 14.3 months 21.3 months P = 0.18
223 cisplatin 100mg/m2 60% 12.1 months 19.5 months
235 cisplatin 50mg/m2

Jakobsen 100 1997 II–IV Total 222 Carboplatin AUC 4 NS
Carboplatin AUC 8

Gore 103 1998 II–IV Total 227 Carboplatin AUC 6 64% 12 months 29months NS
117 Carboplatin AUC 12 55% 11 months 36 months
110

Colombo 175 1992 NR Total 296 Cisplatin 50mg/m2/week 66% 36 months NS
Cisplatin 75mg/m2 every 61%

3 weeks 33 months
Kaye 106 1996 II–IV Total 159 Cyclophosphamide 61% 5 years P = 0.043

750mg/m2 + cisplatin
100mg/m2 32%

Cisplatin 50mg/m2 34% 26%

Duration:
Hakes 107 1992 II–IV Total 78 Cyclophosphamide

41 Doxorubicin CR 34% 24 months NS
Cisplatin ¥ 5 cycles
Cyclophosphamide P = 0.34

37 Doxorubicin CR 35% 27 months
Cisplatin ¥ 10 cycles

Bertelsen 108 1993 III–IV Total 202 Cyclophosphamide
Doxorubicin

66 Cisplatin ¥ 6 cycles
Cyclophosphamide NR NR 23 months NS
Doxorubicin P = 0.45

136 Cisplatin ¥ 12 cycles 27 months

Paclitaxel Intensity:
Eisenhauer 109 1994 Relapsed Total 382 Paclitaxel 135mg/m2 ¥ 3h

disease 199 Paclitaxel 135mg/m2 ¥ 24h 15% 14 weeks 48 weeks PFS
Paclitaxel 175mg/m2 ¥ 3h P < 0.02

192 Paclitaxel 175 ¥ 24h 20% 19 weeks 50 weeks
Omura 110 2003 Relapsed Total 330

disease 164 Paclitaxel at 175mg/m2 27% 4.8 months 13.1 months Survival
166 NS

250mg/m2 + G-CSF 36% 5.5 months 12.3 months
Bolis 111 2004 IIB–IV Total 502 Carbo AUC 6 + paclitaxel Pathologic 4-year PFS 4-year

175mg/m2 CR survival NS
244 63.8% 46%
250 Carbo AUC 6 + paclitaxel 55.7% 41% 47%

225mg/m2 39%
Rosenberg 112 2002 Taxane Total 208 Paclitaxel 67mg/m2/week 37% 6.1 months 13.6 months P = 0.98

naïve 105mg/m2 Paclitaxel 200mg/m2/ 38% 8.1 months 14.7 months
200mg/m2 3 weeks

AUC, area under the curve; G-CSF, granulocyte colony-stimulating factor; Carbo, carboplatin; CR, complete response; NR, no response; PFS, progression-free 
survival.



been unable to change the standard of care, although it clearly
has sparked new investigations in this area.

INTRAPERITONEAL THERAPY

As noted previously, intraperitoneal chemotherapy has never
achieved common usage. Although many agents (cisplatin,
floxuridine, mitoxantrone, paclitaxel, and others) have had
Phase I/II testing, few Phase III data exist. Although a very

large IP experience reported by investigators at Memorial
showed that patients receiving IP therapy had very long
median survivals compared to historical controls, the lack of
prospective randomized controls is a major limitation.121

These investigators have reported a prospective Phase II trial
of IP cisplatin and etoposide.121 More than 65% of the patients
remained disease free with a median follow-up of 3.5 years.
These results are similar to those reported by Tourigand et al.
in a similar study of negative second-look patients.122 A ran-
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TABLE 52.9. Consolidation strategies.

No. Median Median
Author Reference Phase Year Assessment of patients Treatment DFS (%) survival P value

Intraperitoneal (IP) therapy:
Barakat 121 II 1998 PCR 36 IP Etoposide Not reached Not reached P < 0.03

46 200mg/m2 IP
Cisplatin
100mg/m2

Observation 28.5 months
(not
randomized)

Piccart 123 III 2003 PCR Total 153 IP Cisplatin
76 90mg/m2 HR = 0.89 HR = 0.82
76 Observation (0.6–1.3) (0.5–1.3)

Tournigand 122 Retrospective 2003 PCR 68 IP Cisplatin, 34 months 74 months Not
analysis mitoxantrone, comparative

and etopisde

Radiation therapy:
Sorbe 176 III 2003 PCR or Total 172 Observation 32 months 5-year

micro + Whole-abdominal 37 months survival
RT 64.5%

6 cycles cisplatin 116 months 68.8%
50mg/m2 IV P = 0.034 57.1%

Doxorubicin
50mg/m2 IV

IV Chemotherapy:
Markman 120 III 2003 Clinical Total 262 Paclitaxel 21 months NR NR

CR 175mg/m2 (closed
monthly ¥ 3 early)
months

Paclitaxel 28 months
175mg/m2 (p = 0.0023)
monthly ¥ 12
months

De Placido 125 III 2004 Clinical Total 273 Observation 28.4 months NR NR
responders Toptoecan P = 0.30

1.5mg/m2 for 18.2 months
4 cycles

HR = 1.18
(0.86–1.63)

Immune Interventions:
Hall 128 III 2004 Ic-IV End of Total 300 Observation 10.3 months 32 months NS

chemother- 149 Interfereon-
apy 149 alpha 10.4 months 27 months

Seiden 126 III 2004 Ic-IV Total 702
Clinical 357 Observation HR = 0.90 HR = 1.15
CR (0.68–1.19) (0.82–1.63)
345

Berek 127 2004 2004 Clinical 345 Placebo NS
CR Oregovomab

IV

PCR, pathologic complete response.



domized trial of this concept comparing intraperitoneal cis-
platin with a no-treatment control arm was recently reported
by the EORTC.123 The study was terminated for poor accrual
and only reached one-half of the planned enrollment.
Although no statistical difference could be discerned, the pro-
gression-free survival (5.4 versus 3.6 years), the overall sur-
vival (9.7 versus 7.3 years), and the fraction alive at 5 years
(70% versus 60.5%) all favored the IP treatment arm.

CYTOTOXIC CHEMOTHERAPY

Because many optimally debulked patients begin chemother-
apy with no evidence of clinical disease, all primary therapy
can be considered to be “consolidation.” Extension of therapy
beyond the consensus six cycles of platinum complex therapy
might also be a form of consolidation, proven to be an unsuc-
cessful strategy as already noted. More recently, extended
treatment with paclitaxel was also proposed as a form of con-
solidation, based on the toxicity profile and possible vascular
targeting of paclitaxel. In a randomized trial, 277 patients
were randomized between 3 months of paclitaxel and 12
months of paclitaxel at 175/m2.124 At a planned interim analy-
sis, the progression-free survival was found to strongly favor
the 12-month arm (21 versus 28 months; P less than 0.0023),
and the study was terminated early. No survival data are
expected from this study because it was terminated early and
many patients crossed over to the 12-month arm. The sur-
vival value of this intervention remains controversial, and
future trials planned by the Gynecologic Oncology Group will
continue both a no-treatment control arm and a paclitaxel
treatment arm to confirm this finding. However, not all
chemotherapy appears to have this function. In a study of
noncross-resistant chemotherapy, four cycles of topotecan
were tested in 273 patients in patients completing six cycles
of carboplatin and paclitaxel.125 No difference in progression-
free survival was noted, and the study was not designed to
analyze for survival. In summary, consolidation therapy
remains an area of active investigation, and to date no inter-
vention has shown a definitive survival advantage.

Immunotherapy
Although immunotherapy has been proposed as a logical
strategy for ovarian cancer consolidation, the results so far
have been disappointing. Two different monoclonal antibody
agents, Oregovomab and a yttrium-labeled anti-HMG1 anti-
body, have failed to show significant effects in randomized
trials.126,127 A study of alpha interferon has also been 
negative.128

Chemotherapy for Recurrent Disease

In the majority of ovarian cancer patients, the cancer will
recur and, with few exceptions, those patients who have
recurrences die of their disease. Although surgery is some-
times employed, chemotherapy forms the bulwark of therapy
for recurrent disease. Based on retrospective studies, at least
two clinical subgroups have been identified. By convention,
patients with progression while receiving platinum-based
therapy, patients who fail to achieve a complete clinical
response, and those who relapse within 6 months of the end
of therapy are classified as platinum resistant. Beyond 6
months, the response to platinum retreatment appears to

increase with the duration of the so-called platinum-free
interval. Although this dichotomy may be an oversimplifica-
tion, it is a useful intellectual construct to understand prin-
ciples of management.

Potentially Platinum-Sensitive Disease

In the group of patients whose disease recurs after at least 6
months, platinum-based chemotherapy is generally preferred
over nonplatinum agent therapy (Table 52.10). This practice is
based on informal comparison of response rates between plat-
inum-based therapy and nonplatinum agents. The number of
randomized trials for this question is small. Cantu and
coworkers compared paclitaxel to cyclophosphamide, doxoru-
bicin, and cisplatin.129 Certainly, the group of patients with a
platinum-free interval in excess of 12 months are almost
always treated with carboplatin, building on primary treat-
ment data comparing carboplatin and cisplatin. The other
issue in ovarian cancer treatment is the utility of combination
therapy compared with single-agent treatment. A summary of
the largest randomized studies for platinum sensitive patients
is shown in Table 52.10. From this summary, it is apparent that
both time to progression and overall survival appear to favor
combinations of carboplatin and a second agent. The choice of
the best second agent is not known, but the overall survival
data imply that crossover to other agents occurs frequently and
probably blunts the effect of initial choice in this group of
patients. A second consistent finding is that combination
therapy certainly results in more toxicity than sequential
single-agent treatment. The failure of epidoxorubicin to
improve on carboplatin alone may be a reflection of the lower
activity of epidoxirubicin compared to paclitaxel and gem-
citabine.130 It can be seen that nonplatinum therapy with
single-agent paclitaxel, topotecan, or liposomal doxorubicin
appears to be inferior to platinum-based therapy in response
rate and, to a lesser extent, in overall survival.131–133 It is also
of note that retrospective analysis suggests that a patient’s
time to progression following second-line treatment is almost
always shorter than that patient’s time to progression follow-
ing primary therapy. The use of single-agent topotecan or lipo-
somal doxorubicin in the patients with a relapse within 6 to
12 months appears to have a better response rate and overall
survival, compared to the resistant population, possibly based
on subsequent platinum-based therapy.134

Duration of therapy for recurrent disease is controversial.
Many authorities recommend treatment to best response and
then a chemotherapy holiday. It should be noted that the large
randomized trials have generally encouraged treatment for up
to 12 months in those patients without evidence of progres-
sion.131–133 No comparative trials are available for duration of
therapy.

Platinum-Refractory Disease

The management of platinum-refractory disease is an area
with limited high-quality data. Only one combination of non-
platinum agents has been tested in randomized Phase III set-
tings (Table 52.11).135 No advantage was observed for a
combination of anthracycline with paclitaxel to paclitaxel
alone. Several of the randomized trials in platinum-resistant
disease were performed during the prepaclitaxel era. From the
data in hand, it can be seen that oxaliplatin, paclitaxel,
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topotecan, and liposomal doxorubicin have very modest
response rates and median survival of less than 1
year.131,133,136,137 Randomized studies of these agents against
supportive care have not been performed, although the supe-
riority of intravenous topotecan to oral topotecan for overall
survival implies a modest survival advantage for intravenous

topotecan therapy.136 A number of agents have been also
examined in Phase II single-agent studies. In this setting,
etoposide and gemcitabine stand out as two agents with
modest activity.138–143 Gemcitabine is often favored over
etoposide, based on the small incidence of acute leukemia
associated with etoposide treatment. Special mention should
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TABLE 52.10. Recurrent disease treatment: platinum-sensitive disease.

Disease-free No. of Median
Author Reference Year interval patients Treatment Response Median DFS survival P value

Cantu 129 2002 >12 months Total 97
47 Paclitaxel 45% 9.7 months 25.8 months

175mg/m2 15.9 months 34.7%
47 Cyclophosphamide 55%

500mg/m2

Doxorubicin
50mg/m2

Cisplatin P = 0.08 P = 0.16
50mg/m2

Bolis 130 2001 >6 months Total Carboplatin 55% 14 months NR
190 Carboplatin + 58% 17 months
95 epidoxorubicin
95

NS
Parmar 177 2003 >6 months Total

802 Platinum-based NR 9 months 24 months P < 0.02
410 therapy (survival)
392 Paclitaxel and 12 months 29 months P < 0.0004

platinum HR = 0.76 HR = 0.82 (DFS)
Pfisterer 178 2004 >6 months Total

365 Carboplatin 30.9% 5.8 months DFS
178 AUC 5 day 1 P < 0.0031

Carboplatin 47.2% NR
178 AUC 4 day 1 + 8.6 months

Gemcitabine
1000mg/m2

Days 1 and 8 HR = 0.72
Gordon 133 2001 >6 months Total

220 Liposomal 31% 28.9 weeks 108 weeks
109 Doxorubicin
111 Topotecan 32% 23.3 weeks 71 weeks

P = 0.037 P = 0.008

TABLE 52.11. Recurrent disease: platinum-resistant disease.

No. Median
Author Reference Year of patients Treatment Response Median DFS survival P value

ten Bokkel 131 1997 Total 226
Huinink 112 Topotecan 1.5mg/m2 20.5% 23 weeks 61 weeks P = 0.002 for DFS

daily ¥ 5
114 Paclitaxel 175mg/m2 13.2% 20 weeks 43 weeks

over 3h
Bolis 179 1998 Total 81 Two-year P = 0.10 for response

40 Paclitaxel 175mg/m2 17.1% NR survival
41 Paclitaxel 150mg/m2 + 34.1% 18%

epidoxorubicn 10%
120mg/m2

Piccart 137 2000 Total 87
41 Paclitaxel 175mg/m2 17% 14 weeks 37 weeks NS for all
45 Oxaliplatin 130mg/m2 16% 12 weeks 42 weeks

Gordon 133 2001 Total 254 Liposomal 16% 9.1 weeks 35 weeks NS for all
130 Doxorubicin 50mg/m2

124 Topotecan 
1.5mg/m2 ¥ 5 days 8% 13.6 weeks 41 weeks

Gore 136 2002 Total 266 Total 266 Oral topotecan
135 2.3mg/m2 ¥ 5 days 13% 13 weeks 51 weeks P = 0.033 for survival
131 Topotecan 1.5mg/m2 ¥ 5 20% 17 weeks 58 weeks

days



be made of the taxanes in this setting. Weekly paclitaxel has
a response rate in excess of 20% for patients previously resis-
tant to an every-3-week cycle, and this schedule enjoys an
excellent side effect profile.138,144 There is also some sugges-
tion that docetaxel is not completely cross reistant with pacli-
taxel in ovarian cancer treatment.145–147 The choice among
these agents can be based on toxicity preferences. No data
exist for a preferred sequence, and it appears that there is little
cross-resistance among agents.132,148

It is also of note that a “platinum-resistant” cohort will
contain some patients who may respond to additional plat-
inum-based therapy. The GINECO investigators reviewed
their experience with platinum-based chemotherapy for
patients classified as “platinum resistant” by the standard
definition. In that presentation, there was still a modest (but
statistically significant) survival advantage to platinum-based
chemotherapy.149 In the Memorial Sloan Kettering experience,
most of the platinum responders in “platinum-resistant”
cohort are patients with early relapse following platinum-
based therapy.150

Appropriate Follow-Up Interventions

Interval

The ideal follow-up of asymptomatic patients who have com-
pleted primary surgery and chemotherapy has yet to be deter-
mined. Typically, patients are followed at 3- to 4-month
intervals for the first 2 years. Using a 15-question survey,
Barnhill et al. illustrated the practice patterns for patient
follow up after primary treatment of gynecologic cancers
among 94 gynecologic oncologists.151 The majority of the
physicians surveyed recommended visits every 3 months for
the first year, every 3 to 4 months for the second year, every
6 months for years 3 to 5, and annually thereafter.

The National Comprehensive Cancer Network
(www.NCCN.org) has published their guidelines for moni-
toring patients with epithelial ovarian cancer who have had
a complete response. Visits are every 2 to 4 months for the
first 2 years, then every 6 months for the third year, followed
by annual visits. Physical examination with pelvic exam and
CA 125 (if initially elevated) is performed at each visit, and a
complete blood count is obtained annually. Other testing is
performed only if indicated.

Olaitan et al. recently reviewed their follow up protocols
for 81 patients with gynecologic cancers at a tertiary referral
center.152 This regimen was similar to the one previously
mentioned in that patients have visits with the specialists
every 3 months for the first 2 years, every 6 months for the
next 2 years, and then annually. There was a total of 14 recur-
rences, of which 8 (57.1%) were diagnosed at the scheduled
appointments, and the remainder were diagnosed by either
unscheduled visits to the general practitioner or emergency
room. There were 10 cases of recurrent ovarian cancer of
which 7 were diagnosed at scheduled clinic visits. Four of the
7 had symptoms of recurrence for at least 1 month before
their scheduled visit, and 1 patient had symptoms for 4
months. Two recurrences were detected by CA 125 eleva-
tions, 2 patients presented to the general practitioners with
several days of symptoms of recurrence, and 1 patient pre-
sented to the emergency room with a bowel obstruction. In
total, 354 visits were required to diagnose 8 recurrences. The
authors identified that patients with scheduled visits may

delay reporting symptoms until the visit. They suggested an
open-access system according to patient need may be a more
cost-effective model and are currently performing a prospec-
tive randomized trial for follow-up.153

Appropriate Examinations

In Barnhill’s survey, examination of the breasts, pelvis, lymph
nodes, and abdomen were performed by the majority of physi-
cians at each exam.151 Physical examination by itself is
limited in its ability to detect subclinical or persistent
disease, but on occasion, a pelvic mass may be detected. The
other test that is routinely performed in the follow-up of
patients with ovarian cancer is CA 125. According to a survey
of gynecologic oncologists, the median recommended number
of times the CA 125 level was checked in patients with
epithelial ovarian cancer was four during the first 2 years, two
over the next 3 years, and either none, one, or two times
annually after the fifth year.

The accuracy of CA 125 for determining recurrence was
illustrated by Niloff et al.154 Serum levels of CA 125 were
obtained from 55 women with epithelial ovarian cancer both
before and after second-look surgery. Patients were clinically
and radiologically disease free and were followed until clini-
cal recurrence. Patients with an elevated CA 125 at time of
second look had a 60% chance of recurring within 4 months
compared to only a 5% chance in patients with a normal CA
125. Elevation in serial CA 125 during the monitoring period
was associated with recurrence in 94% of cases with a median
lead time of 3 months. The accuracy of CA 125 in determin-
ing relapse illustrates its importance for ovarian cancer
follow-up. However, given that there may be a lead time
before detectable recurrence, ideal treatment for an elevated
CA 125 alone raises a new question that is being addressed
in a multicenter Medical Research Council/European 
Organization for Research and Treatment of Cancer
(MRC/EORTC) prospective trial. The primary endpoint for
this trial is overall survival, with quality of life and health
economics designated as secondary endpoints.

Surgery in Relapse

Secondary Debulking

The value of primary cytoreductive surgery is well recog-
nized. Removal of large tumors reduces the tumor load, and
thus the number of chemotherapy cycles needed to eradicate
residual tumor is also reduced. This concept of reducing
tumor burden has also been applied to patients who have
already undergone a primary cytoreductive surgery followed
by chemotherapy. The data on this remain retrospective in
nature and include a mixed population of patients.

Secondary operations for ovarian cancer can be grouped
into four different clinical situations:

1. Recurrent disease: those patients with at least a 6-month
disease-free interval.

2. Second-look laparotomy: patients who are clinically
without evidence of disease and are found to have gross
disease at second-look surgery.

3. Interval debulking: patients with bulky, unresectable
disease at initial surgery who undergo neoadjuvant
chemotherapy.
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4. Progressive disease: patients with disease progression on
primary chemotherapy.

Secondary surgery for recurrent disease is addressed in this
section.

Because the majority of patients with advanced-stage
ovarian cancer will eventually have a recurrence of their
disease in spite of a period of clinical remission, the question
of whether cytoreductive surgery is of therapeutic benefit at
time of relapse remains. A number of retrospective studies
have addressed this question of secondary cytoreduction at
time of relapse.

Berek et al. described their experience with secondary
cytoreductive surgery for ovarian cancer,155 which included 32
patients who underwent secondary cytoreduction at the time
of second-look laparotomy, at surgery for clinically detected
disease, or at the time of bowel obstruction surgery. The
median interval between primary and secondary surgery was
12 months, and optimal resection (defined as residual disease
less than 1.5cm) was accomplished in 38% of patients. When
patients undergoing second-look surgery were excepted, 6
(29%) underwent optimal cytoreduction and had a median
survival of 18 months compared to the 15 suboptimally
debulked patients who had a median survival of 5 months.
Although this series contained a heterogeneous group of
patients, several poor prognostic variables were identified,
including greater residual disease after primary surgery,
disease-free interval less than 1 year, large tumor size at recur-
rence, ascites, and greater residual disease after secondary
surgery. Several other series have reviewed the impact of
residual disease on survival, and most have shown a benefit
if residual disease is of small volume.

Although the majority of studies regarding the utility of
secondary cytoreduction are retrospective, a prospective
study was conducted by Eisenkop et al. that evaluated the fea-
sibility and benefit of secondary cytoreduction.156 Thirty-six
patients who had undergone primary cytoreduction followed
by platinum-based chemotherapy and who had relapsed at
least 6 months after primary therapy were enrolled for sec-
ondary cytoreduction. All patients had disease greater than 
1cm at recurrence, and complete cytoreduction was achieved
in 30 (83%) of patients using an aggressive surgical approach.
Morbidity occurred in 30.1% of patients, and there was 1
(2.8%) postoperative mortality. Although there was not a
control group who did not undergo secondary cytoreductive
surgery, median survival in the group was significantly better
in the patients completely resected before salvage therapy
compared to those with macroscopic residual disease (43
versus 5 months; P = 0.03, respectively). Based on these ret-
rospective series, secondary cytoreduction appears to be ben-
eficial in patients with resectable recurrent disease and a
reasonable disease-free interval.

It should be kept in mind that the retrospective series pub-
lished on secondary cytoreduction included heterogeneous
groups of patients and surgeons, involved tumors with differ-
ent biologic behavior, and had strong selection bias in 
the authors’ criteria for surgical interventions. The GOG 
(Protocol 213) is currently conducting a prospective bifactor-
ial randomized trial addressing the use of sequence-dependent
chemotherapy and secondary cytoreductive surgery in plat-
inum-sensitive, recurrent ovarian and primary peritoneal
cancers. Patients will be randomized to either treatment with

topotecan or carboplatin or secondary cytoreduction followed
by treatment with topotecan or carboplatin.

Value and Impact of Surgery for Obstruction

Progression of ovarian cancer results in symptoms of diffuse
intraabdominal spread and can lead to progressive encase-
ment of the bowel and its mesentery, resulting in symptoms
of mechanical obstruction. This is a common finding among
patients with recurrent ovarian cancer, and many will even-
tually succumb to this problem. In a study to determine the
incidence of bowel obstruction in patients with ovarian
cancer, Lund et al.139 followed the clinical courses of 310 con-
secutive patients with ovarian cancer. With a median obser-
vation time of 46 months, the estimated incidence of
intestinal obstruction was 26% at 5 years. The complication
rate associated with surgery for obstruction was high, and
only 32% of patients had a survival of greater than 60 days
with palliation of symptoms. The most commonly associated
variables included initial stage III or IV disease, suboptimal
(larger than 2cm tumor nodules) tumor debulking at initial
surgery, and the presence of intestinal carcinomatosis at
initial surgical exploration.

Initial management of patients with obstruction is typi-
cally a trial of conservative management with nasogastric
drainage. However, Krebs and Goplerud reported that such an
approach results in sufficient improvement for discharge in
only about one-third of cases, and the majority of these
patients return with a subsequent obstruction within a mean
of 5.5 weeks.157 In cases that do not resolve with conservative
management, surgical correction may be considered. This
option is associated with a high rate of morbidity and mor-
tality, and the chances of successful palliation, risk of reob-
struction, and quality of life after the surgery must be taken
into consideration.

A number of retrospective studies have examined the role
of surgery for obstruction in patients with ovarian cancer.
Pothuri et al. reported. from Memorial Sloan-Kettering Cancer
Center 64 patients who underwent 68 operations.158 The
obstruction was surgically corrected in 57 (84%) of the 68 pro-
cedures. Of this group, 71% were able to tolerate a regular or
low-residue diet at least 60 days postoperatively, and 79%
were able to receive more chemotherapy. The surgical mor-
bidity was 22% and the perioperative mortality was 6%.
Median survival was significantly longer in the patients who
had successful palliation compared to those who did not, 11.6
months and 3.9 months, respectively (P less than 0.01). A
number of other studies have demonstrated that surgical cor-
rection is possible; however, these studies include a patient
pool that is heavily preselected. Successful palliation, defined
as survival greater than 60 days from surgery, was achieved for
51% to 80% of patients; however, perioperative mortality
(4%–32%) and morbidity (7%–64%) can be significant.

In an attempt to better define patients who may benefit
from a surgical procedure, Krebs and Goplerud used age,
nutritional status, tumor spread, ascites, previous chemother-
apy, and previous radiation to formulate a prognostic index.159

Using a scoring system of 0–2 for each variable, they reported
that 84% of patients with a score of 6 or less survived at least
60 days postsurgery compared to 0% of patients with a score
of 7 or more. It would be beneficial to identify patients who
would not benefit from surgery, and other series have con-
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firmed the validity of using a prognostic index.160 Not all
reports, however, have been able to demonstrate that such
variables are predictive of successful palliation or improved
survival.161

Supportive Care

Total Parenteral Nutrition

The role of total parenteral nutrition is a question that may
arise in patients with malignant intestinal obstruction. Due
to the predilection for intraabdominal spread, intestinal
obstruction in patients with advanced ovarian cancer is not
an uncommon situation. Many patients may present with or
develop bowel obstruction related to unresectable disease. In
such cases which do not appear amenable to surgical correc-
tion, supportive care should be the focus of treatment. The
extent of supportive efforts can be a difficult topic to address.

Many patients or families suffering from altered gastroin-
testinal function from unresectable ovarian cancer may raise
the possibility of using total parenteral nutrition (TPN). In
spite of decreased oral intake, more than 60% of terminally
ill cancer patients experience no hunger or thirst.162 Thus, the
value of TPN in patients with end-stage ovarian cancer
remains questionable. The potential risks associated with
TPN and the training required for home administration may
justify its use in patients with expected survivals of more
than 3 months.163 With the exception of certain situations,
such as patients who are undergoing surgical correction for
obstruction or being administered TPN in conjunction with
systemic chemotherapy for newly diagnosed ovarian cancer,
TPN is not routinely recommended.

A review of patients with small bowel obstruction and
advanced ovarian cancer demonstrated some of the rare indi-
cations for the use of TPN in advanced ovarian cancer
patients. Abu-Rustum et al. identified 21 patients (3 newly
diagnosed and 18 heavily treated for persistent or recurrent
disease) who received chemotherapy in an attempt to restore
bowel function.164 All patients had a drainage gastrostomy
placed. Eleven patients also received TPN (all newly diag-
nosed and 8 recurrent/persistent). Two of the 3 chemother-
apy-naïve patients had relief of their bowel obstruction,
compared to none of the patients with recurrent or persistent
disease. Median survival for patients who received TPN with
chemotherapy was 89 days compared to 71 days in patients
who received chemotherapy alone (P = 0.031). However, the
authors did not believe that the additional 18 days justified
the routine administration of TPN and discouraged its use.

Percutaneous Endoscopic Gastrostomy 
Tube Drainage

Patients with malignant obstruction who either choose not
to undergo a surgical procedure or who are poor candidates
for surgical correction can be managed with percutaneous
endoscopic gastrostomy (PEG) drainage of the stomach and
small bowel. PEG has many advantages over a nasogastric
tube, including patient comfort, lack of damage to the gastric
mucosa, more efficient drainage due to a wide tube, and pro-
viding the satisfaction of oral liquids in spite of obstruction.
PEG can be placed without necessitating a surgical procedure

that may be associated with increased morbidity. Retrospec-
tive studies have demonstrated that PEG tubes can be placed
in the majority of patients with success rates of 89% to
100%.165,166

Complications rates are typically low, with the major
risks being leakage of gastric contents, intestinal perforation,
and peritonitis. After successful placement of the PEG tube,
patients can resume a liquid or soft diet in 84% to 100% of
cases.165,166 Because improvement in comfort of the terminally
ill cancer patient should be the major goal, PEG drainage
should be considered in patients with malignant bowel
obstruction.
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Etiology, Epidemiology, and Risk Factors

The American Cancer Society estimates that, in 2004,
endometrial cancer will be the most common gynecologic
malignancy in North America, accounting for 40,320 new
cases and 7,090 deaths. Endometrial cancer is primarily a
disease of postmenopausal women, with the incidence
peaking between the ages of 55 and 65 years. Among Cau-
casian women, the incidence of uterine cancer is about twice
that of African-American women; however, African-
American women are less likely to survive this disease.
Between 1992 and 1999, the 5-year survival for Caucasian
women was 86% as compared to 60% for African-American
women.1 This disparity in survival has persisted over the past
25 years and may reflect the preponderance of tumors in
African-Americans with unfavorable histology, higher grade
and, possibly, more-advanced stage at diagnosis.

It is believed that there are two types of endometrial
cancer: estrogen related and non-estrogen related. More than
80% of early-stage endometrial cancers are endometrioid and,
most likely, estrogen related.2 The majority of these cases
develop from preexisting endometrial hyperplasia and 
reflect the effect of endogenous or exogenous estrogen stim-
ulation. The risk and rate of progression to cancer are not well
defined, although it has been estimated that endometrial
hyperplasia with nuclear atypia has a 25% risk of progres-
sion to endometrial carcinoma, in contrast to hyperplasia
without cytologic atypia, which has an exceedingly low rate
of progression.3

Numerous factors, many related to estrogen stimulation,
have been associated with the development of endometrial
hyperplasia and, subsequently, endometrial cancer. Estrogen
without concurrent progestin use increases the risk of
endometrial carcinoma by four- to eightfold. This risk
increases with both duration and amount of estrogen expo-
sure.4 In the PEPI trial (Postmenopausal Estrogen and Proges-
terone Intervention Trial), 75 of 119 (62%) women who used
unopposed estrogen 0.625mg/day (conjugated equine estro-
gen) over the course of 3 years developed endometrial hy-
perplasia. Atypical endometrial hyperplasia occurred in a 
statistically higher percentage of women taking unopposed
estrogen as opposed to placebo: 11.8% versus 0% (P less than
0.001).5 Progestins used in conjunction with estrogen reduce
the risk of endometrial cancer and should be prescribed to all
women with an intact uterus receiving hormone replacement

therapy. In the HOPE trial (Women’s Health, Osteoporosis,
Estrogen, Progestin Trial), doses of 0.625mg conjugated
equine estrogen (CEE) or 0.45mg CEE with medroxyproges-
terone 2.5mg daily did not produce any cases of hyperplasia.6

As a result of prolonged exposure of the endometrium to
estrogen stimulation, obesity, nulliparity, and late menopause
increase the risk of endometrial cancer development, as do
feminizing ovarian tumors (granulosa cell tumors) and 
polycystic ovarian syndrome. Diabetes and hypertension 
are also associated with increased risk of disease develop-
ment but may be surrogates for other risk factors such as
obesity.

Tamoxifen use in women with breast cancer also
increases the relative risk of endometrial cancer six- to sev-
enfold, with the risk being most pronounced after 2 years of
use.7 Tamoxifen inhibits the action of estradiol by competi-
tively binding to the estrogen receptor, but it inherently also
has a weak estrogenic effect. In the NSABP B-14 study, the
use of tamoxifen was associated with a rate of 1.6 cases of
endometrial cancer in 1,000 women as compared to 0.2 cases
per 1,000 women in the placebo group. The relative risk for
the development of endometrial cancer increases with pro-
longed use: the relative risk is 2.0 [95% confidence interval
(CI) 1.2–3.2) with 2 to 5 years of use and 6.9 (95% CI, 2.4–19.4)
for 5 years or more of use as compared to nonusers. Although
the vast majority of uterine cancers found in association with
tamoxifen use are low-grade endometrial carcinomas, the
long-term use of tamoxifen has been associated with 
the development of poor prognostic subtypes such as 
carcinosarcomas.8

Although the majority of uterine cancer cases develop in
an environment of estrogen stimulation, some cases develop
in the absence of hyperplasia or significant risk factors such
as obesity. These endometrial cancers are often found to be
of higher grade and may contain poorer prognostic histologic
subtypes than their estrogen-related counterparts.

Endometrial cancer is infrequently associated with a
genetic component; however, members of families with the
Lynch II syndrome or hereditary nonpolyposis cancer syn-
dromes, where there are mutations in the DNA mismatch
repair genes hMSH2 and hMLH1, have a lifetime risk of 25%
to 50%9 of developing endometrial cancer in addition to
colon, breast, and ovarian cancer. Finally, pelvic radiation has
also been associated with the development of certain poor
prognostic cancers such as sarcomas.
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Diagnosis and Screening

The diagnosis of uterine cancer is most frequently established
through an office endometrial biopsy, usually instituted as a
result of postmenopausal vaginal bleeding. In the absence 
of bleeding, endometrial cancer occasionally presents with
abdominal pain as a result of an obstructed, blood-filled
uterus, or, rarely, with abnormal endometrial cells on routine
Pap smear screening. When atypical endometrial cells are
seen on a Pap smear, the risk that an endometrial adenocar-
cinoma will be found is approximately 20%. This risk
increases to approximately 41% in women who are at least
60 years old. Grossly normal endometrial cells in a Pap smear
of a postmenopausal woman should also raise suspicion for
malignancy. Approximately 10% of postmenopausal women
less than 60 years old and up to 20% of those who are older
with endometrial cells on Pap smear have an underlying 
adenocarcinoma, the majority of which are grade 1 or 2
endometrioid adenocarcinomas.10

An office endometrial biopsy will diagnose endometrial
cancer with certainty in nearly 95% of cases. With small tissue
samples it is sometimes difficult to distinguish complex
hyperplasia from adenocarcinoma. In this case, a dilatation and
curettage (D&C) may be necessary. In fact, in women with
complex hyperplasia with atypia found on biopsy, up to 43%
of patients in a prospective Gynecologic Oncology Group
study correlating findings on biopsy with final hysterectomy
diagnosis were found to have endometrial carcinoma.11

Once a uterine cancer is found, a careful pelvic examina-
tion is performed to determine if there is clinically apparent
extension of the tumor beyond the confines of the uterus. In
more than 75% of patients there will be no clinical evidence
of extrauterine disease, and preoperative studies would then
include a chest X-ray and routine blood tests. In patients with
evidence of extrauterine spread or in patients with known
aggressive histologic subtypes of tumor (see following), a com-
puted tomography (CT) scan or magnetic resonance imaging
(MRI) may delineate other areas of disease extension.

For the general population, there is no benefit to routine
screening (transvaginal ultrasound and/or endometrial sam-
pling) for endometrial cancer in asymptomatic women, even
those on hormone replacement therapy.12 Screening for
women who have an increased risk for the development of
endometrial cancer, such as patients on tamoxifen, has been
studied extensively using a variety of techniques including
transvaginal ultrasound (TVUS), sonohysterography, and hys-
teroscopy. The results of key prospective studies including
studies of breast cancer patients on tamoxifen and controls
not on tamoxifen are shown in Table 53.1. The majority of
patients with abnormalities on ultrasound have benign
disease in the form of atrophy, polyps, or simple hyperplasia.
Tamoxifen has also been shown to cause stromal condensa-
tion that may be misinterpreted as a thickened endometrial
lining on ultrasound. It is not cost-effective to screen asymp-
tomatic breast cancer patients on tamoxifen. Most patients
with significant abnormalities will manifest their disease
with signs of vaginal bleeding. Only patients who experience
vaginal bleeding on tamoxifen, therefore, should be further
evaluated by endometrial tissue sampling. Screening even in
patients with higher risk of development of endometrial
cancer, such as members of hereditary nonpolyposis colon
cancer syndrome (HNPCC) families, has been shown to be of

limited value. Forty-one women in an HNPCC cohort, the
majority of whom were postmenopausal, underwent annual
TVUS exams with a median follow-up of 5 years. A total of
179 TVUSs led to 17 endometrial biopsies in which 3 patients
with complex hyperplasia and 1 patient with endometrial
cancers were identified.13

Pathology of Neoplasia of the Uterine Corpus:
Carcinomas

Uterine lesions can be broadly divided into lesions that take
their origin from the epithelium, from the stroma (whether
endometrial stroma or myometrial smooth muscle), or mixed
tumors containing both epithelial and stromal elements.
Mixed tumors may contain a benign epithelial and malignant
stromal component (adenosarcoma), the converse (carcinofi-
broma), or two malignant components (carcinosarcoma).

Endometrioid Adenocarcinoma

Most endometrial carcinomas are adenocarcinomas, display-
ing glandular differentiation mimicking one of the Mullerian-
derived epithelia: endometrial, tubal, or cervical (Figure 53.1).
Endometrioid carcinoma is the most common histology, 
comprising approximately 60% of endometrial carcinomas.
Endometrioid tumors mimic normal endometrial glands to
varying degrees; well-differentiated tumors form glands with
several layers of cells that retain some of the normal polarity
of proliferative endometrium. More poorly differentiated
tumors lose the tendency to form glands, taking on a more-
solid architecture, with loss of nuclear polarity and increas-
ing cytologic atypia. The endometrioid histology and its
subtypes are estrogen related, frequently accompanied by 
adenomatous hyperplasia, express estrogen and progesterone
receptors, and tend to present at a lower stage and grade.
Grading is according to the International Federation of Gyne-
cology and Obstetrics (FIGO) system, based on the amount of
solid growth pattern (excluding squamous areas): grade I is 
5% or less solid, grade II is 6% to 50% solid, and grade III is
more than 50% solid. If significant nuclear atypia is present,
the grade should be increased by one degree. Diffuse nuclear
atypia may indicate serous or clear cell histology.

Serous and Clear Cell Adenocarcinoma

In the early 1980s Bokhman14 proposed two clinically and his-
tologically distinct forms of endometrial carcinoma: type I or
endometrioid and its variants, and type II, including serous
and clear cell histologies. The latter frequently arise in a back-
ground of relative atrophy, are not associated with estrogen-
related risk factors, occur in an older population, and are
clinically more aggressive lesions. Hendrickson et al.15 pre-
sented similar clinicopathologic support for two forms of
endometrial carcinoma in their description of papillary serous
carcinoma of the endometrium and its delineation from the
villoglandular variant of endometrioid carcinoma. Patients
with papillary serous carcinoma were on average 5 years
older, had more-advanced tumors, more-frequent lymphatic
involvement, and a tendency to recur in the upper abdomen.
Serous tumors of the endometrium are considered to be high-
grade lesions by definition and are not further graded by 
histology.
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Clear cell carcinoma is characterized by an architecture
that ranges from papillary to tubulocystic or solid and a cyto-
logic appearance that includes clear cells, eosinophilic cells,
and hobnail cells. In contrast to vaginal and cervical clear cell
tumors, endometrial clear cell carcinoma has no association
with maternal diethylstilbestrol (DES) exposure. Clear cell
carcinoma is regarded as a high-grade histology and is not
further graded.

Carcinosarcoma

Carcinosarcoma, or malignant mixed Mullerian tumor,
usually occurs in older, postmenopausal women and fre-
quently presents as a polypoid uterine mass (Figure 53.2). 
Histologically carcinosarcomas have both epithelial and 
mesenchymal differentiation, frequently including elements
of endometrial stromal sarcoma and leiomyosarcoma, but
also heterologous elements not native to the endometrium
such as cartilaginous and rhabdomyoblastic differentiation as
well. In the past, heterologous elements were believed to cor-
relate with poor prognosis; however, recent studies have
shown the mesenchymal component to have no prognostic
significance. Clinically, nearly all metastatic foci are either
carcinoma or contain both carcinoma and sarcoma, suggest-
ing that the lesion is more likely a metaplastic carcinoma
than a collision tumor with separate epithelial and mes-

enchymal elements. By analysis of X chromosome inactiva-
tion and mutations of p53 and K-ras, more than 85% of cases
have identical findings in the epithelial and mesenchymal
components.16 Similarly, analysis of microsatellite markers
supports a monoclonal origin as an epithelial tumor with
genetic progression to mesenchymal differentiation.17

Precursor Lesions

Endometrioid carcinoma and its variants are associated with
endometrial hyperplasia and increased estrogenic effect.
Patients with complex atypical hyperplasia have a significant
risk of developing endometrial adenocarcinoma, 29%, as
opposed to 1% for simple hyperplasia and 3% for complex
hyperplasia without atypia.3

The precursor lesion of serous carcinoma of the
endometrium has been called serous endometrial intraep-
ithelial carcinoma, endometrial carcinoma in situ, or surface
serous carcinoma,18 and has been found in up to 89% of hys-
terectomy specimens with serous carcinoma (Figure 53.3).
The lesion frequently arises in atrophic endometrium, replac-
ing the surface endometrium with highly atypical cells
resembling invasive serous carcinoma, displaying increased
nuclear/cytoplasmic ratio, irregular nuclear membranes,
abnormal chromatin texture, and atypical mitotic figures.

A B

C D

FIGURE 53.1. Endometrioid adenocarcinoma and its variants. (A)
Grade I endometrioid carcinoma with cribriforming architecture. (B)
Grade III endometrioid carcinoma with predominantly solid archi-

tecture. (C) Villoglandular variant with long slender villous projec-
tions but with bland cytology. (D) Secretory variant with supranu-
clear vacuoles (arrow).



A B

C D

FIGURE 53.3. Precursor lesions of endometrial carcinoma. (A)
Simple hyperplasia with architectural budding and branching but
minimal increase in the ratio of glands to stroma. (B) Complex atyp-
ical hyperplasia with architectural crowding and increased gland to
stroma ratio. (C) Complex atypical hyperplasia. Note the loss of

nuclear polarity as compared to simple hyperplasia, nuclear enlarge-
ment, and abnormal chromatin texture as compared to adjacent
normal gland (arrow). (D) Endometrial intraepithelial neoplasia
(serous carcinoma in situ) arising on the surface of an atrophic
endometrial polyp.

A B

C D

FIGURE 53.2. Type II endometrial carcinoma and carcinosarcoma.
(A) Papillary serous carcinoma with fine papillae and marked cyto-
logic atypia. (B) Immunohistochemical stain for p53 protein in papil-
lary serous carcinoma showing uniform nuclear staining in tumor

cells. (C) Clear cell carcinoma with nuclear atypia and clear cyto-
plasm. (D) Carcinosarcoma (malignant mixed Mullerian tumor) with
malignant epithelial and stromal (arrow) components.
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Molecular Pathogenesis

Recent molecular studies have confirmed the concept of two
pathways of carcinogenesis in endometrial carcinoma. The
details of the two pathways involve numerous classes of
receptors, cell-cycle regulators, and genes involved in DNA
maintenance.

In endometrioid, or type I, carcinoma, the earliest molec-
ular finding appears to be inactivation of DNA mismatch-
repair genes (MMR), leading to an accumulation of other
mutations that result in cellular dysregulation. Germ-line
mutations in the MMR genes MLH-1 and MSH-2 are respon-
sible for the hereditary nonpolyposis colon cancer syndrome
(HNPCC), and endometrial carcinoma is the second most
common malignancy found in that disorder.19 Sporadic
endometrial carcinomas of endometrioid histology, in con-
trast, more frequently have methylation of the promoter
region of an MMR gene. Goodfellow et al. recently reported
the analysis of 127 cases of endometrial carcinomas for abnor-
malities in DNA mismatch-repair genes20: 115 of 127 cases
had an abnormality in mismatch-repair genes involving either
promoter methylation or somatic or germline mutation.

Microsatellite instability (MSI), the tendency of short
repetitive segments of DNA to mutate, is a measure of an
overall increased tendency of the cell to mutation. MSI is cor-
related with abnormalities of DNA mismatch-repair genes
and is seen in endometrioid carcinoma and its precursors.
Cohn et al.21 found MI in 51 of 210 cases of endometrioid car-
cinoma, and of 21 of those cases with accompanying hyper-
plasia, 20 had MSI in the hyperplastic foci. Conversely,
absence of MSI is highly correlated with normal expression
of DNA mismatch-repair genes. MSI is almost never seen in
serous carcinomas or their in situ precursor endometrial
intraepithelial carcinoma (EIC). Tashiro et al. found that none
of 34 cases of serous carcinoma had MSI.22

The key gatekeeper in endometrioid carcinoma appears to
be lipid phosphatase and tensin homologue deleted on chro-
mosome 10 (PTEN), an inositol phospholipid phosphatase that
acts as a tumor suppressor by negatively regulating the Akt
(phosphatidylinositol protein kinase B) pathway, promoting
apoptosis.23 Human germ-line PTEN mutations are found in
Cowden’s syndrome, an autosomal dominant multiple hamar-
toma syndrome that carries an increased risk of carcinoma of
the breast, thyroid, and endometrium. Deletion of 10q23, the
region that includes the PTEN gene, is seen in sporadic
melanomas and glioblastoma, whereas sporadic endometrioid
carcinomas may have either deletion or mutation of the PTEN
gene.24 Loss of the expression of PTEN protein by immuno-
histochemistry (IHC) or evidence of mutation or deletion by
molecular analysis is seen in the majority of endometrioid car-
cinomas in most studies, while serous carcinomas rarely
display an abnormality of PTEN. The combination of estro-
gen-driven proliferation, abnormal DNA repair mechanisms,
and decreased apoptosis and cell-cycle dysregulation caused by
loss of PTEN function sets the stage for uncontrolled growth
and the acquisition of additional mutations.

K-ras mutations are seen in 10% to 35% of endometrioid
carcinomas, but rarely in serous carcinoma.21,25 Only a few
cases of clear cell carcinoma have been examined for K-ras
mutations, but mutations were present in two of three cases
examined.26

Abnormalities of p53 expression appear to play little role
in the evolution of endometrioid carcinoma, whereas the

majority of serous and clear cell lesions have abnormalities
in p53 expression. p53 abnormalities were found in none of
117 cases of endometrial hyperplasia by molecular methods.27

Indeed, in cases of mixed serous and endometrioid histology,
it appears that an area of the endometrioid carcinoma devel-
ops a mutation of p53, resulting in a serous component 
with a different phenotype. Serous carcinomas rarely have
microsatellite instability, loss of PTEN expression, or K-ras
mutations. As in invasive serous carcinoma, serous intraep-
ithelial carcinoma is associated with p53 mutation, indicat-
ing that this is an early change in the carcinogenesis of serous
tumors.28

Clear cell carcinoma has a rate of p53 mutation midway
between that seen in clear cell and endometrioid carcinoma.29

Cases with intermixture of serous elements have a higher 
rate of p53 mutation and frequently have coexisting serous
intraepithelial carcinoma. Cases associated with endometri-
oid histology tend not to have abnormalities of p53, suggest-
ing that there may be two pathways for the development of
the clear cell histology.

Abnormalities in the adenomatous polyposis coli (APC)-
beta catenin pathway are also found in type I endometrial 
carcinoma. In normal epithelial cells, the APC gene product
binds to beta catenin, targeting the latter’s degradation.
Although mutations in the APC gene have not been reported
in endometrial carcinoma, 47% of type I endometrial carci-
nomas have hypermethylation of the APC gene promoter,
indicating a loss of APC function.30 Nuclear beta-catenin
accumulation has been documented in several studies ranging
from 10% to 55%31 and is almost exclusively limited to type
I histology, having been reported in only 1 of 85 serous car-
cinomas examined.30 When compared to other type I endome-
trial carcinomas, nuclear beta-catenin accumulation is
associated with grade I histology, premenopausal status, and
expression of estrogen and progesterone receptors.32

Stage and Prognosis

The International Federation of Gynecology and Obstetrics
(FIGO) introduced a surgical staging classification system for
endometrial carcinoma in 1988 (Table 53.2) because clinical

TABLE 53.2. International Federation of Gynecology and
Obstetrics (FIGO) staging for carcinoma of the corpus uteri.

Stage Description

IA Grades 1, 2, 3 Tumor confined to the endometrium
IB Grades 1, 2, 3 Invasion to less than one-half of 

myometrium
IC Grades 1, 2, 3 Invasion to more than one-half of 

myometrium
IIA Grades 1, 2, 3 Endocervical glandular involvement
IIB Grades 1, 2, 3 Cervical stromal involvement
IIIA Grades 1, 2, 3 Tumor invades the serosa and/or adnexae, 

and/or positive peritoneal cytology
IIIB Grades 1, 2, 3 Vaginal metastases
IIIC Grades 1, 2, 3 Metastases to pelvic and/or paraaortic 

lymph nodes
IVA Grades 1, 2, 3 Tumor invasion of bladder or bowel mucosa
IVB Distant metastases including intraabdominal 

involvement or inguinal lymph node 
involvement
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assessment was found to be inaccurate in approximately 40%
of cases.33 At this time, clinical staging (Table 53.3) is rele-
vant only for patients treated with primary radiation therapy.
Although there is no specific staging system for uterine sar-
comas, some clinicians utilize the surgical staging system 
for endometrial corpus cancers to classify sarcomas. Surgical
staging encompasses a total abdominal hysterectomy with
bilateral salpingo-oophorectomy, peritoneal washings for
cytology, and, if deemed necessary, pelvic and paraaortic
lymph node assessment. Suspicious lymph nodes should be
resected or biopsied if unresectable. Relative depth of myome-
trial invasion (none, inner half, outer half) and the presence
or absence of cervical involvement can be determined by
gross examination or, if necessary, a frozen section, to deter-
mine pathologic factors for which lymphadenectomy would
be warranted. For patients with known uterine papillary
serous carcinoma, clear cell carcinoma, or carcinosarcoma,
where there is risk of omental involvement, some surgeons
incorporate an omentectomy into the staging procedure. A
lymph node assessment should be performed in these patients
with poor prognostic histologic subtypes.

Tumor stage is a well-recognized prognostic factor for
uterine cancer. Overall, 5-year survival for endometrial
cancers between 1992 and 1999 was 84.4%, which is primar-
ily due to the early stage of presentation in the majority of
cases. For patients who are staged, the 5-year survivals are
stage I and II, 96.2%, stage III, 64.7%, and stage IV, 26%.1 In
contrast, the prognosis for uterine sarcomas is significantly
poorer, with only 20% to 35% of patients surviving 5 years.34

Clinical factors including patient age, race, and medical
comorbidities also significantly impact on outcome. Although
incorporated into the surgical staging system, individual
pathologic risk factors also act as prognostic factors. These are
grouped into uterine and extrauterine factors. Uterine factors
include histologic cell type, tumor grade, depth of myometrial
invasion, tumor size, capillary or lymphatic vessel involve-
ment, and extension to the cervix. Extrauterine factors include
adnexal metastasis, intraperitoneal involvement, lymph 
node involvement, and positive peritoneal cytology. Risk of
extrauterine disease is most strongly related to depth of uterine
invasion, followed by tumor grade (Table 53.4).35 The risk of
pelvic lymph node involvement is less than 1% for patients
whose tumor is confined to the endometrium. In contrast, if
the outer half of the myometrium is involved, the risk of pelvic
lymph node involvement increases to about 10% and 20% for

grade 1 and grade 2 tumors, respectively, and 34% for grade 3
tumors. Corresponding percentages for paraaortic lymph node
involvement in deeply invasive cancers are 6% and 14% for
grade 1 and 2 tumors, respectively, and 23% for grade 3
tumors.33 In patients with a combination of deep myometrial
invasion and grade 3 tumor, 30% of patients in a cohort fol-
lowed prospectively by PORTEC (Post-Operative Radiation
Therapy in Endometrial Carcinoma) trialists experienced
distant metastases despite the use of adjuvant radiation
therapy.36 Positive peritoneal cytology has also been identified
as a factor that can influence prognosis in early-stage endome-
trial cancer patients; however, its role as an independent prog-
nostic factor remains controversial because cytologic findings
frequently correlate with increasing tumor grade and depth of
invasion.37

As mentioned earlier, histologic cell types such as the
papillary serous carcinomas and clear cell carcinomas carry a
poorer prognosis than the endometrioid cancers. Much of this
difference in outcome is due to the presence of occult dis-
seminated disease.38 Sarcomas and carcinosarcomas are also
particularly aggressive, with more than 50% of apparent stage
I carcinosarcomas showing evidence of extrauterine spread
when surgically staged.39

Therapeutic Modalities

Surgery

Surgery for uterine cancers including the endometrial cancers,
papillary serous cancers, and carcinosarcomas consists of 
a total abdominal hysterectomy, bilateral salpingo-
oophorectomy, pelvic and paraaortic lymph node assessment,
and cytologic washings. Surgery provides both prognostic
information in the form of staging and, in stage IV disease, may
be of therapeutic value. Improved survival has been demon-
strated in those patients who were optimally surgically cytore-
duced to less than 1cm of disease.40 In patients with stage IVB
endometrioid, serous, and mixed cell types who were opti-
mally debulked, survival was 34.3 months in comparison to
11 months (P = 0.0001) in suboptimally debulked patients.

Radical hysterectomy, an extended hysterectomy in
which additional parametrial tissue is removed with the 
surgical specimen, has been used for patients with known 
cervical involvement and has been associated with an

TABLE 53.3. Clinical staging for carcinoma of the corpus uteri.

Stage Description

I Confined to the corpus
IA Uterine cavity 8cm or less
IB Uterine cavity more than 8cm
II Involvement of corpus and cervix
III Extension outside the uterus but not outside the true pelvis 

May not involve mucosa of the bladder or rectum
IV Extension beyond the true pelvis or involves mucosa of the bladder or rectum
IVA Spread to adjacent organs: bladder, rectum, sigmoid, small bowel
IVB Spread to distant organs
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improvement in survival.41 However, whether more-
extensive surgery is of benefit in stage II disease remains 
controversial.

Debate also exists as to which patients with disease pre-
sumptively confined to the uterus should undergo lymph
node assessment and how extensive a lymph node assessment
is required as a component of the surgical staging. Proponents
of lymph node sampling or lymphadenectomy in all patients
with endometrial cancer note that relying on a staging algo-
rithm based on intraoperative identification of high-risk
factors (grade 3, papillary serous, clear cell, deep myometrial
invasion, or cervical involvement) will miss 5% to 7% of
patients with these risk factors.42 In addition, reliance on pal-
pably enlarged nodes during surgery has been shown to iden-
tify positive nodes less than 10% of the time in prospective
studies.33 The question of whether there is a therapeutic value
to the removal of lymph nodes in endometrial cancer is also
a matter of controversy. An analysis of the SEER (Surveil-
lance, Epidemiology, and End Results) data to determine
whether pelvic lymph node sampling impacted on survival
did not show a correlation with survival. Information on use
of adjuvant therapy was not available for this analysis.43 No
randomized studies have been performed to elicit the specific
value of a lymphadenectomy in the removal of microscopic
or macroscopic nodal metastases. Overall survival appears to
be better, however, for patients with positive nodes if they
undergo a paraaortic lymphadenectomy than if they do not
(77% versus 42%; P = 0.05).44

Radiation Therapy

Radiation therapy (RT) has long occupied a role in the man-
agement of patients with endometrial carcinoma. For much
of the past century, RT was commonplace in the treatment
of these patients, particularly preoperative RT. By the 1980s,
however, the use of preoperative RT declined, replaced by
primary surgical approaches. Currently, RT is delivered
almost exclusively following surgery in women with adverse
pathologic features.

Today, the most common external-beam RT approach in
endometrial cancer is pelvic RT, delivered at most centers
with a four-field approach to a total dose of 45–50.4Gy. Select
patients receive extended-field or whole abdominal RT, 
delivered with opposed anteroposterior fields. Prescribed
doses are 45 to 50Gy (extended field) and 25 to 30Gy 
(whole abdominal). In the latter case, the pelvis is boosted 
to 45–50Gy.

The most common brachytherapy approach is intracavi-
tary vaginal brachytherapy, delivered with either low dose rate
(LDR) or high dose rate (HDR) techniques. With LDR, 60–
70Gy is prescribed to the vaginal surface (25–35Gy if 
combined with pelvic RT). Various HDR schedules are 
recommended, including 7Gy ¥ 3, 5.5Gy ¥ 4, and 4.7Gy ¥ 5
(at 0.5-cm depth) and 10.5Gy ¥ 3, 8.8Gy ¥ 4, and 7.5Gy ¥ 5 (at
the vaginal surface). When combined with pelvic RT, 5.5Gy ¥
2 or 4Gy ¥ 3 (at 0.5cm) or 8Gy ¥ 2 or 6Gy ¥ 3 (at the surface)
is used.45

TABLE 53.4. Frequency of nodal metastasis with individual risk factors.

No. of Pelvic number Aortic No. of
patients (%) number (%) patients Five-year DFS

Risk factor (Creasman) (Creasman) (Creasman) (Grigsby) (%) (Grigsby)

Histology
Adenocarcinoma 459 40 (9%) 21 (5%) 768 88.6%

Others 99 2 (9%) 4 (18%) 71 80.5%–88.9%
Grade

1 Well 180 5 (3%) 3 (2%) 340 94.7%
2 Moderate 288 25 (9%) 14 (5%) 255 88.4%
3 Poor 153 28 (18%) 17 (11%) 161 73.2%

Myometrial invasion
Endometrial only 87 1 (1%) 1 (1%) 199 93.4%
Superficial 279 15 (5%) 8 (3%) 250 89.6%
Middle 116 7 (6%) 1 (1%) 112 89.8%
Deep 139 25 (25%) 24 (17%) 88 67.8%

Peritoneal cytology
Negative 537 38 (7%) 20 (4%) 240 91.5%
Positive 75 19 (25%) 14 (19%) 21 56.1%

Tumor location
Fundus 524 42 (8%) 20 (4%) 447 88.8%
Isthmus-cervix 97 16 (16%) 14 (14%) 23 73.1%

Adnexal involvement
Negative 587 47 (8%) 27 (5%)
Positive 34 11 (32%) 7 (20%)

Capillary space involvement
Negative 528 37 (7%) 19 (9%) 549 88.9%
Positive 93 21 (27%) 15 (19%) 65 75.0%

Source: Adapted from Creasman et al. Surgical pathologic spread patterns of endometrial cancer. Cancer (Phila)
1987;60:2035–2041 (columns 2–4).

Source: Adapted from Grigsby et al. Stage I endometrial cancer: prognostic factors for local control and distant metas-
tasis and implications of the new FIGO surgical staging system. Int J Radiat Oncol Biol Phys 1992;22:905–911 (columns
5, 6).



9 3 6 chapter 53

Recently, intensity-modulated radiation therapy (IMRT)
has received increasing attention in gynecologic tumors.
Unlike conventional techniques, IMRT conforms the pre-
scription dose to the shape of the target in three dimensions,
thereby sparing nearby normal tissues. Multiple investigators
have compared IMRT and conventional planning, noting sig-
nificant reductions in the volume of all normal tissues irra-
diated (small bowel, bladder, rectum, and bone marrow) with
IMRT. In a series of reports, investigators at the University of
Chicago have reported fewer acute and chronic sequelae in
gynecology patients treated with IMRT compared to con-
ventional pelvic RT.25 Recently, these investigators reported
no pelvic failures in a cohort of 31 stage I–IV endometrial
cancer patients treated with IMRT at a median follow-up 
of 24 months.46

Therapy for Stage I/II Disease

Therapy for stage I/II disease usually consists of surgery with
or without RT. Patients with surgically staged IA and IB grade
1 cancers with low-volume tumor (less than 2cm) can be suc-
cessfully managed with observation, as the cancer-related and
recurrence-free survivals are 97% and 96%, respectively.47

Surgically staged patients who have stage IB grade 2 disease
with low-volume tumor (less than 2cm) can also be success-
fully observed without adjuvant RT, although some investi-
gators would administer vaginal brachytherapy.

Radiotherapy

Preoperative Radiotherapy

Radiotherapy was commonplace for many years in the treat-
ment of early-stage endometrial cancer. However, its benefit
in clinical stage I disease is unclear and today it is performed
at only a few centers. A stronger rationale exists for its use
in clinical stage II disease, particularly in patients with gross
cervical involvement.

Adjuvant Radiotherapy

The role of adjuvant RT in early-stage endometrial cancer is
controversial (Table 53.5). At some centers, nearly all patients

receive postoperative RT, even those with minimally inva-
sive, low-grade tumors. At others, it is rarely administered,
even in women with deeply invasive, high-grade disease.Even
when it is used, controversy exists over how it should be 
performed.

The decision to administer adjuvant RT in early-stage
patients is typically based on pathologic features in the hys-
terectomy specimen including depth of myometrial invasion,
grade, and cervical involvement. Other factors cited include
tumor size, lymphovascular invasion, and lower uterine
segment involvement. However, the significance of lower
uterine segment involvement in the absence of other high-
risk factors remains unclear.48

To date, three prospective randomized trials have been
published evaluating postoperative RT in early-stage disease
(Table 53.6). The first was performed in Norway and pub-
lished in 1980.49 All patients had clinical stage I disease and
underwent primary surgery without lymph node sampling.
Excluding those found to have extrauterine disease, 540
women were treated with vaginal brachytherapy and then
randomized to observation versus pelvic RT. Overall, no dif-
ference was seen in the 5-year survival between the two
groups (91% observation, 89% pelvic RT). However, pelvic
RT was associated with a significantly lower incidence of
vagina/pelvic recurrences in women with deep myometrial
invasion (14.7% observation, 6.6% pelvic RT) and high-grade
disease (14.1% observation, 3.2% pelvic RT). Chronic toxici-
ties were seen in 1.2% and 0.8%, respectively, of patients
treated with and without pelvic RT.

Gynecologic Oncology Group trial 99 (GOG 99) was ini-
tially presented in 1998 and ultimately published in 2004.50

Four hundred forty-eight stage IB, IC, and occult II patients
were enrolled. Patients underwent primary surgery with
pelvic and paraaortic lymph node sampling and were 
randomized to pelvic RT or no further therapy. Overall, irra-
diated patients had a superior 2-year recurrence-free survival
(97% versus 88%; P = 0.007) compared to surgery-alone
patients. Two-year rates of isolated vaginal failure in the
surgery-alone and irradiated patients were 7.4% and 1.6%,
respectively. The benefit of RT was most evident in the subset
of 132 patients with “high” intermediate risk features (94%
versus 74%), defined as (1) grade 2–3 with lymphovascular

TABLE 53.5. Surgery and postoperative radiation therapy stage I–II endometrial carcinoma (series after 1998).

Radiation Vaginal Pelvic
Author Reference Year N Stage therapy recurrence recurrence Five-year survival Comments

Boz 170 1998 125 IAg3-IC P 4% 94% All patients underwent
pelvic and paraaortic
lymph node sampling

Irwin 171 1998 314 IA–C VB, P ± VB 5%–6% 79%–82%
Calvin 172 1999 44 IIA–B P ± VB, VB 2% 4% 85.2% (DFS) Select stage IIA patients

received VB alone
Chadha 53 1999 124 IBg3-IC VB 0% 93%
Weiss 173 1999 159 I–II P ± VB 0% 77%–92% (DFS)
Weiss 54 1999 61 IC P 0% 1.6% 86.7% (DFS) Included unfavorable

histology patients
Alektiar 174 2002 233 IBg1–2 VB 4% 94% High dose-rate VB
Horowitz 175 2002 164 IB-II VB 1.2% 1.2% 87% High dose-rate VB
Ng 56 2001 77 IBg3–IC VB 9% 1.3% 94%

VB, vaginal brachytherapy; P, pelvic radiotherapy; g, grade; DFS, disease-free survival.
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invasion and more than 1–3 myometrial invasion, (2) at least
50 years of age with any two of the above factors, or (3) at
least 70 years of age with any one of the above factors.
Overall, irradiated patients had a better 4-year overall survival
(92% versus 86%); however, this difference failed to reach sig-
nificance (P = 0.56). Significantly higher rates of hematologic,
gastrointestinal, genitourinary, and cutaneous toxicities were
seen in the irradiated group; however, acute and chronic tox-
icities were combined in the analysis.

Creutzberg and coworkers reported the results of the
PORTEC trial.51 All patients underwent primary surgery
without nodal sampling. Eligible women had grade 1 tumors
with more than 50% myometrial invasion, grade 2 tumors,
or grade 3 tumors with less than 50% invasion. Seven
hundred fifteen women were randomized to receive either
pelvic RT or no further therapy. At a median follow-up of 52
months, irradiated patients had a superior 5-year pelvic
control (96% versus 86%; P less than 0.001). However, no dif-
ference was noted in overall survival (81% RT group, 85%
control group). As in the GOG trial, treatment sequelae were
more common in irradiated patients (25% versus 6%; P less
than 0.001).

Although these trials consistently demonstrate that RT
reduces the risk of pelvic failure in patients with adverse
pathologic features, it is unclear whether survival is
improved. This is far from being an academic issue, for the
lack of a survival benefit has led some to withhold RT.
However, none of these trials is well suited to answer this
question. First, their follow-up is limited. Longer observa-
tional times are needed to assess outcomes of patients who
relapse following surgery. Second, only two include a no-RT
control arm, for all women in the Norwegian trial received
brachytherapy. Finally, the GOG included many low-risk
patients (58% IB, 82% grades 1–2), whereas PORTEC
excluded high-risk women (stage IC grade 3, stage II). The
former thus included women the least likely to benefit
whereas the latter excluded those the most likely to benefit.
Although the GOG analyzed “high”-risk patients separately,
the small number of such patients significantly limited the
power of the analysis.

The optimal approach in early-stage patients who do
receive postoperative RT is unclear. It is noteworthy that

most pelvic recurrences in the GOG surgery-alone arm were
in the vagina.50 Such a failure pattern suggests that, at least
in surgically staged patients, vaginal brachytherapy may be as
efficacious as pelvic RT. The more-favorable toxicity profile
of vaginal brachytherapy is certainly appealing. The ongoing
PORTEC-2 study randomizes between external-beam radio-
therapy and vaginal brachytherapy.

The decision whether to irradiate an individual patient
rests on a careful assessment of the benefits and risk of treat-
ing (and of not treating). The likelihood of cure and toxicity
following adjuvant RT needs to be weighed against the like-
lihood of salvage and toxicity if treatment is withheld. If
administered, the approach that maximizes tumor control
while minimizing toxicity should be selected. The least
aggressive approach should always be used if outcome is not
compromised, for example, vaginal brachytherapy instead of
pelvic RT in surgically staged patients.

It is difficult to give clear guidelines regarding the use of
adjuvant RT in early-stage endometrial cancer, given the lack
of consensus between investigators. In general, most investi-
gators do not administer adjuvant RT in women with stage
IA grade 1–2 or stage IB grade 1 disease. Stage IA grade 3
patients usually receive either vaginal brachytherapy or
pelvic RT.

Patients with stage IB grade 2 tumors undergo pelvic RT
or vaginal brachytherapy. Given the excellent pelvic control
and low toxicity associated with brachytherapy alone, it is
the preferred approach, particularly in surgically staged
patients. Women with stage IB grade 3 tumors typically
undergo both pelvic RT and brachytherapy. However, pelvic
RT alone is associated with excellent control rates and less
toxicity.52 In surgically staged patients, brachytherapy alone
appears to results in equally favorable outcomes with low
rates of toxicity.53

At most centers, patients with stage IC tumors receive
pelvic RT. At others, they undergo both pelvic RT and vaginal
brachytherapy. However, this practice should be discouraged.
In a review of 541 stage I patients with deep myometrial 
invasion from 12 published studies, Weiss et al. noted vaginal
recurrences in 1.04% of patients undergoing pelvic RT alone
versus 0.97% of patients receiving pelvic RT and vaginal
brachytherapy.54 Moreover, toxicity is more common with

TABLE 53.6. Surgery and postoperative radiation therapy: randomized trials.

Five-year
Author Reference Year Eligible patients Randomization N Recurrence survival Comments

Aalders 49 1980 Clinical stage I TAH-BSO + VB 264 14.7% (pelvic)a 91% Chronic toxicities:
TAH-BSO + VB + 254 6.6% (pelvic)* 89% pelvic RT (1.8%)

pelvic RT versus. no pelvic RT
(0.8%)

Creutzberg 51 2000 Pathologic stage I TAH-BSO 360 14% (pelvic) 81% P < 0.001 (pelvic
(grade 1 > 50% TAH-BSO + pelvic 354 4% (pelvic) 85% recurrence); P = 0.31
MI, grade 2 any RT (survival)
MI, grade 3
< 50% MI)

Keys 50 2004 Pathologic stage TAH-BSO/LNS 202 12% (2-year) 86% (4- year) P = 0.007 (recurrence);
IB, IC, occult II TAH-BSO/LNS + 190 3% (2-year) 92% (4- year) P = 0.56 (survival)

pelvic RT

TAH-BSO, total abdominal hysterectomy and bilateral salpingo-oophorectomy; VB, vaginal brachytherapy; RT, radiation therapy; MI, myometrial invasion.
a Deep myometrial invasion patients only.
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the combined approach.52 In surgically staged patients,
brachytherapy alone results in an excellent pelvic control rate
with a low risk of sequelae.53 Interest has emerged recently
in whether surgically staged patients with stage IC disease
can be observed without adjuvant radiation. One study com-
paring two cohorts of patients with stage IC (all grades)
disease with and without RT demonstrated a 6% chance of
recurrence in the RT cohort and 12% in the observation
cohort but with similar 5-year overall survivals in both groups
(92% versus 90%, respectively; P = 0.717). Five-year disease-
free survival was improved only in the grade 1 tumor group
receiving RT (100% versus 80%; P = 0.036). However, studies
such as these have been retrospective in nature with obser-
vation groups chosen by physician preference.55

Patients with stage II disease typically receive both pelvic
RT and brachytherapy. However, stage IIA tumors can be
treated with pelvic RT alone or, if surgically staged, vaginal
brachytherapy.56 Patients with stage IIB disease should receive
both pelvic RT and vaginal brachytherapy.

Definitive Radiotherapy

Although most endometrial cancer patients are treated with
surgery, a subset of patients with multiple medical comor-
bidities and/or advanced age are considered medically inop-
erable. Such patients are often treated with RT, with curative
intent. In addition, patients with locally advanced disease
may undergo RT alone.

The most favorable outcomes following RT alone are seen
in clinical stage I patients, with 5-year survival rates ranging
from 48% to 66%.57,58 After correcting for intercurrent deaths,
5-year cause-specific survivals in these women range from
72% to 87%, with survivals in many series exceeding 80%.
Less-favorable outcomes have been reported in clinical stage
II and III patients.57 Pelvic/uterine control rates are high in
most patients treated with definitive RT, particularly in those
with stage I disease (more than 80%).59

Systemic Therapy

There are currently no data supporting the addition of sys-
temic therapy to adjuvant RT in early-stage endometrial
cancer. Older randomized trials of adjuvant progestins
showed no benefit.60 The highest risk group are those with
high-grade, deep myometrial invasion and no lymph node

sampling. A recent registration trial from the PORTEC group
followed 99 women with stage IC grade 3 tumors who did 
not undergo pelvic/paraaortic node dissection. All received
postoperative pelvic radiotherapy. There were 13 vaginal/
pelvic relapses and 31 distant relapses, with 30 deaths due 
to endometrial cancer.36 The Radiation Therapy Oncology
Group (RTOG) recently completed a Phase II trial evaluating
chemoradiotherapy in high-risk patients (grade 2–3 tumors
with more than 50% invasion, cervical stromal invasion, or
pelvic-only extrauterine disease).61 All patients received
pelvic RT with cisplatin (50mg/m2, days 1 and 28), vaginal
brachytherapy, and then four cycles of cisplatin (50mg/m2)
and paclitaxel (175mg/m2). Although the regimen was
thought to be feasible, severe (grade 3–4) acute and chronic
toxicities were noted in 29% and 18% of patients, respec-
tively. At 24 months, the pelvic recurrence, distant recur-
rence, disease-free survival, and overall survival of the entire
group were 2%, 17%, 83%, and 90%, respectively. A recent
randomized trial launched by the RTOG using this cis-
platin/paclitaxel chemotherapy in stage I/II disease failed to
accrue. Patients with high-risk tumors who have lymph node
staging performed, and are known to be node negative, have
a lower risk of recurrence than those in whom lymph node
assessment is not performed, and it is not likely that ade-
quately powered randomized trials in this subgroup will be
feasible. Patients with stage I/II serous/clear cell tumors do
merit consideration for adjuvant chemotherapy, as discussed
next. In the future, molecular markers may aid in the selec-
tion of patients for adjuvant chemotherapy trials.

Therapy for Stage III and “Optimally
Debulked” Stage IV Disease

Radiation Therapy

Adjuvant RT has been used in the postoperative treatment 
of stage III–IV endometrial cancer patients for many years.
Patients with disease limited to the pelvis received pelvic RT
with and without vaginal brachytherapy, analogous to stage
I–II disease. Those with more-extensive disease were treated
with more comprehensive fields, such as extended-field and
whole abdominal RT.

Table 53.7 summarizes representative recent adjuvant RT
series in stage III–IV disease.62–68 Unsurprisingly, outcomes

TABLE 53.7. Surgery and postoperative radiotherapy: stage III–IV endometrial carcinoma (series after 1997).

Radiation Five-year
Author Reference Year N Stage Site(s) therapy survival Comments

Onda 62 1997 30 IIIC Pelvic/PA nodes P/E 84%
Connell 63 1999 12 IIIA Adnexa only P ± VB 70.9% (DFS)
Nelson 64 1999 17 IIIC Pelvic nodes P/WA ± VB 72%
Nicklin 65 2000 14 IIIB Vagina P ± VB 13% Includes some nonirradiated

patients
Smith 66 2000 22 III-IV Various WA ± VB 89% (3-year)
Ashman 67 2001 15 IIIA Serosa P ± VB 41.5% (DFS)
Mundt 68 2001 30 IIIC Pelvic/PA nodes P/E/W ± VB 55.8% (DFS)

DFS, disease-free survival; PA, paraaortic; P, pelvic RT; E, extended-field RT; WA, whole abdominal RT; VB, vaginal brachytherapy.



vary widely, with the best results seen in stage IIIA disease,
particularly in patients with isolated adnexal or peritoneal
fluid involvement. In contrast, less-favorable outcomes are
seen in stage III–IV patients with involvement of multiple
extrauterine sites and residual upper abdominal disease.

Considerable interest formerly existed for intraperitoneal
32P in patients with isolated involvement of the peritoneal
cytology. Today, interest has waned in light of reports ques-
tioning the prognostic significance of positive cytology in the
absence of other adverse features.69 Moreover, significant gas-
trointestinal toxicities may occur in patients receiving both
32P and external-beam RT.

In the past, stage IIIA patients with isolated adnexal
involvement received aggressive therapy, including whole
abdominal RT. However, pelvic RT is most likely sufficient.
Similarly, recent data have called into questions the role of
whole abdominal RT in stage IIIA patients with isolated
serosal involvement.67 Stage IIIB disease is rare. These
patients are usually clinically staged and undergo preopera-
tive (or definitive) irradiation. Limited data are available to
guide therapeutic decisions.65

Adjuvant irradiation in stage IIIC disease has received
considerable attention. Numerous authors have reported
long-term cures in women with positive paraaortic nodes fol-
lowing extended-field RT, with 5-year survivals ranging from
36% to 84%.62,68 Patients with pelvic nodal involvement
alone represent a favorable group. Nelson and coworkers
treated 17 stage IIIC patients with positive pelvic (and nega-
tive paraortic) nodes with pelvic (n = 13) or whole abdominal
(n = 4) RT. The 5-year disease-free and overall survivals of the
entire group were 81% and 72%, respectively.64

Patients with involvement of multiple extrauterine sites
pose a therapeutic challenge. In a review of stage III patients,
Greven et al. noted abdominal failures in 10% and 25% of
women with involvement of one versus three or more
extrauterine sites (P = 0.03), providing a rationale for whole
abdominal RT in the latter group.70 Promising results have
been reported using whole abdominal RT in these as well as
in stage IV patients. A GOG phase II trial (GOG 94) of whole
abdominal RT included 77 optimally debulked stage III–IV
patients. The 3-year progression-free and overall survival of
this group was 35% and 31%, respectively.71

No prospective Phase III trial has been performed com-
paring surgery versus surgery plus postoperative RT in any
subgroup of stage III–IV disease. Thus, the benefit of any form
of adjuvant RT in these patients remains unclear. Today,
interest is shifting increasingly away from postoperative RT
toward systemic chemotherapy. Recently, the GOG com-
pleted a randomized trial (GOG 122) comparing adjuvant
whole abdominal RT versus chemotherapy (doxorubicin/cis-
platin) in optimally (less than 2cm residual disease) debulked
stage III/IV patients. This trial has not yet been published 
in full; at a median follow-up of 52 months, chemotherapy
patients had a superior 2-year disease-free (59% versus 46%)
and overall (70% versus 59%) survival. Recurrences were fre-
quent, predominantly in the pelvis and abdomen, in both
groups.72 A concern was the high rate of vaginal cuff recur-
rences in the RT group because vaginal brachytherapy was
not routinely delivered.

Little interest today remains for whole abdominal RT
alone except at select centers.66 However, whole abdominal
RT is currently being evaluated combined with either con-

comitant (GOG 9907) or sequential (GOG 9908) chemother-
apy. An earlier phase I trial (GOG 9001) demonstrated the fea-
sibility of concomitant chemoradiotherapy in this setting.73

Given the heterogeneity of stage III–IV disease, it is unlikely
that a single approach is appropriate in all patients. Unfortu-
nately, the limited numbers of locally advanced patients pre-
clude the ability to define the optimal approach in every
subgroup.

Systemic Therapy

As discussed above, the only randomized trial evaluating
chemotherapy in stage III disease is GOG 122, which com-
pared whole abdominal radiotherapy to cisplatin/doxorubicin
chemotherapy. About 73% of the patients had stage III
disease. Survival benefit with chemotherapy was seen for
both the stage III patients [hazard ratio (HR) 0.67, 0.47–0.95]
and the stage IV patients (HR 0.64, 0.42–0.99). A small
number (about 15%) of these “optimally debulked” stage IV
patients appear to be disease free at 5 years. Fifty percent to
60% of stage III patients were disease free at 5 years.72

Although select stage III patients may benefit from RT
alone, current interest focuses on combined chemoradiother-
apy approaches. The addition of radiotherapy to chemother-
apy is supported by the high rate of locoregional failure both
in GOG 122 and in retrospective series of patients treated
with chemotherapy alone.74 A subsequent GOG stage III trial,
GOG 184, prescribed “involved field” (pelvic ± para-aortic ±
intravaginal) radiotherapy to all patients; this was followed
by either cisplatin/doxorubicin or paclitaxel/doxorubicin/
cisplatin chemotherapy. Results of this trial are not yet 
available. Growth factor (granulocyte colony-stimulating
factor, G-CSF) is required for most patients when pelvic 
radiotherapy precedes chemotherapy to maintain reasonable
dose intensity.

Cisplatin/doxorubicin is the only chemotherapy combi-
nation for which any positive randomized trial data exist for
use in the adjuvant setting. However, based on preliminary
results in metastatic disease and ongoing adjuvant clinical
trials, other regimens, such as paclitaxel/doxorubicin/cis-
platin or carboplatin/paclitaxel, may be used in the future.75

Advanced/Recurrent Disease

With the exception of isolated vaginal recurrences or the
occasional solitary, resectable pulmonary nodule, therapy for
metastatic or recurrent endometrial carcinoma remains 
palliative.

Salvage Surgery

After radiation therapy, patients with localized central recur-
rences have been treated surgically with a complete pelvic
exenteration for curative intent. Although the complication
rate is high, 5-year disease-free survival in this small group of
patients was 45%.76

Salvage Radiotherapy

Approximately 50% of endometrial cancer patients who
relapse following surgery fail in the pelvis, of whom 50%
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recur in the vaginal vault. Patients with recurrent disease
limited to the pelvis often undergo salvage, particularly those
with isolated vaginal recurrences.

Numerous investigators have reported the outcome of
patients with recurrent endometrial cancer following salvage
RT.77–79 Survival rates vary considerably between the pub-
lished reports, ranging from 18% to 71%. Patients with iso-
lated vaginal recurrences represent a favorable group. Pai and
coworkers evaluated the outcome of 20 patients with isolated
vaginal involvement treated with salvage RT. The 10-year
actuarial local control and cause-specific survival of the entire
group were 74% and 71%, respectively.79 In contrast, others
have reported poor survivals (24%–33%) in patients with iso-
lated vaginal recurrences.77 Additional favorable prognostic
factors include long disease-free intervals, low-grade disease,
adenocarcinoma histology, and no prior RT.

Local control is achieved in 35% to 92% of patients
treated with salvage RT, with most series reporting control
rates between 40% and 70%.78 A major determinant of local
control is tumor size. Wylie and coworkers reported 5-year
local control rates of 80% and 54% in tumors of 2cm or less
and more than 2cm, respectively (P = 0.02).80 Others have
reported similar results.

Hormonal Therapy

Endometrial cancers frequently express both estrogen (ER)
and progesterone (PR) receptors, and high levels of PR expres-
sion have been shown to correlate inversely with stage and
grade, as well as being an independently favorable prognostic
indicator in some series of early-stage disease.81 About 20%
of unselected patients with metastatic endometrial carci-
noma will respond to therapy with progestins. Other hor-
monal agents may also have some activity.

Factors that have been found to predict for response to
progestins and, to a limited extent, to other hormonal thera-
pies include well-differentiated tumors, a long interval
between diagnosis and tumor recurrence, and high levels of
estrogen receptors (ER) and progesterone receptors (PR).82

However, these criteria are imperfect; for example, high-grade
tumors sometimes respond to hormonal therapy. Attempts
have been made to standardize definitions of ER and PR pos-
itivity so that endometrial cancer patients could be selected
for hormonal therapy in a manner similar to breast cancer
patients, but this has not occurred. Concern exists over the
fact that some patients defined as “receptor negative” by
various cutoff criteria nonetheless respond to hormones, that
there can be heterogeneity between the hormone receptor
status of the primary tumor and the metastatic sites, and that
various metastatic sites can be discordant.83,84 Moreover, 
PR-specific antibodies may fail to detect PRB in formalin-
fixed, wax-embedded tissue despite their ability to do so 
by immunoblot analysis,85 and PRB may be important in
response to hormonal therapy.86

Cytotoxic Chemotherapy

Taxanes, anthracyclines, and platinum agents have shown 
the most activity as single agents to date. It should be kept
in mind that dose intensity in some single-agent trials is
limited by the older age and prior pelvic radiotherapy of 
many patients. For example, the Eastern Cooperative Oncol-
ogy Group (ECOG) trial of topotecan in chemotherapy-naïve

women with metastatic/recurrent disease found 0.8
mg/m2/day ¥ 5 (versus the FDA-approved dose of 1.5
mg/m2/day ¥ 5 for second-line therapy for ovarian cancer) to
be the tolerable dose in women with prior pelvic radiother-
apy for endometrial cancer.87

Table 53.8 shows randomized trials of combination
therapy. In general, combinations have been shown to
produce higher response rates than single-agent therapy and
have therefore become standard for healthy patients. Most
recently, the three-drug combination of paclitaxel, doxoru-
bicin, and cisplatin showed a survival advantage over the 
two-drug combination of doxorubicin and cisplatin, but it
produced more neurotoxicity88 and required growth factor
support. As treatment in the setting of metastatic disease is
generally palliative, decisions about choice of regimen should
be based on individual needs and wishes of the patient. The
median survival from time of entry onto a chemotherapy pro-
tocol for measurable recurrent disease is about a year.

Unfavorable Histology

Papillary Serous/Clear Cell

Because of the rarity of these subtypes, many publications
represent small retrospective single-institution series that
include patients diagnosed over several decades with a con-
glomerate of stages and treatments. Often uterine papillary
serous carcinomas (UPSC) and clear cell carcinomas (CCC)
are analyzed together.

Surgery

Because of the propensity for lymphatic and hematogenous
spread, patients with papillary serous and clear cell carcino-
mas should be surgically staged. This procedure should
include a total abdominal hysterectomy, bilateral salpingo-
oophorectomy, cytologic washings, pelvic and paraaortic
lymph node assessment, and an omentectomy, as 37% to
50% of patients believed to have cancer confined to the uterus
will have extrauterine involvement found upon surgical
staging.89,90 Twenty-six of 34 (76%) patients from selected ret-
rospective studies who were surgically staged and shown to
have disease confined to the endometrium (stage IA) were
observed without adjuvant radiation or chemotherapy. Five of
these 26 patients (19%) developed a recurrence in either the
pelvis or abdomen. The majority, however, remain disease
free.89–92 Other retrospective studies of presumptive stage IA
patients have shown higher recurrence rates (30%) but are dif-
ficult to interpret given the lack of surgical staging.93

Radiotherapy

The role of RT in patients with unfavorable histologies 
(papillary serous, clear cell) is controversial. Because papillary
serous tumors have a propensity to relapse in the upper
abdomen, attention has focused primarily on whole abdomi-
nal RT. In a study of 26 patients (80% papillary serous) treated
with abdominopelvic radiotherapy, Smith et al. noted a 3-year
disease-free and overall survival of 87% and 87% in stage I–II
and 32% and 61% in stage III–IV patients, respectively.66 A
Phase II study of whole abdominal RT conducted by the GOG
(GOG 94) enrolled 88 papillary serous/clear cell patients, 49
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of whom were pathologic stage I/II. The 5-year disease-free
survival of stage I–II papillary serous (n = 31) and clear cell 
(n = 18) patients were 35% and 61%, respectively.71 Some
others have also reported less-favorable results with whole
abdominal RT.71

No prospective Phase III trial evaluating whole abdomi-
nal RT in papillary serous tumors has been conducted. Its
benefit thus remains unclear, particularly in pathologic stage
I–II patients. In a review of 193 stage I–II patients from nine
studies, Mehta et al. noted abdominal failures in 6 of 68
patients (9%) treated with versus 10 of 125 patients (8%)
treated without whole abdominal RT. A benefit in pelvic
control was seen, however, with the use of pelvic and/or

vaginal irradiation (11% irradiated, 73% nonirradiated
patients).94 Given the high risk of distant failure, a reasonable
approach may be chemotherapy combined with pelvic and/or
vaginal RT.95

Fewer data are available evaluating the role of RT in clear
cell carcinoma. These tumors are often grouped with papil-
lary serous tumors and treated with whole abdominal RT,
even when confined to the uterus.66 However, it remains
unclear whether whole abdominal RT is beneficial. Murphy
and colleagues reviewed the outcome of 38 clear cell patients
treated with primary surgery.96 Pelvic recurrence was seen in
0 of 22 patients treated with versus 8 of 16 (50%) without
adjuvant RT (P less than 0.0001). Although no patient

TABLE 53.8. Randomized chemotherapy trials (first-line).

Median OS
Author Reference Year Regimen N RR% (months) Comments

Ayoub 176 1988 CAFa 20 15% 11 OS difference not
CAF + MPA/tamoxifenb 23 43% 14 significant

Aapro 177 2003 Doxorubicin 60mg/m2 q 4 weeks 87 17% 7 P = 0.06 for OS
Doxorubicin 60mg/m2 + Cisplatin 90 43% 9

50mg/m2 q 4 weeks
Thigpen 178 2004 Doxorubicin 60mg/m2 q 3 weeks 122 25% 9.2 P = 0.004 for RR

(dox 45mg/m2 if prior RT or age 
>65)

Doxorubicin 60mg/m2 + 101 42% 9.0
cisplatin 50mg/m2 q 3 weeks

(dox 45mg/m2 if prior RT or age
>65)

Thigpen 179 1994 Doxorubicin 60mg/m2 q 3 weeks 132 22% 6.7 No significant difference
Doxorubicin 60mg/m2 + 144 30% 7.3 in unadjusted RR or OS

cyclophosphamide 500mg/m2

q 3 weeks
(25% dose reduction if prior RT 

or age >65)
Gallion 180 2003 Doxorubicin 60mg/m2 + 169 46% 11.2 No difference between

cisplatin 60mg/m2 q 3 weeks standard and “circadian-
(dox 45mg/m2 if prior RT or age timed” chemotherapy

>65)
Doxorubicin 60mg/m2 (6 AM) + 173 49% 13.2

cisplatin 60mg/m2 (6 PM) 
q 3 weeks 

(dox 45mg/m2 if prior RT or age 
>65)

Fleming 181 2004 Doxorubicin 60mg/m2 + 157 40% 12.6 No difference between
cisplatin 50mg/m2 q 3 weeks arms

(dox 45mg/m2 + cis 40mg/m2 if
prior RT or age >65)

Doxorubicin 50mg/m2 + 160 43% 13.6
Paclitaxel 150mg/m2/24h +
G-CSF

(dox 40mg/m2 + paclitaxel
120mg/m2 if prior RT or age
>65)

Fleming 88 2004 Doxorubicin 60mg/m2 + 132 34% 12.3 Significant difference in
cisplatin 50mg/m2 q 3 weeks RR and OS

(Dox 45mg/m2 if prior RT No initial dose reduction 
or age >65) in three-drug arm

Dox 45mg/m2 + cisplatin 134 57% 15.3
50mg/m2 + paclitaxel
160mg/m2 + G-CSF

Weber 75 2003 Doxorubicin 60mg/m2 + 29 28% — Preliminary report
cisplatin 50mg/m2

Paclitaxel 175mg/m2 + 34 35% —
carboplatin AUC 5

a CAF = Dox 30mg/m2 on day 1, plus Ctx 400mg/m2 on days 1 and 8, plus 5-FU 400mg/m2 on days 1 and 8, q 4 weeks.
b MPA/TAM = medroxyprogesterone acetate 200mg/day ¥ 3 weeks, alternating with tamoxifen 20mg/day ¥ 3 weeks.



received whole abdominal RT, only 1 (2%) failed in the upper
abdomen.

Systemic Therapy: Recurrent/Metastatic Disease

The worse prognosis associated with USPC and CCC appears
to be related to the very high rates of advanced stage at pre-
sentation. Once a tumor has spread outside the uterus, there
is no evidence that the chemotherapeutic treatment for
women with UPSC or CCC should be different from that for
women with high-grade endometrioid carcinomas, despite
the different molecular pathways involved. UPSC and CCC
do not usually express hormone receptors97 and should not
generally be treated with hormonal therapies such as prog-
estins. Response rates and overall survival for UPSC did not
differ from that for all other histologies in two large random-
ized trials of patients with advanced or recurrent endometrial
cancer using cisplatin, paclitaxel, and doxorubicin (GOG 163
and GOG 177).

Clear cell carcinoma is less common than UPSC, and it
is difficult to arrive at meaningful conclusions about how
well it responds to chemotherapy. Abeler et al. reported that
four of six patients treated with platinum-containing
chemotherapy showed a response.98 Three of 10 and 3 of 8
patients with clear cell carcinoma treated on GOG 163 and
GOG 177, respectively, had a major response.

Adjuvant Systemic Therapy

Twenty-one percent of patients on GOG 122 had UPSC and
4% had CCC.72 As discussed earlier, this trial demonstrated
an overall superiority for chemotherapy; this was true regard-
less of histology, and chemotherapy therefore appears to be
appropriate therapy for women with stage III and debulked
stage IV endometrial cancer of all histologic subtypes, UPSC
and CCC included.

The particular dilemmas in the systemic treatment of
CCC and UPSC arise in the stage I and II patients. First, was
the patient adequately staged? What criteria should be used to
determine if the patient had an adequate surgical procedure to
exclude more-advanced disease? Second, what is the progno-
sis of a true extensively surgically staged stage I UPSC or CCC
patient? Given the rarity of these histologic subtypes, ade-
quately powered randomized trials testing adjuvant treat-
ment strategies are not feasible. Decisions about adjuvant
chemotherapy must be made on a best estimate of risk of recur-
rence in the absence of systemic treatment and the assump-
tion that if chemotherapy can reduce the risk of recurrence in
stage III disease, it can also do so in high-risk stage I/II disease.

GOG 94 prospectively treated patients with clinical stage
I/II UPSC/CCC with whole abdominal radiotherapy.99 A pre-
liminary report noted only a 35% 5-year progression-free 
survival (PFS) for stage I/II UPSC patients (n = 31) and a 61%
PFS for stage I/II CCC patients (n = 18). On the other hand,
as already discussed, a number of small single-institutional
series using very extensive surgical staging have reported 85%
to 100% 5-year survivals using no adjuvant therapy for
patients with stage Ia disease.91,100,101

Patients with UPSC who have disease limited to a polyp
or the endometrium and who have no further disease found
in the hysterectomy specimen or by surgical staging proba-
bly have excellent survival and would not benefit from
chemotherapy. This is a fairly rare situation. Those who have

stage Ia disease based on extensive surgical staging, with a
reasonable number of nodes dissected, the omentum and peri-
toneum sampled, and washings taken, probably also have
survivals of 80% or more and will have limited benefit from
adjuvant chemotherapy. Most series suggest that the remain-
der of stage I patients have a risk of recurrence of at least 20%,
and they may benefit from chemotherapy.

UPSC and CCC have been suggested to have a higher fre-
quency of HER2 amplification than endometrioid endome-
trial cancers.102 The GOG reported results of HER2/neu
evaluation on patients from GOG 177. A 3+ level of immuno-
histochemical staining was detected in 46 of 236 (20%) of
cases overall; 10 of 38 USPC (26%), and 36/198 for all others
(18%).103 One complete response to trastuzumab was reported
in a 2003 ASCO abstract.104 However, a GOG trial of single-
agent trastuzumab in patients with endometrial cancers
staining 2+ or 3+ by immunohistochemical analysis noted 
no responses in the first stage of accrual.105 That trial was
amended to include only patients with HER2/neu gene ampli-
fication [i.e., fluorescence in situ hybridization (FISH) posi-
tive] patients of any histologic subtype, and accrual is
ongoing.

Carcinosarcomas

Carcinosarcomas, similary to uterine papillary serous carci-
nomas, have a high rate (75%) of unsuspected metastatic
disease.106 These patients should be surgically staged, if pos-
sible, for counseling with regard to prognosis and for recom-
mendations with regard to adjuvant therapy. Survival is
directly related to stage of disease. In patients with disease
truly confined to the uterus based upon staging, 5-year sur-
vival is as high as 74%, in contrast to patients who have
known extrauterine disease where survival is only 24% (P =
0.0013).107 However, even in patients left with no gross resid-
ual disease, 44% of patients have been shown to develop
recurrent disease.108

Radiotherapy

Controversy exists regarding the role of RT in carcinosar-
coma. Unfortunately, the available outcome data are difficult
to interpret because many older reports fail to distinguish
between carcinosarcomas and other uterine sarcomas
(leiomyosarcoma, endometrial stromal sarcoma) in their
analyses. Of note, most,109 but not all, studies that group the
various sarcoma histologies together report improved pelvic
control with adjuvant RT. Moreover, most 109–111 but not all112

note improved survival as well.
Hornback and coworkers evaluated the impact of pelvic

RT in uterine sarcoma patients enrolled on GOG-20 (a ran-
domized trial of adjuvant doxorubicin). In this study, pelvic
RT was optional. Of 109 stage I–II patients (87% carcinosar-
coma), the pelvis was the first site of failure in 10% and 23%
of irradiated and nonirradiated patients, respectively.113 In a
separate GOG study, irradiated clinical stage I–II patients had
a lower rate of first relapse in the pelvis (17%) than nonirra-
diated patients (24%).114 Most studies focusing solely on car-
cinosarcoma have reported better pelvic control rates in
irradiated patients, particularly in stage I–II disease.115–117

Impact on survival has been mixed, with a benefit seen in
some but not all reports.
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Based on studies that noted a predominance of failures in
the upper abdomen,118 increasing attention has been focused
on the use of whole abdominal RT in carcinosarcomas. Cur-
rently, the GOG is conducting a randomized trial (GOG 150)
of adjuvant whole abdominal RT versus chemotherapy in
optimally debulked stage I–IV carcinosarcoma patients. The
results of this trial may help define the optimal approach to
these patients.

Adjuvant Systemic Therapy

The effects of adjuvant chemotherapy have not been well
studied. The only randomized trial performed (GOG 20)
tested single-agent doxorubicin versus no chemotherapy after
surgery, and demonstrated no difference between the arms in
recurrence rate, progression-free survival, or overall sur-
vival.119 This trial included stage I/II uterine carcinosarcomas,
leiomyosarcomas, and sarcomas of other histologies, and the
numbers in each histologic subset were too small for defini-
tive analysis. Moreover, as discussed, use of pelvic irradiation
was at the discretion of the investigator. Forty-five percent 
of the patients with carcinosarcoma treated on GOG 
20 recurred. The current GOG adjuvant trial (GOG 150) 
randomizes women with optimally debulked stages I–IV 
carcinosarcoma to whole abdominal radiotherapy versus
combination ifosfamide/cisplatin chemotherapy.

Systemic Therapy in Advanced/Recurrent Disease

In advanced or recurrent disease, the number of agents
studied is limited, and older trials tended to study carci-
nosarcomas along with leiomyosarcomas and other sarcomas.
Paclitaxel, ifosfamide, and cisplatin clearly produce response
rates above 10%, with the highest response rates documented
for ifosfamide, although these have also been the most dose-
intense and toxic regimens. No randomized trials (Table 53.9)
have proven any survival benefit for chemotherapy with

advanced/recurrent disease, and median survival for this
group of patients remains less than 1 year.

Uterine Mesenchymal Tumors (Sarcomas)

Uterine sarcomas, in general, are rare. However, leiomyosar-
comas are responsible for a disproportionate number of deaths
from uterine malignancy (40%–50% of stage I–II cancers will
recur). As is the case for other soft tissue sarcomas, grade is
prognostically very important.120–122 The overall incidence of
uterine malignancies including endometrial carcinomas is
lower in black patients (15.31 per 100,000 woman-years; 95%
CI, 14.61–16.04) than in white non-Hispanic patients (23.43
per 100,000 woman-years; 95% CI, 23.06–23.81). However,
based on SEER (Surveillance, Epidemiology, and End Results)
data from 1992–1998, blacks had significantly higher inci-
dence rates of the poorer prognostic histologic types such as
carcinosarcoma and sarcoma as compared to white non-
Hispanics. The comparison rate ratios for blacks were 2.33
(95% CI, 1.99–2.72) for carcinosarcomas and 1.56 (95% CI,
1.31–1.86) for sarcomas. Mortality attributable to these rare
aggressive tumor types accounted for 53% of mortality among
black patients as compared to 36% among white patients.123

Although there is no specific staging system for uterine sar-
comas, some clinicians utilize the surgical staging system for
endometrial corpus cancers to classify sarcomas.

Pathology

Uterine mesenchymal neoplasms can be broadly classified
into those associated with endometrial stroma and those
arising from the smooth muscle of the myometrium.

Endometrial Stromal Tumors

Endometrial stromal tumors are characterized by an appear-
ance similar to the stroma of proliferative endometrium, being

TABLE 53.9. Randomized chemotherapy trials in advanced uterine carcinosarcoma.

Prior N RR% Median
Author Reference Year chemotherapy Regimen evaluable (n) OS Comments

Sutton 182 2000 N Ifosfamide 1.5g/m2 d ¥ 5d 102 36% 7.6 P = 0.07 for survival, 17% gr 
q 21d vs. (37) months 3–4 CNS toxicity Doses 

Ifosfamide 1.5g/m2 d ¥ 4–5 d + reduced to 4 days in
CDDP 20mg/m2/d ¥ 4–5d q combination arm because 
21 d of toxicity; 6 deaths before 

Ifosfamide 1.2g/m2 if prior RT 92 54% 9.4 dose reduction
both arms (50) months

Muss 183 1985 N Doxorubicin 60mg/m2 q 21 days 20 25% — Part of a trial including 
vs. doxorubicin 60mg/m2 (5) uterine leiomyosarcoma
+ cyclophosphamide Response rates given for 
500mg/m2 q 21 days patients with measurable

Doxorubicin dose 45mg/m2 disease, both arms 
in patients with prior combined

RT, age >65 years, or PS 2–3, 
both arms

Omura 184 1983 Mixed Doxorubicin 60mg/m2 q 21 41 10% — Part of a trial including 
days vs. doxorubicin (4) uterine leiomyosarcomas
60mg/m2 + DTIC
250mg/m2/day ¥ 5 q 21 days

Chemotherapy doses reduced 31 23% —
25% for prior RT, both arms (7)

DTIC, dacarbazine; PS, performance status; CNS, central nervous system; gr, grade.



composed of short blue spindle cells and small arterioles. Based
on the pattern of growth, they are separated into benign
stromal nodules, low-grade endometrial stromal sarcoma, and
undifferentiated endometrial sarcoma. The latter was formerly
classified as high-grade endometrial stromal sarcoma, but as it
is histologically, immunophenotypically, and cytogenetically
distinct and has a dismal prognosis by comparison, it is best
considered as a different entity rather than a less-differentiated
example of stromal sarcoma.124

Endometrial stromal nodules are uncommon lesions,
usually presenting as an intramural or polypoid well-circum-
scribed round or oval lesion less than 5cm in diameter. They
are most often discovered as incidental findings on hysterec-
tomy. Microscopically they have an expansile, noninfiltrative
growth pattern and are composed of bland stromal cells with
variable mitotic activity. Stromal nodules are benign, and
tend not to recur even if treated with simple excision.125

Low-grade endometrial stromal sarcoma may appear 
circumscribed or infiltrative on gross examination, but 
classically presents with a worm-ridden appearance to the
myometrium. Areas of cystic degeneration and necrosis may
be present. Microscopically, most cases have broad tongues of
infiltrating tumor peculating through the myometrium and
involving lymphatic spaces. Cells are uniform, nuclear atypia
is minimal, and mitotic activity is usually low, although the
latter is no longer a diagnostic criterion.126 Stromal sarcoma
typically expresses estrogen and progesterone receptors,
CD10, and smooth muscle actin, but lacks expression of
desmin.127,128 Most endometrial stromal sarcomas have at (7 :
17) translocation involving JAZF1 and JJAZ1.129 Survival data
from many studies are biased by the inclusion of cases of
undifferentiated endometrial sarcoma; however, nearly half of
stromal sarcoma patients will experience recurrence, often
more than 5 years from initial diagnosis. Hormonal therapy
has been effective in treating metastatic disease.130

Undifferentiated endometrial sarcoma, formerly known as
high-grade endometrial stromal sarcoma, occurs in an older
population than low-grade endometrial stromal sarcoma and
has a dismal prognosis: most patients present with advanced
stage and the median survival is less than 2 years. The tumor
is composed of spindle or polygonal pleomorphic mesenchy-
mal cells that bear little resemblance to endometrial stromal
cells. Mitotic activity is typically brisk and necrosis is 
often present. Undifferentiated endometrial sarcoma rarely
expresses estrogen or progesterone receptors, lack CD10
expression, and has a complex karyotype.131 Because of the
marked difference in behavior, histology, and immunoprofile,
it is recommended that the term high-grade endometrial
stromal sarcoma be replaced by undifferentiated endometrial
sarcoma.132

Smooth Muscle Tumors

Leiomyomas are the most common uterine neoplasm, present
in as many as 25% of women over 30. Grossly they are usually
well circumscribed, white, and firm to rubbery, although when
degenerative changes are present they may range from deep red
to yellow and have a soft consistency. Microscopically, they
are composed of fascicles of smooth muscle cells with bland
cytology. Mitotic activity is usually low, although in repro-
ductive years an otherwise typical leiomyoma may have up 
to 20 mitoses per 10 high-power fields (mitotically active

leiomyoma) and still be benign. Although areas of hyaliniza-
tion, red or carneous degeneration, or even necrosis may be
present, they are different form the geographic coagulative
tumor necrosis associated with leiomyosarcoma. Variants of
leiomyoma include symplastic leiomyoma, with markedly
atypical bizarre cells; epithelioid leiomyoma, with polygonal
cells rather than spindled cells; and cellular leiomyoma, com-
posed of cells with scant cytoplasm. Leiomyomas that have
undergone treatment with gonadotropin-releasing hormone
analogues may display coagulative necrosis or apoptosis.133

Leiomyosarcoma is the most common uterine sarcoma,
with an incidence of approximately 1 per 105 population.
Grossly the tumors are more likely to be poorly circumscribed,
soft, fleshy, and necrotic or hemorrhagic. Microscopically,
compared to leiomyomas, they are more cellular, more mitot-
ically active, and frequently have coagulative necrosis. The
histologic spectrum ranges from lesions that have recognizable
smooth muscle differentiation to high-grade tumors that bear
little resemblance to their cell of origin. The separation of low-
grade leiomyosarcoma from leiomyoma is problematic. Taylor
and Norris in 1966,134 reporting on 63 highly cellular smooth
muscle tumors, found that cases with fewer than 10 mitoses
per 10 high-power fields (hpf) did not metastasize. They also
noted that 74% of sarcomas had necrosis, as compared to 12%
of leiomyomas. Kempson and Bari135 studied 29 cases of prob-
lematic smooth muscle tumors and found that 6 of 7 cases with
5 to 9 mitoses/hpf recurred when associated with atypia. The
malignant criteria of greater than 10 mitoses/10hpf without
atypia and greater than 5 mitoses/hpf with atypia were used
for decades based on these studies. In 1988 Perrone and
Dehner136 found that mitotic index did not predict poor prog-
nosis in cases that otherwise lacked atypia. They also noted
that infiltrative margins and coagulative necrosis were seen in
tumors with malignant behavior. Bell et al.137 reported their
experience with 213 “problematic” smooth muscle tumors in
1994, finding in a multivariant analysis that coagulative tumor
necrosis, atypia, and mitotic activity were the important pre-
dictors of malignant behavior. When some but not all of these
criteria are present, the diagnosis of atypical leiomyoma is
made, which carries a small risk of malignant behavior. This
expansion of malignant criteria to include coagulative necro-
sis is especially important in two circumstances: women with
mitotically active smooth muscle tumors that lack atypia 
and necrosis, and tumors with necrosis and atypia that lack
significant mitotic activity. The former, mitotically active
leiomyomas, occur in women in the reproductive years, par-
ticularly under the influence of progesterone, and are benign
even if mitotic activity is greater than 10 mitoses/10hpf. The
latter are sarcomas or atypical leiomyomas with some risk of
recurrence, even if the mitotic index is low.

Although a clear sequence of neoplastic progression from
precursor lesion to fully malignant tumor is seen in other
organs, such as colonic adenocarcinoma, there are only anec-
dotal examples of leiomyosarcoma developing from preexist-
ing leiomyomas. Indeed, the presence of multiple leiomyomas
does not increase the risk of sarcoma, and the tumors have dif-
ferent cytogenetic and molecular characteristics.138

Surgery

The standard surgical procedure for patients with sarcomas of
the uterus is a total abdominal hysterectomy and bilateral
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salpingo-oophorectomy. Often, the diagnosis will be made
incidentally in a patient believed to have a benign leiomy-
oma. The incidence of ovarian metastasis is relatively low
(5%), even in patients with high-grade sarcomas. In patients
with low-grade sarcomas, there were no patients with ovarian
metastases in a cohort of 108 patients. The role of lym-
phadenectomy and surgical staging is not of proven benefit in
leiomyosarcomas of the uterus. The only patients (n = 3 of
37) with positive nodes (8%) in one study from Memorial
Sloan Kettering had grossly enlarged lymph nodes. No
patients with disease confined to the uterus or cervix had 
positive nodes.139 Therefore, there is no documented benefit
to taking a patient back to surgery for extended surgical
staging. A young patient who underwent a myomectomy
only, however, may benefit from undergoing a completion
hysterectomy if high-grade leiomyosarcoma was found as
there may be residual sarcoma remaining in the uterus.140

Radiation Therapy

Limited data are available regarding the role of RT in uter-
ine leiomyosarcomas and endometrial stromal sarcomas.
Although some investigators have reported a benefit to 
adjuvant RT in endometrial stromal sarcoma,118 others have
not.141 Weitman et al. evaluated 15 endometrial stromal
sarcoma patients (80% stage I–II) treated with surgery and
adjuvant RT. The 5-year pelvic control and overall survivals
were 93% and 79%, respectively.142 Results have been mixed
in leiomyosarcomas, with a benefit seen in terms of pelvic
control143,144 and survival144 in some reports. Others have
noted no benefit to adjuvant irradiation.121

Systemic Therapy

Uterine Leiomyosarcomas: Adjuvant Therapy

Neither adjuvant chemotherapy nor adjuvant radiotherapy
has been proven to produce a survival benefit, but adequately
powered randomized trials do not exist. Results for those
patients with leiomyosarcoma entered on the one published
randomized trial (doxorubicin versus no chemotherapy)
suggest a possible modest benefit from adjuvant 
deoxorubicin.119

Uterine Leiomyosarcomas:
Advanced/Recurrent Disease

As is the case for other leiomyosarcomas, ifosfamide and dox-
orubicin have single-agent activity in metastatic disease. The
combination of these two agents has been reported to produce
a response rate of 29%145 but is toxic, and the median survival
of 9.5 months observed is similar to that seen in a variety 
of single-agent studies. Cisplatin, which has reproducible
activity in uterine carcinosarcomas, is not effective in the
treatment of leiomyosarcomas. Interestingly, the GOG has
recently reported a response rate of 19% to single-agent gem-
citabine,146 which has not demonstrated activity against
advanced sarcomas or leiomyosarcomas in general.147 A study
by Hensley et al.148 used the combination of docetaxel and
gemcitabine and reported an overall response rate of 53%
with a median overall survival of 17.9 months in a group of
patients with leiomyosarcoma (85% had uterine leiomyosar-
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coma, and half had prior chemotherapy). A confirmatory trial
is underway in the GOG.

Low Grade Endometrial Stromal Sarcoma (ESS):
Systemic Therapy

Although low-grade ESS (previously known as endolymphatic
stromal myosis) has a relatively good prognosis, it may recur
late. It has been reported that 30% to 50% of tumors local-
ized to the uterus at the time of diagnosis eventually recur.149

Aubry et al. described 16 patients with lung metastases from
metastatic low-grade ESS. In that series, the diagnosis of ESS
had been made an average of 9.8 years previously.150 Low-
grade ESS frequently expresses ER and PR. It has been sug-
gested that the ovaries should be removed in premenopausal
women with low-grade ESS and/or that adjuvant progestins
should be given,149 but data to support these recommenda-
tions are insufficient.

There are, however, multiple case reports documenting
responses of low-grade ESS to various hormonal manipula-
tions, including aromatase inhibitors such as aminog-
lutethimide130 and letrozole,151 progestins such as megestrol
acetate,152,153 and, preoperatively, to gonadotropin-releasing
hormone (GnRH) agonists such as leuprolide.154 Because the
tumor is indolent, resection of metastases is also an option.
Among the 16 patients with lung metastases described by
Aubry et al.,150 14 were alive and 7 were without evidence of
disease at a median follow-up of 4.1 years after diagnosis of
lung metastases. The interventions used consisted primarily
of resection of lung nodules and hormonal therapy.

Undifferentiated Endometrial Sarcoma

Undifferentiated endometrial sarcoma (high grade) is less
common than uterine leiomyosarcoma but has a similar
prognosis.122,155,156 In recurrent undifferentiated endometrial
sarcoma, chemotherapy is generally tried. A prospective trial
of ifosfamide in 22 patients with recurrent or disease yielded
a response rate of 32%.157 Multiple case reports have docu-
mented responses to doxorubicin,158 and a complete response
to paclitaxel and carboplatin has also been reported.159
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Evidence-Based
Management of 
Breast Cancer

Lisa A. Newman and Daniel F. Hayes

he magnitude of the worldwide breast cancer burden
is substantial and is increasing. Known to be a 
disease of greatest prevalence in heavily industrialized

nations, its incidence and mortality rates are rising interna-
tionally as the populations of relatively less developed coun-
tries adopt the lifestyle and commercialism that characterize
Western communities. Breast cancer has therefore been the
subject of numerous clinical trials designed to improve our
ability to screen for, to treat, and even to prevent the disease.
This chapter reviews the highest levels of evidence that have
been published for the major categories of interest in the 
contemporary management of breast cancer:

1. Screening/early detection
2. Primary surgery
3. Medical/systemic therapy
4. Radiation issues
5. Primary medical management (neoadjuvant chemother-

apy)
6. Management of ductal carcinoma in situ (DCIS)
7. Risk reduction/prevention
8. Evaluation and treatment of metastatic disease

Breast Cancer Screening

The most commonly-accepted age-specific breast cancer
screening recommendations regarding breast self-
examination (BSE), clinical breast examination (CBE), and
mammography are as follows:

20–40 years old: monthly BSE (optional); CBE every 1–3 years
40 years old and older: monthly BSE (optional); CBE annually;

mammogram annually

BSE is generally perceived as a cost-efficient means of pro-
moting breast health awareness, but data to document its
efficacy in reducing breast cancer mortality are lacking.1–3

Some clinicians have even criticized this approach because 
of concerns that it creates excessive cancerphobia in some
women, and one meta-analysis revealed that it tended to
result in an excess of unnecessary biopsies for benign fibro-
cystic changes.2 On the other hand, it may represent the only
viable alternative for women who do not meet screening eli-
gibility requirements or for whom mammography services are

simply unavailable.4,5 Furthermore, Shen and Zelen6 analyzed
data from selected mammography screening trials and found
the sensitivity of BSE (39%–59%) to be appreciable.

Utilization of annual mammographic screening in women
beginning at age 40 is promoted by the majority of medical
societies and advocacy organizations, such as the American
Cancer Society, the American College of Surgeons, the Amer-
ican Society of Clinical Oncology, and the Susan G. Komen
Breast Cancer Foundation. One issue that has generated sub-
stantial controversy involves the role of screening mammog-
raphy in women 40 to 49 years old. In contrast to the annual
mammography recommendation espoused by the majority of
societies, the American Academy of Family Physicians and
the American College of Preventive Medicine recommend
that annual surveillance mammography should not begin
until age 50. The U.S. Preventive Services Task Force7 has
compiled a comprehensive evidence-based analysis of pub-
lished screening trials and concluded that mammographic
surveillance (with or without clinical breast examination) is
appropriate at 1- to 2-year intervals for women beginning at
age 40, and they also reported that data are inadequate to fully
assess the value of BSE.

The history of breast imaging dates back to the early
1900s, and it has evolved into the sophisticated technology 
of contemporary mammographic screening. Between 1963
and 1990, eight different prospective randomized studies 
were conducted worldwide in an attempt to define the
optimal standards for breast cancer surveillance with screen-
ing mammography. Breast cancer mortality was the endpoint
for all these studies, and participants were randomized to
receive either periodic mammographic imaging or “routine”
health care. The design of the various studies is shown in
Table 54.1,7–14 demonstrating notable differences between
them regarding patient populations, screening intervals, and
type of mammogram offered. Most of the studies were
designed to be population based, and the women in the study
arm were “invited” to undergo mammography, but the only
trials with 100% uptake on initial screen were the two
national programs coordinated in Canada. Uptake in the other
six trials averaged approximately 80%. Furthermore, compli-
ance with return for the second screen in the mammography
arms ranged from only 54% to 90%, and many studies had
significant contamination (13%–25%) of the control arms by
patients who received mammography despite their random-

5
4

T



ization assignment. The “intent-to-treat” statistical design of
these studies mandated that all participants were analyzed
according to their randomization assignment, regardless of
whether the assignment was fulfilled. Nonetheless, a 21% to
26% lower breast cancer mortality rate was seen among the
women randomized to receive screening mammography in
these studies (Table 54.2). It is likely that the survival benefit
associated with mammography is underestimated by these
studies as a consequence of the suboptimal compliance and
contamination issues.

Subset analysis based on age from these trials has revealed
that most of the mammography-associated reduction in
breast cancer mortality was seen among patients age 50 and
older, where the magnitude of protection was 23%. To some
extent this is an expected finding: breast cancer incidence is
substantially lower for women aged 40 to 49 years, and the
relatively greater breast density of younger women can 
complicate the interpretation of mammographic images. The

Canadian National Breast Screening Study (CNBSS) repre-
sented an attempt to specifically address the question of
mammography efficacy in younger women. In this study,
50,000 Canadian women aged 40 to 49 years were random-
ized to annual mammography versus routine health care and,
with an average follow-up of 13 years, breast cancer mortal-
ity was unaffected by screening (rate ratio, 1.06; 95% confi-
dence interval, 0.80–1.40).13 A parallel study conducted in
Canadian women aged 50 to 59 years yielded similar 13-year
results (rate ratio, 1.02; 95% confidence interval, 0.78–1.33).14

However, the validity of these results has been questioned
because of criticisms regarding trial conduct. A fourfold
excess of advanced disease was seen in the screened cohort,
leading to allegations of bias in the CNBSS patient selection
and randomization process.15,16

Additional screening-related controversy has been gener-
ated by investigators Gotzsche and Olsen, from the Cochrane
Collaboration. Their interpretations that the methods
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TABLE 54.1. Phase III studies of screening mammography.

Mammography
No. randomized

Age at accrual interval No.
Trial Screening period Mammography screening No mammography (years) (months) of views

HIP7,8 1963–1969 30,239 30,256 40–64 12 2
Malmo7,9 1976–1990 21,088 21,195 45–70 18–24 1–2
Swedish Two-County7,9–11 1977–1985 77,080 55,985 40–74 24–33 1
Edinburgh7,12 1979–1988 28,628 26,015 45–64 24 1–2
CNBSS-17,13 1980–1987 25,214 25,216 40–49 12 2
CNBSS-214 1980–1987 19,711 19,694 50–59 12 2
Stockholm7,9 1981–1985 40,318 19,943 40–64 24–28 1
Gothenberg7,9 1982–1988 20,724 28,809 39–59 18 1–2

HIP, Health Insurance Plan of Greater New York; CNBSS, Canadian National Breast Screening Study.

TABLE 54.2. Mammography screening trials: outcome and results.

All participants Participants <50 years old Participants ≥50 years old

Median Mortality Mortality Mortality
follow-up relative risk Age range relative risk Age range relative risk

Trial (months) N (95% CI) N (years) (95% CI) N (years) (95% CI)

HIP7,8 18 60,490 0.77 27,480 40–49 0.78 33,010 50–64 0.79
(0.61–0.98) (0.56–1.08) (0.58–1.06)

Malmo7,9 17.1 42,283 0.82 8,054 45–49 0.73 16,873 55–64 0.80
(0.67–1.00) (0.51–1.04) (0.57–1.12)

Swedish 17.3 133,065 0.68 35,448 40–49 0.87 40,290 50–59 0.66
Two-County7,9–11 (0.59–0.80) (0.54–1.41) (0.46–0.93)
Edinburgh7,12 13 54,643 0.79a 22,746 45–49 0.75a 21,746 50–54 0.99a

(0.60–1.02) (0.48–1.18) (0.62–1.58)
55–59 0.65a

(0.43–0.99)
60–64 0.80a

(0.51–1.25)
CNBSS-17,13 13 NA 50,430 40–49 0.97 NA

(0.74–1.27)
CNBSS-214 13 NA 39,405 50–59 1.02

(0.78–1.33)
Stockholm7,9 13.8 60,117 0.91 22,324 40–49 1.52 24,367 50–59 0.56

(0.65–1.27) (0.80–2.88) (0.32–0.97)
Gothenberg7,9 12.8 50,200 0.76 24,091 40–49 0.58 26,109 50–59 0.94

(0.56–1.04) (0.35–0.96) (0.62–1.43)
aAdjusted for socioeconomic factors.



employed in the various mammography trials were substan-
tially flawed led them to conclude that mammographic sur-
veillance yields no longevity benefit.17,18 A counterargument,
however, is that any retrospective critical review of the mam-
mography trials is irrelevant to contemporary screening prac-
tices. Current mammography techniques and equipment are
substantially more advanced in comparison to the methods
of the screening trials. In fact, screening was not implemented
on an annual basis in many of these trials, nor did it uni-
formly involve two-view imaging.

In the United States, the practices and performance of
mammography centers are now regulated by the federally
mandated Mammography Quality Standards Act, imple-
mented in 1992 and reauthorized by Congress in 1998. This
program has established benchmarks regarding the neces-
sary equipment utilized in imaging centers as well as for
minimum mammogram volume requirements for individual
radiologists to maintain adequate expertise in evaluating
these studies. Furthermore, in an era of chemoprevention
availability, mammography represents the primary means of
identifying high-risk women harboring lesions that contain
atypical hyperplasia. Although it would likely be impossible
to replicate a Phase 3 mammography screening trial today, it
appears logical to assume that widespread mammographic
surveillance over the past 10 to 20 years is largely responsi-
ble for the recent declines in breast cancer mortality that have
been observed in the United States as well as abroad in the
United Kingdom19 and in Sweden.20,21

When an abnormal breast lesion is detected on routine,
surveillance mammography, comprehensive imaging maneu-
vers should be promptly pursued, including comparisons with
prior studies whenever possible. Diagnostic mammographic
views (compression, magnification, etc.) should be obtained,
and ultrasound imaging should be obtained for evaluation of
densities as necessary. The abnormality should be character-
ized as per the American College of Radiology standardized
Breast Imaging Reporting and Data Systems (BIRADS)22:

0: Additional imaging required.
1: Negative; no architectural disturbances identified.
2: Benign finding; negative mammogram, but some

benign-appearing lesion identified.
3: Probably benign finding; short-interval follow-up sug-

gested; some lesion identified that has a high probability of
being benign, but establishing its stability is preferred.

4: Suspicious abnormality; biopsy should be considered;
lesion detected that is not necessarily typical of cancer, but
risk of malignancy is sufficiently high that a biopsy is war-
ranted. The radiologist may comment specifically on the like-
lihood of cancer based on the type of lesion detected
(calcifications, mass, etc).

5: Highly suggestive of malignancy; appropriate action
should be taken; these lesions have a high probability of being
cancer, and histopathologic confirmation should be sought
accordingly.

The limitations of conventional screening mammography
are well known. A subset of palpable breast tumors will be
mammographically occult, and the overall false-negative rate
of mammography averages 10% to 15%. Imaging of the dense
breast can be particularly challenging, leading to difficulties
in evaluating the fibrocystic changes seen in young women,
and in women with a history of prolonged hormone replace-

ment therapy. These issues may result in a patient “call-
back” for additional diagnostic views to assess overlapping
densities. This step in turn is the source of significant anxiety
among patients, especially in those cases where a biopsy is
ultimately necessary to definitively establish the benign
versus malignant nature of a mammographically indetermi-
nate lesion. Also, the burden of storing millions of screening
mammograms has become an increasingly formidable task
over time. The ability to compare a current mammogram
with prior images is essential for optimal, accurate interpre-
tations, but maintaining and archiving the growing volume
of these studies is a difficult task.

In response to these acknowledged limitations, several
alternative imaging modalities are being explored for 
their potential value in breast cancer screenings. Digital
mammography is an advanced form of screening that offers
electronic archiving of breast studies, with improved contrast
resolution over a larger dynamic range. These advantages may
obviate the need for many “call-backs” and eliminate the 
film storage problem. Furthermore, electronic studies can be
transmitted to radiologists at any distance from the patient,
thus facilitating second-opinion interpretations via telemam-
mography, and they offer the potential value of computer-
aided interpretations.

The major hindrances preventing widespread conversion
to digital mammography programs include the considerable
expenses of purchasing the advanced equipment and training
staff in its use as well as maintenance. Another complexity
is the difficulty inherent in comparing serial mammograms
performed during the transition period and accurately distin-
guishing true interval changes from simple differences in
tissue imaging related to technique. Prospective trials evalu-
ating these two forms of mammography are currently under
way.

Alternative methods for breast cancer screening, such as
whole-breast ultrasound, magnetic resonance imaging (MRI),
and positron emission tomography (PET) scanning, are also
being actively investigated. Ultrasound evaluation of the
breast was initially utilized to distinguish cystic versus solid
lesions detected on either mammogram or physical examina-
tion. It has evolved into a highly specialized imaging modal-
ity that is useful in targeted breast studies to characterize the
nature of solid mass lesions and frequently guides percuta-
neous needle biopsies (discussed further below). It is also pos-
sible that ultrasound may expand into the screening area.
Unfortunately, whole-breast ultrasound is fairly labor inten-
sive and is always operator dependent. Nonetheless, pro-
mising data have emerged indicating that screening with
whole-breast ultrasound may be useful, particularly for
women with mammographically dense tissue. Kolb et al.23

reported a 97% sensitivity rate for the combination of whole-
breast ultrasound and mammography in screening 4,897 
BI-RADS category II–IV cases compared to 74% for the 
combination of mammography and physical examination.
Kaplan et al.24 reported a 0.3% cancer detection rate among
women previously found to have a normal mammogram and
clinical breast exam.

Breast imaging with magnetic resonance imaging (MRI) is
of well-documented benefit in the evaluation of occult breast
cancer in patients presenting with palpable axillary nodal
metastases, where it reliably identifies those patients who
may be safely treated with breast conservation (i.e., axillary
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surgery and breast irradiation).25 It is also useful in detecting
leakage from silicone implant rupture. In screening the oth-
erwise normal and clinically negative breast of a normal-risk
adult female, the indications for MRI are less clear. A recently
completed prospective observational clinical trial conducted
in women with hereditary susceptibility for breast cancer 
(as determined by either BRCA sequencing or Claus model
calculations) demonstrated promising results regarding the
efficacy of breast MRI in screening high-risk patients.26 This
study followed 1,909 high-risk women for a median of 2.9
years, with independently read annual mammography and
breast MRI. Mammography was inferior to MRI in overall
sensitivity (33% versus 80%), and MRI detected cancers at
earlier stages, but mammography was slightly more specific
(95% versus 90%). A total of 45 evaluable cancers were iden-
tified in this cohort; 32 were visible on MRI (including 22 that
were mammographically occult) and 18 were visible on mam-
mography (including 8 that were occult on MRI). One cancer
was detected by clinical exam only, and four interval cancers
developed. As noted by Liberman,27 these results must be
interpreted with caution, because the participating centers all
had substantial expertise in MR imaging.

The potential advantages and limitations of breast MRI
are summarized by Morris.28 MRI can detect invasive breast
cancer with a sensitivity rate approaching 100% and a nega-
tive study can therefore confidently clear the breast. Falsely
negative MRIs can occur in the presence of ductal carcinoma
in situ, and this modality may therefore be somewhat less
reliable in evaluating microcalcifications. Invasive lobular
cancer may also be missed, although MRI has been reported
to be more sensitive in detecting this histopathology than
other imaging modalities. Any hypervascular lesion may
show enhancement on breast MRI, and even benign fibroade-
nomas may therefore occasionally result in a falsely positive
study. These patterns contribute to the unreliable MRI speci-
ficities, ranging from 37% to 97%.29 Nonetheless, these lim-
itations may be acceptable in the effort to aggressively screen
women at risk for the early-onset disease associated with
mutations in the BRCA-1 and -2 breast cancer susceptibility
genes.26,30,31

Use of breast MRI has also been suggested as a means of
screening newly diagnosed breast cancer patients for the pres-
ence of multicentric disease, thereby refining the identifica-
tion of candidates for breast-conserving therapy, especially in
women with mammographically dense breasts32,33 However,
the sensitivity of breast MRI may actually be so high that
occult foci of disease would be detected that might otherwise
have been eradicated by breast radiotherapy. Whether a breast
cancer diagnosis has been established or not, a final limita-
tion of breast MRI is that few institutions have the capabil-
ity to directly biopsy MRI-detected lesions.

Primary Surgical Management of 
Breast Cancer

Breast Conservation Therapy

The dawn of the 20th century marked a critical landmark in
the management of breast cancer. Before this time the disease
was widely considered untreatable and therefore universally
fatal. It was not until Sir William Stuart Halsted popularized

the radical mastectomy as surgical management for breast
cancer that some degree of locoregional control of disease was
achieved, and in a few cases long-term disease-free survival
was observed. Early reports of this surgical approach appeared
in the medical literature in the 1890s34; over the next three-
quarters of a century, the radical mastectomy was established
as the standard of care and sole treatment option for all stages
of operable breast cancer.

In 1974, the National Surgical Adjuvant Breast Project
(NSABP) published the initial outcome findings from their B-
04 trial evaluating the safety of departing from the radical
mastectomy as definitive treatment for breast cancer.35 This
study was designed to prove that variations in the locore-
gional management of breast cancer would not affect survival,
thereby demonstrating that the major risk from this disease
is related to the presence of micrometastases as opposed to
whether the disease can be completely extirpated surgically.
The B-04 study actually consisted of two clinical trials con-
ducted in parallel. One trial involved randomization of 1,079
patients with clinically node-negative, operable breast cancer
to one of three treatment arms: (i) radical mastectomy; (ii)
total mastectomy followed by axillary nodal irradiation; and
(iii) total mastectomy alone. The companion trial randomized
586 women with resectable, but clinically node-positive,
disease to either radical mastectomy or total mastectomy and
locoregional irradiation. Twenty-five-year follow-up from this
study has recently been reported,36 with survival equivalence
continuing to be seen for the three arms of the clinically node-
negative patients (25%, 19%, and 26%, respectively), and the
two arms of the node-positive patients (14% for both arms).36

Once the concept was established that breast cancer
outcome is primarily determined by early detection and 
the related risk of micrometastatic disease, it was a natural
progression to explore treatment options involving breast
preservation within the context of clinical trials. Six such
studies (and one combined analysis of two trials) and one
meta-analysis37 have now reported long-term outcome reveal-
ing survival equivalence for stage-matched breast cancer
patients randomized to mastectomy versus breast conserva-
tion (Table 54.3). The addition of breast irradiation to lumpec-
tomy results in a statistically significant decrease in risk of
local recurrence, as demonstrated by the NSABP B-06 trial,38

where 1,851 stage I/II breast cancer patients were randomized
to either radical mastectomy, lumpectomy and axillary
lymph node dissection (ALND), or lumpectomy, ALND, and
breast irradiation. Twenty-year follow-up confirms that mas-
tectomy does not confer any survival advantage over breast
preservation; however, breast irradiation lowers the risk of in-
breast tumor recurrence from 39.2% to 14.3%.38 As demon-
strated by the Guy’s Hospital experience, however,
locoregional control should be optimized with delivery of
appropriate radiotherapy doses. The potential contribution of
locoregional irradiation to breast cancer outcome is discussed
further next.

Management of the Axilla

The NSABP B-04 trials have also provided the basis for
ongoing controversy regarding elective management of the
axilla in newly diagnosed breast cancer patients. The B-04
trial that randomized patients with palpable, suspicious axil-
lary disease to either radical mastectomy or total mastectomy
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and locoregional breast irradiation (XRT) did demonstrate the
superiority of surgery for durable control of bulky, sympto-
matic nodal disease. The regional failure rate of the patients
randomized to radiation was 11%, compared to 8% for the
patients randomized to ALND via the radical mastectomy
procedure. The inaccuracy of clinical assessment for the axil-
lary status was also apparent in this trial; of the nearly 300
patients whose axillae were assessed as being positive, 25%
were found to be pathologically node negative by results of
the radical mastectomy ALND.

On the other hand, numerous questions have arisen
regarding management of the clinically axillary node-negative
patients, and the long-term study results have been the
subject of several different interpretations. It is assumed that
nearly 40% of those in the two study arms randomized to
nonsurgical management of the axilla (total mastectomy
alone or total mastectomy plus axillary irradiation) had 
nonpalpable axillary metastases, because all three study arms
were clinically matched and 39% of the radical mastectomy
patients were found to be node positive. Nonetheless, clini-
cally evident axillary relapse requiring delayed ALND 
developed in only 19% of the total mastectomy-only patients,
suggesting that approximately half of untreated, occult axil-
lary metastases will remain indolent. Only 4% of the total
mastectomy plus axillary XRT arm required a delayed, 
therapeutic ALND (equivalent to the proportion of regional
failures occurring in the radical mastectomy arm), and this
finding suggests that axillary irradiation is an acceptable
alternative for regional control of nonpalpable disease.

On critical reappraisal of the B-04 trial results, several
concerns emerge. Pathology review of the mastectomy spec-
imens revealed that nearly one-quarter of the total mastec-
tomy cases actually included the incidental resection of 
some axillary lymph nodes, and the risk of axillary failure 
was inversely proportional to the number of lymph nodes
retrieved. Also, this trial was not powered to address the
outcome benefits of ALND, and because 22% of the long-
term survivors from this study were patients found to be node
positive based on pathology from the radical mastectomy 
procedure, the possibility of a survival contribution from 
the ALND cannot be definitively ruled out.

During the 1980s and 1990s, debate regarding a survival
benefit from the ALND became irrelevant because of the
identification of effective systemic therapy for breast cancer
in the form of both endocrine and chemotherapeutic agents.
Pathologic confirmation of the axillary nodal status then
became a critical component of surgical breast cancer man-
agement as a means of determining which patients would be
most likely to benefit from systemic treatment. Unfortu-
nately, this is at the expense of committing breast cancer
patients to the lifelong risk of lymphedema, reported to occur
in 10% to 49% of ALND cases.39–42 Features that increase 
the risk of lymphedema following ALND include obesity,
regional irradiation, and a level III/apical axillary dissection.

Development of lymphatic mapping and the sentinel
lymph node biopsy technology for breast cancer patients in
the mid-1990s revolutionized the surgical care of breast
cancer patients. This therapy, initially described by Krag 
et al. in 1993 with single-agent radioisotope and by Giuliano
et al. in 1994 using single-agent blue dye, launched an era of
minimally invasive surgery for the identification of node-
negative patients who could be spared the morbidity of a 

standard level I/II ALND. The procedure involves injection of
the mapping agent into the breast to replicate the pathway
that cancer cells would traverse through the intramammary
lymphatics en route to the primary nodal basin (which is the
ipsilateral axilla for more than 90% of cases). The sentinel
nodes represent the initial nodes likely to have been seeded
by metastases, and they are distinguished by visual inspec-
tion to identify the blue-stained node(s), and/or detection of
the radioactive nodes with an intraoperative gamma detector
probe. Documentation of the accuracy of the sentinel lymph
node biopsy was obtained by performing a concomitant level
I/II ALND. This strategy permits calculation of the identifi-
cation rate (number of cases where the sentinel node is found
versus the number of cases where the procedure is attempted)
and the false-negative rate (number of cases where the sen-
tinel lymph node is negative but metastases are detected in
nonsentinel nodes versus the total number of cases where any
axillary metastases are detected).

Two meta-analyses have been conducted with reported
pooled accuracy rates for the lymphatic mapping technology.
General findings have included improved identification 
rates when dual- versus single-agent mapping is performed,
and both the false negativity and identification rates are
optimized when the learning curve has been passed. The 1999
meta-analysis43 involved eleven studies involving 912
patients; the overall identification rate was 97% and the false
negative rate was 5%. Another meta-analysis was presented
at the 2002 American Society of Clinical Oncology meeting,44

and this more recent study reported the pooled results of 69
published studies in the worldwide literature (37% from insti-
tutions within the United States), with data contributed by
lymphatic mapping and completion ALND procedures per-
formed on 10,454 breast cancer patients. The overall identi-
fication rate was 74%, but nearly half of the studies reported
identification rates of 90% or greater. The pooled analysis
revealed a false-negative rate of 8.4% (range, 0%–29%) but
studies that performed more than 100 cases had a lower false-
negative rate of 6.7%. An additional finding from the early
studies of lymphatic mapping performed in conjunction with
the ALND is that metastases will be limited to the sentinel
node(s) in from one-third to two-thirds of cases, and this sup-
ports the biologic validity of the mapping concept.

The future results from two multicenter, prospective clin-
ical trials coordinated by the NSABP and the American
College of Surgeons Oncology Group (ACOSOG) will provide
the most definitive long-term data on locoregional control 
of disease achieved after a sentinel lymph node biopsy per-
formed for early-stage breast cancer.45 The NSABP trial ran-
domized clinically node-negative patients to undergo sentinel
lymph node biopsy with completion ALND versus sentinel
lymph node biopsy with ALND only if the sentinel node was
positive for metastasis. The ACOSOG trial is prospectively
following more than 5,000 breast cancer patients after 
sentinel node biopsy for breast cancer, and patients with a
positive sentinel node are eligible for the companion trial 
that randomizes these node-positive cases to either comple-
tion ALND or axillary observation. The primary aim of the
NSABP trial is therefore to compare the impact of sentinel
node biopsy alone versus ALND on recurrence-free survival
in women who are node negative. The primary aim of the
ACOSOG randomized trial is to determine the impact of a
standard ALND on survival in patients with node-positive
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breast cancer. Both cooperative groups will be evaluating the
prognostic value of micrometastases identified in sentinel
nodes via immunohistochemical staining for cytokeratin.
There is extensive variability in the techniques utilized to
perform the lymphatic mapping46 in terms of injection site
for the labeling agent (peritumoral versus overlying skin
versus subareolar) and timing of the radioisotope label (same-
day versus 1 day preoperatively). Thus far, excellent results
have been observed with all the various strategies, and the
randomized trials will include outcome data on the complete
spectrum of mapping techniques.

Adjuvant Systemic Therapy for Breast Cancer

The benefits of adjuvant systemic therapy for breast cancer
in eliminating micrometastases and thereby reducing risk of
distant relapse have been recognized for several decades.
Although breast cancer staging based on tumor size and nodal
status carries strong prognostic value, 15% to 20% of patients
diagnosed with stage I disease ultimately experience 
treatment failure, despite having been diagnosed with small,
node-negative lesions. The necessity to address systemic
manifestations of breast cancer before they are clinically
apparent therefore became quite clear to the oncology com-
munity during the latter half of the 20th century. Success in
achieving this goal, however, was dependent on identifying
medical therapies that were cytotoxic and/or cytostatic
against occult breast cancer metastases in distant organs.

The hormonally active, nonsteroidal estrogen receptor
modulator tamoxifen became recognized as a valuable strat-
egy in the endocrine regulation of this hormonally driven

disease during the 1970s.47 The ability to reliably assess 
for the presence of estrogen and progesterone receptors via
widely reproducible immunohistochemical assays confirmed
the validity of this approach, particularly for tumors selected
on the basis of hormone receptor expression. Investiga-
tions of chemotherapeutic agents with activity against breast
tumor biology strengthened these adjuvant therapy efforts
and offered promise to women with hormone receptor-
negative disease. In an effort to add clarity and balance to the
discussion of benefit conferred by hormonal therapy and/or
chemotherapy to breast cancer outcome, the Early Breast
Cancer Trialists Collaborative Group (EBCTCG) was 
established. These distinguished international experts have
convened periodically to review and statistically analyze the
pooled results of various approaches for the adjuvant systemic
therapy of breast cancer. Findings from these meta-analyses
(commonly called the Overview Analyses), involving phase
III trials of tamoxifen, chemotherapy, ovarian ablation, and
radiation as adjuvant therapy, are summarized in Table 54.4.

The Overview Analyses have essentially documented a
proportional odds reduction in the risk of breast cancer
relapse in conjunction with the delivery of adjuvant systemic
therapy. The magnitude of absolute benefit is therefore depen-
dent on the baseline risk of relapse, defined by the stage of
disease at diagnosis. Although the heterogeneity of individ-
ual breast tumor biology allows for the potential existence 
of life-threatening distant micrometastases associated with
even the earliest stage lesions, the potential life-threatening
adverse events associated with any adjuvant systemic therapy
mandates that patients cautiously appraise the risks and 
benefits of these treatments. Guidelines promoted by the
National Cancer Institute48,49 include recommendations that
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TABLE 54.4. Summary of worldwide overview analyses.

No. of No. of
Proportional reduction

trials women Contralateral
Treatment analyzed analyzed analyzed Relapse Mortality breast cancer Comments

Tamoxifen for 55 37,000 1 year: 21% 1 year: 12% 1 year: 13% Risk of endometrial cancer doubled in trials
early-stage 2 years: 29% 2 years: 17% 2 years: 26% of 1 or 2 years and quadrupled in trials of
breast 5 years: 47% 5 years: 26% 5 years: 47% 5 years. 
cancer190,191 Approximately 8,000 women had tumors 

with low/zero ER content; these patients 
had negligible benefit from tamoxifen for
relapse and mortality. They are excluded 
from relapse and mortality data, but are 
included in contralateral risk data.

Multi-agent CTX 47 18,000a <50 years <50 years NR No significant survival advantage for more
for early breast old: 35% old: 27% than approximately 3 months of 
cancer192,193 50–69 50–69 NR polychemotherapy. 

years old: years old: Anthracycline-containing regimens better
20% 11% than CMF alone.

Ovarian ablation 12 2,102 18.5% 6.3% NS Benefit of ovarian ablation strongest in
for early breast women not receiving CTX.
cancer59,60

Radiotherapy for 40 20,000 32.4%b NS NS XRT reduced the annual breast cancer 
early breast mortality rates by 13.2%, but increased
cancer69,94 the annual mortality rates from other 

causes (primarily vascular) by 21.2%.
XRT reduced the annual breast cancer

CTX, chemotherapy; NR, not reported; NS, not significantly different.
a Including 6,000 women in 11 trials of longer versus shorter CTX, and 6,000 women in 11 trials of doxorubicin-containing CTX versus CMF (cyclophos-
phamide/methotrexate/fluorouracil).
b Local recurrence.



adjuvant systemic therapy be considered for all invasive
breast cancers measuring at least 1cm in size, and/or tumors
of any size when associated with nodal metastases. In prac-
tice, endocrine therapy with tamoxifen tends to be the first-
line approach for hormone receptor-positive disease, and
polychemotherapy is delivered for hormone receptor-negative
disease and/or patients with node-positive breast cancer.

Endocrine Therapy for Breast Cancer

Tamoxifen was originally developed as an antifertility med-
ication, and alternative uses in the oncology field were sought
because of its dismal failure in this area because of tamox-
ifen’s ovulatory effects. As a very effective antagonist of estro-
gen receptors on mammary tissue, however, it has remained
extremely powerful as first-line adjuvant systemic therapy 
in breast cancer management. Tamoxifen’s selective estrogen
receptor activity also yields estrogen agonist activity on the
uterus, cardiovascular, cerebrovascular, and osseous tissues;
this results in the mixed benefits and risks of uterine cancer,
lowered cholesterol levels, vasomotor symptoms, and pro-
tection against osteoporosis. Tamoxifen was also found to
decrease the incidence of contralateral new primary tumors,
motivating extension of its applications to the chemopreven-
tion arena.

Several other endocrine therapies have been studied
recently as alternatives to tamoxifen (Table 54.5), with the
hope that side effects can be minimized and protection from
relapse prolonged.50 All have proven efficacy in the setting of
metastatic disease and are now used in the adjuvant setting
as well. One category of endocrine agents includes 
other selective estrogen receptor modulators and another 
category includes the aromatase inhibitors (AIs). The AIs
exert anticancer activity via inhibition of the nonovarian
hormone production that occurs in postmenopausal women
and is mediated through peripheral conversion of adrenal 
substances.

The ATAC Trial51 was an international study that ran-
domized 9,366 postmenopausal women to receive 5 years of
the AI anastrozole, versus tamoxifen, versus a combination
of these two therapies. At 33 months follow-up, the ana-
strozole-alone arm fared significantly better with regard to
risk of relapse and new breast events; unfortunately, this
improved outcome came at the expense of higher rates of
osteoporotic complications.

The NSABP B-14 trial52 randomized early-stage breast
cancer patients to receive 5 versus 10 years of tamoxifen post-
operatively, and found that extended therapy resulted in
higher rates of adverse events that were not outweighed 
by added protection. Unfortunately, substantial numbers of
estrogen receptor-positive breast cancer patients continue to
relapse after 5 years of tamoxifen, and this pattern motivated
implementation of the MA-17 trial,53,54 where 5,187 post-
menopausal breast cancer patients who had already completed
5 years of adjuvant tamoxifen therapy were randomized to
receive 5 years of the AI letrozole versus placebo. This trial
has revealed improved disease-free outcome in favor of pro-
longed endocrine therapy with letrozole.

Another recent trial, the Intergroup Exemestane Study,55

randomized nearly 5,000 postmenopausal breast cancer
patients to receive the AI exemestane for 2 to 3 years fol-
lowing tamoxifen, to a total adjuvant therapy course of 5
years, versus receiving tamoxifen for the entire 5-year course.
At 31 months follow-up, the patients receiving exemestane
had fewer relapses, suggesting superiority of AI therapy.

The selective estrogen receptor modulator (SERM) ful-
vestrant is a tamoxifen alternative that has no estrogen 
receptor agonist effects. Preliminary studies of application
after tamoxifen failure in the setting of metastatic disease have
been promising because fulvestrant does not appear to be cross-
resistant with tamoxifen.56 Evaluations of this therapy in the
adjuvant setting are therefore likely to be forthcoming.

Removal or suppression of functional, estrogen-producing
ovaries to control the progression of hormonally responsive
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TABLE 54.5. Table of selected Phase III trials evaluating adjuvant endocrine therapy.

Median
Outcome

Accrual follow-up No. of Contralateral
Trial years (months) patients Randomization arms DFS OS cancer

NSABP B-1452a 1982–1988 81 1,172 Adjuvant tamoxifen 5 years 82% 94% 2.9%
Adjuvant tamoxifen 10 years 78% 91% 3.5%

ATAC51,195b 1996–1000 33 9,366 Anastrozole 89% NR 0.4%
Tamoxifen 87% NR 1.1%
Anastrozole + tamoxifen 87% NR 0.9%

NCIC MA1753,54c 1998–2002 30 5,187 Tamoxifen ¥ 5 years alone 90% NR 1%
Tamoxifen ¥ 5 years followed by 95% NR 0.5%

letrozole ¥ 5 years
Intergroup 1998–2003 31 4,742 Tamoxifen ¥ 5 years alone 87% NR 0.8%

Exemestane Tamoxifen ¥ 2–3 years followed by 92% NR 0.4%
Study55d exemestane to the completion of

5 years adjuvant therapy
a Improved survival in tamoxifen 5 years arm was statistically significant; difference in rate of contralateral cancer was not significant; there were more endome-
trial cancers in the tamoxifen 10 years arm (12, 2.1% versus 6, 1.1%; RR 2, 95% CI 0.7–6.6).
b Significantly fewer endometrial cancers, cardiovascular events, and thromboembolic complications in anastrazole arm; fewer osteoporotic complications in tamox-
ifen arm; 47-month median follow-up report demonstrated a statistically-significant 18% reduction in risk of relapse for estrogen receptor-positive patients receiv-
ing anastrozole, and a 44% reduction in risk of contralateral new cancers.
c Difference in disease-free outcome statistically significant in favor of letrozole following tamoxifen arm.
d Differences in disease-free outcome and contralateral new primary cancers statistically significant in favor of exemestane arm; Kaplan–Meier estimates for overall
survival not reported, but the 93 all-cause deaths in the exemestane group was not statistically different from the 106 all-cause deaths in the tamoxifen-only arm.



breast cancer has a long history associated with several lines
of evidence suggesting that this should be a successful thera-
peutic strategy. Unfortunately, the Phase III studies address-
ing this issue have usually been flawed by limited data on the
estrogen expression levels of the participating patients, or by
the fact that they were actually designed to answer a differ-
ent question and have been interpreted retrospectively to
evaluate the role of ovarian ablation and/or ovarian suppres-
sion. The benefits of this strategy must be balanced against
the morbid osteoporotic and cardiovascular artherosclerotic
sequelae of premature menopause.

Bilateral oophorectomy represents one of the oldest forms
of systemic therapy for breast cancer, dating back to reports
by Beatson57 and Lett58 from approximately 100 years ago.
Although surgical removal of the ovaries remains a viable and
certainly effective means of eliminating ovarian estrogen, the
past several decades have seen the implementation of pelvic
irradiation to obliterate the ovaries, as well as the develop-
ment of medical therapy to suppress function. The overview
analysis59,60 reported an 18.5% reduction in the odds of disease
relapse and a 6.3% reduction in the odds of death associated
with either surgical or radiotherapeutic ablation of the
ovaries. These benefits are comparable in magnitude to those
achieved with adjuvant chemotherapy.

Surgical oophorectomy can be performed with relatively
low morbidity as a laparoscopic procedure, although it
requires general anesthesia. It also provides immediate, 
complete, and irreversible elimination of ovarian function.
Another advantage of oophorectomy is that it can be offered
in medically underserved parts of the world as straightfor-
ward and fairly cost-efficient endocrine management of breast
cancer.

Pelvic irradiation also results in an irreversible blockade
of ovarian function, but the extent of gonadal tissue effected
and the interval to achieve this ablation can be variable. 
Furthermore, long-term effects on the pelvic contents may
include adhesions, radiation enteritis, and/or colorectal 
stricture.

Medical therapies for ovarian suppression include
chemotherapy-induced amenorrhea and luteinizing hormone-
releasing hormone (LHRH) agonists. Chemotherapy will
cause ovarian failure in 30% to 80% of cases,61,62 with likeli-
hood and duration of amenorrhea varying by age of patient
(older premenopausal patients at increased risk compared to
younger patients), type of chemotherapy [cyclophosphamide,
methotrexate, and 5-fluorouracil (CMF) causing more 
amenorrhea than adjuvant chemotherapy (AC), and the 
addition of a taxane further increasing rates], and number 
of chemotherapy cycles. Some studies have reported that
patients experiencing amenorrhea from chemotherapy have
an improved outcome related to this diminished circulating
estrogen.63–65 Although these effects are provocative in 
supporting a role for ovarian suppression to manage pre-
menopausal breast cancer, chemotherapy-induced amenor-
rhea is an unreliable strategy because of its unpredictability
and uncertain duration.

Use of LHRH agonists to disrupt the physiologic 
hypothalamic–pituitary–gonadal axis is becoming increas-
ingly accepted as a reasonable alternative for achieving
ovarian suppression. Normal estrogen production by the
ovaries is regulated by the pulsatile production of LHRH by
the hypothalamus. LHRH stimulates gonadotropin-releasing

hormone (GnRH) production by the pituitary, and this
induces estrogen production from the ovaries of a pre-
menopausal woman. LHRH agonists such as goserelin 
bind to the GnRH receptors with strong affinity, causing 
an initial surge in estrogen production (which can cause 
the so-called tumor flare that may occur clinically), followed
by a blockade of the physiologic pulsatile and ongoing 
effects of natural LHRH. The patient is therefore 
rendered medically menopausal, but the suppressed ovarian 
function is reversible. This potential for restoring fertility is
attractive, but the impact on cancer control is uncertain. The
evidence from several prospective randomized trials evaluat-
ing ovarian ablation/ovarian suppression is summarized in
Table 54.6.

Chemotherapy for Breast Cancer

The earliest studies of chemotherapy for breast cancer
involved perioperative administration of medications that are
considered inferior to the effective agents currently available,
and the goal of these early investigations was to eliminate dis-
semination of cancer cells that might have occurred in con-
junction with surgical manipulation of tumors. The NSABP
B-0166 trial (conducted nearly 40 years ago) therefore involved
intravenous thiotepa versus placebo administered at the time
of radical mastectomy and over the first 2 days postopera-
tively. Not surprisingly, this regimen failed to produce any
improvements in outcome for the entire group of treated
patients, but the subset of highest risk women (those with
four or more metastatic nodes) did experience some overall
survival advantages. Subsequent trials conducted during the
1970s and 1980s revealed the power of cyclophosphamide and
combination chemotherapy (CTX) regimens in reducing
breast cancer relapse rates as well as mortality risks.

Until fairly recently, the two regimens of cyclophos-
phamide/methotrexate/fluorouracil and cyclophos-
phamide/doxorubicin/fluorouracil, delivered in every-3-week
cycles, have been the most commonly employed regimens for
adjuvant therapy of breast cancer. During the late 1990s, the
taxanes emerged as an alternative and highly effective agent
against breast cancer. Furthermore, the development of active
and tolerable bone marrow supportive therapy in the form of
granulocyte colony-stimulating factors has opened the door
to dose-dense regimens allowing safe delivery of higher cumu-
lative CTX doses within shorter time frames. Selecting the
appropriate cases for the various regimens has been challeng-
ing, but as shown in Table 54.7, several Phase III studies have
successfully addressed many of the pertinent issues.

Collectively, these studies suggest that adjuvant CTX 
regimens that include a taxane as well as doxorubicin 
appear to be most reasonable for node-positive breast cancer
patients. This conclusion is supported by findings from 
the CALGB 9344, NSABP B-28, and BCIRG 001 Phase III
studies. These three trials all randomized node-positive
patients to receive doxorubicin-based combinations versus
doxorubicin CTX plus a taxane, and all three demonstrated
an outcome advantage for the taxane arms. The CALGB 9741
and 9344 trials also revealed superiority of dose-dense therapy
(9741), but no outcome advantage for increased doses of dox-
orubicin (9344). Questions regarding superiority of one taxane
versus the other (paclitaxel versus docetaxol) remain 
unanswered.
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Radiation Therapy for Breast Cancer

Radiation therapy and surgery are the primary modalities for
treatment of locoregional manifestations of breast cancer.
Radiation therapy alone can sterilize some breast tumors, but
at the expense of excessively toxic doses. The standard 
rationale is therefore to rely on surgery to control grossly
apparent breast lesions and to utilize irradiation to elimi-
nate residual microscopic disease. Results from the Phase III
studies of BCT summarized in Table 54.3 demonstrate the
success of this approach. Adjuvant breast radiation delivered
after surgical lumpectomy will effectively decrease the inci-
dence of in-breast tumor recurrences. Most trials, however,
have demonstrated equivalent overall survival rates follow-
ing lumpectomy regardless of whether radiation was deliv-
ered. This finding suggested that breast cancer outcome 
was largely determined by ability to control progression of
micrometastases and that irradiation would make a marginal
or negligible contribution to survival. In contrast, the Guy’s
Hospital BCT Trials67 used a breast XRT regimen that would
be considered inferior to contemporary radiation schedules,
and this resulted in significantly inferior survival rates. Level
I evidence therefore supports the inclusion of appropriate
radiation therapy (5,000–6,000 rads) into the management of
conservatively treated breast cancer patients.

A recent meta-analysis68 of Phase III clinical trials involv-
ing breast irradiation has motivated additional consideration
of the survival benefits associated with radiation therapy in
BCT patients. Vinh-Hung and Verschraegen pooled the out-
comes of 13 trials involving more than 8,000 patients. The
mortality hazard for patients treated by lumpectomy without
radiation therapy was 1.086 (95% confidence interval,
1.003–1.175). This corresponds to a possible 8% survival
benefit conferred by radiation.

The issue of postmastectomy chest wall irradiation
(PMRT) has generated extensive controversy over the past few
decades. Clinical trials conducted thus far have failed to render
a consistent answer to the question of whether sterilization of
microscopic disease on the chest wall of a mastectomized
patient yields a worthwhile outcome advantage to all breast

cancer patients. The EBCTCG studied this question indirectly
in their meta-analysis of radiation for early-stage breast cancer
patients.69,70 Although this study revealed a reduced breast
cancer mortality risk associated with adjuvant XRT (by 13%),
it was at the expense of a 21% increase in nonbreast cancer-
related mortality. This pooled analysis, however, involved
studies whose primary design involved mastectomy versus
BCT, systemic therapy versus no systemic therapy, and 
variable axillary management strategies. This heterogeneity
precludes the ability to draw well-defined conclusions.

Table 54.8 summarizes the results from Phase III prospec-
tive randomized trials conducted internationally that have
contributed data regarding PMRT in women whose manage-
ment has also included ALND as well as adjuvant systemic
therapy. The results of these trials suggest that patients with
four or more metastatic axillary lymph nodes represent the
subset most likely to derive a benefit from PMRT, primarily
because of their inherently increased risk for chest wall recur-
rence (range, 20%–40%). The ability to reduce locoregional
relapses (to rates of 6%–14%) in these patients with the 
delivery of PMRT appears to improve the overall survival as
well. The National Cancer Institute, the American Society of
Clinical Oncology, and the American Society of Therapeutic
Radiation Oncology have all issued position statements rec-
ommending PMRT for breast cancer patients with four or
more metastatic nodes.

The Danish Breast Cancer Group71,72 reported survival
benefits from PMRT in women with one to three metastatic
axillary nodes as well; however, this trial has been criticized
because of the surgical treatment rendered. The average
number of nodes retrieved from the ALND specimens (six)
was somewhat lower than would be expected in a standard
level I and II dissection. This finding prompts the concern
that inadequate regional surgery may have contributed to the
increased incidence of locoregional failures. Unfortunately, a
clinical trial designed by the Radiation Therapy Oncology
Group designed to address the question of PMRT in patients
with one to three metastatic axillary lymph nodes was
recently closed because of poor accrual, and this question
therefore remains unanswered.

9 6 2 chapter 54

TABLE 54.7. Table of selected Phase III trials evaluating adjuvant chemotherapy.

Study Eligibility N Median follow-up Randomization DFS OS

CALGB 9344210 Node-positive 3,121 69 months AC 65% 77%
AC + paclitaxel 70% 80%
Significance P = 0.0023 P = 0.0064

NSABP B-28211 Node-positive 3,060 64 months AC 72% 85%
AC + paclitaxel 76% 85%
Significance P = 0.008 P = 0.46

BCIRG 001212 Node-positive 1,491 55 months TAC 75% 87%
FAC 68% 81%
Significance P = 0.001 P = 0.008

CALGBa 9741213 Node-positive 2,005 36 months Conventional (q 3 weeks) ACP 75% 90%
Dose-dense (q 2 weeks) ACP + G-CSF 82% 92%
Significance P = 0.010 P = 0.013

CALGB, Cancer and Leukemia Group B; NSABP, National Surgical Adjuvant Breast Project; BCIRG, Breast Cancer International Research Group; TAC, taxol 
(paclitaxel), adriamycin (doxorubicin), cytoxin (cyclophosphamide); AC, adriamycin (doxorubicin), cytoxin (cyclophosphamide); FAC, fluorouracil, adriamycin 
(doxorubicin), cytoxin (cyclophosphamide); ACP, adriamycin (doxorubicin), cytoxin (cyclophosphamide), paclitaxel (taxol).
a The CALGB Trial 9741 also evaluated sequential adriamycin ¥ 4 followed by paclitaxel ¥ 4 followed by cytoxin ¥ 4 versus concurrent adriamycin and cytoxin ¥
4 followed by paclitaxel ¥ 4 and found no significant effect on outcome based on these schedule variations.



Primary Chemotherapy for Breast Cancer

Implementation of preoperative chemotherapy protocols 
(also commonly referred to as neoadjuvant or induction
chemotherapy) revolutionized the management of locally
advanced breast cancer (LABC) cases, and this approach is
now considered the standard of care for patients with bulky
breast and/or axillary disease. Early skepticism regarding this
treatment sequence was based on concerns that preoperative
chemotherapy would exert an adverse effect on (i) surgical
complication rates, (ii) the prognostic value of the axillary
nodal status, and (iii) overall survival as a consequence of
delayed surgery. Nonetheless, the generally dismal results 
of treating LABC with primary surgery, radiation alone, or
chemotherapy alone motivated investigations of multi-
modality therapy, and the benefits as well as the safety of pre-
operative downstaging of disease to improve respectability
became apparent.

Broadwater et al.73 demonstrated comparable operative
morbidity among nearly 200 LABC patients treated with mas-
tectomy, approximately half of whom received preoperative
doxorubicin-based chemotherapy. The induction chemother-
apy patients in fact had a lower rate of postoperative seroma

formation. Danforth et al.74 similarly reported that preopera-
tive chemotherapy had no adverse effect on surgical com-
plication rates and did not result in delayed delivery of any
postoperative cancer care. Most patients will be ready to
undergo surgery approximately 3 weeks after the last
chemotherapy treatment, when the absolute neutrophil and
platelet counts have normalized (greater than 1,500 and
100,000, respectively).

McCready et al.75 confirmed that the axillary nodal status
retains its prognostic value in the neoadjuvant chemotherapy
setting. Their study of 136 LABC undergoing modified radical
mastectomy following induction chemotherapy revealed that
patients with no axillary metastases in the postchemother-
apy mastectomy specimen had an excellent outcome, with
nearly 80% surviving 5 years. In contrast, less than 10% of
patients with 10 or more positive nodes survived 5 years, and
patients with an intermediate number of residual metastatic
nodes had an intermediate survival rate.

The third issue, regarding induction chemotherapy and its
relative impact on breast cancer survival in comparison to
conventional postoperative adjuvant therapy, remains con-
troversial. It is clear, however, that preoperative treatment
and deferral of surgery do not increase rates of unresectabil-

evidence-based management of  breast  cancer 9 6 3

TABLE 54.8. Randomized trials of postmastectomy irradiation in patients treated with axillary lymph node dissection and adjuvant
systemic therapy, including subset analyses based on extent of nodal metastases (where available) and randomized trials of postmastectomy
irradiation in patients treated with axillary lymph node dissection and adjuvant systemic therapy, including subset analyses based on extent
of nodal metastases (where available).

No. of Median follow-up
LRF OS (%)

Study Year patients (months) No PMRT PMRT No PMRT PMRT

DBCG 82b71 All 1997 1,708 114 32% 9% 45% 54%
1–3 Nodes Positive 1,061 114 30% 7* 54% 62%
≥4 Nodes Positive 510 114 42% 14% 20% 32%

DBCG 82c72 All 1999 1,375 123 35% 8% 36% 45%
1–3 Nodes Positive 794 123 31% 6% 44% 55%
≥4 Nodes Positive 448 123 46% 11% 17% 24%

Glasgow214 All 1986 219 63 25% 11% 57% 61%
1–3 Nodes Positive 141 63 NR NR 68% 76%
≥4 Nodes Positive 72 63 NR NR 46% 54%

BC215 All 1997 318 150 33% 13% 46% 54%
1–3 Nodes Positive 183 150 33% 13% NR NR
≥4 Nodes Positive 112 150 46% 21% NR NR

DFCI216a 1–3 Nodes Positive 1987 83 53 5% 2% 85% 77%
≥4 Nodes Positive 123 45 20% 6% 63% 59%

SECSG217b ≥4 Nodes Positive 1992 295 120 23% 13% 44% 55%
South Sweden (Tamoxifen)218 1993 483 96 18% 6% NR NR
South Sweden (Cyclophosphamide)218 1993 287 96 17% 6% NR NR
ECOG219 1997 312 109 24% 15% 47% 46%
Mayo220–223 1984 217 48 (min) 30% 10% 66% 68%
German BCG224 2000 71 36 (mean) NR NR 84% 96%
Israel222,223,225 2000 112 NR 24% 4% 71% 61%
Portugal223,226 1998 112 NR NR NR 35% 33%
M.D. Anderson222,223 2001 97 NR NR NR 56% 35%
Helsinki227 1987 79 NR 60% 13% 69% 94%
Piedmont228 1991 76 132 (min) 35% 18% 48% 61%
Köln (Germany)223,229 1982 71 36 (mean) NR NR 84% 96%

DFCI, Dana Farber Cancer Institute; DBCG, Danish Breast Cancer Group; BC, British Columbia; SECSG, Southeast Cancer Study Group; NR, not reported; ECOG,
Eastern Cooperative Oncology Group; German BCG, German Breast Cancer Group.
a DFCI Trial patients with 1–3 nodes positive received CMF adjuvant chemotherapy; patients with four or more positive nodes received AC adjuvant 
chemotherapy.
b All SECSG Trial patients had at least 4 positive nodes.



ity. On the contrary, approximately 80% of patients will have
at least 50% shrinkage of the primary tumor mass, and only
2% to 3% will have signs of progressive disease.76–78 Fears that
the surgeon will lose a “window of opportunity” to resect
chest wall disease are therefore unfounded, and preopera-
tively treated patients are likely to be rendered improved
operative candidates. A surgical resection is essential in accu-
rately documenting chemotherapy response and in achieving
durable locoregional control of disease, as the clinical assess-
ment of response will overestimate the actual pathologic
extent by two- to threefold.79,80

The induction CTX benefits of tumor downstaging and
the ability to rapidly identify chemoresistant disease by in
vivo observation motivated expanded applications of this
treatment to the setting of early-stage disease. Accordingly,
outcomes from prospective clinical trials have now been
reported in which preoperative chemotherapy has been com-
pared directly to postoperative chemotherapy in women with
LABC as well as early-stage disease. Some of these Phase III
clinical trial results are shown in Table 54.9.81–88 All have
demonstrated overall survival equivalence for the two 
treatment sequences, confirming the oncologic safety of 
the neoadjuvant approach.

Subset analyses of the Phase III studies, however, reveal
that patients found to have a complete pathologic response
(pCR) do have a statistically significant survival benefit, sub-
stantiating the concept that primary breast tumor response is
a reliable surrogate for chemoeffect on micrometastases. In
the NSABP B-18 trial,88 patients with stage I–III breast cancer
who were randomized to receive four cycles of doxorubicin
and cytoxin preoperatively and who experienced a pCR had a
5-year overall survival of 86%, which was statistically 
superior to the outcome seen in all other study participants.
Similarly, the University of Texas M.D. Anderson Cancer
Center89 reported an overall survival rate of 89% for pCR
patients treated on preoperative chemotherapy protocols
designed specifically for LABC, and this outcome also repre-
sented a statistically significant benefit compared to patients
with a lesser response. Unfortunately, both studies found that
only 12% to 13% of patients experience a pCR when treated
with a doxorubicin-based regimen, and this proportion is
simply insufficient in yielding a survival benefit for the entire
pool of preoperatively treated patients. Predictors of a pCR
include relatively smaller size primary breast tumors, 
estrogen receptor negativity, and high-grade lesions.89 The
latter two features probably characterize rapidly cycling
tumors that may be particularly sensitive to chemotherapy
effects.

The ability to downsize the primary breast tumor, thereby
facilitating attainment of a margin-negative lumpectomy
with a smaller-volume lumpectomy, is a major advantage of
the neoadjuvant CTX sequence. A feasibility study reported
by Singletary et al.90 addressed many of the concerns that
induction CTX might leave a field of microscopic satellite
lesions, with a resulting increased risk of margin failure
and/or excessive local recurrence rates. The Singletary study
involved a pathology review of the mastectomy specimens in
143 LABC cases that had been treated with preoperative CTX;
approximately one-quarter had adequate shrinkage of tumor
and adequate eradication of disease in surrounding breast
tissue as well as skin, such that they would have been can-
didates for successful lumpectomy. Table 54.9 demonstrates
the overall comparability of local recurrence rates in subse-

quent clinical trials of women receiving BCT with versus
without neoadjuvant CTX.

The NSABP B-18 trial87,88,91 randomized more than 1,500
women with stages I–IIIA breast cancer to receive preopera-
tive versus postoperative chemotherapy. This study demon-
strated a statistically significant increase in breast
conservation therapy utilization for the preoperative
chemotherapy arm (68% versus 60%). With a median follow-
up of 72 months, the local recurrence rates were 7.9% and
5.8% (no statistically significant difference) following BCT in
the preoperative and postoperative chemotherapy arms,
respectively. The conversion rate to BCT eligibility was great-
est in the patients with T3 tumors at diagnosis. The NSABP
also reported that local recurrence was somewhat higher in
the subset of lumpectomy patients who were downstaged to
become BCT eligible in comparison to the BCT patients 
who were BCT candidates at presentation.88 However, this
subset of downstaged BCT cases was predominantly com-
posed of T3 tumors, and because local recurrence is one man-
ifestation of underlying tumor biology, it would be expected
that the more advanced stage lesions might have increased
local recurrence rates regardless of surgery type and treatment
sequence. Also, radiation boost doses were not consistently
used in the lumpectomy patients, and tamoxifen therapy 
was only used in patients over 50 years of age. Both these
interventions, if implemented uniformly, might have influ-
enced local recurrence rates in downstaged tumors. Last, the
NSABP requires that margin-negative lumpectomies be free
of any tumor cells at an inked margin; a more-aggressive
approach to margin control might be necessary for lumpec-
tomies in tumors that have been downsized by preoperative
CTX.

Newman et al.92 analyzed a series of 100 patients treated
at the M.D. Anderson Cancer Center on a prospective proto-
col of preoperative sequential taxotere and adriamycin-based
chemotherapy in patients with stage I–III breast cancer. These
investigators reported that 34% of patients initially ineligible
for BCT were converted to lumpectomy candidates with this
preoperative chemotherapy regimen. Final pathology review
of all surgical specimens revealed that clinical assessment of
BCT eligibility following induction chemotherapy was 
inaccurate for invasive lobular cancers, multicentric disease,
and diffuse microcalcifications. Difficulties with assessment
of chemoresponse in lobular cancers have also been noted 
by Mathieu et al.93

Induction chemotherapy is a reasonable and safe treatment
approach for patients with breast cancer of any stage if the clin-
ician is certain that chemotherapy would be recommended in
the postoperative setting. The risk of overtreatment can be
minimized by obtaining multiple diagnostic core biopsy spec-
imens to confirm that a lesion is predominantly invasive, as it
would clearly be inappropriate to treat large-volume or palpa-
ble DCIS tumors (with or without microinvasion) with CTX
in any setting. Patients presenting with multiple tumors or
extensive calcifications on initial mammogram should be
counseled that preoperative chemotherapy will not convert
them to BCT eligibility, regardless of extent of their primary
tumor shrinkage. If the tumor is not associated with any
microcalcifications, then a radiopaque clip should be inserted
(preferably under ultrasound guidance) either before delivery
of the neoadjuvant CTX or within the first couple of cycles. In
the event that the patient should have a complete clinical
response to the preoperative chemotherapy, this clip will serve

9 6 4 chapter 54
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as the target for subsequent mammography-assisted wire
localization lumpectomy when the patient is ready for surgery.
Lesions associated with microcalcifications have an inherent
target for subsequent localization.

There is ongoing debate regarding the optimal method for
integrating sentinel node staging of the axilla into induction
CTX protocols. The standard treatment sequence for 
neoadjuvant CTX patients involves a percutaneous needle
biopsy for establishment of the cancer diagnosis, delivery of
chemotherapy, breast/axillary surgery, followed by irradiation
in selected cases, and endocrine therapy for hormone recep-
tor-positive disease. It was therefore logical for initial inves-
tigations to evaluate the results of sentinel lymph node
biopsy performed after the delivery of preoperative CTX and
concomitantly with the breast surgery. Concerns arose early
in these discussions that the lymphatic mapping concept
might be compromised by the following:

i. Lymphatic obstruction by tumor emboli from the rela-
tively larger tumors that are more likely to be managed
with neoadjuvant CTX;

ii. CTX effect on axillary metastases might not be uniform;
and/or

iii. CTX might obliterate intramammary lymphatic channels.

Any combination of these factors could result in higher rates
of sentinel node nonidentification or false negativity. Studies
reported by Bedrosian et al.94 and Chung et al.95 documented
the accuracy of lymphatic mapping for T2 and T3 breast

cancers. Breslin et al.96 reported the first series of patients
undergoing sentinel lymph node biopsy and completion
ALND after neoadjuvant CTX in a 2000 study from the M.D.
Anderson Cancer Center, and these investigators demon-
strated that the lymphatic mapping technology is indeed fea-
sible in these cases, but accuracy rates are optimized when
the surgical team has progressed through the learning curve
of mapping in the setting of CTX-treated axillary tissue.

As shown in Table 54.10, several other investigators have
now reported varying success rates with lymphatic mapping
performed after delivery of neoadjuvant CTX. Identification
rates range from 85% to 97%, and false-negative sentinel
nodes are identified in 0% to 33% of cases. One feature 
supporting the biologic rationale for this approach is the 
persistent observation that even after neoadjuvant CTX, 
the sentinel node is frequently the isolated site of axillary
metastases. A meta-analysis of reported studies conducted by
Xing et al.97 revealed an overall accuracy of 95% for sentinel
node biopsy in this setting.

Nonetheless, the suboptimal false-negative results have
prompted many surgeons to perform sentinel node biopsy for
axillary staging before delivery of neoadjuvant CTX. The 
disadvantage to this approach is that some women will be
subjected to unnecessary ALNDs, because the node-positive
patients identified at presentation will be committed to a
completion ALND after induction CTX, despite the fact that
the sentinel node(s) may have been the only sites of disease
for some cases, and for others the CTX may have eliminated
any residual axillary metastases.
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TABLE 54.10. Studies of sentinel lymph node biopsy performed after neoadjuvant chemotherapy.

Sentinel node False-negative Metastases limited
Study T status Sample size identification rate rate to sentinel node(s)

Breslin96 (2000) 2, 3 51 85% 12% 40%
(42/51) (3/25) (10/25)

Nason237 (2000) 2, 3 15 87% 33% ≥11%*
(13/15) (3/9) (≥1/9)

Haid238 (2001) 1–3 33 88% 0% 50%
(29/33) (0/22) (11/22)

Fernandez239 (2001) 1–4 40 90% 20% 20%
(36/40) (4/20) (4/20)

Tafra240 (2001) 1, 2 29 93% 0% NR
(27/29) (0/15)

Stearns241 (2002) 3, 4 T4d (inflammatory) 8 75% 40% 24%
(6/8) (2/5) (5/21)

Noninflammatory 26 88% 6%
(23/26) (1/16)

Julian242 (2002) 1–3 34 91% 0% 42%
(31/34) (0/12) (5/12)

Miller243 (2002) 1–3 35 86% 0% 44%
(30/35) (0/9) (4/9)

Brady244 (2002) 1–3 14 93% 0% 60%
(13/14) (0/10) (6/10)

Piato245 (2003) 1, 2 42 98% 17% 0%
(41/42) (3/18) (0/18)

Balch246 (2003) 2–4 32 97% 5% 56%
(31/32) (1/19) (10/18)

Schwartz247 (2003) 1–3 21 100% 9% 64%
(21/21) (1/11) (7/11)

Reitsamer248 (2003) 2, 3 30 87% 7% 53%
(26/30) (1/15) (8/15)

Mamounas249 (2002) 1–3 428 85% 11% 50%
(363/428) (15/140) (70/140)



Management of Ductal Carcinoma In Situ

Because DCIS is largely a disease whose manifestations are
confined to in-breast pathology, management strategies 
focus on various combinations of local therapy: mastectomy,
lumpectomy, and breast irradiation. Axillary metastases are
sufficiently rare with DCIS that nodal staging with the con-
ventional level I/II lymph node dissection and its associated
risk of lymphedema is generally considered unnecessary.
However, in cases of extensive DCIS, where the risk of coex-
isting invasive disease is significant, information regarding
the axillary nodal status becomes more relevant. The advent
of lymphatic mapping and sentinel lymph node biopsy has
greatly facilitated the handling of this dilemma. Adjuvant
systemic therapy provides no survival benefit for pure DCIS
because of the exceedingly low risk of micrometastases.
However, hormonally active medical therapies such as selec-
tive estrogen receptor modulators and aromatase inhibitors
exert a suppressive effect on abnormal proliferative activity
in the breast, and these agents can therefore be useful in con-
tributing to local control of disease as well as prevention of
new breast primary cancerous events. Table 54.1198–103 sum-
marizes the results reported by Phase III studies designed to
compare DCIS treatment options.

Local Therapy

Mastectomy was the standard management approach for
DCIS until approximately 25 years ago. During the 1980s, two
developments provided the impetus for expanded surgical
options in the treatment of this condition: (i) publication of
prospective, randomized clinical trials from the United States
and from Europe confirming the safety of breast conservation
therapy as management for early-stage invasive breast cancer;
and (ii) implementation of widespread screening mammogra-
phy programs and the resulting increased rates of detection
for localized foci of DCIS. Despite concerns that DCIS repre-
sented a diffuse pattern of disease in the breast, it became
increasingly difficult for clinicians to support the paradox of
offering breast-sparing treatment to women with invasive 
palpable breast cancer while women with mammographically
detected DCIS were penalized with a routine recommenda-
tion for mastectomy. Hence, breast conservation strategies
were explored and have been proven to be oncologically safe
for appropriately selected DCIS cases.

Nonetheless, mastectomy remains a reasonable treat-
ment option for DCIS, resulting in prolonged disease-free sur-
vival. Advances in plastic surgery techniques for immediate
or delayed breast reconstruction have further improved the
results achieved by mastectomy for DCIS. In certain clinical
scenarios, mastectomy remains the preferred approach:

1. Patients with diffuse, suspicious-appearing microcalcifi-
cations in the breast

2. Inability to obtain margin control by lumpectomy and/or
reexcision(s)

3. Patients with a contraindication to chest wall irradiation
(XRT) or who lack access to an XRT facility, in cases in
which it has been determined that breast XRT would be
a necessary adjunct to lumpectomy

4. Patients with a primary personal preference for 
mastectomy

5. Patients with multiple, clinically apparent foci of DCIS
that are not amenable to resection within a single margin-
negative lumpectomy

6. Suboptimal tumor-to-breast size ratio, where a margin-
negative lumpectomy will yield an unacceptable cosmetic
result (as defined by the patient)

Mastectomy and lumpectomy have never been directly
compared in a prospective, randomized trial designed for
DCIS patients. However comparable survival has been con-
firmed by indirect comparisons from retrospective studies
and from DCIS patients who were incidentally included in
the NSABP B-06 trial.98 The B-06 trial was designed to eval-
uate the outcome of approximately 1,800 stage I and II breast
cancer patients randomized to treatment by breast con-
servation therapy (with versus without breast irradiation) or
by mastectomy. Centralized pathology review subsequently
identified 78 cases of DCIS that were randomized as well98

and equally divided between the three study arms. The
overall survival for all three arms was similar (approximately
96% at 6 years), but the addition of breast irradiation to
lumpectomy decreased local recurrence (LR) from 43% to 7%
(see Table 54.11).

As shown by Table 54.11, lumpectomy alone results in
consistently higher rates of LR (range, 20%–43%) in compar-
ison to patients treated by lumpectomy and breast radiation
(range, 7%–12%). Commonly cited risk factors for LR have
included suboptimal margin control, young age at diagnosis,
and high-grade tumors with comedo-necrosis. Although
margin status is frequently implicated in risk for developing
LR, there is no consensus regarding the optimal extent of a
negative margin. Furthermore, as noted in a meta-analysis of
BCT for DCIS by Boyages et al.,104 studies published before
1998 often neglected to include margin status in their 
analyses. In the more-recent studies, a negative margin 
was variously defined as a minimum of 1, 2, or 3mm of 
microscopically normal tissue at the inked lumpectomy
borders.

Another consistent finding between studies was that
approximately half of all locally recurrent lesions are in the
form of invasive disease. The decision to be treated by breast
preservation therefore involves a different category of risk
that is assumed by the DCIS patient compared to the patient
undergoing lumpectomy for invasive cancer. In the latter
case, the risk for distant micrometastases is present from the
time of diagnosis, and decisions regarding the need for 
adjuvant systemic therapy are addressed at that time. In the
former case, however, there would be no need to consider
treatment of micrometastases, because DCIS biologically
would not be expected have the ability to extend beyond the
local tissue environment of the breast. The development of a
local recurrence alters this prognostically favorable situation,
and affected patients then face the risk of breast cancer mor-
tality from distant spread. The proportion of invasive LR was
similar for the patients treated by lumpectomy alone versus
lumpectomy and XRT. Because the risk of LR is lower for 
the radiated patients, however, the assumption would be 
that radiation reduces the incidence of a potentially life-
threatening pattern of disease progression. One could further
postulate that mastectomy is the safest treatment for DCIS
patients because of the exceptionally low rate of LR.
Although low, this risk is not nonexistent,105,106 indicating
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that rare forms of DCIS do possess a biologically aggressive
nature (or that an occult focus of invasion was present in the
breast). Despite this concern, the Phase III clinical trials sum-
marized in Table 54.11 reveal similarly high overall survival
rates for DCIS patients treated by lumpectomy with or
without breast irradiation.

Because of the expense, inconvenience, and potential
adverse effects of XRT, several investigators have attempted
to identify subsets of DCIS patients with sufficiently low-risk
lesions that they could routinely be treated by lumpectomy
alone. The obvious candidates would be small-volume, low-
grade DCIS with widely negative margins on lumpectomy.
Some groups have developed grading systems that stratify
DCIS patients based on the risk of developing LR. The most
popular of these is the Van Nuys Prognostic Index (VNPI),
developed by Silverstein et al.107 and based on the detailed
pathology analyses and follow-up of several hundred DCIS
patients. This index utilizes a point system to categorize
patients on the basis of nuclear grade (with versus without
necrosis); extent of DCIS (15mm or less versus 16–40mm
versus more than 40mm); and margin width (10mm or more
versus 1–9mm versus less than 1mm). Cumulative points
resulting in scores of 3 or 4 identify patients who should be
safely managed by lumpectomy only, whereas scores of 8 or
9 would be indications for mastectomy. Intermediate scores
would be consistent with safe treatment by lumpectomy and
XRT. This index was recently modified to include age (less
than 40 versus 40–60 versus more than 60 years).108 Several
studies have been unable to validate the accuracy of the VNPI
in predicting LR. A major disadvantage to the VNPI is that it
was developed by retrospective review of treated patients and
therefore has some inherent biases. Despite the difficulties in
developing a reproducible and accurate scoring system for
DCIS, an international and multidisciplinary panel of DCIS
experts convened a consensus panel several years ago, and col-
lectively decreed that all pathology reports on DCIS should
include a description of morphology, nuclear grade, and 
necrosis.109

Several investigative groups have implemented prospec-
tive clinical trials designed to evaluate the long-term results
of treating highly selected subsets of DCIS patients by
lumpectomy alone. One such study, conducted by the Dana-
Farber/Harvard Cancer Center, utilized DCIS grade 1 or 2,
size up to 2.5cm, and final margins of at least 1cm as eligi-
bility criteria. After accrual of 157 patients (of an accrual goal
of 200), the early closure of this study was recently reported110

because of an excessive LR rate. At a median follow-up of 40
months, 13 patients experienced a LR (9 were invasive recur-
rences), corresponding to a 5-year rate of 12.5% and a per
annum rate of 2.5% per patient-year. A Phase 3 clinical trial
implemented by the Radiation Therapy Oncology Group
(RTOG), which randomizes small, low-grade DCIS to lumpec-
tomy with versus without XRT and with versus without
tamoxifen, is currently under way.

Regional Treatment and Management of the Axilla

Past studies of mastectomy performed for DCIS revealed axil-
lary metastases in approximately 2% of DCIS cases. It is com-
monly assumed that these are related to a focus of invasive
disease in the breast that was overlooked on pathologic tissue
sampling. This low risk of detecting nodal disease and the

wish to minimize risk of lymphedema prompted most sur-
geons to abandon the routine practice of performing a con-
ventional level I/II ALND in DCIS patients. For those patients
requiring a mastectomy because of diffuse DCIS, the need for
axillary staging becomes more relevant because of the asso-
ciated increased risk of coexisting microinvasion. In these
cases the standard approach was to include a level I ALND
with the mastectomy.

Integration of the lymphatic mapping technology into
breast cancer surgery during the past decade presented a novel
and minimally invasive method for detecting axillary metas-
tases. Several investigators have now reported their findings
from series of DCIS patients undergoing sentinel lymph node
biopsy, with interesting results. Intra et al.111 found axillary
metastases in 7 of 223 (3.1%) DCIS patients, and Pendas 
et al.112 reported a 6% rate of sentinel node positivity in 87
DCIS cases. These increased rates of upstaging patients pre-
viously thought to have preinvasive DCIS are inconsistent
with established overall long-term survival rates of 98% 
for DCIS patients. It must be noted, however, that in both
these series the majority of sentinel node disease was
micrometastatic, detected by immunohistochemistry, and
completion ALNDs rarely demonstrated additional metas-
tases in nonsentinel nodes. The biologic significance of axil-
lary metastases in this setting is therefore questionable.
Given this uncertainty, the current standard of care is to defer
axillary staging by lymphatic mapping in DCIS cases
managed with breast preservation unless invasion is detected
in the lumpectomy specimen, in which case the patient can
be returned to the operating room for a subsequent sentinel
lymph node biopsy. In contrast, it is not technically feasible
to perform a lymphatic mapping procedure after the breast
has been removed, and a different approach must be used for
DCIS patients undergoing mastectomy. If there is a signifi-
cant likelihood of a coexisting invasive focus, based on prior
biopsy findings, or based on extent of DCIS, it is therefore rea-
sonable to perform the lymphatic mapping procedure con-
comitantly with the mastectomy. Immunohistochemistry
should not be routinely performed for these cases outside of
a clinical trial.

Medical Therapy for DCIS

Because of the known prevalence of ER expression in DCIS
lesions, and because of tamoxifen’s known ability to suppress
breast ductal proliferative activity, it has been reasonable to
explore utilization of this selective ER receptor modulator 
as adjuvant therapy for DCIS. As shown in Table 54.11, the
NSABP’s B-24 study101 randomized 1,800 DCIS cases to treat-
ment by lumpectomy and XRT followed 5 years of tamoxifen
versus placebo. At a median follow-up of 74 months, 
tamoxifen was found to result in a significantly lower risk of
both ipsilateral and contralateral breast cancer events. There
were 130 breast cancer events in the placebo arm versus 84
in the placebo arm, consistent with a 37% reduction for the
tamoxifen patients (P = 0.0009). There was no requirement
for margin control in this trial and, interestingly, there were
fewer ipsilateral breast cancer events in the tamoxifen-treated
arm even among those patients with involved margins. The
pattern of benefit conferred by tamoxifen in NSABP B-24 was
also notable, with most of the risk reduction occurring in con-
tralateral breast events. Tamoxifen reduced the risk of con-
tralateral invasive and noninvasive disease by 52% (P = 0.01).
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For the ipsilateral breast there was a significant reduction in
invasive recurrences, by 44% (P = 0.03), but the reduction in
recurrent DCIS was only by 18% (P = 0.43).

Another prospective randomized trial conducted in 
the United Kingdom113 (commonly called the UK Trial) had a
two-by-two factorial design and evaluated the relative con-
tributions of breast irradiation and tamoxifen therapy to the
outcome of DCIS patients treated with lumpectomy. This
study found that although both approaches are effective in
decreasing risk of local recurrence, tamoxifen had only mar-
ginal benefit in patients receiving breast XRT. The UK Trial
has been criticized because of its design, which allowed for
some bias because patients were allowed to self-select regard-
ing adjuvant therapy to some extent.

Allred et al. conducted a meticulous study of the ER
expression in DCIS lesions from the NSABP tamoxifen-
treated arm and reported a close association between the
pattern of hormone receptor positivity and likelihood benefit
from tamoxifen.114 With a median follow-up of 104 months,
the rate of LR for ER-positive DCIS was 10%, compared to
23% for the ER-negative lesions. It should be noted, however,
that Allred et al. utilized a very specific grading and inter-
pretation of ER staining by immunohistochemistry. Their
findings with regard to DCIS and tamoxifen are biologically
plausible; however, whether their methods can be widely
replicated for standardized clinical practice warrants further
study.

The ATAC Trial yielded provocative results regarding the
activity of the aromatase inhibitor anastrozole for adjuvant
management ER-positive postmenopausal breast cancer. This
trial randomized more than 9,000 early-stage breast cancer
patients to receive anastrozole, tamoxifen, or the combina-
tion of anastrozole with tamoxifen, as systemic adjuvant
therapy. The risk of contralateral new breast cancers was
reduced to a significantly greater degree in the anastrozole
compared to the tamoxifen arm (odds ratio, 0.42; P = 0.007).51

These findings prompted the design and implementation of
NSABP B-35, a Phase 3 trial that randomizes postmenopausal
DCIS patients treated by breast conservation therapy to
receive adjuvant tamoxifen versus anastrozole for the pre-
vention of additional breast cancer events.115

Breast Cancer Risk Reduction

Until recently, the primary message of breast health aware-
ness programs has been that “early detection is a woman’s
best protection” against breast cancer because there was no
way to prevent the disease. Currently, however, tamoxifen is
U.S. Food and Drug Administration (FDA) approved for
chemoprevention of breast cancer in high-risk women, and
numerous investigators are evaluating other medications that
may decrease the risk of breast cancer. Data have also become
available regarding the efficacy of surgical strategies to reduce
breast cancer risk.

The ability to hormonally manipulate breast tissue and
thereby reduce proliferative changes that would otherwise
evolve into cancer has been recognized over the past several
decades. Women using tamoxifen for a unilateral breast cancer
were seen to have a 40% lower risk of second primary/ 
contralateral breast cancer compared to breast cancer patients
not treated with tamoxifen. These data motivated implemen-

tation of the first large-scale chemoprevention trial conducted
in the United States, the National Surgical Adjuvant Breast
Project (NSABP) P-1 study,116 a prospective, placebo-controlled
randomized study of tamoxifen in 13,880 high-risk women.
Eligibility criteria to participate in the P-1 Study included age
at least 60 years; a 5-year Gail model breast cancer risk esti-
mate of more than 1.66%; and history of lobular carcinoma in
situ (LCIS). After 54 months median follow-up, the trial was
unblinded early because of the magnitude of difference in
breast cancer incidence between the treated and control arms
of the study, revealing that tamoxifen lowered breast cancer
risk by 49%. It therefore now considered the standard of care
to evaluate breast cancer risk factor information in women
and to counsel high-risk women about the options of chemo-
prevention.

Unfortunately, however, making a commitment to 5
years of tamoxifen is not easy, as several potentially severe
adverse reactions can be associated with this therapy. Tamox-
ifen effects on estrogen receptors in the uterus, vascular
system, and central nervous system increase risks of uterine
cancer, thromboembolic phenomena (deep vein thrombosis
and pulmonary emboli), and vasomotor symptoms (e.g., hot
flashes, night sweats), respectively. Partially offsetting these
risks are tamoxifen’s estrogen agonist effects on the skeletal
system and lipid profile, resulting in a reduced incidence of
osteoporosis and lower serum cholesterol levels. NSABP P-1
study participants in the premenopausal age range appeared
to be relatively protected from adverse tamoxifen effects;116

however, the safety of tamoxifen during fetal development
has not been established, and chemoprevention with this
agent is therefore contraindicated in women who are 
contemplating pregnancy.

Complicating the chemoprevention decision process
further is the fact that tamoxifen will only reduce the inci-
dence of estrogen receptor-positive tumors. Tamoxifen has 
no impact on the occurrence of estrogen receptor-negative
disease, a potentially significant issue in counseling women
who harbor mutations in one of the breast cancer suscepti-
bility genes. Subset analysis of genetically tested NSABP P-1
participants demonstrated that tamoxifen does not reduce
breast cancer risk in BRCA-1 mutation carriers; however, it
does appear to offer some chemoprevention benefit in BRCA-
2 mutation carriers.117 This finding is consistent with prior
studies revealing that BRCA-2 mutation-associated tumors
are similar in histopathology to sporadic breast cancer,
whereas BRCA-1 cancers are more likely to be estrogen recep-
tor negative and aneuploid.

The ideal SERM would retain antiproliferative activity in
the breast, but without subjecting the patient to the negative
risks. Toward this end, the (NSABP) is currently accruing to
the second chemoprevention trial, the Study of Tamoxifen
and Raloxifene (STAR). STAR randomizes high-risk post-
menopausal women to receive either tamoxifen or raloxifen,
a SERM that is presently FDA approved for treatment of
osteoporosis. Preliminary evidence indicates that raloxifen
has similar breast cancer risk reduction activity compared to
tamoxifen, but with a lower incidence of uterine neoplasia.
Premenopausal women are ineligible for STAR participation
because of the absence of data on raloxifen effects in young,
ovulating women.

One theory of breast carcinogenesis proposes that risk of
malignant transformation is related to lifetime exposure of
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breast tissue to cyclic extremes in the levels of circulating
hormones. Accordingly, it is postulated that stabilization of
estrogen levels will decrease the incidence of mammary neo-
plasia. Studies of gonadotropin-releasing hormone agonists in
conjunction with low-dose hormone replacement therapy are
therefore under way as a means of testing this hypothesis, and
preliminary results have shown that this approach can suc-
cessfully decrease mammographic density;118 however, longer
follow-up is needed to evaluate actual chemoprevention 
efficacy.

Recent data on the efficacy of aromatase inhibitors for
adjuvant therapy in breast cancer have revealed that these
agents also possess significant chemoprevention activity.119

Table 54.12116,119–128 summarizes reported data on the risk-
reducing strength of various medical therapies.

Premenopausal prophylactic oophorectomy and prophy-
lactic mastectomy are additional options as surgical strate-
gies for breast cancer risk reduction. Surgical menopause
before age 35 years is an established protective factor against
breast cancer risk. Availability of BRCA testing has resulted
in the identification of women from hereditary breast-ovarian
cancer families, and these women are especially motivated to
consider prophylactic removal of the ovaries. Published case-
control data (level II evidence) by Rebbeck et al.129 and Kauff
et al.130 have confirmed that prophylactic oophorectomy in
this setting can decrease breast cancer incidence by approxi-
mately 50%. Premature menopause, however, is associated
with an increased risk of osteoporosis and atherosclerotic 
cardiovascular disease. Interestingly, the breast cancer 
protection afforded by prophylactic oophorectomy was not
diminished by hormone replacement therapy in the Rebbeck
et al. study.

Prophylactic mastectomy is a dramatic and extreme
maneuver to decrease breast cancer risk, yet only recently has
its efficacy in high-risk women been documented. Early
reports of prophylactic mastectomy in humans131,132 demon-
strated a 1% to 2% failure rate, but these studies were flawed
by limited follow-up and by the inclusion of many women
who were probably at low risk for developing breast cancer.
Women at risk for hereditary breast cancer would potentially
be most susceptible to a failed prophylactic mastectomy, as
in these cases any microscopic amount of residual breast
tissue would harbor the germ-line predisposition for malig-
nant transformation.

Hartmann et al.133 have made valuable contributions to
our understanding of the efficacy of prophylactic mastectomy
through their meticulous scrutiny of the Mayo clinic data-
base. This analysis yielded 639 prophylactic mastectomy
patients with documented increased risk on the basis of
family history of breast and/or ovarian cancer. These high-
risk patients were further stratified into very-high (214
patients) and moderately-high risk (425 patients) subsets
based on extent of family history. Outcome regarding number
of subsequent breast cancers occurring among the very high
risk subset was compared to the number of breast cancers
developing among the female siblings of these patients. For
the moderate-risk patients, efficacy of the prophylactic
surgery was evaluated by calculating the number of expected
cancers based on summing of the individual Gail model risk
estimates for the entire group. Survival analyses were per-
formed by projecting anticipated longevity based on popula-
tion-based data. With a median follow-up of approximately 14

years, 7 breast cancers were detected in the prophylactic mas-
tectomy patients (3 in the very high risk subset and 4 in the
moderate-risk subset), consistent with a 90% reduction in
breast cancer risk and mortality in both categories of high-
risk patients.

Subsequent study of the Hartmann database134 reported
results of prophylactic mastectomy in women who were also
found to be BRCA mutation carriers and confirmed an equiv-
alent magnitude of breast cancer risk reduction. Similarly,
Meijers-Heijboer et al.135 reported outcome for 76 BRCA
mutation carriers followed prospectively after having under-
gone prophylactic mastectomy and found no tumors devel-
oping with an average follow-up of nearly 3 years. Hence,
reliable evidence does indicate that prophylactic mastectomy
will effectively and substantially reduce the incidence of
breast cancer in high-risk women, although the protection
conferred is not complete.

Metastatic Breast Cancer

Goals of Therapy

Although few if any patients with metastatic breast cancer
are cured by treatment, many will remain in remission for
prolonged periods and enjoy acceptable quality of life. Treat-
ment modestly prolongs survival, perhaps by 20% to 30%
proportionally, and palliation is achieved for many if not all
patients.136–140

Taken together, these considerations suggest that judi-
cious, serial application of available therapies should result in
the main goals of treatment of metastatic disease: palliation
and modest survival prolongation. To achieve these goals, the
clinician needs to first assess the patient’s status in regard to
diagnosis, prognosis, and prediction.

Diagnosis

Certain constellations of abnormalities may be so compel-
ling that tissue confirmation of a new finding suggestive of
metastatic disease is not required. However, it is strongly rec-
ommended that a biopsy of a suspicious lesion be performed
to document that one is, in fact, dealing with metastatic
breast cancer and not a benign lesion or a second, primary
cancer. Such biopsies can be performed by fine-needle aspi-
ration, core needle biopsy, or excision, depending on the 
circumstances. Biopsy of a metastatic lesion also permits
reanalysis of the patient’s tumor for predictive factors.

Prognosis

Chemotherapy is more likely to induce a clinical response
than endocrine therapy or trastuzumab. However, chemo-
therapy is also usually more likely to have more toxicity, and
so either endocrine or trastuzumab treatment is preferred as
first therapy for estrogen receptor- or HER2-positive metasta-
tic disease, respectively. However, chemotherapy is indicated
as first-line therapy for patients with evidence of rapidly pro-
gressive visceral metastases, especially if there is evidence of
substantial end-organ dysfunction, such as elevated liver
function tests (especially bilirubin) and/or pulmonary symp-
toms, regardless of predictive factors.
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Prediction

For most patients, careful selection of the optimal therapy can
result in considerable and often relatively long-lasting pallia-
tion. Expression of estrogen and progesterone receptors 
(ER, PgR) is highly predictive of response to endocrine treat-
ments.141,142 HER-2 is the protein product of the erbB-2 gene,
a member of the epidermal growth factor receptor family that
consists of four members: epidermal growth factor receptor
(EGFR, also called HER1), HER2 (also called erbB-2 and c-
neu), HER3, and HER4. HER2 is amplified and/or overex-
pressed in 25% to 40% of breast cancers, and the humanized
monoclonal anti-HER2 antibody, trastuzumab, appears to 
be effective only in patients with HER2-positive breast
cancer.143–145

There are no good predictive factors for individual
chemotherapy agents. Chemotherapy resistance assays have
been studied for more than two decades, but none of these
technologies has been shown in rigorous studies to be suffi-
ciently accurate for routine clinical use.146–148 Therefore, selec-
tion of specific chemotherapy is empiric. For example,
patients who relapse within 1 year of adjuvant therapy are
very unlikely to respond to the same agents again. Moreover,
cumulative toxicities, especially cardiac failure with the
anthracyclines, may preclude additional treatment even if the
agent is likely to be effective.

Selection of Therapy: Local Versus Systemic

Local therapies (surgery, radiation, hyperthermia) often pre-
clude concurrent systemic therapy and therefore are most
appropriate for patients who have isolated metastases and/or
who have impending crises, such as long bone fracture, spinal
cord metastases, or intracranial metastases.

Systemic Therapy: Endocrine Therapy

For most patients with metastatic disease, selection of sys-
temic therapy is preferable. Patients with ER- and/or PgR-
positive tumors should receive endocrine therapy. There is 
no role for combined endocrine and chemotherapy; there are
some preclinical and adjuvant data suggesting that they may
be antagonistic.149,150 Regardless, because palliation is the
goal, if endocrine treatment alone is appropriate it is more
likely to induce palliation. If not, then there is no reason to
use it, and chemotherapy should be initiated alone.

For the past 20 years, tamoxifen has been the first-line
endocrine treatment of choice, because it is equally or more
effective and has fewer side effects than previously available
therapies. However, because most hormone receptor-positive
patients receive tamoxifen in the adjuvant setting, second-
line endocrine therapy, in fact, becomes “first line” if patients
recur on tamoxifen. Several prospective randomized trials
have demonstrated that for postmenopausal women with ER-
positive metastatic breast cancer, the selective aromatase
inhibitors are more effective with fewer side effects than older
second-line therapies, such as megestrol acetate or aminog-
lutethimide151–154 (Table 54.13). Recently, similar studies have
demonstrated that survival is superior for women treated
with AIs compared to tamoxifen as first line therapy for
metastatic disease136,155,156 (Table 54.13). Because they do not
inhibit ovarian estrogen production, aromatase inhibitors
should not be used in premenopausal women.

Fulvestrant, similar to tamoxifen, binds to the ER.
However, instead of modulating ER dimerization and binding
to estrogen response elements in the nucleus, fulvestrant 
prevents dimerization and induces downregulation of the
receptor. Prospective randomized trials have demonstrated
that fulvestrant is as effective as anastrozole as second-line
therapy and, recently, more effective than tamoxifen as first-
line therapy157–159 (see Table 54.13).

Premenopausal women with hormone receptor-positive
metastatic breast cancer are probably best treated with
ovarian function cessation, either by surgical oophorectomy
or by chemical cessation of ovary function with the use of
luteinizing hormone-releasing hormone antagonists such 
as goserelin. Addition of either tamoxifen, an aromatase
inhibitor, or fulvestrant to ovarian cessation appears to
improve outcome, but the side effects are greater. However,
because the aromatase inhibitors appear more effective than
tamoxifen in postmenopausal women, it is not unreasonable
to combine ovarian ablation with an aromatase inhibitor.160,161

Side effects of endocrine treatments are generally related
to antiestrogenic effects, including hot flashes, moodiness,
and vaginal dryness and dysparunia. The aromatase inhibitors
all seem to have a small rate of arthralgias and of gastroin-
testinal upset. Because tamoxifen has estrogenic properties 
in the liver, it increases thrombogenesis, with consequent
increased risk of deep venous thrombosis and cerebral vascu-
lar accident. Long-term use of aromatase inhibitors is associ-
ated with increased risk of osteoporosis and fracture, whereas
tamoxifen has estrogenic effects in bone and is therefore pro-
tective from this effect. However, in women with metastatic
disease, this is rarely an issue because they rarely remain on
the agent for more than a few months due to progression, 
and they are frequently treated with bisphosphonates (see 
following).

Systemic Therapy: Chemotherapy

Of the common solid tumor malignancies, breast cancer 
is one of the most sensitive to chemotherapy, although, as
noted, metastatic breast cancer exhibits a fundamental
pattern of resistance that ultimately, and nearly universally,
leads to death. Nonetheless, responses, and one therefore
hopes improvement in symptoms, occur in 20% to 60% of
patients when treated with single-agent alkylating agents,
antimetabolites (purine and pyrimidine analogues), anthracy-
clines and anthraquinones, and taxanes. Of these, the anthra-
cyclines (doxorubicin, epirubicin) and taxanes (paclitaxel,
docetaxel) appear to have the highest single-agent activity.

Through the 1980s, combination chemotherapy was
widely applied in metastatic breast cancer, cyclophos-
phamide, methotrexate, and 5-fluorouracil (CMF) and
cyclophosphamide, doxorubicin (adriamycin), and 5-fluo-
rouracil (CAF).162,163 In the 1990s, use of sequential single-
agent therapy was more widely applied to avoid overlapping
toxicities of combination therapy.164–169 Results of two
recently published studies have suggested a modest survival
advantage for combination therapy using either docetaxel and
capecitabine or paclitaxel and gemcitabine.138,170 These two
studies notwithstanding, in the absence of rapidly progressive
visceral disease, it seems just as reasonable to treat patients
with single-agent chemotherapy, offering the next therapy if
the first is either ineffective or intolerable.
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In summary, chemotherapy can induce quite satisfactory
palliation, in spite of its side effects, if applied judiciously.
There does not appear to be an optimal regimen, schedule, or
dose, although general guidelines can be drawn from a
number of well-performed prospective randomized trials.

Novel Targeted Therapies

Trastuzumab is a humanized monoclonal antibody that selec-
tively binds HER2. Phase II trials have shown it to induce
responses in 10% to 25% of patients with HER2-positive
breast cancers.144,171,172 Perhaps more importantly, a single
prospective randomized clinical trial has demonstrated that
response rates, progression-free survival, and even overall 
survival are improved by chemotherapy (either CAF or 
paclitaxel) plus trastuzumab versus chemotherapy alone.139

These exciting findings have led to combination studies of
trastuzumab with several chemotherapeutic agents, with the
suggestion of increased response rates than might be expected
from historical controls.173–175

There are two important caveats regarding trastuzumab
therapy. First, in the pivotal metastatic trial, congestive 
heart failure was observed in more than 25% of patients
treated with combination doxorubicin and trastuzumab and
in more than 10% of those who received paclitaxel and
trastuzumab.139 Currently combination therapy with
trastuzumab and an anthracycline should be considered con-
traindicated. Second, HER2 is most commonly evaluated in
breast cancer tissue by immunohistochemistry (IHC). The
only IHC test for HER2 testing that is approved by the FDA
is the so-called Herceptest. Substantial data suggest that,
using the recommended readout scale of 0–3+, only those
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TABLE 54.13. Prospective randomized trials of endocrine therapy for metastatic breast cancer.

TTP Overall survival
Comparison Reference Clinical benefit* (HR for progression) (HR for death)

Selective aromatase inhibitors versus aminoglutethimide
Letrozole vs. 153 36.3% 0.72 0.64
aminoglutethimide 28.9% (P = 0.008) (P = 0.002)

(NS)

Selective aromatase inhibitors versus megestrol acetate
Anastrozole vs. megestrol 151 42.2% 0.94 0.78
acetate 40.3% (NS) (P = 0.025)

(NA)
Letrozole vs. megestrol 152 34.5% 0.80 0.82
acetate 31.7% (P = 0.07) (P = 0.15)

(NS)
Letrozole vs. megestrol 251 26.7% 0.99 0.92
acetate 23.4% (NS) (P = 0.49)

(NA)
Exemestane vs. megestrol 252 37.4% 0.82 NA
acetate 34.6% (P = 0.04) (P = 0.04)

(NS)

One selective aromatase inhibitor versus another
Letrozole vs. anastrozole 253 27% 1.0 0.95

23% (P = 0.92) (P = 0.62)

Selective estrogen receptor downregulator versus selective aromatase inhibitor
Fulvestrant vs. anastrozole 158 42.2% 0.92 NA

36.1% (P = 0.43)
(P = 0.26)

Fulvestrant vs. anastrozole 157 44.6% 0.98 NA
45% (P = 0.84)
(NS)

Selective aromatase inhibitors versus tamoxifen (selective estrogen receptor modulator)
Anastrozole vs. tamoxifen 254 56.2% 0.99 NA

55.5% (P = 0.94)
(NS)

Anastrozole vs. tamoxifen 255 59% 0.69 NA
46% (P = 0.005)

(P = 0.01)
Letrozole vs. tamoxifen 155 49% 0.70 NA

38% (P = 0.0001)
(P = 0.001)

Exemestane vs. tamoxifen 156 57% NA NA
42%

(P = NA)



patients whose tumors are read as “3+” are likely to benefit
from trastuzumab.176 Likewise, it also appears that HER2
amplification, which is evaluated by fluorescent in situ
hybridization (FISH), is also an accurate predictor of benefit
from trastuzumab.176 A reasonable algorithm is to perform
IHC first. Patients with tumor HER2 scores of 0–1+ are
unlikely to benefit, whereas those who are 3+ are good can-
didates for trastuzumab. For patients whose tumors are 2+,
FISH should be performed to distinguish those who should
receive trastuzumab from those who should not.

Other novel therapies that appear to have some benefit
include bevacizumab, a monoclonal antibody directed against
vascular endothelial growth factor (VEGF) and the orally
available inhibitors of the EGFR-family tyrosine kinases.177–179

However, none of these has been studied in a sufficiently rig-
orous manner to determine if it has a role in routine clinical
care.

Monitoring Patients with Metastatic Breast Cancer

Palliative therapy should be continued so long as it appears
to be successful and tolerated, as determined by history, phys-
ical examination, radiographs, and serologic/blood testing.
Commonly a patient is followed for several cycles of therapy,
lasting weeks to months, until progression is obvious and
therapy should be changed. During this period of time, the
patient may have been exposed to the toxicities of the therapy
needlessly, if it was of little or no value in reducing the cancer
burden.

Serial plain radiographs, computerized tomography, mag-
netic resonance imaging, and bone scintigraphy can provide
evidence of response or, more importantly, progression. It is
critical that the clinician be aware of causes of false-positive
evidence of progression, in particular the so-called scinti-
graphic healing flare associated with response of bone metas-
tases and conversion from lytic to sclerotic lesions. Because
more than 50% of patients with metastases may have bone-
predominant or bone-only metastases, monitoring may be
quite difficult.

The value of positron emission tomography for monitor-
ing metastatic breast cancer has not been shown in prospec-
tive, well-designed clinical trials, although this technology
appears to have substantial promise. Serial circulating tumor
markers, in particular carcinoembryonic antigen (CEA) and
products of the MUC1 gene (identified by the commercially
available assays CA 15-3 or CA 27.29), appear reasonably
accurate for monitoring patients with metastatic disease.180

However, approximately 25% of patients may experience a
false-positive increase, or “tumor marker spike,” during the
first 30 to 60 days of therapy, and the clinician also needs to
be aware of other reasons for nonmalignant tumor marker ele-
vation, for example, as observed with acute hepatic dysfunc-
tion. Recently, results of a prospective clinical trial have
suggested that circulating tumor cell (CTC) levels, as evalu-
ated by an automated immunomagnetic technique, may be
strongly associated with clinical outcome of patients with
metastatic breast cancer.181,182 These data, and the potential
benefits of changing therapy very early for patients with ele-
vated CTC, require validation in future studies.

In summary, high levels of evidence support the benefits
of careful application of systemic therapies for patients with
metastatic disease. Prospective randomized clinical trials

have demonstrated the benefits of various endocrine treat-
ments for those with hormone receptor-positive disease, for
specific chemotherapeutic regimens for patients with very
poor prognosis or those with hormone-refractory metastases,
and for the use of trastuzumab alone or in combination with
chemotherapy for patients with HER2-positive breast cancer.
Ongoing research offers promise to further improve quality of
life and even survival for patients who suffer with distant
disease, and it is hoped that future investigations may even
result in cure rates approaching those of Hodgkins’ disease,
non-Hodgkins’ lymphoma, and testicular cancer.

References

1. Baxter N. Preventive health care, 2001 update: should women
be routinely taught breast self-examination to screen for breast
cancer? Cam Med Assoc J 2001;164:1837–1846.

2. Hackshaw AK, Paul EA. Breast self-examination and death from
breast cancer: a meta-analysis. Br J Cancer 2003;88:1047–1053.

3. Thomas DB, Gao DL, Ray RM, et al. Randomized trial of breast
self-examination in Shanghai: final results. J Natl Cancer Inst
2002;94:1445–1457.

4. Liberman L. The breast imaging reporting and data system: 
positive predictive value of mammographic features and final
assessment categories. AJR Am J Roengtenol 1998;171:35–40.

5. Warner E. Breast self-examination. C Med Assoc J 2002;166:163;
author reply 166, 168.

6. Shen Y, Zelen M. Screening sensitivity and sojourn time from
breast cancer early detection clinical trials: mammograms and
physical examinations. J Clin Oncol 2001;19:3490–3499.

7. Humphrey L, Helfand M, Chan B, Woolf S. Breast Cancer Screen-
ing: A Summary of the Evidence, vol 2003. Washington, DC:
U.S. Preventive Services Task Force, 2002.

8. Shapiro S. Periodic screening for breast cancer: the HIP ran-
domized controlled trial. J Natl Cancer Inst Monogr 1997;22:
27–30.

9. Nystrom L, Andersson I, Bjurstam N, Frisell J, Nordenskjold B,
Rutqvist LE. Long-term effects of mammography screening:
updated overview of the Swedish randomised trials. Lancet
2002;359:909–919.

10. Tabar L, Vitak B, Chen HH, et al. The Swedish Two-County Trial
twenty years later. Updated mortality results and new insights
from long-term follow-up. Radiol Clin N Am 2000;38:625–651.

11. Tabar L, Fagerberg G, Chen HH, et al. Efficacy of breast cancer
screening by age. New results from the Swedish Two-County
Trial. Cancer (Phila) 1995;75:2507–2517.

12. Alexander FE, Anderson TJ, Brown HK, et al. 14 years of follow-
up from the Edinburgh randomised trial of breast-cancer screen-
ing. Lancet 1999;353:1903–1908.

13. Miller AB, To T, Baines CJ, Wall C. The Canadian National
Breast Screening Study 1: breast cancer mortality after 11 to 16
years of follow-up. A randomized screening trial of mammo-
graphy in women age 40 to 49 years. Ann Intern Med 2002;137:
305–312.

14. Tran NV, Evans GR, Kroll SS, et al. Postoperative adjuvant irra-
diation: effects on tranverse rectus abdominis muscle flap breast
reconstruction. Plast Reconstr Surg 2000;106:313–317; discus-
sion 318–320.

15. Kopans DB, Feig SA. The Canadian National Breast Screening
Study: a critical review. AJR Am J Roentgenol 1993;161:755–760.

16. Tarone RE. The excess of patients with advanced breast cancer
in young women screened with mammography in the Canadian
National Breast Screening Study. Cancer (Phila) 1995;75:
997–1003.

17. Gotzsche PC, Olsen O. Is screening for breast cancer with 
mammography justifiable? Lancet 2000;355:129–134.

evidence-based management of  breast  cancer 9 7 5



18. Olsen O, Gotzsche PC. Cochrane review on screening for breast
cancer with mammography. Lancet 2001;358:1340–1342.

19. Feig SA. Effect of service screening mammography on popula-
tion mortality from breast carcinoma. Cancer (Phila) 2002;95:
451–457.

20. Tabar L, Vitak B, Chen HH, Yen MF, Duffy SW, Smith RA.
Beyond randomized controlled trials: organized mammographic
screening substantially reduces breast carcinoma mortality.
Cancer (Phila) 2001;91:1724–1731.

21. Duffy SW, Tabar L, Chen HH, et al. The impact of organized
mammography service screening on breast carcinoma mortality
in seven Swedish counties. Cancer (Phila) 2002;95:458–469.

22. Radiology ACo. Breast Imaging-Reporting and Data System (BI-
RADS). Reston, VA: American College of Radiology, 1998.

23. Kolb TM, Lichy J, Newhouse JH. Comparison of the perfor-
mance of screening mammography, physical examination, and
breast US and evaluation of factors that influence them: an
analysis of 27,825 patient evaluations. Radiology 2002;225:
165–175.

24. Kaplan SS. Clinical utility of bilateral whole-breast US in the
evaluation of women with dense breast tissue. Radiology 2001;
221:641–649.

25. Olson JA Jr, Morris EA, Van Zee KJ, Linehan DC, Borgen PI. 
Magnetic resonance imaging facilitates breast conservation 
for occult breast cancer. Ann Surg Oncol 2000;7:411–415.

26. Kriege M, Brekelmans CT, Boetes C, et al. Efficacy of MRI 
and mammography for breast-cancer screening in women with
a familial or genetic predisposition. N Engl J Med 2004;351:
427–437.

27. Liberman L. Breast cancer screening with MRI: what are the data
for patients at high risk? N Engl J Med 2004;351:497–500.

28. Morris EA. Illustrated breast MR lexicon. Semin Roentgenol
2001;36:238–249.

29. Klimberg VS, Harms SE, Henry-Tillman RS. Not all MRI tech-
niques are created equal. Ann Surg Oncol 2000;7:404–405.

30. Warner E, Plewes DB, Shumak RS, et al. Comparison of breast
magnetic resonance imaging, mammography, and ultrasound for
surveillance of women at high risk for hereditary breast cancer.
J Clin Oncol 2001;19:3524–3531.

31. Stoutjesdijk MJ, Boetes C, Jager GJ, et al. Magnetic resonance
imaging and mammography in women with a hereditary risk of
breast cancer. J Natl Cancer Inst 2001;93:1095–1102.

32. Tillman GF, Orel SG, Schnall MD, Schultz DJ, Tan JE, Solin LJ.
Effect of breast magnetic resonance imaging on the clinical 
management of women with early-stage breast carcinoma. J Clin
Oncol 2002;20:3413–3423.

33. Hlawatsch A, Teifke A, Schmidt M, Thelen M. Preoperative
assessment of breast cancer: sonography versus MR imaging.
AJR Am J Roentgenol 2002;179:1493–1501.

34. Halsted W. The effects of adduction and abduction on the length
of the limb in fractures of the neck of the femur. 1884. Clin
Orthop Relat Res 1998;3(348):4–9.

35. Fisher B, Montague E, Redmond C, et al. Comparison of radical
mastectomy with alternative treatments for primary breast
cancer. A first report of results from a prospective randomized
clinical trial. Cancer (Phila) 1977;39:2827–2839.

36. Fisher B, Jeong JH, Anderson S, Bryant J, Fisher ER, Wolmark N.
Twenty-five-year follow-up of a randomized trial comparing
radical mastectomy, total mastectomy, and total mastectomy
followed by irradiation. N Engl J Med 2002;347:567–575.

37. Morris AD, Morris RD, Wilson JF, et al. Breast-conserving
therapy vs. mastectomy in early-stage breast cancer: a meta-
analysis of 10-year survival. Cancer J Sci Am 1997;3:6–12.

38. Fisher B, Anderson S, Bryant J, et al. Twenty-year follow-up of a
randomized trial comparing total mastectomy, lumpectomy, and
lumpectomy plus irradiation for the treatment of invasive breast
cancer. N Engl J Med 2002;347:1233–1241.

39. Beaulac SM, McNair LA, Scott TE, LaMorte WW, Kavanah MT.

Lymphedema and quality of life in survivors of early-stage breast
cancer. Arch Surg 2002;137:1253–1257.

40. Coen JJ, Taghian AG, Kachnic LA, Assaad SI, Powell SN. Risk
of lymphedema after regional nodal irradiation with breast 
conservation therapy. Int J Radiat Oncol Biol Phys 2003;55:
1209–1215.

41. Petrek JA, Senie RT, Peters M, Rosen PP. Lymphedema in a
cohort of breast carcinoma survivors 20 years after diagnosis.
Cancer (Phila) 2001;92:1368–1377.

42. Erickson VS, Pearson ML, Ganz PA, Adams J, Kahn KL. Arm
edema in breast cancer patients. J Natl Cancer Inst 2001;
93:96–111.

43. Miltenburg DM, Miller C, Karamlou TB, Brunicardi FC. Meta-
analysis of sentinel lymph node biopsy in breast cancer. J Surg
Res 1999;84:138–142.

44. Kim T, Agboola O, Lyman G. Lymphatic mapping and sentinel
lymph node sampling in breast cancer. In: Proceedings of the
American Society of Clinical Oncology 2002 Annual Sympo-
sium, Orlando, FL, 2002. Chicago: American Society of Clinical
Oncology, 2002.

45. Wilke LG, Giuliano A. Sentinel lymph node biopsy in patients
with early-stage breast cancer: status of the National Clinical
Trials. Surg Clin N Am 2003;83:901–910.

46. Newman L. Lymphatic mapping and sentinel lymph node biopsy
in breast cancer patients: a comprehensive review of variations
in performance and technique. J Am Coll Surg 2004;199(5):804–
816.

47. Jordan VC. Third Annual William L. McGuire Memorial
Lecture. Studies on the estrogen receptor in breast cancer: 20
years as a target for the treatment and prevention of cancer.
Breast Cancer Res Treat 1995;36:267–285.

48. NCI. Breast Cancer (PDQ®): Treatment Health Professional
Version, vol 2004. Washington, DC: National Cancer Institute,
2004.

49. NIH. Adjuvant therapy for breast cancer: NIH Consensus 
Statement. NIH 2000;17(4):1–35.

50. Gradishar WJ. Tamoxifen—what next? Oncologist 2004;9:
378–384.

51. Anastrozole alone or in combination with tamoxifen versus
tamoxifen alone for adjuvant treatment of postmenopausal
women with early breast cancer: first results of the ATAC ran-
domised trial. Lancet 2002;359:2131–2139.

52. Fisher B, Dignam J, Bryant J, Wolmark N. Five versus more than
five years of tamoxifen for lymph node-negative breast cancer:
updated findings from the National Surgical Adjuvant Breast 
and Bowel Project B-14 randomized trial. J Natl Cancer Inst
2001;93:684–690.

53. Goss P, Ingle J, Martino S, et al. Updated analysis of the NCIC
CTG MA.17 randomized placebo-controlled trial of letrozole
after five years of tamoxifen in postmenopausal women with
early stage breast cancer. In: American Society of Clinical
Oncology 2003 Annual Meeting, New Orleans, LA. Chicago:
American Society of Clinical Oncology, 2003.

54. Goss PE, Ingle JN, Martino S, et al. A randomized trial of letro-
zole in postmenopausal women after five years of tamoxifen
therapy for early-stage breast cancer. N Engl J Med 2003;349:
1793–1802.

55. Coombes RC, Hall E, Gibson LJ, et al. A randomized trial of
exemestane after two to three years of tamoxifen therapy in
postmenopausal women with primary breast cancer. N Engl J
Med 2004;350:1081–1092.

56. Gradishar WJ, Morrow M. Advances in endocrine therapy of
metastatic breast cancer. Br J Surg 2002;89:1489–1492.

57. Beatson G. On the treatment of inoperable cases of carcinoma
of the mamma: suggestions for a new method of treatment with
illustrative cases. Lancet 1896;2:104–107, 162–165.

58. Lett H. An analysis of 99 cases of inoperable carcinoma of the
breast treated by oophorectomy. Lancet 1905:227–228.

9 7 6 chapter 54



59. Ovarian ablation in early breast cancer: overview of the ran-
domised trials. Early Breast Cancer Trialists’ Collaborative
Group. Lancet 1996;348:1189–1196.

60. Ovarian ablation for early breast cancer. Cochrane Database Syst
Rev 2000:CD000485.

61. Prowell TM, Davidson NE. What is the role of ovarian ablation
in the management of primary and metastatic breast cancer
today? Oncologist 2004;9:507–517.

62. Sainsbury R. Ovarian ablation as a treatment for breast cancer.
Surg Oncol 2003;12:241–250.

63. Poikonen P, Saarto T, Elomaa I, Joensuu H, Blomqvist C. Prog-
nostic effect of amenorrhoea and elevated serum gonadotropin
levels induced by adjuvant chemotherapy in premenopausal
node-positive breast cancer patients. Eur J Cancer 2000;36:
43–48.

64. Del Mastro L, Venturini M, Sertoli MR, Rosso R. Amenorrhea
induced by adjuvant chemotherapy in early breast cancer
patients: prognostic role and clinical implications. Breast Cancer
Res Treat 1997;43:183–190.

65. Pagani O, O’Neill A, Castiglione M, et al. Prognostic impact of
amenorrhoea after adjuvant chemotherapy in premenopausal
breast cancer patients with axillary node involvement: results
of the International Breast Cancer Study Group (IBCSG) Trial VI.
Eur J Cancer 1998;34:632–640.

66. Fisher B, Ravdin RG, Ausman RK, Slack NH, Moore GE, Noer
RJ. Surgical adjuvant chemotherapy in cancer of the breast:
results of a decade of cooperative investigation. Ann Surg 1968;
168:337–356.

67. Fentiman IS. Long-term follow-up of the first breast conserva-
tion trial: Guy’ wide excision study. Breast 2000;9:5–8.

68. Vinh-Hung V, Verschraegen C. Breast-conserving surgery with or
without radiotherapy: Pooled-analysis for risks of ipsilateral
breast tumor recurrence and mortality. J Natl Cancer Inst
2004;96:115–121.

69. Effects of radiotherapy and surgery in early breast cancer. An
overview of the randomized trials. Early Breast Cancer Trialists’
Collaborative Group. N Engl J Med 1995;333:1444–1455.

70. Favourable and unfavourable effects on long-term survival of
radiotherapy for early breast cancer: an overview of the ran-
domised trials. Early Breast Cancer Trialists’ Collaborative
Group. Lancet 2000;355:1757–1770.

71. Overgaard M, Hansen PS, Overgaard J, et al. Postoperative radio-
therapy in high-risk premenopausal women with breast cancer
who receive adjuvant chemotherapy. Danish Breast Cancer
Cooperative Group 82b Trial. N Engl J Med 1997;337:949–955.

72. Overgaard M, Jensen MB, Overgaard J, et al. Postoperative radio-
therapy in high-risk postmenopausal breast-cancer patients
given adjuvant tamoxifen: Danish Breast Cancer Cooperative
Group DBCG 82c randomised trial. Lancet 1999;353:1641–1648.

73. Broadwater JR, Edwards MJ, Kuglen C, Hortobagyi GN, Ames
FC, Balch CM. Mastectomy following preoperative chemother-
apy. Strict operative criteria control operative morbidity. Ann
Surg 1991;213:126–129.

74. Danforth DN Jr., Lippman ME, McDonald H, et al. Effect of pre-
operative chemotherapy on mastectomy for locally advanced
breast cancer. Am Surg 1990;56:6–11.

75. McCready DR, Hortobagyi GN, Kau SW, Smith TL, Buzdar AU,
Balch CM. The prognostic significance of lymph node metas-
tases after preoperative chemotherapy for locally advanced
breast cancer. Arch Surg 1989;124:21–25.

76. De Lena M, Varini M, Zucali R, et al. Multimodal treatment 
for locally advanced breast cancer. Result of chemotherapy-
radiotherapy versus chemotherapy-surgery. Cancer Clin Trials
1981;4:229–236.

77. Perloff M, Lesnick GJ, Korzun A, et al. Combination chemother-
apy with mastectomy or radiotherapy for stage III breast carci-
noma: a Cancer and Leukemia Group B study. J Clin Oncol
1988;6:261–269.

78. Papaioannou A, Lissaios B, Vasilaros S, et al. Pre- and postoper-
ative chemoendocrine treatment with or without postoperative
radiotherapy for locally advanced breast cancer. Cancer (Phila)
1983;51:1284–1290.

79. Hortobagyi GN, Ames FC, Buzdar AU, et al. Management of
stage III primary breast cancer with primary chemotherapy,
surgery, and radiation therapy. Cancer (Phila) 1988;62:2507–
2516.

80. Lippman ME, Sorace RA, Bagley CS, Danforth DW Jr, Lichter A,
Wesley MN. Treatment of locally advanced breast cancer using
primary induction chemotherapy with hormonal synchroniza-
tion followed by radiation therapy with or without debulking
surgery. Natl Cancer Inst Monogr 1986;1986:153–159.

81. Mauriac L, Durand M, Avril A, Dilhuydy JM. Effects of primary
chemotherapy in conservative treatment of breast cancer
patients with operable tumors larger than 3cm. Results of a ran-
domized trial in a single centre. Ann Oncol 1991;2:347–354.

82. Mauriac L, MacGrogan G, Avril A, et al. Neoadjuvant
chemotherapy for operable breast carcinoma larger than 3cm: a
unicentre randomized trial with a 124-month median follow-up.
Institut Bergonie Bordeaux Groupe Sein (IBBGS). Ann Oncol
1999;10:47–52.

83. Schwartz GF, Birchansky CA, Komarnicky LT, et al. Induction
chemotherapy followed by breast conservation for locally
advanced carcinoma of the breast. Cancer (Phila) 1994;73:362–
369.

84. Schwartz GF, Lange AK, Topham AK. Breast conservation fol-
lowing induction chemotherapy for locally advanced carcinoma
of the breast (stages IIB and III). A surgical perspective. Surg
Oncol Clin N Am 1995;4:657–669.

85. Powles TJ, Hickish TF, Makris A, et al. Randomized trial of
chemoendocrine therapy started before or after surgery for treat-
ment of primary breast cancer. J Clin Oncol 1995;13:547–552.

86. Makris A, Powles TJ, Ashley SE, et al. A reduction in the require-
ments for mastectomy in a randomized trial of neoadjuvant
chemoendocrine therapy in primary breast cancer. Ann Oncol
1998;9:1179–1184.

87. Fisher B, Brown A, Mamounas E, et al. Effect of preoperative
chemotherapy on local-regional disease in women with opera-
ble breast cancer: findings from National Surgical Adjuvant
Breast and Bowel Project B-18. J Clin Oncol 1997;15:2483–
2493.

88. Fisher B, Bryant J, Wolmark N, et al. Effect of preoperative
chemotherapy on the outcome of women with operable breast
cancer. J Clin Oncol 1998;16:2672–2685.

89. Kuerer HM, Newman LA, Smith TL, et al. Clinical course of
breast cancer patients with complete pathologic primary tumor
and axillary lymph node response to doxorubicin-based neoad-
juvant chemotherapy. J Clin Oncol 1999;17:460–469.

90. Singletary SE, McNeese MD, Hortobagyi GN. Feasibility of
breast-conservation surgery after induction chemotherapy for
locally advanced breast carcinoma. Cancer (Phila) 1992;69:2849–
2852.

91. Wolmark N, Wang J, Mamounas E, Bryant J, Fisher B. Preopera-
tive chemotherapy in patients with operable breast cancer: nine-
year results from National Surgical Adjuvant Breast and Bowel
Project B-18. J Natl Cancer Inst Monogr 2001;2001:96–102.

92. Newman LA, Buzdar AU, Singletary SE, et al. A prospective trial
of preoperative chemotherapy in resectable breast cancer: 
predictors of breast-conservation therapy feasibility. Ann Surg
Oncol 2002;9:228–234.

93. Mathieu MC, Rouzier R, Llombart-Cussac A, et al. The poor
responsiveness of infiltrating lobular breast carcinomas to
neoadjuvant chemotherapy can be explained by their biological
profile. Eur J Cancer 2004;40:342–351.

94. Bedrosian I, Reynolds C, Mick R, et al. Accuracy of sentinel
lymph node biopsy in patients with large primary breast tumors.
Cancer (Phila) 2000;88:2540–2545.

evidence-based management of  breast  cancer 9 7 7



95. Chung M, Ye W, Giuliano A. Role for sentinel lymph node dis-
section in the management of large (> or +5cm) invasive breast
cancer. Ann Surg Oncol 2001;8:688–692.

96. Breslin TM, Cohen L, Sahin A, et al. Sentinel lymph node biopsy
is accurate after neoadjuvant chemotherapy for breast cancer. J
Clin Oncol 2000;18:3480–3486.

97. Xing Y, Ding M, Cox D, Ross M, Hunt K, Cormier J. Meta-
analysis of sentinel lymph node biopsy following preoperative
chemotherapy in patients with operable breast cancer. ASCO
Ann Meet 2004, (abstract 561).

98. Fisher ER, Leeming R, Anderson S, Redmond C, Fisher B. Con-
servative management of intraductal carcinoma (DCIS) of the
breast. Collaborating NSABP investigators. J Surg Oncol
1991;47:139–147.

99. Julien JP, Bijker N, Fentiman IS, et al. Radiotherapy in breast-
conserving treatment for ductal carcinoma in situ: first results
of the EORTC randomised phase III trial 10853. EORTC Breast
Cancer Cooperative Group and EORTC Radiotherapy Group.
Lancet 2000;355:528–533.

100. Fisher ER, Dignam J, Tan-Chiu E, et al. Pathologic findings from
the National Surgical Adjuvant Breast Project (NSABP) eight-
year update of Protocol B-17: intraductal carcinoma. Cancer
(Phila) 1999;86:429–438.

101. Fisher B, Dignam J, Wolmark N, et al. Tamoxifen in treatment
of intraductal breast cancer: National Surgical Adjuvant Breast
and Bowel Project B-24 randomised controlled trial. Lancet
1999;353:1993–2000.

102. Fisher B, Dignam J, Wolmark N, et al. Lumpectomy and radia-
tion therapy for the treatment of intraductal breast cancer: find-
ings from National Surgical Adjuvant Breast and Bowel Project
B-17. J Clin Oncol 1998;16:441–452.

103. Bijker N, Peterse JL, Duchateau L, et al. Risk factors for recur-
rence and metastasis after breast-conserving therapy for ductal
carcinoma-in-situ: analysis of European Organization for
Research and Treatment of Cancer Trial 10853. J Clin Oncol
2001;19:2263–2271.

104. Boyages J, Delaney G, Taylor R. Predictors of local recurrence
after treatment of ductal carcinoma in situ: a meta-analysis.
Cancer (Phila) 1999;85:616–628.

105. Clark L, Ritter E, Glazebrook K, Tyler D. Recurrent ductal 
carcinoma in situ after total mastectomy. J Surg Oncol
1999;71:182–185.

106. Montgomery R, Goldstein L, Hoffman J, et al. Local recurrence
after mastectomy for ductal carcinoma in situ. Breast J 1998;4:
430–436.

107. Silverstein MJ, Lagios MD, Craig PH, et al. A prognostic index
for ductal carcinoma in situ of the breast. Cancer (Phila) 1996;77:
2267–2274.

108. Silverstein MJ. The University of Southern California/Van Nuys
prognostic index for ductal carcinoma in situ of the breast. Am
J Surg 2003;186:337–343.

109. Consensus conference of the classification of ductal carcinoma
in situ. Cancer (Phila) 1997;1997:1798–1802.

110. Wong J, Gadd M, Gelman R, et al. Wide excision alone for ductal
carcinoma in situ of the breast. In: Proceedings of the 26th Annual
San Antonio Breast Cancer Symposium, Breast Cancer Research
and Treatment, San Antonio, TX, 2003, vol 82 (suppl 1).

111. Intra M, Veronesi P, Mazzarol G, et al. Axillary sentinel lymph
node biopsy in patients with pure ductal carcinoma in situ of
the breast. Arch Surg 2003;138:309–313.

112. Pendas S, Dauway E, Giuliano R, Ku N, Cox CE, Reintgen DS.
Sentinel node biopsy in ductal carcinoma in situ patients. Ann
Surg Oncol 2000;7:15–20.

113. Houghton J, George WD, Cuzick J, Duggan C, Fentiman IS,
Spittle M. Radiotherapy and tamoxifen in women with com-
pletely excised ductal carcinoma in situ of the breast in the UK,
Australia, and New Zealand: randomised controlled trial. Lancet
2003;362:95–102.

114. Allred C. 25th Annual San Antonio Breast Cancer Symposium,
San Antonio, Texas, 2002.

115. Julian T, Land S, Wolmark N. NSABP B-35: A clinical trial to
compare anastrazole and tamoxifen for postmenopausal patients
with ductal carcinoma in situ undergoing lumpectomy with
radiation therapy. Breast Diseases: A Yearbook Quarterly 2003;
14:121–122.

116. Fisher B, Costantino JP, Wickerham DL, et al. Tamoxifen for 
prevention of breast cancer: report of the National Surgical 
Adjuvant Breast and Bowel Project P-1 Study. J Natl Cancer 
Inst 1998;90:1371–1388.

117. King MC, Wieand S, Hale K, et al. Tamoxifen and breast cancer
incidence among women with inherited mutations in BRCA1
and BRCA2: National Surgical Adjuvant Breast and Bowel
Project (NSABP-P1) Breast Cancer Prevention Trial. JAMA
2001;286:2251–2256.

118. Gram IT, Ursin G, Spicer DV, Pike MC. Reversal of
gonadotropin-releasing hormone agonist induced reductions in
mammographic densities on stopping treatment. Cancer 
Epidemiol Biomarkers Prev 2001;10:1117–1120.

119. Baum M, Budzar AU, Cuzick J, et al. Anastrozole alone or in
combination with tamoxifen versus tamoxifen alone for adju-
vant treatment of postmenopausal women with early breast
cancer: first results of the ATAC randomised trial. Lancet 2002;
359:213–219.

120. Cuzick J, Powles T, Veronesi U, et al. Overview of the main 
outcomes in breast-cancer prevention trials. Lancet 2003;361:
296–300.

121. Powles T, Eeles R, Ashley S, et al. Interim analysis of the inci-
dence of breast cancer in the Royal Marsden Hospital tamoxifen
randomised chemoprevention trial. Lancet 1998;352:98–
101.

122. Veronesi U, Maisonneuve P, Rotmensz N, et al. Italian random-
ized trial among women with hysterectomy: tamoxifen and
hormone-dependent breast cancer in high-risk women. J Natl
Cancer Inst 2003;95:160–165.

123. Veronesi U, Maisonneuve P, Sacchini V, Rotmensz N, Boyle P.
Tamoxifen for breast cancer among hysterectomised women.
Lancet 2002;359:1122–1124.

124. Veronesi U, Maisonneuve P, Costa A, et al. Prevention of breast
cancer with tamoxifen: preliminary findings from the Italian
randomised trial among hysterectomised women. Italian
Tamoxifen Prevention Study. Lancet 1998;352:93–97.

125. First results from the International Breast Cancer Intervention
Study (IBIS-I): a randomised prevention trial. Lancet 2002;360:
817–824.

126. Cauley JA, Norton L, Lippman ME, et al. Continued breast
cancer risk reduction in postmenopausal women treated with
raloxifene: 4-year results from the MORE trial. Multiple 
outcomes of raloxifene evaluation. Breast Cancer Res Treat
2001;65:125–134.

127. Veronesi U, De Palo G, Marubini E, et al. Randomized trial 
of fenretinide to prevent second breast malignancy in women
with early breast cancer. J Natl Cancer Inst 1999;91:1847–
1856.

128. Nagata C, Takatsuka N, Inaba S, Kawakami N, Shimizu H.
Effect of soymilk consumption on serum estrogen concentra-
tions in premenopausal Japanese women. J Natl Cancer Inst
1998;90:1830–1835.

129. Rebbeck TR, Levin AM, Eisen A, et al. Breast cancer risk after
bilateral prophylactic oophorectomy in BRCA1 mutation carri-
ers. J Natl Cancer Inst 1999;91:1475–1479.

130. Kauff ND, Satagopan JM, Robson ME, et al. Risk-reducing 
salpingo-oophorectomy in women with a BRCA1 or BRCA2
mutation. N Engl J Med 2002;346:1609–1615.

131. Pennisi VR, Capozzi A. Subcutaneous mastectomy data: a final
statistical analysis of 1500 patients. Aesthetic Plast Surg 1989;
13:15–21.

9 7 8 chapter 54



132. Woods JE, Meland NB. Conservative management in full-thick-
ness nipple-areolar necrosis after subcutaneous mastectomy.
Plast Reconstr Surg 1989;84:258–264; discussion 265–266.

133. Hartmann LC, Schaid DJ, Woods JE, et al. Efficacy of bilateral
prophylactic mastectomy in women with a family history of
breast cancer. N Engl J Med 1999;340:77–84.

134. Hartmann LC, Sellers TA, Schaid DJ, et al. Efficacy of bilateral
prophylactic mastectomy in BRCA1 and BRCA2 gene mutation
carriers. J Natl Cancer Inst 2001;93:1633–1637.

135. Meijers-Heijboer H, van Geel B, van Putten WL, et al. Breast
cancer after prophylactic bilateral mastectomy in women with
a BRCA1 or BRCA2 mutation. N Engl J Med 2001;345:159–
164.

136. Ingle JN, Suman VJ. Aromatase inhibitors versus tamoxifen for
management of postmenopausal breast cancer in the advanced
disease and neoadjuvant settings. J Steroid Biochem Mol Biol
2003;86:313–319.

137. Ahmann DL, Schaid DJ, Bisel HF, Hahn RG, Edmonson JH, Ingle
JN. The effect on survival of initial chemotherapy in advanced
breast cancer: polychemotherapy versus single drug. J Clin
Oncol 1987;5:1928–1932.

138. O’Shaughnessy J, Miles D, Vukelja S, et al. Superior survival
with capecitabine plus docetaxel combination therapy in anthra-
cycline-pretreated patients with advanced breast cancer: phase
III trial results. J Clin Oncol 2002;20:2812–2823.

139. Slamon DJ, Leyland-Jones B, Shak S, et al. Use of chemotherapy
plus a monoclonal antibody against HER2 for metastatic breast
cancer that overexpresses HER2. N Engl J Med 2001;344:783–
792.

140. Chia S, Speers C, Kang A, et al. The impact of new chemother-
apeutic and hormonal agents on the survival of women with
metastatic beast cancer in a population based cohort. Proc Am
Soc Clin Oncol 2003;22:6a.

141. Osborne CK. Tamoxifen in the treatment of breast cancer. N
Engl J Med 1998;339:1609–1618.

142. Early Breast Cancer Trialist’s Collaborative Group. Tamoxifen
for early breast cancer: an overview of the randomised trials.
Lancet 1998;351:1451–1467.

143. Mass R. The role of HER-2 expression in predicting response to
therapy in breast cancer. Semin Oncol 2000;27:46–52; discussion
92–100.

144. Vogel CL, Cobleigh MA, Tripathy D, et al. Efficacy and safety of
trastuzumab as a single agent in first-line treatment of HER2-
overexpressing metastatic breast cancer. J Clin Oncol 2002;20:
719–726.

145. Seidman A, Berry D, Cirrincione C, et al. CALGB 9840: Phase
III study of weekly paclitaxel via 1-hour infusion versus stan-
dard 3h infusion every third week in the treatment of metasta-
tic breast cancer with trasuzumab for HER2 positive MBC and
randomized for trastuzumab in HER2 normal MBC. Proc Am
Soc Clin Oncol 2004;23:6s (abstract 512).

146. Schrag D, Garewal HS, Burstein HJ, Samson DJ, Von Hoff DD,
Somerfield MR. American Society of Clinical Oncology Tech-
nology Assessment: chemotherapy sensitivity and resistance
assays. J Clin Oncol 2004;22:3631–3638.

147. Samson DJ, Seidenfeld J, Ziegler K, Aronson N. Chemotherapy
sensitivity and resistance assays: a systematic review. J Clin
Oncol 2004;22:3618–3630.

148. Styczynski J, Wysocki M. Is the in vitro drug resistance profile
the strongest prognostic factor in childhood acute lymphoblas-
tic leukemia? J Clin Oncol 2004;22:963–964.

149. Osborne CK, Kitten L, Arteaga CL. Antagonism of chemother-
apy-induced cytotoxicity for human breast cancer cells by antie-
strogens. J Clin Oncol 1989;7:710–717.

150. Albain KS, Green S, Ravdin P, et al. Adjuvant chemohormonal
therapy for primary breast cancer should be sequential instead
of concurrent: Initial results from intergroup trial 0100. Proc Am
Soc Clin Oncol 2002;21:37a (abstract 143).

151. Buzdar AU, Jonat W, Howell A, et al. Anastrozole versus mege-
strol acetate in the treatment of postmenopausal women with
advanced breast carcinoma: results of a survival update based on
a combined analysis of data from two mature phase III trials.
Arimidex Study Group. Cancer (Phila) 1998;83:1142–1152.

152. Dombernowsky P, Smith I, Falkson G, et al. Letrozole, a new
oral aromatase inhibitor for advanced breast cancer: double-
blind randomized trial showing a dose effect and improved effi-
cacy and tolerability compared with megestrol acetate. J Clin
Oncol 1998;16:453–461.

153. Gershanovich M, Chaudri HA, Campos D, et al. Letrozole, a
new oral aromatase inhibitor: randomised trial comparing 
2.5mg daily, 0.5mg daily and aminoglutethimide in post-
menopausal women with advanced breast cancer. Letrozole
International Trial Group (AR/BC3). Ann Oncol 1998;9:639–
645.

154. Marty M, Gershanovich M, Campos B, et al. Letrozole, a new
potent, selective aromatase inhibitor (AI) superior to aminog-
lutethimide in postmenopausal women with advanced breast
cancer previously treated with antiestrogens. Proc Am Soc Clin
Oncol 1997;16: abstract 544.

155. Mouridsen H, Gershanovich M, Sun Y, et al. Superior efficacy
of letrozole versus tamoxifen as first-line therapy for post-
menopausal women with advanced breast cancer: results of a
phase III study of the International Letrozole Breast Cancer
Group. J Clin Oncol 2001;19:2596–2606.

156. Paridaens R, Dirix L, Lohrisch C, et al. Mature results of a ran-
domized phase II multicenter study of exemestane versus
tamoxifen as first-line hormone therapy for postmenopausal
women with metastatic breast cancer. Ann Oncol 2003;14:
1391–1398.

157. Howell A, Robertson JF, Quaresma Albano J, et al. Fulvestrant,
formerly ICI 182,780, is as effective as anastrozole in post-
menopausal women with advanced breast cancer progressing
after prior endocrine treatment. J Clin Oncol 2002;20:3396–
3403.

158. Osborne CK, Pippen J, Jones SE, et al. Double-blind, randomized
trial comparing the efficacy and tolerability of fulvestrant versus
anastrozole in postmenopausal women with advanced breast
cancer progressing on prior endocrine therapy: results of a North
American trial. J Clin Oncol 2002;20:3386–3395.

159. Howell A, Robertson JF, Abram P, et al. Comparison of fulves-
trant versus tamoxifen for the treatment of advanced breast
cancer in postmenopausal women previously untreated with
endocrine therapy: a multinational, double-blind, randomized
trial. J Clin Oncol 2004;22:1605–1613.

160. Klijn JG, Blamey RW, Boccardo F, Tominaga T, Duchateau L,
Sylvester R. Combined tamoxifen and luteinizing hormone-
releasing hormone (LHRH) agonist versus LHRH agonist alone
in premenopausal advanced breast cancer: a meta-analysis of
four randomized trials. J Clin Oncol 2001;19:343–353.

161. Taylor CW, Green S, Dalton WS, et al. Multicenter randomized
clinical trial of goserelin versus surgical ovariectomy in pre-
menopausal patients with receptor-positive metastatic breast
cancer: an intergroup study. J Clin Oncol 1998;16:994–999.

162. Aisner J, Weinberg V, Perloff M, et al. Chemotherapy versus
chemoimmunotherapy (CAF v CAFVP v CMF each ± MER) for
metastatic carcinoma of the breast: a CALGB study. J Clin Oncol
1987;5:1523–1533.

163. Hayes DF, Henderson IC. CAF in metastatic breast cancer: 
standard therapy or another effective regimen. J Clin Oncol
1987;5:1497–1499.

164. Heidemann E, Stoeger H, Souchon R, et al. Is first-line single-
agent mitoxantrone in the treatment of high-risk metastatic
breast cancer patients as effective as combination chemother-
apy? No difference in survival but higher quality of life were
found in a multicenter randomized trial. Ann Oncol 2002;13:
1717–1729.

evidence-based management of  breast  cancer 9 7 9



165. Cocconi G, Bisagni G, Bella M, et al. Comparison of CMF
(cyclophosphamide, methotrexate, and 5-fluorouracil) with a
rotational crossing and a sequential intensification regimen in
advanced breast cancer: a prospective randomized study. Am J
Clin Oncol 1999;22:593–600.

166. Miles D, von Minckwitz G, Seidman AD. Combination versus
sequential single-agent therapy in metastatic breast cancer.
Oncologist 2002;7(suppl 6):13–19.

167. Bishop JF, Dewar J, Toner GC, et al. Initial paclitaxel improves
outcome compared with CMFP combination chemotherapy as
front-line therapy in untreated metastatic breast cancer. J Clin
Oncol 1999;17:2355–2364.

168. Sledge GW, Neuberg D, Bernardo P, et al. Phase III trial of 
doxorubicin, paclitaxel, and the combination of doxorubicin 
and paclitaxel as front-line chemotherapy for metastatic 
breast cancer: an intergroup trial (E1193). J Clin Oncol
2003;21:588–592.

169. Sparano JA. Taxanes for breast cancer: an evidence-based review
of randomized phase II and phase III trials. Clin Breast Cancer
2000;1:32–40; discussion 41–42.

170. Albain KS, Nag S, Calderillo-ruiz G, et al. Global phase III study
of gemcitabine plus paclitaxel vs. paclitaxel as frontline therapy
for metastatic breast cancer: first report of overall survival. Proc
Am Soc Clin Oncol 2004;23:5 (abstract 510).

171. Baselga J, Tripathy D, Mendelsohn J, et al. Phase II study 
of weekly intravenous recombinant humanized anti-
p185HER2 monoclonal antibody in patients with HER2/neu-
overexpressing metastatic breast cancer. J Clin Oncol 1996;14:
737–744.

172. Cobleigh MA, Vogel CL, Tripathy D, et al. Multinational study
of the efficacy and safety of humanized anti-HER2 monoclonal
antibody in women who have HER2-overexpressing metastatic
breast cancer that has progressed after chemotherapy for
metastatic disease. J Clin Oncol 1999;17:2639–2648.

173. Burstein HJ, Kuter I, Campos SM, et al. Clinical activity of
trastuzumab and vinorelbine in women with HER2-
overexpressing metastatic breast cancer. J Clin Oncol
2001;19:2722–2730.

174. Miller KD, Sisk J, Ansari R, et al. Gemcitabine, paclitaxel, and
trastuzumab in metastatic breast cancer. Oncology (Huntingt)
2001;15:38–40.

175. O’Shaughnessy J, Vukelja SJ, Marsland T, Kimmel G, Ratnam S,
Pippen J. Phase II trial of gemcitabine plus trastuzumab in
metastatic breast cancer patients previously treated with
chemotherapy: preliminary results. Clin Breast Cancer 2002;
3(suppl 1):17–20.

176. Hayes DF, Thor AD. c-erbB-2 in breast cancer: development 
of a clinically useful marker. Semin Oncol 2002;29:231–
245.

177. Cobleigh MA, Langmuir VK, Sledge GW, et al. A phase I/II dose-
escalation trial of bevacizumab in previously treated metastatic
breast cancer. Semin Oncol 2003;30:117–124.

178. Albain K, Elledge RM, Gradishar WJ, et al. Open-label, phase II,
multicenter trial of ZD1839 (‘Iressa’) in patients with advanced
breast cancer. Breast Cancer Res Treat 2002;76:S33.

179. Baselga J, Albanell J, Ruiz A, et al. Phase II and tumor pharma-
codynamic study of gefitinib in patients with advanced breast
cancer. Proc Am Soc Clin Oncol 2003;22:7 (abstract 24).

180. Stearns V, Yamauchi H, Hayes DF. Circulating tumor markers
in breast cancer: accepted utilities and novel prospects. Breast
Cancer Res Treat 1998;52:239–259.

181. Cristofanilli M, Budd GT, Ellis MJ, et al. Circulating tumor cells,
disease progression, and survival in metastatic breast cancer. N
Engl J Med 2004;351:781–791.

182. Allard WJ, Matera J, Miller MC, et al. Tumor cells circulate in
the peripheral blood of all major carcinomas but not in healthy
subjects or patients with nonmalignant diseases. Clin Cancer
Res 2004;10:6897–6904.

183. Veronesi U, Cascinelli N, Mariani L, et al. Twenty-year follow-
up of a randomized study comparing breast-conserving surgery
with radical mastectomy for early breast cancer. N Engl J Med
2002;347:1227–1232.

184. Poggi MM, Danforth DN, Sciuto LC, et al. Eighteen-year results
in the treatment of early breast carcinoma with mastectomy
versus breast conservation therapy: the National Cancer Insti-
tute Randomized Trial. Cancer (Phila) 2003;98:697–702.

185. Van Dongen J, Bartelink H, Fentiman I. Factors influencing local
relapse and survival and results of salvage treatment after breast-
conserving therapy in operable breast cancer: EORTC trial
10801, breast conservation compared with mastectomy in TNM
stage I and II breast cancer. Eur J Cancer 1992;28A:801–805.

186. van Dongen JA, Voogd AC, Fentiman IS, et al. Long-term results
of a randomized trial comparing breast-conserving therapy 
with mastectomy: European Organization for Research and
Treatment of Cancer 10801 trial. J Natl Cancer Inst 2000;92:
1143–1150.

187. Sarrazin D, Le MG, Arriagada R, et al. Ten-year results of a ran-
domized trial comparing a conservative treatment to mastec-
tomy in early breast cancer. Radiother Oncol 1989;14:177–184.

188. Blichert-Toft M, Rose CA, Anderson J. Danish randomized trial
comparing breast conservation therapy with mastectomy: six
years of life-table analysis, Danish Breast Cancer Cooperative
Group. J Natl Cancer Inst Monogr 1992;11:19–25.

189. Voogd AC, Nielsen M, Peterse JL, et al. Differences in risk
factors for local and distant recurrence after breast-conserving
therapy or mastectomy for stage I and II breast cancer: pooled
results of two large European randomized trials. J Clin Oncol
2001;19:1688–1697.

190. Tamoxifen for early breast cancer: an overview of the ran-
domised trials. Early Breast Cancer Trialists’ Collaborative
Group. Lancet 1998;351:1451–1467.

191. Tamoxifen for early breast cancer. Cochrane Database Syst Rev
2001:CD000486.

192. Multi-agent chemotherapy for early breast cancer. Cochrane
Database Syst Rev 2002:CD000487.

193. Polychemotherapy for early breast cancer: an overview of the
randomised trials. Early Breast Cancer Trialists’ Collaborative
Group. Lancet 1998;352:930–942.

194. Radiotherapy for early breast cancer. Cochrane Database Syst
Rev 2002:CD003647.

195. Klijn J, Group AT. The ATAC trial: An efficacy update, focusing
on breast cancer events, based on a median follow-up of 47
months. Proc Am Soc Clin Oncol 2003;22: abstract 338.

196. Adjuvant ovarian ablation versus CMF chemotherapy in pre-
menopausal women with pathological stage II breast carcinoma:
the Scottish trial. Scottish Cancer Trials Breast Group and ICRF
Breast Unit, Guy’s Hospital, London. Lancet 1993;341:1293–
1298.

197. Roche H, Mihura J, de Lafontan B, et al. Castration and tamox-
ifen versus chemotherapy (FAC) for premenopausal, node and
receptor-positive breast cancer patients: a randomized trial 
with a 7 years median follow-up. Proc Am Soc Clin Oncol
1996;15:117 (abstract 134).

198. Ejlertsen B, Dombernowsky P, Mouridsen H, et al. Comparable
effect of ovarian ablation and CMF chemotherapy on pre-
menopausal hormone receptor positive breast cancer patients,
abstract no. 248. Proc Am Soc Clin Oncol 1999;18:66a.

199. Rutqvist L. Zoladex [trade] and tamoxifen as adjuvant therapy
in premenopausal breast cancer: a randomised trial by the
Cancer Research Campaign (C.R.C.) Breast Cancer Trials Group,
the Stockholm Breast Cancer Study Group, the South-East
Sweden Breast Cancer Group, & the Gruppo Interdisciplinare
Valutazione Interventi in Oncologia (G.I.V.I.O). Proc Am Soc
Clin Oncol 1999, (abstract 251).

200. Boccardo F, Rubagotti A, Amoroso D, et al. Cyclophosphamide,
methotrexate, and fluorouracil versus tamoxifen plus ovarian

9 8 0 chapter 54



suppression as adjuvant treatment of estrogen receptor-positive
pre-/perimenopausal breast cancer patients: results of the Italian
Breast Cancer Adjuvant Study Group 02 randomized trial. 
boccardo@hp380.ist.unige.it. J Clin Oncol 2000;18:2718–
2727.

201. Schmid P, Untch M, Wallwiener D, et al. Cyclophosphamide,
methotrexate and fluorouracil (CMF) versus hormonal ablation
with leuprorelin acetate as adjuvant treatment of node-positive,
premenopausal breast cancer patients: preliminary results of the
TABLE-study (Takeda Adjuvant Breast cancer study with
Leuprorelin Acetate). Anticancer Res 2002;22:2325–2332.

202. International Breast Cancer Study Group. Randomized con-
trolled trial of ovarian function suppression plus tamoxifen
versus the same endocrine therapy plus chemotherapy: Is
chemotherapy necessary for premenopausal women with node-
positive, endocrine-responsive breast cancer? First results of
International Study Group Trial 11–93. Breast 2001;10:130–138.

203. Jonat W, Kaufmann M, Sauerbrei W, et al. Goserelin versus
cyclophosphamide, methotrexate, and fluorouracil as adjuvant
therapy in premenopausal patients with node-positive breast
cancer: The Zoladex Early Breast Cancer Research Association
Study. J Clin Oncol 2002;20:4628–4635.

204. Kaufmann M, Jonat W, Blamey R, et al. Survival analyses from
the ZEBRA study. Goserelin (Zoladex) versus CMF in pre-
menopausal women with node-positive breast cancer. Eur J
Cancer 2003;39:1711–1717.

205. Jakesz R, Hausmaninger H, Kubista E, et al. Randomized adju-
vant trial of tamoxifen and goserelin versus cyclophosphamide,
methotrexate, and fluorouracil: evidence for the superiority of
treatment with endocrine blockade in premenopausal patients
with hormone-responsive breast cancer: Austrian Breast and
Colorectal Cancer Study Group Trial 5. J Clin Oncol 2002;20:
4621–4627.

206. Love RR, Duc NB, Allred DC, et al. Oophorectomy and 
tamoxifen adjuvant therapy in premenopausal Vietnamese 
and Chinese women with operable breast cancer. J Clin Oncol
2002;20:2559–2566.

207. Castiglione-Gertsch M, O’Neill A, Price KN, et al. Adjuvant
chemotherapy followed by goserelin versus either modality
alone for premenopausal lymph node-negative breast cancer: a
randomized trial. J Natl Cancer Inst 2003;95:1833–1846.

208. Arriagada R, Le M, Spielmann M, et al. Randomized trial of adju-
vant ovarian suppression in 926 premenopausal patients with
early breast cancer treated with adjuvant chemotherapy. Proc
Am Soc Clin Oncol 2003;22:14a (abstract 14).

209. Davidson NE, O’Neill A, Vukov A. Chemohormonal therapy 
in premenopausal node-positive, receptor-positive breast cancer:
an Eastern Cooperative Oncology Group phase III intergroup
trial (E5188, INT-0101). Proc Am Soc Clin Oncol 2003;22:15a
(abstract 15).

210. Henderson IC, Berry DA, Demetri GD, et al. Improved outcomes
from adding sequential Paclitaxel but not from escalating Dox-
orubicin dose in an adjuvant chemotherapy regimen for patients
with node-positive primary breast cancer. J Clin Oncol 2003;21:
976–983.

211. Mamounas E, Bryant J, Lembersky B, et al. Paclitaxel following
doxorubicin/cyclophosphamide as adjuvant chemotherapy for
node-positive breast cancer: Results from NSABP B-28. Proc Am
Soc Clin Oncol 2003;22: abstract 12.

212. Martin M, Pienkowski T, Mackey J, et al. TAC improves disease-
free survival and overall survival over FAC in node-positive early
breast cancer patients, BCIRG 001:55 months follow-up. In: 
San Antonio Breast Cancer Symposium 2003, San Antonio, TX,
2003, abstract 43.

213. Citron ML, Berry DA, Cirrincione C, et al. Randomized trial 
of dose-dense versus conventionally scheduled and sequential
versus concurrent combination chemotherapy as postoperative
adjuvant treatment of node-positive primary breast cancer: first

report of Intergroup Trial C9741/Cancer and Leukemia Group B
Trial 9741. J Clin Oncol 2003;21:1431–1439.

214. McArdle CS, Crawford D, Dykes EH, et al. Adjuvant radio-
therapy and chemotherapy in breast cancer. Br J Surg 1986;73:
264–266.

215. Ragaz J, Jackson SM, Le N, et al. Adjuvant radiotherapy and
chemotherapy in node-positive premenopausal women with
breast cancer. N Engl J Med 1997;337:956–962.

216. Griem KL, Henderson IC, Gelman R, et al. The 5-year results 
of a randomized trial of adjuvant radiation therapy after
chemotherapy in breast cancer patients treated with mastec-
tomy. J Clin Oncol 1987;5:1546–1555.

217. Velez-Garcia E, Carpenter JT, Jr., Moore M, et al. Postsurgical
adjuvant chemotherapy with or without radiotherapy in women
with breast cancer and positive axillary nodes: a South-Eastern
Cancer Study Group (SEG) Trial. Eur J Cancer 1992;28A:
1833–1837.

218. Tennvall-Nittby L, Tengrup I, Landberg T. The total incidence
of loco-regional recurrence in a randomized trial of breast cancer
TNM stage II. The South Sweden Breast Cancer Trial. Acta
Oncol 1993;32:641–646.

219. Olson JE, Neuberg D, Pandya KJ, et al. The role of radiotherapy
in the management of operable locally advanced breast carci-
noma: results of a randomized trial by the Eastern Cooperative
Oncology Group. Cancer (Phila) 1997;79:1138–1149.

220. Ahmann DL, O’Fallon JR, Scanlon PW, et al. A preliminary
assessment of factors associated with recurrent disease in a 
surgical adjuvant clinical trial for patients with breast cancer
with special emphasis on the aggressiveness of therapy. Am J
Clin Oncol 1982;5:371–381.

221. Martinez A, Ahmann DL, O’Fallon J. An interim analysis of the
randomized surgical adjuvant trial for patients with unfavorable
breast cancer. Int J Radiat Oncol Biol Phys 1984;10(suppl 2):106.

222. Recht A, Edge SB, Solin LJ, et al. Postmastectomy radiotherapy:
clinical practice guidelines of the American Society of Clinical
Oncology. J Clin Oncol 2001;19:1539–1569.

223. Recht A, Edge SB. Evidence-based indications for postmastec-
tomy irradiation. Surg Clin N Am 2003;83:995–1013.

224. Schmoor C, Bastert G, Dunst J, et al. Randomized trial on the
effect of radiotherapy in addition to 6 cycles CMF in node-pos-
itive breast-cancer patients. The German Breast-Cancer Study
Group. Int J Cancer 2000;86:408–415.

225. Hayat H, Brufman G, Borovik R. Adjuvant chemotherapy and
radiation therapy vs. chemotherapy alone for Stage II breast
cancer patients. Ann Oncol 1990;1S:21.

226. Gervasio H, Alves H, Rito A. Phase III study: adjuvant
chemotherapy versus adjuvant radiotherapy plus chemotherapy
in women with node-positive breast cancer. Breast J 1998;
4(suppl 1):S88.

227. Klefstrom P, Grohn P, Heinonen E, Holsti L, Holsti P. Adjuvant
postoperative radiotherapy, chemotherapy, and immunotherapy
in stage III breast cancer. II. 5-year results and influence of 
levamisole. Cancer (Phila) 1987;60:936–942.

228. Muss HB, Cooper MR, Brockschmidt JK, et al. A randomized
trial of chemotherapy (L-PAM vs. CMF) and irradiation for node
positive breast cancer. Eleven year follow-up of a Piedmont
Oncology Association trial. Breast Cancer Res Treat 1991;19:
77–84.

229. Schulz KD, Reusch K, Schmidt-Rhode P. Consecutive radiation
and chemotherapy in the adjuvant treatment of operable breast
cancer. In: Salmon S, Jones S (eds) Adjuvant Therapy of Cancer,
vol III. New York: Grune & Stratton, 1982:411–418.

230. Scholl SM, Asselain B, Palangie T, et al. Neoadjuvant
chemotherapy in operable breast cancer. Eur J Cancer 1991;27:
1668–1671.

231. Scholl SM, Fourquet A, Asselain B, et al. Neoadjuvant versus
adjuvant chemotherapy in premenopausal patients with
tumours considered too large for breast conserving surgery: 

evidence-based management of  breast  cancer 9 8 1



preliminary results of a randomised trial: S6. Eur J Cancer
1994;30A:645–652.

232. Scholl SM, Pierga JY, Asselain B, et al. Breast tumour response
to primary chemotherapy predicts local and distant control as
well as survival. Eur J Cancer 1995;31A:1969–1975.

233. Makris A, Powles TJ, Dowsett M, et al. Prediction of response
to neoadjuvant chemoendocrine therapy in primary breast car-
cinomas. Clin Cancer Res 1997;3:593–600.

234. van der Hage JA, van de Velde CJ, Julien JP, Tubiana-Hulin M,
Vandervelden C, Duchateau L. Preoperative chemotherapy in
primary operable breast cancer: results from the European Orga-
nization for Research and Treatment of Cancer trial 10902. J
Clin Oncol 2001;19:4224–4237.

235. Gianni L, Baselga J, Eiermann W, et al. First report of the 
European Cooperative Trial in Operable Breast Cancer (ECTO):
effects of primary systemic therapy (PST) on local-regional
disease. Proc Am Soc Clin Oncol 2002;2002: abstract 132.

236. Jakesz R, Group ABCCS. Comparison of pre- vs. postoperative
chemotherapy in breast cancer patients: four-year results of 
Austrian Breast and Colorectal Study Group (ABCSG) Trial 7.
Proc Am Soc Clin Oncol 2001;2001: abstract 125.

237. Nason KS, Anderson BO, Byrd DR, et al. Increased false nega-
tive sentinel node biopsy rates after preoperative chemotherapy
for invasive breast carcinoma. Cancer (Phila) 2000;89:
2187–2194.

238. Haid A, Tausch C, Lang A, et al. Is sentinel lymph node biopsy 
reliable and indicated after preoperative chemotherapy in patients
with breast carcinoma? Cancer (Phila) 2001;92:1080–1084.

239. Fernandez A, Cortes M, Benito E, et al. Gamma probe sentinel
node localization and biopsy in breast cancer patients treated
with a neoadjuvant chemotherapy scheme. Nucl Med Commun
2001;22:361–366.

240. Tafra L, Verbanac KM, Lannin DR. Preoperative chemotherapy
and sentinel lymphadenectomy for breast cancer. Am J Surg
2001;182:312–315.

241. Stearns V, Ewing CA, Slack R, Penannen MF, Hayes DF, 
Tsangaris TN. Sentinel lymphadenectomy after neoadjuvant
chemotherapy for breast cancer may reliably represent the axilla
except for inflammatory breast cancer. Ann Surg Oncol 2002;
9:235–242.

242. Julian TB, Dusi D, Wolmark N. Sentinel node biopsy after
neoadjuvant chemotherapy for breast cancer. Am J Surg 2002;
184:315–317.

243. Miller AR, Thomason VE, Yeh IT, et al. Analysis of sentinel
lymph node mapping with immediate pathologic review in
patients receiving preoperative chemotherapy for breast carci-
noma. Ann Surg Oncol 2002;9:243–247.

244. Brady EW. Sentinel lymph node mapping following neoadjuvant
chemotherapy for breast cancer. Breast J 2002;8:97–100.

245. Piato JR, Barros AC, Pincerato KM, Sampaio AP, Pinotti JA. Sen-
tinel lymph node biopsy in breast cancer after neoadjuvant
chemotherapy. A pilot study. Eur J Surg Oncol 2003;29:118–
120.

246. Balch GC, Mithani SK, Richards KR, Beauchamp RD, Kelley
MC. Lymphatic mapping and sentinel lymphadenectomy after
preoperative therapy for stage II and III breast cancer. Ann Surg
Oncol 2003;10:616–621.

247. Grunwald Z, Moore JH, Schwartz GF. Bilateral brachial plexus
palsy after a right-side modified radical mastectomy with imme-
diate TRAM flap reconstruction. Breast J 2003;9:41–43.

248. Reitsamer R, Peintinger F, Rettenbacher L, Prokop E. Sentinel
lymph node biopsy in breast cancer patients after neoadjuvant
chemotherapy. J Surg Oncol 2003;84:63–67.

249. Mamounas E, Brown A, Smith R, et al. Accuracy of sentinel
lymph node biopsy after neoadjuvant chemotherapy in breast
cancer: Updated results from NSABP B-27. Proc Am Soc Clin
Oncol 2002;21: abstract 140.

250. Vogel VG, Costantino JP, Wickerham DL, Cronin WM, Wolmark
N. The study of tamoxifen and raloxifene: preliminary enroll-
ment data from a randomized breast cancer risk reduction trial.
Clin Breast Cancer 2002;3:153–159.

251. Buzdar A, Douma J, Davidson N, et al. Phase III, multicenter,
double-blind, randomized study of letrozole, an aromatase
inhibitor, for advanced breast cancer versus megestrol acetate. J
Clin Oncol 2001;19:3357–3366.

252. Kaufmann M, Bajetta E, Dirix LY, et al. Exemestane is superior
to megestrol acetate after tamoxifen failure in postmenopausal
women with advanced breast cancer: results of a phase III ran-
domized double-blind trial. The Exemestane Study Group. J Clin
Oncol 2000;18:1399–1411.

253. Rose C, Vtoraya O, Pluzanska A, et al. An open randomised trial
of second-line endocrine therapy in advanced breast cancer.
Comparison of the aromatase inhibitors letrozole and anastro-
zole. Eur J Cancer 2003;39:2318–2327.

254. Bonneterre J, Thurlimann B, Robertson JF, et al. Anastrozole
versus tamoxifen as first-line therapy for advanced breast cancer
in 668 postmenopausal women: results of the Tamoxifen or
Arimidex Randomized Group Efficacy and Tolerability study. J
Clin Oncol 2000;18:3748–3757.

255. Nabholtz JM, Buzdar A, Pollak M, et al. Anastrozole is superior
to tamoxifen as first-line therapy for advanced breast cancer in
postmenopausal women: results of a North American multi-
center randomized trial. Arimidex Study Group. J Clin Oncol
2000;18:3758–3767.

9 8 2 chapter 54



9 8 3

Thyroid and 
Parathyroid

Gerard M. Doherty

hyroid and parathyroid diseases combine the focuses
of endocrinology and oncology, as one must consider
both the hormonal function effects of the tumor and

its treatment and the management of the malignancy, or
potential malignancy. This chapter addresses the malignant
forms of thyroid and parathyroid diseases and their epidemi-
ology, diagnosis, treatment, and follow-up.

Thyroid Nodule

A palpable solitary nodule caused by a carcinoma in the neck
is often impossible to distinguish from a benign nodule.
However, a hard and firm consistency in especially a rela-
tively fast growing nodule indicates a higher risk for malig-
nancy than a soft slowly growing nodule, and multinodular
disease is associated with lower risk of malignancy compared
with a solitary nodule.1 A solitary nodule is best investigated
by fine-needle aspiration (FNA), as well as ultrasound (Figure
55.1). FNA, however, is limited in its ability to differentiate
benign from malignant disease for follicular tumors, because
the diagnostic criteria rely on thorough examination of cap-
sular invasion. Ultrasound-guided FNA may improve the
diagnostic yield of FNA, but interpretation problems of the
aspirate remain.

FNA biopsy has a sensitivity and specificity of 95% and
97.5%, respectively, in the diagnosis of thyroid cancer. The
diagnostic accuracy of FNA cytology is more than 95% for
papillary thyroid cancer (PTC). FNA cytology in patients with
PTC commonly shows psammoma bodies, papillary struc-
ture, and the nuclear features of PTC (Figure 55.2). The FNA
cytology may be suspicious or indeterminate, including fol-
licular and Hürthle cell neoplasms, and in such cases patients
should undergo thyroidectomy because about 20% prove to
be thyroid cancer. In cases in which the FNA biopsy is non-
diagnostic the FNA should be repeated; this is important
because about 10% of these neoplasms are malignant.

Diagnostic 131I- or technetium-thallium scintigraphy was
used in the past to identify hypofunctional areas in the
thyroid corresponding to a palpable lesion—cold nodules.
However, this method has very low specificity and should
only be used for patients with suppressed thyroid-stimulating
hormone (TSH). There is no indication for scintigraphy in a
euthyroid patient with a thyroid nodule.

There are no available diagnostic approaches that can dis-
tinguish follicular carcinoma from follicular adenoma, other
than diagnostic lobectomy and histologic evaluation. There-

fore, for follicular thyroid neoplasms by cytology, diagnostic
lobectomy is generally indicated. If the thyroid nodule is large
or otherwise suspicious for a carcinoma, the patient should
have a total thyroidectomy, at the discretion of the surgeon
and the patient.

Thyroid Cancer

Epidemiology

Thyroid cancer is the most common endocrine malignancy;
it also has the highest mortality among endocrine neoplasms.
According to estimates by the American Cancer Society,
about 23,600 new cases of thyroid cancer will occur in 2004
in the United States and about 1,460 people will die of thyroid
cancer. In addition, although thyroid cancer is more common
in women than in men (M:F ratio, 5,960:17,640), death from
thyroid cancer occurs in a higher proportion of the men (M:
F, 620:840).2 The lifetime risk of developing thyroid carci-
noma is 0.33% for men and 0.9% for women, according to
U.S. Surveillance, Epidemiology and End Results (SEER) data
estimates.3 Thyroid cancers have a wide range of aggressive-
ness, from relative indolence for most papillary thyroid
cancer (PTC) to near-uniform lethality for anaplastic thyroid
cancer. Fortunately, PTC accounts for about 80% of all
thyroid cancer cases in iodine-sufficient areas and is associ-
ated with a relatively good prognosis.

Significant advances in our knowledge of the molecular
biology, diagnosis, and prognosis of thyroid cancer have been
made over the past three decades. The treatment of differen-
tiated thyroid cancer remains controversial, with debates
among experts regarding the most appropriate extent of thy-
roidectomy, the use of postoperative radioactive iodine abla-
tion, and the need for thyroid hormone for TSH suppression.
In addition, the understanding of the molecular changes
leading to papillary thyroid cancer and medullary thyroid
cancer have created optimism that specific therapies will be
developed.

Follicular Cell-Derived Thyroid Cancer

The normal thyroid gland consists mainly of follicular cells.
These specialized cells concentrate iodide from circulating
blood through the sodium iodide symporter (NIS), synthesize
thyroid hormone and thyroglobulin, and respond to thyroid-
stimulating hormone (TSH) by both growth and hormone
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release. Follicular cell-derived thyroid cancer (FCDTC) cells
lose some of the normal signals that control cell growth and
division, but often maintain some of the functions of normal
thyroid follicular cells. The function that is most frequently
lost is the ability to synthesize thyroid hormone. Very few
thyroid carcinomas make thyroid hormone or cause hyper-
thyroidism. However, the NIS is present and functional in
most FCDTC, and forms the basis for the use of radioiodine
therapy in its management. Most FCDTC also retain the
ability to synthesize thyroglobulin, which allows the use of
serum levels of thyroglobulin after treatment as a tumor
marker for follow-up. Finally, most FCDTC continue to
express the TSH receptor and to respond to TSH with growth
and increased thyroglobulin release. This understanding is
important in the treatment of FCDTC, as suppression of TSH
with thyroid hormone can decrease the recurrence rate. In
addition, during follow-up, administration of TSH can
increase the sensitivity of thyroglobulin tumor marker mea-
surement.

FCDTC includes several related histologic and clinical
subtypes. The main types are papillary thyroid cancer (about
80%), follicular thyroid cancer (about 15%), and Hürthle cell
cancer. A variety of subcategories also exist, some of which
have prognostic implications (Table 55.1).

Papillary Thyroid Carcinoma

Clinical Features

Almost all patients (98% or more) who present with clinical
evidence of PTC present with a mass located in the thyroid

gland (67%), a mass associated with cervical lymphadenopa-
thy (13%), and only with cervical lymphadenopathy (20%).4

Children and young adults more frequently present with pal-
pable nodal metastases.5 The peak incidence of PTC is in the
third and fourth decade of life, and there is a female-to-male
ratio of 3:1. Depending on the series and whether prophylac-
tic neck node dissection was performed, the rate of cervical
node metastases is 11% to 80%. Most studies from the
United States report a rate of 30% to 40% cervical node
metastases when therapeutic neck node dissections are done.6

Distant metastasis is less common (2%–14%). The most
common sites of distant metastases are to the lung and bone,
and less commonly to the soft tissue, central nervous system,
and liver.

Papillary thyroid cancer is the most common tumor that
occurs in patients with Graves’ disease, accounting for about
75% of the thyroid cancers associated with Graves’ disease.7

Some investigators report more-aggressive thyroid cancers in
patients with Graves’ disease whereas others do not.7,8 Con-
founding factors that cloud the debate regarding whether
patients with Graves’ disease have more-aggressive tumors
are (1) whether the thyroid cancer was diagnosed clinically 
or on histologic evaluation, (2) whether surgical or medical
treatment was used, (3) history of radiation to the head and
neck, and (4) level of microscopic histologic evaluation for the
presence of thyroid cancer. The similarity of the thyroid-
stimulating antibodies, present in Graves’ patients, and TSH
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Figure 55.1. Algorithm for the evaluation of a solitary thyroid
nodule. All patients should have thyroid function tests. Ultrasound
is extremely helpful in the characterization of the nodule, and in the
guidance of percutaneous interventions. Fine-needle aspiration cytol-
ogy is the mainstay of thyroid nodule assessment and is very reliable.
Thyroid scintigraphy does not have a place in the routine evaluation
of a thyroid nodule unless the patient is hyperthyroid. Figure 55.2. Papillary thyroid cancer histology. The classic papillary

thyroid cancer has thin vascularized stalks lined by follicular 
cell-derived thyroid cancer (FCDTC) cells with typical nuclear
changes. These can be diagnosed on cytology by the nuclear changes
and by the fragments of papillary architecture that are sometimes
identifiable.

TABLE 55.1. Histologic variants of follicular cell-derived thyroid carcinoma.

Variants with similar clinical behavior Variants with more aggressive behavior

Follicular variant of papillary Tall cell
Minimally invasive follicular thyroid carcinoma (FTC) Diffuse sclerosing
Encapsulated Columnar
Solid/trabecular Oxyphil (Hürthle) 

Oncocytic papillary thyroid cancer (PTC) (similar to Hürthle)
Clear cell FTC
InsularMixed MTC/FTC (behaves  like medullary thyroid carcinoma, MTC)



is clearly documented. The fact that TSH promotes tumor
growth, invasion, angiogenesis, and inhibits apoptosis in vitro
supports the possibility that thyroid cancer may be more
aggressive in these patients. It appears that patients who
present with clinical evidence of thyroid cancer and who 
have Graves’ disease have more-aggressive tumors, whereas
patients with occult thyroid cancers who are treated for
Graves’ disease have an excellent prognosis.

Pathologic Features

PTC is typically firm with an irregular border, has a whitish
color, and may contain microcalcifications. However, there is
variation in the tumor gross characteristics related to the dif-
ferent morphologic variants of PTC. For example, the encap-
sulated follicular variant of PTC may have a well-defined
margin with a fleshy appearance similar to a follicular
adenoma. Depending on the evaluation of the entire thyroid
gland, a microscopic examination, and the thickness of his-
tologic section, up to 80% tumor multicentricity is reported
for PTC. Carcangiu and associates found 22% of PTC were
multifocal on routine histologic examination whereas Katoh
et al., on thin (0.5-mm) microscopic section evaluation, found
78% of PTC were multifocal.4,9 Overall, most studies report
20% to 30% of PTC are multicentric. Vascular invasion by
PTC is uncommon compared with follicular thyroid cancer,
occurring rarely.

The presence of papillae and unique nuclear features are
the defining characteristic of PTC. The papillae appear as
fibrovascular stalks lined by the neoplastic epithelial follicu-
lar cells. The nuclear features are hyperchromatic nuclei,
absent nucleoli, nuclear grooves, and intranuclear inclusions.
Several variants of PTC exist, and their diagnosis is estab-
lished by the presence of these distinct nuclear features of
PTC. Some variants behave similar to typical PTC whereas
others have a more-aggressive behavior. In 1960, Lindsay
made the initial observation that some “follicular carcinoma”
had papillae and a less-aggressive clinical course than typical
follicular carcinoma.10 Subsequent studies confirmed these
observations, and the follicular variant of PTC is now
regarded as a variant of PTC. This variant is characterized by
the presence of ground-glass (clear nucleoli) nuclei and 
may have some or no papillary elements on histology. The
micropapillary, “occult,” or “minimal” variant of PTC is
smaller than 10mm by definition and is commonly found
incidentally. Patients with occult PTC (less than 1cm) have
a near-normal life expectancy. The encapsulated variant of
PTC accounts for about 10% of all PTC and is characterized
by a total surrounding fibrous capsule that may have focal
invasion but has the nuclear features consistent with PTC. 
In the solid/trabecular variant of PTC are foci of solid and/or
trabecular growth pattern in most (more than 50%) or all of
the tumor with the typical nuclear features of PTC. The pres-
ence of this morphologic variant is important to recognize to
avoid misclassification as a poorly differentiated thyroid
cancer.

The tall cell variant of PTC has a typical appearance with
the height of the follicular cells greater than twice the width
with an intense eosinophilic cytoplasm lining the glandular
and papillary structures.11 In this variant, nuclear grooves and
intranuclear invaginations are commonly present. Hazard and
Hawk observed that these tumors occurred in older patients

and were larger in size (greater than 5cm), with frequent
extrathyroid extension and a higher incidence of vascular
invasion.12 Studies by Johnson et al. and Moreno-Egea et al.
comparing patients with the tall cell variants to patients with
typical PTC, which matched patients for age and gender,
found a higher recurrence rate and mortality in patients with
the tall cell variant of PTC.11,14 Vickery and associates were
the first to describe the diffuse sclerosing variant of PTC,
which is characterized by dense intrathyroidal lymphocytic
invasion, severe fibrosis, squamous metaplasia, and numer-
ous psammoma bodies involving one or both thyroid lobes.15,16

Importantly, this morphologic variant was associated with a
slightly worse prognosis and occurred more frequently in chil-
dren. Compared with typical PTC, most subsequent studies
have shown a higher rate of nodal and distant metastases, and
also a higher recurrence rate for the diffuse sclerosing variant,
but not a significant difference in mortality. According to the
World Health Organization thyroid histologic classification,
oxyphil or Hürthle cell carcinomas that display classic papil-
lary architecture on histology are considered a variant of PTC.
Herrera and associates have reported that this morphologic
variant compared with typical PTC is associated with a
higher recurrence rate and mortality.17

Risk Factors and Associated Hereditary Conditions

Several hereditary conditions and environmental factors
increase the risk of developing thyroid cancer. A history of
radiation exposure increases the risk of developing differenti-
ated thyroid cancer. Most of the external radiation exposure
was used in children to treat them for tinea capitus, hyper-
trophic thymus, tonsillitis, acne, and external otitis in the
1940s and 1950s. Large case-control retrospective studies 
by Shore et al. and Ron et al. confirmed the increased risk 
of thyroid cancers and benign thyroid nodules in children
exposed to low-dose therapeutic radiation.18–21 Shore and col-
leagues reported among 2,650 children exposed to therapeu-
tic low-dose radiation, there is an increased relative risk of 45
for malignant thyroid tumors and a relative risk of 15 for
benign thyroid tumors. Ron and associates found a relative
risk of 4 for malignant thyroid tumors and 2 for benign
thyroid tumors in a cohort of 10,834 children exposed to ther-
apeutic radiation for tinea capitus. A linearly increased risk
of thyroid cancer to dose of radiation exposure has been
observed with an even higher risk among those exposed at a
young age. A minimum 3- to 5-year latency period has been
observed between radiation exposure and tumor develop-
ment. The number of cases continues to increase for at least
three decades after exposure and then decreases. About 90%
of the radiation-associated thyroid cancers reported have been
PTC. Today, radiation-induced thyroid cancer accounts for
about 9% of all thyroid cancers. In addition to age and dose
of radiation exposure, other environmental or genetic factors
may play a role in which individuals develop thyroid neo-
plasm. Perkel and associates, in a study of 286 sib pairs,
reported a significant (P = 0.05) familial concordance for
thyroid neoplasms (benign and malignant) but not for thyroid
cancer.22 Schneider et al. have followed 2,634 children in
Chicago and 40% have developed thyroid neoplasms (all
types) and 12% thyroid cancer.23 The use of low-dose radia-
tion treatment in patients with benign conditions has been
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abandoned in the past 40 years because of the recognized
increased risk for thyroid cancer.

Radiation exposure from diagnostic radiation or thera-
peutic high-dose external-beam radiation accounts for the
medical-related exposure in patients today. Investigations in
children exposed to nuclear fallout accidents in the Marshall
Islands, Nevada test sites, and Chernobyl clearly document
an increased risk of thyroid cancer among patients exposed 
to acute ionized radiation.24–26 As in the studies of patients
exposed to low-dose therapeutic radiation, age at exposure
and dose of radiation exposure were significant factors in the
increased relative risk. Other risk factors such as dietary, sex
hormones, goitrogens, and environmental factors have also
been identified but not all studies show an increased risk of
thyroid cancer (Table 55.2). Epidemiologic studies show that
both high-iodine and low-iodine diets can increase the risk of
thyroid cancer.

Patients with familial adenomatous polyposis (FAP) have
an increased risk of benign and malignant thyroid neo-
plasms27,28; they can develop either papillary or follicular
tumors.

Diagnosis of Papillary Thyroid Cancer

The majority of patients with PTC present with a neck mass
originating from the thyroid gland or from a cervical node
metastasis. When there is significant local tumor invasion,
patients may have local symptoms such as hoarseness,
changes to the singing voice, or difficulty swallowing. A
careful history and physical examination with emphasis on a
history of head and neck radiation or familial thyroid disor-
ders is important. If a patient has had previous neck surgery
or has had any change in his or her voice, indirect or direct
laryngoscopy can evaluate the status of the vocal cords.
Although hyperfunctioning PTC are rare, careful evaluation
for symptoms or signs of hypothyroidism with serum TSH
level determination should be done.

A diagnosis of PTC is usually established by fine-needle
aspiration (FNA). FNA cytology is highly accurate for diag-
nosing PTC. Simultaneous thyroid ultrasonography may be
used during FNA biopsy, especially if the thyroid nodule is
cystic, to obtain cellular element from the solid component
(Figure 55.3).

Intraoperative frozen section in patients with PTC is not
necessary for patients with PTC by cytologic examination. In
patients who have enlarged lymph nodes or when there is a
question of lymph node metastases, a frozen section can be
helpful in confirming nodal metastases and for confirming
the diagnosis intraoperatively.

Treatment of Papillary Thyroid Cancer

Controversy remains regarding optimal treatment of patients
with differentiated thyroid cancer. The controversy persists
because there are no prospective randomized control studies
evaluating the merit of extent of thyroidectomy, postopera-
tive radioactive iodine therapy, and TSH suppressive therapy.
Such a trial would require a large multicenter trial with a long
follow-up time required because of the relatively good prog-
nosis and low incidence of thyroid cancer.

EXTENT OF THYROIDECTOMY

Thyroidectomy is safe and effective and it is the primary
treatment in patients with PTC. In patients who have bilat-
eral lobe tumors, extrathyroidal tumor extension, and/or
high-risk PTC, there is a general consensus that total thy-
roidectomy is warranted. However, in low-risk patients con-
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TABLE 55.2. Risk classification systems for patients with
papillary follicular cell-derived thyroid cancer (FCDTC).

System Prognostic factors included

AGES Age, tumor grade, extrathyroidal invasion, distant 
metastases, tumor size

AMES Age, extrathyroidal invasion, distant metastases, 
tumor size

EORTC Gender, tumor histology type, extrathyroidal 
invasion, distant metastases

MACIS Age, extrathyroidal invasion, distant metastases, 
completeness of resection, tumor size

EORTC, European Organization for Research and Treatment of Cancer.

Figure 55.3. Thyroid ultrasound. Ultrasound is extremely useful for
the characterization of cervical anatomy and thyroid nodules. This
nodule in the lower pole of the right lobe of the thyroid gland is well
circumscribed, slightly hypoechoic, and deforms the surface of the
thyroid gland. Upon resection, this was a tall cell carcinoma of the
thyroid. J, jugular vein; C, carotid artery.



flicting points of view by experts persist. Generally, three sur-
gical approaches have been advocated among experts: (1)
thyroid lobectomy or hemithyroidectomy (total removal of
one lobe and isthmus), (2) near-total (total lobectomy and
subtotal resection on the contralateral side leaving less than
1g thyroid tissue), and (3) total thyroidectomy. The most
important reasons for performing a total or near-total thy-
roidectomy in patients with PTC are (1) a lower dose of
radioactive iodine can be used to identify and ablate residual
thyroid cancer, and (2) the serum thyroglobulin level follow-
ing total thyroidectomy is a more accurate marker of recur-
rent/persistent PTC. Up to 80% of PTC are multicentric and
tumor foci may occur in the contralateral lobe, thus repre-
senting a potential site of recurrence. There is about a 1% risk
of a differentiated thyroid cancer progressing to anaplastic
thyroid cancer, which is uniformly lethal. Hay et al. from the
Mayo clinic also specifically studied local recurrence and
nodal and distant metastases in patients with low-risk PTC
based on the AMES prognostic classification system, finding
those patients who had unilateral procedure (lobectomy only)
had a higher local recurrence rate (14%) and nodal metastases
(19%) than those patients treated with bilateral procedures.29

However, there was no significant difference in survival rate
and distant metastases.

Although advocates of lesser procedures contend that
there is a higher risk of complications after total thyroidec-
tomy, numerous surgeons with experience in total thy-
roidectomy report complication rates of less than 2%. The
risk of complication from thyroidectomy depends primarily
on the extent of thyroid disease, the experience of the
surgeon, and anatomic variation of the parathyroid glands,
recurrent laryngeal nerves, and external laryngeal nerves. The
most common and serious complications of thyroidectomy
are injury to the recurrent laryngeal nerves or parathyroid
glands. It seems obvious that the risk of complication is
higher with total thyroidectomy because of dissection on 
the side contralateral to the tumor. However, comparable
complication rates for total thyroidectomy, near-total thy-
roidectomy, and lesser procedures are achieved by many 
surgeons.30,31 Even among the less than 2% of patients who
had complications, these patients were more likely to have
more-invasive tumors involving the recurrent laryngeal
nerve. Although the evidence suggests that total thyroidec-
tomy should be associated with little or no higher complica-
tion rate than lesser procedures, these data are based upon the
outcomes of experienced surgeons. The public policy issue of
whether it is preferable to advocate a less-effective approach
(lobectomy) that is more applicable by the occasional thyroid
surgeon is made moot if patients are cared for by those with
experience performing these operations.

Total thyroidectomy is the treatment of choice for virtu-
ally all patients with PTC when postoperative radioactive
iodine is considered. This group includes virtually all patients
except those with the very best prognosis, that is, small
tumor (less than 1cm), confined to the thyroid without
evident metastases, in an otherwise healthy woman under 45
years. Even in patients with low-risk PTC, total or near-total
thyroidectomy is associated with a lower recurrence rate 
and mortality.6,29 Serum thyroglobulin levels after total thy-
roidectomy are a more accurate marker for follow-up of
patients with PTC, and postoperative radioactive iodine scan-
ning and ablation is more effective. If a total thyroidectomy

cannot be performed without injury to the recurrent laryn-
geal nerve or parathyroid glands, a near-total thyroidectomy
can be done with a small amount of thyroid tissue left behind
that can subsequently be ablated with radioactive iodine.

LYMPH NODE DISSECTION

Up to 80% of patients with PTC have cervical lymph node
metastases; however, the prognostic significance of lymph
node metastases is controversial. Patients with PTC and
matted lymph nodes or tumor extending through the lymph
node capsule have a worse prognosis.6,32,33 When patients are
matched for age and sex, lymph node metastases also appears
to be associated with a higher recurrence rate. Patients with
PTC treated with prophylactic node dissection compared
with only therapeutic node dissection (removal of palpable
enlarged lymph nodes) have essentially the same survival
rate. Even though up to 80% of patients with PTC have occult
cervical lymph node metastases, most of these metastases can
be ablated with radioactive iodine treatment postoperatively
and some do not appear to grow. Lymph node dissection
during thyroidectomy has a higher complication rate, proba-
bly because it is associated with more tumor, especially
around the parathyroid glands. Therapeutic lymph node dis-
section with removal of the ipsilateral central neck nodes and
perithyroid lymph nodes (Delphian node and lymph nodes
medial to the carotid sheath) is important for clinically
involved nodes. If there are clinically involved lateral neck
nodes, then a compartment-based resection, rather than a
“node-plucking” operation, has a better rate of control of the
nodal disease. A functional modified radical neck dissection
removing all fibrofatty tissue with lymph nodes but preserv-
ing all motor (phrenic, vagus, and spinal accessory nerves) and
sensory nerves as well as the sternocleidomastoid muscle and
internal jugular vein unless invaded by tumor is the best
approach. Contralateral lymph node dissection should also be
performed for gross evidence of lymph node metastases. The
superior mediastinal lower nodes and periesophageal nodes
are often involved, and can often be removed through the cer-
vical excision.

RECURRENT AND PERSISTENT PTC
Most patients with PTC are diagnosed with persistent or
recurrent disease by an elevated serum Tg level and/or by a
positive radioactive iodine scan. Some patients with recurrent
PTC may have an elevated Tg with a negative radioactive
iodine scan. In this situation, a therapeutic dose of 131I
(100–200mCi) may help some patients by showing uptake
(diagnostic benefit) or by response to this therapy (therapeu-
tic benefit).34 Local recurrences are often associated or precede
distant metastases in patients with PTC; an evaluation for
metastatic disease is important to define the extent of the
recurrence. When recurrent PTC is identified in the neck by
radioiodine scan, computed tomography (CT) scan, magnetic
resonance imaging (MRI), or ultrasound with a positive FNA
biopsy, a neck dissection can eliminate disease. Patients with
solitary metastases (usually to the bone and rarely to the lung,
which tend to be multiple) can benefit from operative resec-
tion. About two-thirds of patients with lung or bone metas-
tases from differentiated thyroid cancer respond to 131I
therapy. In patients who are not operative candidates, and for
most patients after resection of isolated metastasis to bone,
external-beam radiation can be helpful in local tumor control
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or for symptomatic relief. In those patients with PTC that fail
131I ablation or external-beam radiotherapy and who are not
surgical candidates, cytotoxic chemotherapy may be useful in
patients with progressive PTC.35

Follicular Thyroid Carcinoma

Clinical Features

The clinical presentation of follicular thyroid carcinoma
(FTC) is very similar to PTC. Most patients present with a
mass in the thyroid. However, FTC is less likely to be asso-
ciated with cervical lymph node metastases than is PTC, so
it is unusual to have a lateral neck mass as the presenting
sign. FTC can be associated with distant metastases, partic-
ularly in older patients. In contrast to patients with follicu-
lar adenoma, patients with follicular thyroid cancers are more
likely to have local symptoms; these can include difficulty
swallowing, dysphonia, stridor, or pain. Patients can also
present with evidence of distant metastases, most typically
metastases in the bone, lung, brain, or liver. Apparently
because of its propensity for vascular invasion, follicular
tumors often metastasize via hematogenous pathways, and
only rarely via cervical lymph nodes as would be more typical
of papillary cancer. Biopsy at these distant sites may demon-
strate relatively benign-appearing follicular tumor; however,
by its behavior it has defined itself as an invasive malignant
variety. Thus, follicular cancers typically present as a slowly
growing solitary thyroid mass in a middle-aged to older
person. About 25% of the patients have extrathyroidal 
invasion at the time of presentation. Between 10% and 33%
of patients have distant metastasis at the time of initial 
diagnosis.

Most follicular cancers are nonfunctional (“cold”) by
radioiodine thyroid scan. Occasionally, a follicular cancer
retains the ability to concentrate iodine to a degree similar to
adjacent thyroid tissue (“warm”) or even to a greater degree
then the normal thyroid (“hot”). The rare “functional”
thyroid cancer is nearly always a follicular carcinoma rather
than a papillary tumor.

Follicular thyroid cancers can occur in any age group, but
the median age of groups with follicular cancers is typically
higher than groups with papillary cancers. The median age at
presentation is in the sixth decade of life. Similar to papillary
cancer, the female to male ratio is between 2:1 and 5:1.36

Pathologic Features

The important features that distinguish FTC from follicular
adenomas are vascular and capsular invasion.37 Follicular
carcinomas can appear very similar to follicular adenoma 
on cytology and gross examination and therefore impossible
to identify by either the cytologist, surgeon, or pathologist
before complete pathologic assessment. The well-differenti-
ated follicular carcinomas are identified by signs of minimal
invasion such as microscopic evidence of capsule disconti-
nuity. Other follicular tumors may be less differentiated,
widely invading surrounding thyroid or even extrathyroidal
tissues. The tumor cells vary in their histologic differentia-
tion, but are generally bland, monomorphic cells lacking
nuclear changes typical of PTC. Thus, follicular carcinoma
cells can appear differentiated and may resemble normal

thyroid tissue even when recurrent or metastatic; this can be
misinterpreted as a “thyroid remnant” and not treated prop-
erly. The precise histologic pattern may be described as fol-
licular, trabecular, or solid or display combinations of these.
In the widely invasive forms, the tumor demonstrates areas
of solid growth, frequent mitoses, and atypical cells. Signs of
dedifferentiation are frequent as the disease proceeds.

Tumors with a mix of papillary and follicular features
often show follicular differentiation, expressing follicular
structures, but have nuclear features of papillary carcinoma
(for example, psammoma bodies, or nuclear grooves or
pseudoinclusions) (Figure 55.4). They can be difficult to diag-
nose on cytology, but once recognized they have the clinical
course and prognosis of PTC rather than FTC.

Risk Factors and Associated Hereditary Conditions

In areas with sufficient intake of iodine, most of the differ-
entiated thyroid carcinomas are papillary. In areas with iodine
deficiency and endemic goiter, the total incidence of thyroid
carcinoma is similar, with a relative increase in follicular
thyroid carcinoma that are sometimes even more frequent
than papillary carcinomas. A substantial intake of vegetables
from the cruciferous family that block iodine uptake (goitro-
genic food) can contribute to these findings. The stimulatory
factor in the low-iodine areas leading to thyroid tumors
appears to be TSH, although no clear correlation has been doc-
umented. Nevertheless, iodine supplementation coincides
with an increase in the incidence of papillary carcinomas,
with reduction in follicular and especially poorly differenti-
ated and anaplastic carcinomas.38 External radiation has not
been associated with follicular carcinoma. Investigations
after the Chernobyl accident generally support these earlier
findings, although there are occasional reports of follicular
thyroid carcinomas.39 Nearly all follicular thyroid carcinomas
are sporadic, but may in rare cases also be associated with
familial colon polyposis or Gardner’s syndrome, as well as
Cowden’s syndrome.
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Figure 55.4. Follicular variant of papillary thyroid cancer. This
variant has the follicular architecture of follicular thyroid carcinoma
(FTC) (black arrows) without papillary structures, but has the nuclear
features of papillary thyroid cancer (PTC) (white arrows) with nuclear
grooves, clearing, and clumped chromatin.



Treatment of Follicular Thyroid Cancer

Surgical resection is the only available method for FTC in the
thyroid. As for PTC, the choice of hemithyroidectomy or total
thyroidectomy as the procedure of choice for FTC has been
debated. Hemithyroidectomy or total thyroidectomy with
extirpation of central lymph nodes without radioiodine are
both adequate for survival outcomes in patients with inva-
sive follicular carcinoma confined to the thyroid, that is,
T1–T2N0M0.

However, for larger tumors (above T2), total thyroidec-
tomy with at least central lymph node dissection is appro-
priate for a number of reasons. This treatment allows
postoperative 131I ablation, as well as diagnostic scintigrams
for follow-up. Arguments against total thyroidectomy have
been increased risk for surgical complications such as injury
to the recurrent laryngeal nerve or permanent hypoparathy-
roidism. However, for experienced surgeons, total thyroidec-
tomy is a safe procedure, with minor complication rates.
Therefore, in T3–4 tumors, a more-extensive treatment is
mandatory. Although follicular tumors metastasize to lymph
nodes in the neck less frequently than papillary tumors
(approximately 35% versus 67%), therapeutic modified neck
dissection should be performed when clinically apparent
disease is present, followed by postoperative 131I diagnostic
procedures and radioiodine ablation therapy.

Hürthle Cell Carcinoma

Hürthle cell carcinoma is a variant of follicular carcinoma,
which is sometimes called an oxyphilic or oncocytic carci-
noma. These tumors may be remarkably similar on gross
examination but are microscopically characterized by an 
acidophilic cytoplasm with small pyknotic central nuclei. It
is important to distinguish these tumors from each other,
because the oncocytic carcinomas have a much lower capac-
ity for uptake of iodine, which makes postoperative diagnos-
tic and therapeutic 131I scintigrams difficult. They have a
natural history and prognosis similar to FTC, which supports
similar treatment.40

Postoperative Management of Differentiated
Thyroid Carcinoma

Prognosis

FCDTC is the direct cause of death of more patients than all
other endocrine malignancies combined. Nevertheless, with
a crude mortality rate of only around 7%, the vast majority
of patients with FCDTC are either cured, or lives with cancer,
often for many years.

Overall recurrence rates after apparent surgical cure of the
primary tumor range from 10% to 35%,41,42 depending on his-
tologic subtype and stage at diagnosis.41–45 Recurrence may
sometimes occur many years after the initial, apparently suc-
cessful, treatment.46 Thyroid carcinomas exhibit among the
widest range of malignant potential of any human cancer.
They range from the almost benign, incidentally discovered,
papillary microcarcinoma, which probably has no impact on
long-term survival, to extremely aggressive poorly differenti-
ated carcinomas with a median life expectancy of only a few
months. Within the FCDTC group, life expectancy and the
likelihood of cure vary widely.

There have been many attempts to identify prognostic
factors for patients with FCDTC. Unfortunately, there are 
no randomized, prospective trials of any aspect of thyroid
cancer management, largely because of the relative rarity of
the tumor, its generally slow clinical course with long sur-
vivorship, and the difficulty and expense of mounting 
large multicenter studies over prolonged periods. Neverthe-
less, a great deal of information is available from large 
retrospective reviews from a number of centers that can be
used to influence all aspects of management of the patient
with differentiated thyroid cancer (DTC). To select appro-
priate therapy and follow-up, and to provide prognostic infor-
mation to the patient, the initial step in the postoperative
care of the patient with FCDTC is to categorize the patient’s
risk of recurrence and death from disease.

AMERICAN JOINT COMMITTEE ON CANCER (AJCC) STAGING

Pathologists apply the pTNM classification system to tumors
of all types, providing a convenient shorthand method to
describe the tumor extent (Table 55.3).47 Using this system,
the tumor is assessed according to the size of the primary
tumor mass, with T1 representing tumors of 1cm or less, T2
those between 1 and 4cm in maximum diameter, T3 those
greater than 4cm, and T4 represents tumors of any size
exhibiting local extrathyroidal invasion. The presence (N1) or
absence (N0) of lymph node spread, and the presence (M1) or
absence (M0) of distant metastases are similarly easily defined
at the time of the original diagnosis, and the pTNM classifi-
cation is generally straightforward to determine within a few
hours of operation. Although the prognosis for many tumor
types is determined largely or exclusively by the extent of
disease, described efficiently by the pTNM classification,
FCDTC are unique, in that the strongest influence on prog-
nosis is patient age at diagnosis. As a result, the AJCC staging
system uses patient age in defining stage for follicular cell-
derived thyroid carcinoma.

In this staging system, all patients under the age of 45
with FCDTC have stage I disease unless they have evidence
of distant metastases, which makes them stage II. More-
advanced stages are restricted to patients over the age of 45,
with locally invasive tumors (stage III), or with evidence of
nodal (stage III) or distant (stage IV) metastases. The pTNM
system is the most widely accepted tool to describe the extent
of disease for staging in thyroid carcinoma. The AJCC stage
correlates well with outcome of FCDTC, in both retrospec-
tive and prospectively collected data, with stage I and II
disease exhibiting a less than 1% overall mortality at 5
years.48 In contrast, more-advanced stages of disease, limited
to those patients over the age of 45 with locally invasive or
metastatic disease, carry a less-favorable prognosis. For stage
III disease, the 5-year mortality was 6% for PTC and 18% for
FTC, whereas stage IV disease had a 5-year mortality in excess
of 50% in both tumor types.

Despite its simplicity and utility, however, the AJCC
staging does not provide all the information a clinician may
need to adequately classify a patient with DTC and to assist
in making therapeutic decisions. It does not use several addi-
tional independent prognostic variables and may therefore
risk misclassification of a significant number of patients. For
this reason, several other classification schemes remain in
clinical use that may permit more accurate decision making,
at least for patients with FCDTC.
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TABLE 55.3. American Joint Committee on Cancer (AJCC) thyroid cancer staging.

Primary tumor (T)
TX Primary tumor cannot be assessed
T0 No evidence of primary tumor
T1 Tumor 2cm or less in greatest dimension limited to the thyroid
T2 Tumor more than 2cm but not more than 4cm in greatest dimension limited to the thyroid
T3 Tumor more than 4cm in greatest dimension limited to the thyroid or any tumor with minimal extrathyroid extension (e.g, 

extension to sternothyroid muscle or perithyroid soft tissues)
T4a Tumor of any size extending beyond the thyroid capsule to invade subcutaneous soft tissues, larynx, trachea, esophagus, or 

recurrent laryngeal nerve
T4b Tumor invades prevertebral fascia or encases carotid artery or mediastinal vessels

All anaplastic carcinomas are considered T4 tumors.
T4a Intrathyroidal anaplastic carcinoma—surgically resectable
T4b Extrathyroidal anaplastic carcinoma—surgically unresectable

Regional lymph nodes (N)
NX Regional lymph nodes cannot be assessed.
N0 No regional lymph node metastasis
N1 Regional lymph node metastasis
N1a Metastasis to Level VI (pretracheal, paratracheal, and prelaryngeal/Delphian lymph nodes)
N1b Metastasis to unilateral, bilateral, or contralateral cervical of superior mediastinal lymph nodes

Distant metastasis (M)
MX Distant metastasis cannot be assessed
M0 No distant metastasis
M1 Distant metastasis

Stage groupinga

Papillary or Follicular Medullary Carcinoma
Under 45 years
Stage I Any T Any N M0 Stage I T1 N0 M0
Stage II Any T Any N M1 Stage II T2 N0 M0

Stage III T3 N0 M0
T1 N1a M0
T2 N1a M0
T3 N1a M0

Stage IVA T4a N0 M0
T4a N1a M0
T1 N1b M0
T2 N1b M0
T3 N1b M0
T4a N1b M0

Stage IVB T4b Any N M0
Stage IVC Any T Any N M1

Papillary or Folicular Anaplastic Carcinoma
45 years and older All anaplastic carcinomas are considered
Stage I T1 N0 M0 Stage IV
Stage II T2 N0 M0
Stage III T3 N0 M0

T1 N1a M0
T2 N1a M0
T3 N1a M0

Stage IVA T4a N0 M0 Stage IVA T4a Any N M0
T4a N1a M0
T1 N1b M0
T2 N1b M0
T3 N1b M0
T4a N1b M0

Stage IVB T4b Any N M0 Stage IVB T4b Any N M0
Stage IVC Any T Any N M1 Stage IVC Any T Any N M1
aSeparate stage groupings are recommended for papillary or follicular, medullary, and anaplastic (undifferentiated) carcinoma.

Source: Used with the permission of the American Joint Committee on Cancer (AJCC), Chicago, Illinois. The original source for this material is the AJCC Cancer
Staging Manual, sixth edition (2002), published by Springer-Verlag New York, www.springer-ny.com.



CLINICOPATHOLOGIC PROGNOSTIC SCHEMES FOR FCDTC
For patients with FCDTC, age at initial treatment, tumor
size, the presence of extrathyroidal invasion, and the presence
of distant metastases at diagnosis are the most important risk
factors for recurrence and for cause-specific mortality.
However, unlike almost any other cancer type, the presence
of lymph node metastases in PTC has little influence on
cause-specific mortality from this disease, although it
increases the risk of locoregional recurrence.

Several other factors, not included in the AJCC staging
scheme, are also independent prognostic variables in rigorous
multivariate analyses, including tumor grade in PTC, which
is rarely assessed in routine histologic examination; extent of
microinvasion of capsule or of blood vessels in FTC; DNA
aneuploidy in Hürthle cell cancer and PTC, but not in
nonoxyphilic FTC; delay to initial surgical intervention; and
completeness of surgical resection of the primary tumor.
These prognostic factors are not of equal importance in pre-
dicting mortality or recurrence, with the most predictive
factors generally being regarded as the presence of distant
metastases, the age of the patient, and the extent of the
tumor.49

Several prognostic systems have been developed that
include a number of these variables, weighted according to
their importance in predicting outcomes, in multivariate
analyses, of retrospectively analyzed large cohorts of patients
(see Table 55.2). Each of these schemes permits classification
of patients with FCDTC (particularly PTC, the most common
type) into low-, medium-, and high-risk groups, accurately
predicting long term outcome for these patients. Each of the
prognostic schemes includes a slightly different group of vari-
ables, weighted in slightly different ways. However, all have
certain features in common, and all include both tumor and
patient variables, emphasizing the likely importance of
host–tumor interaction in the behavior of this group of
cancers.

Almost all the schemes, except the Ohio State University
system, include the patient’s age as an important variable
predicting outcome. The size of the primary tumor, its his-
tologic type, the presence of extrathyroidal invasion, and the
presence of distant metastases are almost universally
included. Controversy remains about the importance of nodal
metastases and of patient gender. Tumor grade (and DNA
ploidy in certain tumor types) is almost certainly an impor-
tant independent prognostic variable but is rarely assessed.

The MACIS score (named for its predictive variables of
Metastases, Age, Completeness of surgical excision, local
Invasion, and tumor Size) was derived from a retrospective
review of almost 1,800 patients with PTC treated at one insti-
tution over a period of up to 50 years (median, 17 years follow-
up).50 Approximately half of the patients (from 1940 to 1964)
were selected to represent the “training” group, and a formal
multivariate analysis was performed on this group to identify
the independently predictive prognostic variables from the
data set. Each of these variables had a significant predictive
value on outcomes in univariate analysis, but also remained
significantly correlated with outcome in multivariate 
analysis.

The MACIS equation was generated to weight the impor-
tance of each of the predictive variables, generating a single
score for patient classification (Table 55.4). This equation was
tested on the remaining 1,015 patients in the original data set

(the “test group”), and on the group as a whole, and proved
to be a reliable predictor of outcome over a 20-year period in
these patients.50

A MACIS score of less than 6.0, representing the lowest
risk group, carries a less than 1% cause-specific 20-year mor-
tality risk from PTC and encompasses more than 80% of all
patients presenting with PTC. A score between 6.0 and 6.9
has an 11% 20-year mortality; scores between 7.0 and 7.9
have a mortality rate of 44%; and scores of 8.0 and over (for-
tunately, a rare occurrence, affecting less than 5% of this
group of patients) have a predicted disease-specific mortality
of 76% at 20 years. This broad range of outcomes is predicted
rapidly and easily at the bedside on the day after primary
surgery, using data that should be available in every case from
the operative and pathology reports, and from simple, uni-
versally available preoperative screening tests.

The other prognostic systems provide a similar rapid,
accurate assignment of risk group category. The choice of
prognostic scheme remains a matter more of preference than
of science; however, it appears rational to use some system,
in addition to the AJCC classification, to assign prognosis and
guide therapeutic decisions for patients. Such classification
allows accurate identification of the majority (80%–85%) of
patients with FCDTC at low risk of cause-specific mortality.
These patients can be reassured and managed with less-
intensive intervention. More-intensive follow-up, and
perhaps more-aggressive adjuvant therapy, can then be tar-
geted to the higher-risk patients, the minority who are most
likely to benefit from a more-aggressive management strategy.

Predicting Disease Recurrence

Recurrence of FCDTC is considerably more likely than death.
The recurrences carry significant physical and psychologic
morbidity and increase the likelihood of subsequent mortal-
ity. Recurrent disease is often predictable, and follows the
patterns of spread observed at diagnosis. These vary with the
type of FCDTC; PTC exhibits early spread to (and frequent
recurrence in) regional lymph nodes, and less frequently
distant spread, principally to the lungs and later to skeleton.
Hürthle cell cancer follows a similar pattern, although
perhaps more frequently exhibiting distant metastases.
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TABLE 55.4. The MACIS score.

Metastasis
Age
Completeness of resection
Invasion (local)
Size (primary tumor)
MACIS = 3.0 (for distant metastases at presentation)

+ 3.1 (for age less than 40 years) or (0.08 ¥ age)
+ 1.0 (for incomplete tumor resection)
+ 1.0 (if locally invasive)
+ 0.3 ¥ tumor size (in centimeters)

20-year cause-specific
MACIS score mortality

<6.0 <2%
6–6.99 11%
7–7.99 44%
>8 76%

Source: From Hay et al.,50 by permission of Surgery.



Typical nonoxyphilic FTC, however, less often involves
lymph nodes, spreading preferentially by a hematogenous
route to lungs, bones, and brain. Metastatic spread to other
organs has also been reported.

Local recurrence occurs mainly within the thyroid bed,
ipsilateral to the primary tumor site, as a result of incomplete
surgical resection, local invasiveness of the primary tumor,
or failure of adjunctive therapy to destroy persistent micro-
scopic tumor deposits. Local recurrence at sites other than
the thyroid bed may result from unrecognized local spread of
the tumor within the thyroid remnant or multifocal tumor
that has been incompletely removed or ablated.

Regional recurrence also occurs frequently in the central
compartment lymph nodes, often as a result of incomplete
initial surgical exploration. These nodes are involved in up to
25% of patients with PTC at the time of diagnosis, and ade-
quate primary surgery should include their resection, at least
ipsilateral to the tumor. Jugular chain lymph nodes may also
commonly be the site of regional recurrence, presumably as
a result of unrecognized micrometastases present at the time
of the original diagnosis. Adequate assessment of the jugular
chain nodes is essential before and during the primary
surgery. Preoperative ultrasound before the initial operation
may provide the most sensitive method of detection of
affected nodes, to enable therapeutic node dissection to
potentially decrease the recurrence rate.51

The development of distant metastases, fortunately, is
rare in FCDTC but heralds a poor prognosis, particularly for
older patients, with cause-specific mortality rates of up to
60% at 10 years for stage IV disease.45 By contrast, the pres-
ence of distant metastases, particularly micrometastases in
the lungs, in young patients need not signal an imminent
demise, with long-term survivorship being the norm, justify-
ing their classification as stage II disease.

The risk factors for the development of distant metasta-
tic disease in PTC mirror those established for mortality.52,53

The age of the patient, the size of the tumor, and the pres-
ence of local invasion or incomplete surgical resection dom-
inate the models. In addition, however, the involvement of
lymph nodes with PTC, particularly those in the jugular
chains, at the time of diagnosis, substantially increases the
risk of future regional recurrences. The role of lymph node
metastases in the prediction of distant spread remains con-
troversial. For FTC, the presence of vascular invasion within
the primary tumor, and possibly extensive capsular invasion,
substantially increases the subsequent risk of developing
distant metastases.

Postoperative Adjuvant Therapy

Two major forms of adjuvant therapy are commonly used fol-
lowing surgical treatment of FCDTC: radioactive iodine and
thyroid hormone suppression of TSH. The availability of
radioactive iodine (in the form of 131I) as an effective adjuvant,
its ease of use, and perhaps misconceptions regarding its effi-
cacy, have resulted occasionally in complacency regarding the
initial surgical treatment of these tumors. The importance 
of the primary surgical procedure cannot be overstated.
Although the adjuvant therapies do have important impacts
and roles, the long-term outcome for the patient depends
largely on the adequacy of resection, particularly for patients
at higher-than-average risk of death or recurrence.

THYROID HORMONE

The suppression of TSH by administration of supraphysio-
logic doses of thyroid hormone is probably the most widely
used adjuvant therapy for FCDTC. In use for more than 40
years, this treatment is based on the belief that suppression
of TSH removes an essential growth factor for cells of thyroid
follicular origin, thus delaying or preventing the regrowth of
the cancer. However, firm evidence that TSH-suppressive
therapy is truly effective in the postoperative management of
DTC is hard to obtain, in the absence of any randomized
prospective trials.

Initially, the goal of TSH suppression therapy was to
attain an absent response to intravenous TRH administration,
assessed on a first-generation TSH radioimmunoassay, con-
sistent with essentially complete suppression of the pituitary
thyrotrope. With the development of more-sensitive TSH
assays in the 1980s, it became possible simply to maintain an
undetectable TSH, measured using a sensitive (second-
generation) immunometric TSH assay, with a lower limit of
detection of around 0.1mU/L. Since the advent of “ultrasen-
sitive” TSH assays (third- and fourth-generation), with lower
limits of detection of 0.01mU/L, 0.001mU/L, or less, it has
become possible to titrate the dose of thyroid hormone in the
majority of patients to achieve levels of TSH within prespec-
ified ranges. Unfortunately, there are not good data to help
with decision making, so that the “desirable range” for TSH
is speculative at the present time.

The contemporary data to support TSH suppression are
limited. A recent retrospective, multicenter study of 683
patients, stratified by the National Thyroid Cancer Treat-
ment Cooperative Study (NTCTCS) stage, who had been
treated and followed at 14 institutions over a 10-year period,
showed a significantly reduced risk of disease progression
(defined as cause-specific mortality or recurrence) in stage III
and IV patients with FCDTC treated with suppressive doses
of thyroid hormone.54 No such difference in outcome was
observed in stage I and II patients.

The use of supraphysiologic doses of thyroid hormone
may, however, carry some risk of adverse consequences.55,56

A small proportion of patients experience hyperthyroid symp-
toms of tremor, anxiety, sleep disturbance, heat intolerance,
and palpitations. which can be intolerable and can sometimes
require reductions in thyroid hormone dosage. The impact of
TSH suppression on bone turnover is also a concern, partic-
ularly in postmenopausal women, who have an increased risk
of osteoporosis. The danger of this is probably negligible in
premenopausal women, although it remains unclear whether
estrogen replacement after menopause is equally protective.
The possible impact of TSH suppression on bone health in
men remains unknown.

A suppressed TSH is also a risk factor for the development
of atrial fibrillation (AF), with its consequent increased risk
of cerebrovascular events.56 TSH suppression increases the
odds ratio for the development of AF by threefold over base-
line. This finding was based on prospectively collected data
from the Framingham cohort and did not distinguish between
endogenous and exogenous sources of thyroid hormone as the
cause of the suppressed TSH. Because triiodothyronine (T3) is
the active hormone at the cardiac level, and because T3 con-
centrations are somewhat lower for any given concentration
of TSH when exogenous thyroxine is the source of thyroid
hormone excess, the actual risk may be somewhat lower 
than indicated from the Framingham data. Nevertheless, the
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potential for significant morbidity exists, and may not be bal-
anced by an improvement in outcome of the FCDTC, at least
for stage I and II patients.

The recent guidelines of the National Comprehensive
Cancer Network (Version 1.2003 available at http://www.
nccn.org/physician_gls/f_guidelines.html) make no distinc-
tion regarding the level of TSH suppression between patients
with cancers of varying risk. However, the joint recommen-
dations of the American Association of Clinical Endocrinol-
ogists (AACE) and the American Association of Endocrine
Surgeons (AAES) suggest a stratified approach, according to
either AJCC stage or patient risk as assessed by one of the
clinical prognostic schemes.57 One approach, then, is for
patients at low-risk (MACIS score less than 6.0, or AJCC stage
1 PTC), whose life expectancy is essentially normal, and
whose lifetime risk of recurrence is less than 5%, the serum
TSH is maintained at or just below the lower limit of the
normal range. Because the risk of tumor recurrence in these
low-risk patients falls to less than 1% in the 20 years beyond
the first 5 postoperative years, the thyroid replacement can
be adjusted to allow the TSH to rise into the lower third of
the normal range after 5 recurrence-free years. This strategy
avoids the potential morbidity associated with long-term
TSH suppression. Lifelong monitoring of thyroid hormone
status, by annual measurement of serum TSH concentration,
is recommended.

Patients at intermediate risk of tumor recurrence include
those patients with PTC whose MACIS score lies between 6.0
and 6.9, AJCC stages I and II, or stage III with only lymph
node metastases, and patients with minimally invasive FTC.
These groups almost certainly warrant rather more aggressive
management than the low-risk patients. The TSH should be
maintained in the subnormal range, without achieving frank
hyperthyroidism. The target TSH concentration is below 0.1
mU/L, ideally in the range between 0.05 and 0.1mU/L.

High-risk patients, including those with widely invasive
FTC or Hürthle cell cancer, or PTC with MACIS scores over
7.0, stage IV disease, or stage III disease with local (extrathy-
roidal) invasion, should maintain virtually complete TSH
suppression (TSH less than 0.05mU/L). These patients may
experience hyperthyroid symptoms when TSH suppression is
achieved, although this may be transient. The potential for
morbidity must be recognized, and these patients should have
screening and monitoring of bone density, at least in post-
menopausal women, with appropriate prophylactic and ther-
apeutic management of bone disease.

RADIOACTIVE IODINE THERAPY

The majority (75% or more) of FCDTC retain the capacity to
take up and concentrate iodine, although frequently rather
less efficiently than normal thyroid tissue, as is evident from
the fact that most thyroid carcinomas are “cold” nodules on
preoperative thyroid scintigraphy. This residual differentiated
function permits radioactive isotopes of iodine to be used for
both the detection and treatment of residual thyroid follicu-
lar cells.43

Administered orally, iodine isotopes are absorbed rapidly
and reliably from the upper gastrointestinal (GI) tract, circu-
late transiently in the bloodstream, and are concentrated in
tissues that express a functional sodium iodide transporter
(NIS); these include normal and cancerous thyroid tissue, 
salivary gland, breast, stomach, and colon. The NIS is also

expressed in the kidney, which transports as well as filters
iodine, and circulating iodine is excreted rapidly through the
urine and stool. The uptake of iodine into both normal and
cancerous thyroid tissue is dependent on TSH, which causes
upregulation of expression, and possibly increased function,
of NIS.

Radioactive isotopes of iodine (131I, 129I) emit gamma rays,
which can be detected using an appropriate detection appara-
tus (a gamma-camera), thus permitting imaging of iodine-
concentrating tissues, and thereby the detection of residual
or metastatic thyroid tissue, provided there has been suffi-
cient prior stimulation with TSH. Although g-rays are high
energy, their tissue absorption is low, and the majority of
these particles pass through the cell and surrounding tissue.
Although ideal for imaging purposes, treatment of residual
thyroid carcinoma with radioactive iodine depends on b-par-
ticle emission, the major emitted particle released by the
decay of 131I b-particles have moderately high energy travel
and only short distances, less than 1cm, before interacting
with surrounding tissue. The resulting ionization and gener-
ation of superoxide radicals causes DNA damage, including
double-strand DNA breaks; this activates the p53 pathway
(commonly intact in differentiated thyroid carcinoma) and
leads to apoptosis of the affected cell.

RADIOIODINE REMNANT ABLATION

Postoperative ablation of any remnant thyroid by treatment
with 30 to 100mCi of 131I is often used to “complete” the
initial surgical treatment in FCDTC.43 Controversy remains
about the optimal dose required to achieve this. A typical
dose is between 30 and 75mCi. Most often, radioactive iodine
is administered 4 to 6 weeks after surgery, with the patient
in a hypothyroid state, to maximize TSH-stimulated iodine
uptake and whole-body iodine retention. Some authorities
advocate a low-iodine diet during preparation for 131I treat-
ment and scanning. Hypothyroidism may be achieved by
avoiding thyroid hormone replacement therapy postopera-
tively, and waiting for at least 4 weeks for endogenous
hormone concentrations to fall. Alternatively, initial substi-
tution for 4 weeks with triiodothyronine (Cytomel) followed
by 2 weeks of withdrawal can be used and may shorten the
duration of symptomatic hypothyroidism. After confirmation
of a serum TSH elevated to at least 30mIU/L, and a negative
serum pregnancy test in women of childbearing potential,
oral 131I is administered, most often in an outpatient setting.

There is little doubt that even quite substantial remnants
of normal thyroid tissue can be eliminated by this approach.
Whether small amounts of residual thyroid carcinoma are
also eliminated by these remnant ablative doses is uncertain,
because carcinoma cells may be several orders of magnitude
less efficient than normal follicular cells in the accumulation
of iodine.52 Many groups regard remnant ablation as a neces-
sary first step before proceeding, at a later date, to higher-dose
treatment of known residual (or recurrent) disease.

Elimination of a postsurgical remnant has three goals.
First, this may destroy residual normal thyroid tissue, making
subsequent neck and whole-body scans easier to interpret,
because areas of more subtle uptake (for example, in metasta-
tic tumor within regional lymph nodes) might otherwise be
overshadowed. Second, it may simplify interpretation of
serum thyroglobulin (Tg) concentrations, because residual
normal thyroid tissue otherwise contributes, to some degree,
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to the production of Tg, particularly in the stimulated state
(i.e., with elevated TSH). Third, it may make subsequent ther-
apeutic doses of radioiodine more effective, as there will be
no competition for the dose from normal thyroid tissue.

There are few data to ascertain whether remnant ablation
with 131I improves the outcome of patients with thyroid 
carcinoma. No randomized trials have been reported of
radioactive iodine therapy, and none are in progress. The
understanding of the risks and benefits of this widely used
therapeutic approach is based entirely on observational, ret-
rospectively analyzed, nonrandomized studies.

In low-risk patients who have had adequate primary oper-
ations, with small intrathyroidal papillary tumors (pT1–2,
stage I disease), 131I ablation provides no detectable benefit
with respect to either cause-specific survival or the risk of
recurrent disease.58 Even in those patients with regional nodal
involvement, 131I does not further improve the already very
low-risk of either death or recurrence in these otherwise low-
risk patients. It is also extremely difficult to detect improve-
ments in survival rates that approach 100%.

The possible benefit of such ablation in higher-risk
patients, without evidence of residual disease, continues to
stimulate heated debate. These arguments are fueled by
apparently contradictory data from a few major centers. On
the one hand are data from Mazzaferri, showing that 30-year
recurrence rates, in patients with tumors larger than 1.5cm,
were halved (from 38% to 16%) in the 350 patients who
received ablation with 131I, compared with the 802 who did
not.59 Similarly, cause-specific 30-year mortality rates fell
from 8% to 3%, with no deaths observed in patients who
received 131I in whom there was no evidence of residual
disease. This view is shared by DeGroot and by the M.D.
Anderson group.60,61

Contradicting this view are data reported by Hay, which
have failed to show any significant benefit of 131I ablation in
patients with adequate primary surgery, including selective
node dissection, in whom no evidence of residual disease was
detected.45 Analysis of a total of 1,542 patients with PTC,
treated at Mayo Clinic, of similar stage to those reported by
Mazzaferri, showed recurrence rates (16.6% versus 19.1%; P
= 0.89) and mortality rates (5.9% versus 7.8%; P = 0.43) that
were no different with or without 131I remnant ablation.

The recurrence rates reported in this Mayo Clinic study
are considerably lower than other reports, even in the absence
of routine 131I ablation. This finding may reflect the com-
pleteness of surgical excision of the primary tumor and
emphasizes the importance of the primary operation in deter-
mining outcome. It may be that 131I ablation has proven useful
in other studies because of the presence of unrecognized resid-
ual disease, almost certainly within regional lymph nodes,
the site of the majority of recurrences in several studies. With
adequate preoperative assessment (using ultrasound), and
careful intraoperative exploration of these affected nodes, the
rate of later recurrence may be reduced to the level of the
Mayo data and may obviate the need for the radioiodine.

Long-term data show that ablative doses of 131I are safe
and are not associated with significant side effects or car-
cinogenic risk.62,63 The financial cost and inconvenience to
the patient may outweigh any potential benefit, however, at
least in low-risk patients who had undergone adequate
primary operation. These data support the highly selective
use of 131I remnant ablation as adjunctive therapy following

adequate primary surgery. In contrast, those patients at mod-
erate or high risk of tumor recurrence based on postoperative
risk assessment may benefit more, because they require
follow-up by isotope scans and by stimulated Tg concentra-
tions, and may need treatment for residual or recurrent
disease. FTC, and particularly its Hürthle cell variant, carry
somewhat higher risks for recurrent and metastatic disease
than PTC, and these patients may be likely to benefit from
131I ablation and treatment.

RADIOIODINE THERAPY FOR LOCALLY RESIDUAL DISEASE

Microscopic residual disease is likely to remain after resec-
tion of locally invasive (pT4) tumors, even if adequate clear-
ance of gross residual disease is achieved surgically; this may
be detected histologically as tumor presence at the surgical
margin at the time of the initial resection, even in some
tumors initially thought to be contained within the thyroid.
Such microscopic disease increases the risk of true PTC
thyroid-bed recurrence, and of cause-specific mortality, at
least in older (stage III) patients.64 Similarly, invasive Hürthle
cell variant FTC is more likely to recur within the thyroid
bed and can prove difficult or impossible to eradicate. Treat-
ment with 131I can be effective for the elimination or control
of residual disease in some patients. Approximately 75% to
85% of FCDTC concentrate iodine appreciably when suffi-
ciently stimulated by TSH, and adequate doses of orally
administered 131I can induce apoptosis in these cells and in
surrounding tissue in a radius of up to 2mm.

Either 131I or external-beam irradiation improved local
recurrence and 20-year cause-specific survival rates in
patients with microscopic residual disease.65,66 Traditionally,
treatment of residual disease is a two-step process, with a rel-
atively low dose (30–75mCi) administered for ablation, and a
higher treatment dose (100–200mCi) given, at a later date, for
treatment. There is no empirical evidence that this approach
is superior to administration of therapeutic doses on the first
occasion. From a diagnostic view, however, a significant
thyroid remnant may overshadow the presence of subtler
uptake in extrathyroidal tissues, and so the presence of resid-
ual disease can be masked on a posttherapy scan.

A few patients present with locally advanced disease,
which makes complete surgical resection difficult or impos-
sible, and a small number of these patients have gross resid-
ual disease in the neck despite an optimal surgical procedure.
An aggressive primary surgical approach for these patients,
including partial resection of trachea or esophagus, if neces-
sary, to achieve local control is reasonable, with careful
preservation of function. When this is not possible, the pres-
ence of gross residual disease is an independent risk factor for
both recurrence and cause-specific mortality. Radioactive
iodine provides a therapeutic option in this setting, and
divided doses of up to 500mCi may be necessary in an
attempt to achieve local control. Some groups advocate even
higher total doses of 131I, guided by dosimetry studies, to
achieve the maximum dose possible, to a point just short of
bone marrow toxicity. Consequences of very high dose 131I
therapy include significant permanent xerostomia, dysphagia,
bone marrow suppression, and risk of secondary malignancy,
including leukemia, lymphoma, transitional cell bladder car-
cinoma, and colon carcinoma.

Dosimetry has a number of significant potential errors in
predicting the radiation dose received by tumor tissue in
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response to a dose of 131I. The estimated volume of the resid-
ual or recurrent tumor to be treated is, at best, only an approx-
imation. The uptake of iodine may vary from one area of
residual tumor to another, and may be heterogeneous within
a single focus of recurrence. Additionally, the effective half-
life of 131I may vary substantially between patients, and even
within a single patient, between the tracer and the therapeu-
tic dose. Finally, the use of a prior tracer dose of 131I, neces-
sary to calculate dosimetry, may result in “stunning” of the
tumor tissue, and so decrease the uptake of a subsequent ther-
apeutic dose.67 This stunning effect, if it truly exists, may be
minimized by using a low (less than 5mCi) scanning dose of
131I, or 123I (a gamma-emitter), as the tracer. Nevertheless,
dosimetry remains a controversial tool in the administration
of therapeutic 131I and is used by a minority of practitioners.

Residual or recurrent FCDTC, even in the presence of
gross disease, is often slow growing, may be alternatively
treated by external-beam irradiation, and may be amenable to
local control by intermittent repeat surgical neck exploration.
Very high dose 131I therapy (more than 500mCi) is of unproven
efficacy and has significant associated morbidity. External-
beam radiotherapy may be a more-effective alternative.

RADIOIODINE THERAPY FOR METASTATIC DISEASE

Metastatic FCDTC may concentrate iodine in up to 80% of
cases, and TSH can stimulate this uptake. Treatment with 131I
is therefore used widely to treat distant metastases, whether
they are present at the time of the original diagnosis or appear
at a later time. In the treatment of microscopic pulmonary
metastases, 131I appears effectively to minimize further
growth, and possibly induce regression, at least in children
and young adults.5 This approach may lower the serum Tg
concentration and reduce or eliminate iodine trapping,
although the chest X-ray may never return entirely to normal
and later recurrences remain a possibility. Whether 131I
improves survival in these cases remains unproven, but
seems likely, and certainly long-term survival is expected in
younger patients with PTC, treated with adequate surgery
and 131I, even when pulmonary metastatic disease exists at
presentation.

There are also numerous anecdotal reports and case series
that show significant shrinkage of pulmonary and other
distant metastases in older patients after effective 131I treat-
ment.68 There are no prospective data to show an improve-
ment in survival with this treatment. Larger metastases
(greater than ~1cm in maximum diameter) are significantly
less responsive to 131I. Hypoxia within these larger tumor
masses induces relative radioresistance, possibly by limiting
the production of superoxide radicals, thus reducing the
impact of radioactivity on tissue injury.

Initial enlargement of treated metastases occurs com-
monly, presumably some variable combination of a response
to the trophic effect of the elevation of TSH necessary to
induce iodine trapping and the edema that occurs in response
to effective tumor tissue injury. Such enlargement can cause
significant problems from space-occupying lesions in critical
locations such as within the brain or adjacent to the spinal
cord. Prophylactic steroid administration may be helpful.

The effective 131I dose is lower after the use of recombi-
nant human thyrotropin (rhTSH) than after thyroid hormone
withdrawal, however, because hypothyroidism decreases
renal 131I clearance, increasing its effective biologic half-life.

This effect does not occur after rhTSH therapy and therefore
more attention to dosimetry may be necessary when treating
after rhTSH use. The efficacy of 131I therapy after rhTSH stim-
ulation has not been evaluated and currently represents an
unlicensed use of this product, except for compassionate use
in selected patients.

Alternative therapeutic modalities, including resection
and localized external-beam irradiation, may also play a role
in the management of metastases from FCDTC, and 131I
should be viewed as merely one component of a multimodal
therapeutic approach.

Postoperative Surveillance and Follow-Up

Recurrence rates for FCDTC range from 10% to 35%.41–45 The
majority of recurrences occur within the first 5 to 10 postop-
erative years; however, recurrences can occur as long as 25
years after apparently successful primary treatment. Many of
the recurrences are easily amenable to treatment, particularly
if detected early, before vital structures are compromised.
Some form of sensitive surveillance is desirable to detect
recurrences before they become clinically apparent.

The vast majority of patients with PTC are at low risk of
recurrence, and these patients are unlikely to succumb to
their disease. Follow-up surveillance must involve negligible
risk, minimal morbidity or discomfort, and must be finan-
cially rational. The follow-up should be tailored to the
patient’s level of risk, with high-risk patients receiving more-
intensive assessment, directed to the likely sites of recur-
rence, whereas low-risk patients should be reassured, and
have much less intensive (and less-expensive) follow-up. The
clinical staging and risk assessment schemes such as MACIS
provide a logical and accurate basis to determine an appro-
priate follow-up strategy.

ANATOMIC EVALUATION

The majority of recurrences of FCDTC occur in the thyroid
bed or within regional lymph nodes in the neck. Ultrasound
examination, using high-resolution transducers, permits
accurate evaluation of the postoperative neck and is the
imaging modality of choice for postoperative surveillance.
Recurrent PTC, in particular, has sonographic features that
are highly characteristic, with calcifications which result in
multiple tiny bright echogenic foci within the tumor deposit.
Lymph node architecture by ultrasound is also distinctive for
nodal metastases, with enlargement, rounding, and loss of the
normally visible, hyperechoic hilar structures. Ultrasound
has a major added advantage over other imaging modalities
in that ultrasound-guided FNAB can provide cytologic con-
firmation of the presence of metastatic cancer.

MRI and CT scanning are also widely used to assess 
the postoperative neck. CT scanning is usually performed
without contrast, because the iodine loading from the con-
trast material otherwise obviates the subsequent use of
radioactive iodine therapy. Although either of these tech-
niques can be used to detect recurrences in the neck, their
resolution is less good than ultrasound, in part because
thyroid carcinoma exhibits similar spin-decay kinetics and
similar X-ray density to other soft tissue structures in the
neck. The minimum detectable size of recurrent tumor
deposits within the neck using these techniques is about 
0.5 to 1.0cm. These techniques are also substantially more

thyroid and parathyroid 9 9 5



expensive than ultrasound. For these reasons, they are used
as specialized tests to answer specific issues with regard to a
recurrence, rather than as a surveillance tool, for most
patients.

Spiral CT scanning (without contrast) may be useful to
detect the pulmonary metastases that can occur in FCDTC.
However, although the lung and mediastinum represent the
most frequent distant metastatic sites for FCDTC of all types,
the majority of patients are at very low risk of this event, and
a chest X-ray may be sufficient on a routine basis, to exclude
pulmonary metastases, in the majority of low-risk patients.
In higher-risk patients, radioactive iodine scanning may prove
even more useful than CT scanning because it also provides
information regarding the possible future treatment of the
detected disease with 131I.

FUNCTIONAL EVALUATION

Isotope Scanning Functional scanning with radioactive
iodine (131I or 123I) remains the most widespread, and often the
only, postoperative surveillance undertaken. Although less
efficient than normal thyroid, the majority of (~80%), but not
all, FCDTCs retain the capacity to concentrate iodine and its
isotopes. A gamma-camera permits imaging of the neck
within 24 hours of ingestion of oral 131I or 123I, whereas whole-
body scanning requires clearance of the physiologically accu-
mulated gastrointestinal and renal iodine and therefore
requires 48 to 72 hours between administration of the isotope
and imaging. Positive imaging demonstrates functional
thyroid tissue and implies that it may be amenable to destruc-
tion with the beta-emitter 131I.

Whole-body scanning is commonly performed using doses
of 1 to 5mCi 131I. Follicular cell iodide uptake is a TSH-
dependent process, in both normal and malignant tissue.
Preparation for scanning has traditionally required with-
drawal of thyroid hormone therapy for several weeks, to allow
high levels of endogenous TSH to develop, thus stimulating
uptake.69 Serum TSH concentrations of more than 30mU/L
are recommended for scanning and treatment purposes.
During the withdrawal of thyroid hormone, which lasts 4
weeks or more, patients develop hypothyroidism, with all its
attendant morbidity, and efforts to limit this, by conversion
to T3 (Cytomel) before thyroid hormone withdrawal, are
incompletely effective. In addition, a small number of
patients are unable to mount an adequate endogenous TSH
response because of hypopituitarism, or may be particularly
sensitive to the effects of hypothyroidism because of various
nonthyroidal illnesses.

Genetic engineering has permitted the large-scale pro-
duction of recombinant human thyrotropin (rhTSH), and this
is now approved for human diagnostic, but not therapeutic,
use. Several large studies have been completed, comparing
withdrawal scans with rhTSH-stimulated scans.69,70 Clearly,
patients experience considerably fewer hypothyroid symp-
toms during rhTSH stimulation, when compared with with-
drawal scanning, and patients report higher quality of life
scores during the days before the scan. rhTSH, which is
administered by intramuscular injection, has limited side
effects that are relatively minor for most patients.

The usual dose of rhTSH is two injections on consecutive
days, with the second injection administered 24 hours before
ingestion of the iodine isotope.57 This approach requires some
logistic commitment because the whole process of rhTSH

administration followed by scanning requires approximately
5 days to complete. rhTSH fails to trigger urinary iodine
retention, and the effective biological half-life of 131I is there-
fore somewhat lower for rhTSH than for withdrawal scans.
This results in rather lower whole-body iodide retention and
so marginally poorer quality scans. This problem may be
compensated by using higher tracer isotope doses (raising con-
cerns about stunning), or by prolonging the acquisition time
in “count-poor” scans, and under these circumstances the
detection rate of metastatic disease approaches that of the
withdrawal scan.57 In carefully controlled, blinded studies of
hormone withdrawal versus rhTSH-stimulated scans, a small
number of “discordant” scans have been reported, with rather
more areas of uptake missed following rhTSH stimulation
than after withdrawal scanning in the same patients. The
addition of stimulated Tg measurements to the scan itself
improves the identification rate of patients with residual or
recurrent disease to levels similar to withdrawal scanning.
Very few treatment decisions would be altered by this
minimal difference in sensitivity, but the approach remains a
trade-off of sensitivity for symptom minimization.

Except in a compassionate use setting, rhTSH is not cur-
rently approved for treatment with radioiodine, because the
difference in renal iodide clearance may make such treatment
less effective. Studies of the use of rhTSH for 131I therapy are
under way. It has been used in a small number of patients
with hypopituitarism, who are unable to mount an endoge-
nous TSH rise with conventional hormone withdrawal.

The precise role for rhTSH-stimulated radioiodine scan-
ning in the routine postoperative follow-up of patients with
DTC remains unclear. Although the small difference in sen-
sitivity may have minimal clinical impact, the current inabil-
ity to follow a positive scan immediately by administration
of therapeutic radioiodine remains a significant hurdle to its
widespread use. For high-risk patients, in whom therapy with
131I is believed likely to be required, withdrawal scanning
seems more appropriate, to allow treatment to follow imme-
diately. In low-risk patients, isotope scanning may not be nec-
essary. Those intermediate-risk patients who might best
benefit from this new approach remain to be clearly defined.

Other Functional Scans A variety of other isotopic 
scanning approaches have been assessed in thyroid cancer
detection. The most promising of these is positron emis-
sion tomography (PET) scanning, which depends on the
tumor uptake and sequestration of fluorodeoxyglucose 
(FDG) tracer.71,72 It provides a combination of functional and
anatomic imaging. The precise sensitivity and specificity of
this technique for the detection of recurrent thyroid carci-
noma remains to be adequately assessed. The initial experi-
ences show that the less well differentiated FCDTC, which
are less likely to image with radioiodine scans, are more
likely to image with FDG-PET scan. Thus, the thyroglobulin-
positive/radioiodine-negative patient in whom a recurrence is
suspected may be best imaged with the FGD-PET technique.

Octreotide scanning, using isotope-labeled octreotide 
and traditional gamma-camera imaging or SPECT (gamma-
camera tomography) imaging, can identify tumors expressing
the appropriate receptor (type 2 somatostatin receptors). This
may be a useful adjunctive method for the detection of some
unusual FCDTC that express the somatostatin receptor. At
present, however, it has no role in the routine management
of FCDTC.
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TUMOR MARKER

Serum thyroglobulin (Tg) is a highly specific product of the
thyroid follicular cell and is detectable in the circulation of
patients with residual normal or abnormal thyroid tissue.57

After total thyroidectomy and remnant ablation, an elevated
or rising Tg concentration is a highly specific and sensitive
marker of recurrent FCDTC. Tg may be produced by residual
normal thyroid tissue following surgery, and even after 131I
thyroid remnant ablation, so a low stable level of Tg might
not indicate residual disease. A few tumors, particularly those
that are high grade and less well differentiated, may not
produce large amounts of Tg, making a recurrence without
elevated Tg a possibility. Nevertheless, measurement of
serum Tg is an important component of a comprehensive
surveillance program, allowing detection of early recurrent
disease in the majority of such patients, and identifying some
patients who might benefit from more-aggressive anatomic
imaging.

Tg production and secretion into the circulation are TSH
dependent, and Tg concentrations increase following with-
drawal of thyroxine therapy, or following stimulation with
rhTSH. However, the majority of patients with clinically 
significant recurrent disease have an elevated Tg level even
when on suppressive thyroxine therapy.57 It is not clear that
TSH-stimulated Tg measurement is worthwhile in the major-
ity of patients at low risk of recurrent disease. Radioactive
iodine remnant ablation, discussed previously, lowers basal
and stimulated Tg concentrations by ablating a postsurgical
thyroid remnant. However, this ablation is often incomplete,
even with relatively high doses of 131I, and the Tg concentra-
tion may remain detectable even in this setting. A serum Tg
concentration greater than 5ng/mL (while on suppressive
thyroxine therapy) is a useful trigger for further investigation;
however, it is not uncommon for patients with Tg concen-
trations of 5 to 20ng/mL to have no anatomic or functional
evidence of disease and to have stable, nonprogressive Tg
levels.

The measurement of serum Tg is complicated, in as many
as 20% of patients, by the presence of circulating anti-Tg anti-
bodies as a result of autoimmune thyroiditis.57 Depending on
the assay, these antibodies may artificially raise or lower the
measured Tg concentration and significantly complicate its
interpretation. All assays should include screening for anti-
Tg antibodies, and their presence should lead to caution in
interpretation of the result. Autoantibody titers can wax and
wane; even long-term trends in Tg concentrations may not
reliably reflect the underlying growth of thyroid tissue in
these patients.

Anaplastic Thyroid Carcinoma

Anaplastic thyroid carcinoma (ATC) is extraordinarily aggres-
sive, relentless, and resistant to treatment. Its typical course
stands in stark contrast to that observed for FCDTC. Few
therapies have discernible value, and those affected typically
suffer rapid tumor progression and death.

Epidemiology

ATC consistently has a median age of onset in the seventh
decade of life and is characterized by a female preponderance
ranging from 55% to 77%. In the comprehensive 1997 SEER
report, which did not reexamine histology but which was con-

ducted entirely in the modern immunohistochemical era,
ATC accounted for 1.6% of all thyroid carcinomas.73

Clinical Features

Patients with ATC typically present with a suddenly enlarg-
ing neck mass. Local compressive symptoms are frequent and
can include stridor, dysphagia, dyspnea, hoarseness, weight
loss, and superior vena cava syndrome. Patients often have
distant metastases at presentation that are usually pulmonary
but can also involve bone, brain, and soft tissues. Preexistent
thyroid conditions are frequent and can include prior benign
thyroid nodules, differentiated thyroid carcinoma, goiter, and
Graves’ disease.73–75

Multiple retrospective clinical series on ATC document
its demographic profile and lethality.73–75 Gender is not a prog-
nostic factor reliably impacting upon survival, nor is the use
of radiation therapy. The presence of distant metastases at
diagnosis predicts earlier demise from ATC. Small tumor size,
defined as less than 5–6cm, is associated with improved sur-
vival compared with larger tumors. In a careful multivariate
analysis, small tumor size (less than T3) was one of only three
identified independent prognostic factors; the others were
distant metastasis and the use of thyroxine, while surgical
resection, radiation therapy (XRT), and radioiodine ablation
had no influence on survival.

Treatment of Anaplastic Thyroid Cancer

LOCAL THERAPY

Surgical resection of ATC does not reliably improve local
control or survival. A modern-era large series from M.D.
Anderson Cancer Center, after reviewing histology to exclude
lymphomas, observed no benefit to radical operation for ATC
compared with less-radical resection.76 Similarly, a large mul-
tivariate analysis also found no survival benefit to operation
for ATC.77 Resection of ATC may occur in association with
better survival, whereas small tumor size is associated with
better survival whether ATC is resected or not. Large tumors
are impossible to resect, but it does not follow that it is the
resection that improves survival.

The significance of focal anaplastic change observed his-
tologically in a differentiated thyroid carcinoma is an occa-
sional observation that may be quite important. In a small
recent series, 8 of 65 patients with tall cell or insular carci-
noma were found on histologic review to have focal anaplas-
tic carcinoma, defined as a microscopic area or areas of
anaplastic dedifferentiation within the primary tumor or
nodal metastasis seen only on one slide.78 All patients were
treated by thyroidectomy, half received subsequent radioio-
dine ablation, and 4 of 8 patients had distant metastases at
presentation. The group with foci of anaplastic change expe-
rienced increased mortality compared with patients with tall
cell or insular carcinoma by both univariate and multivariate
analysis, and 7 of 8 died of disease a mean of 11 months later.
The authors concluded that even small anaplastic foci predict
a fatal outcome. Another report of 17 patients with ATC
noted that complete surgical excision of small ATC foci was
the only factor associated with survival longer than 12
months. In ATC, the variables of tumor size and anaplastic
foci require further study. Patients noted to have foci of ATC
within FCDTC may have a prognosis dictated by the ATC
focus. Although the data for this are limited, they are com-
pelling. Unfortunately, there are few treatment options to
offer patients with this disease.
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Given the poor prognosis observed when microscopic foci
of ATC are identified incidentally at thyroidectomy for
FCDTC, it appears even more difficult to make a case for
routine surgical resection of preoperatively identified ATC
lesions. After the possibility of ATC is entertained based on
history and physical examination, a core needle biopsy estab-
lishes the diagnosis in most patients. The role of surgery is
limited to open biopsy when needle biopsy fails to obtain
enough tissue to differentiate ATC from thyroid lymphoma
and securing the airway via tracheostomy when necessary in
individual patients. Emergent management of tracheal com-
pression by tumor is occasionally necessary; if the airway is
tenuous (less than 4mm in diameter) on CT imaging, before
induction of radiation therapy, a tracheostomy is prudent.

Treatment after diagnosis focuses upon local tumor
control in the neck. Conventional local therapy is based 
upon the reports that once-weekly low-dose doxorubicin 
(10mg/m2) given as a radiosensitizer with hyperfractionated
radiotherapy can produce local tumor regression.79 The radi-
ation therapy is carried out at a fractional dose of 1.6Gy per
treatment twice a day for 3 days per week with a total tumor
dose of 5.76Gy. The initial report appeared to offer a modest
survival benefit compared with historical controls that has
not been borne out in subsequent studies. Use of radiother-
apy in combination with a variety of systemic therapies has
also failed to demonstrate a survival advantage. The efficacy
of radiotherapy at local control has not yet been tested for-
mally in a trial, but numerous studies have reported sub-
stantial rates, with local control typically achieved in more
than two-thirds of patients (16%–84%), allowing death from
distant metastases.79,80 Use of radiation also potentially facil-
itates the use of an effective systemic therapy should such an
agent be identified.

SYSTEMIC THERAPY

There are no known systemic therapies that reduce mortal-
ity from ATC. ATC has poor concentration of radioiodine, and
this modality has no role in therapy. Some reports have sug-
gested a possible role for paclitaxel.81,82 However, the benefit
appears limited and the response durations short.

In summary, ATC is a rare rapidly fatal disease for which
there is no known effective therapy, in contrast to FCDTC.
There are few data to support a role for resection in patients
diagnosed preoperatively with large ATC tumors. However,
there may be a benefit to resection of small ATC (less than 5
cm). Anaplastic foci noted within well-differentiated thyroid
cancer portend a poor prognosis. Local irradiation may some-
times provide palliative control of disease in the neck.

Medullary Thyroid Carcinoma

Clinical Features

Medullary thyroid carcinomas (MTCs) are 5% to 9% of all
thyroid cancers seen in the United States. The cells of origin
are the C cells, also called parafollicular cells, derived from
the neural crest. C cells are about 1% of the total thyroid
mass and are dispersed throughout the gland, with the highest
concentration in the upper poles. The C cells have the unique
ability to synthesize and secrete calcitonin. Although calci-
tonin is integral in calcium homeostasis in other vertebrate
species, its role in humans is unclear. Calcitonin is used as a

specific tumor marker for MTC. It is extremely useful in the
screening of individuals predisposed to the hereditary forms
of the disease and in the follow-up of patients who have been
treated. C cells are also capable of secreting other hormones,
including carcinoembryonic antigen (CEA), histaminase,
neuron-specific enolase, calcitonin gene-related peptide,
somatostatin, thyroglobulin, thyrotropin-stimulating hor-
mone, adrenocortical-stimulating hormone, gastrin-related
peptide, serotonin, chromogranin, and substance P.

The clinical presentation of patients with sporadic MTC
is similar to patients with FCDTC, in that they usually have
a mass in the thyroid gland, and may also have palpable cer-
vical lymph node metastases. Sporadic MTC presents in the
third through fifth decades of life, with a roughly equal pro-
portion of men and women. Patients with very large tumor
burdens may also have diarrhea as a manifestation of the hor-
monal function of the tumor. The diagnosis is often suspected
based upon cytologic assessment, and the suspicion may be
strengthened by an elevated basal serum calcitonin level.
However, the presence of an elevated calcitonin level alone
is not diagnostic of MTC, even in the presence of a palpable
thyroid mass.83

Patients from multiple endocrine neoplasia kindreds
(MEN-2a, MEN-2b, and familial medullary thyroid carci-
noma) often now present without any thyroid mass or dis-
cernable thyroid abnormality. Optimally, they are discovered
based on direct genetic testing of the RET protooncogene,
leading to presymptomatic therapy.

Pathologic Features

MTC was recognized as a unique entity by Hazard, Hawk,
and Creile in 1959.84 Before 1959, MTC was classified as a
variant of anaplastic thyroid carcinoma with amyloid stroma.
MTCs are well-demarcated, firm, gray-white tumors that
may have a gritty consistency. Calcifications may be present
on imaging studies. Histologically, the tumors contain
uniform polygonal cells with finely granular eosinophilic
cytoplasm and central nuclei. The presence of amyloid is a
distinctive feature of MTC, although it is not found in all
cases. The amyloid is thought to be formed from calcitonin
or procalcitonin molecules. In patients with sporadic disease,
approximately 70% are solitary and unilateral and 30% are
bilateral or multifocal. In patients with RET mutations, 95%
are bilateral or multifocal, and only 5% are solitary.85 C-cell
hyperplasia is associated with MTC, particularly in the famil-
ial forms. It is presumed that C-cell hyperplasia is a precur-
sor lesion to MTC.

Tumors that exhibit mixed features of MTC and FTC, or,
more rarely, MTC and PTC, are unusual, but do occur.86,87 The
WHO recognizes the mixed MTC/FTC as a distinct histologic
entity, but the clinical implications of this diagnosis are
unclear. They should probably be managed in the same way
as more-typical MTC. The possibility of successful treatment
of such mixed tumors with radioactive iodine has been enter-
tained, but no data exist.

Risk Factors and Associated Hereditary Conditions

There are no known risk factors for MTC, other than the
hereditary syndromes that predispose to it (Table 55.5). The
multiple endocrine neoplasia (MEN) type 2 syndromes
include MEN 2A, MEN 2B, and familial, non-MEN medullary
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thyroid carcinoma (FMTC).88 These are autosomal dominant
inherited syndromes caused by germ-line mutations in the
RET proto-oncogene. The cellular growth and malignant
transformation are caused by a gain-of-function mutation,
with enhanced intrinsic tyrosine kinase activity (codons 609,
611, 618, 620 of exon 10; codon 634 of exon 11; codon 768 of
exon 13; codon 844 of exon 14), or an alteration of substrate
recognition (codon 883 of exon 15; codon 918 of exon 16).
Medullary thyroid carcinoma (MTC) is the hallmark of these
syndromes, with tumors that are multifocal, bilateral, and
usually occur at a young age. There is almost complete pen-
etrance of MTC in patients affected by these syndromes; all
persons who inherit the disease allele develop MTC. Other
features of the syndromes are variably expressed, with incom-
plete penetrance.

In MEN 2A, patients develop multifocal, bilateral MTC
associated with C-cell hyperplasia. Approximately 40% of
gene carriers develop adrenal pheochromocytomas, which
may also be multifocal and bilateral but not extraadrenal,
which are usually associated with adrenal medullary hyper-
plasia. Hyperparathyroidism develops in 25% to 35% of
patients, and is due to hyperplasia, which may be asymmet-
ric, with one or more glands becoming enlarged. The hyper-
parathyroidism is generally relatively mild compared with
MEN 1. Parathyroid carcinoma has been reported in one
patient with MEN 2A. Hirschsprung’s disease, characterized
by the absence of autonomic ganglion cells within the distal
colonic parasympathetic plexus, resulting in obstruction and
megacolon, is infrequently associated with MEN 2A.

In MEN 2B, 40% to 50% of patients develop pheochro-
mocytomas, and all individuals develop neural gangliomas,
particularly in the mucosa of the digestive tract, conjunctiva,
lips, and tongue. MEN 2B patients also have megacolon,
skeletal abnormalities, and markedly enlarged peripheral
nerves. MEN 2B patients do not develop hyperparathy-
roidism. MTC develops at a very young age (infancy) and
appears to be the most aggressive form of hereditary MTC,
although its aggressiveness may be more related to the
extremely early age of onset, rather than the biologic viru-
lence of the tumor. MTC in patients with MEN 2B is rarely
curable once it develops, although it may be preventable by
prophylactic thyroidectomy.

Familial, non-MEN medullary thyroid carcinoma (FMTC)
is characterized by the development of MTC without any

other endocrinopathies. MTC in these patients has a later age
of onset and a more-indolent clinical course than MTC in
patients with MEN 2A and MEN 2B. These patients do not
develop any of the extrathyroidal manifestations of MEN 2A
or 2B.

Prognosis of Medullary Thyroid Cancer

Although the prognosis of sporadic MTC is considered to be
favorable, long-term studies report a 5- and 10-year-survival
rate of only 80% to 90 % and 60% to 80 %, respectively.89,90

More than 50% of all patients with sporadic MTC eventually
die of their disease. TNM tumor stage is the most powerful
predictor of prognosis in sporadic MTC. Most patients die of
distant metastases (stage IV), which have the single greatest
influence on outcome. In addition, patients with lymph node
metastases (stage III) have a worse outcome compared with
those patients without lymph node metastases. The impact
of lymph node metastases on survival is greater than primary
tumor size. The often-reported better prognosis of hereditary
MTC is most likely biased by those hereditary cases that are
diagnosed at an early tumor stage by screening procedures,
notably by calcitonin measurement or mutation analysis of
the RET proto-oncogene.

Treatment of Medullary Thyroid Cancer

Resection is the treatment of choice in MTC. This offers the
only prospect of definitive cure, both in primary and in locally
recurrent MTC. Whenever feasible, all efforts should be
directed at eradicating the tumor.

PRIMARY OPERATION

Localized or Regional Disease Because of the frequent
multicentricity of sporadic MTC (20%), total thyroidectomy
is appropriate for all cases of sporadic MTC, regardless of
primary tumor size. Controversy exists, however, regarding
the indication for and the extent of lymph node surgery. The
central neck lymph node compartment is involved in at least
33% of patients with tumors of 10mm or less (pT1) in size
(Table 55.6).91,92 With this frequent involvement of the central
neck compartment with small cancers, a dissection of the
central neck should be performed for all patients for accurate
staging and therapy for micrometastases. In the presence of
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TABLE 55.5. Clinical features of sporadic MTC, multiple endocrine neoplasia (MEN) 2A, MEN 2B,
and familial, non-MEN medullary thyroid carcinoma (FMTC).

Features of Inheritance Associated
Clinical setting MTC pattern abnormalities Genetic defect

Sporadic MTC Unifocal None None No germ-line defect
MEN 2A Multifocal, Autosomal Pheochromocytoma Germ-line misssense

bilateral dominant Hyperparathyroidism mutations in extracellular
cysteine codons of RET

MEN 2B Multifocal, Autosomal Pheochromocytoma Germ-line misssense
bilateral dominant Mucosal neuroma mutation in tyrosine kinase 

Megacolon domain of RET
Skeletal abnormalities

FMTC Multifocal, Autosomal none Germ-line misssense
bilateral dominant mutations in extracellular

or intracellular cysteine 
codons of RET



central neck lymph node metastases, demonstrated preoper-
atively by ultrasonography or intraoperatively, dissection of
at least the ipsilateral neck compartments (levels 2–5) with
curative intent is advocated because of the frequent occur-
rence of lateral neck lymph node metastases (Table 55.6).
Contralateral metastases are present in at least 40% of
patients, and these compartments may also require dissec-
tion, either under the same anesthetic, or subsequently if the
calcitonin levels fail to normalize after thyroidectomy with
central and ipsilateral dissection.

MTC with Distant Metastases Patients with distant
metastases at presentation usually have an unfavorable
course that does not warrant extended surgery apart from
total thyroidectomy, central lymphadenectomy, and selective
removal of symptomatic lymph nodes or tumor masses. Even
with widespread disease, patients often have a prolonged sur-
vival despite their debilitating symptoms from tumor persis-
tence or progression. Selected procedures may be indicated for
symptomatic control. Judicious palliative reoperative resec-
tion of discrete symptomatic lesions may provide significant
long-term control of symptoms, improving quality of life for
patients with metastatic MTC.

REOPERATION

Hypercalcitoninemia after primary surgery is a frequent phe-
nomenon. For patients with locoregional recurrence without
detectable distant metastases after inadequate primary
surgery, reoperation to try to achieve local control and possi-
bly cure is appropriate. Inadequate primary procedures should
not be allowed to eliminate the chance for the patient to be
cured, if the remaining disease can be excised. The indication
for and the extent of surgery in patients with postoperative
hypercalcitoninemia depends on the extent of locoregional
recurrence or tumor persistence. Despite the persistence of
hypercalcitoninemia, a substantial proportion of patients
exhibit neither locoregional nor distant tumor foci by nonin-
vasive imaging techniques.

Locoregional reoperation with curative intent is indicated
in patients without demonstrable distant metastases.93 Due
to the frequency of bilateral lymph node metastases at reop-
eration, reoperative procedures should be designed to remove
residual disease from the central neck, as well as to accom-
plish adequate bilateral neck dissection.

Locoregional recurrence after adequate primary surgery
can be caused by either local recurrence within the former
thyroid bed or locoregional lymph node metastases. It is
important to localize the site of recurrence carefully in these
patients who have had previous neck clearance. Central neck
recurrence should be eradicated because tumor-related com-
plications affecting the tracheoesophageal axis are difficult to
manage and cannot be treated effectively by external-beam
radiation. Solitary locoregional lymph node recurrence 
after adequate primary surgery is best treated by selective
lymphadenectomy.

PREVENTATIVE RESECTION FOR MEN 2A, 2B, OR FMTC
GENE CARRIERS

Individuals with MEN 2A, 2B, and FMTC are virtually certain
to develop MTC at some point in their lives (usually before
age 30). Therefore, at-risk family members who are found to
have inherited a RET gene mutation should have thyroidec-
tomy, regardless of their plasma calcitonin levels.

In a report of preventative thyroidectomy for RET muta-
tion carriers, Wells and colleagues reported a series of 49 chil-
dren with MEN 2A and MEN 2B.94 In this series, 14 children
had a prophylactic thyroidectomy based on genetic testing.
The average age of the children at the time of surgery was
10.5 years. Postoperative calcitonin levels were all unde-
tectable, and there was no evidence of recurrent MTC with a
mean follow-up of 1.3 years. In an interim report of 3-year
follow-up of the earliest group of 18 patients, no recurrence
of disease was noted.95

The finding of carcinoma in the glands of many of these
young patients with normal stimulated calcitonin testing
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TABLE 55.6. Medullary carcinoma of the thyroid: frequency and distribution of nodal metastases.

Central node Ipsilateral level
No. of metastases II–V metastases Contralateral level II–V

Tumor size patients (patients) (patients) metastases (patients)

Unilateral tumor
0–0.9cm 4 3/4 3/4 1/4
1–1.9cm 9 8/9 8/9 3/9
2– 2.9cm 5 4/5 3/5 3/5
3–3.9cm 5 2/5 4/5 3/5
4cm or larger 9 9/9 8/9 4/9
Total 32 26/32 (81%) 26/32 (81%) 14/32 (44%)

Bilateral tumors (largest size)
0–0.9 12 8/12 9/12 4/12
1–1.9 7 5/7 6/7 4/7
2–2.9 8 7/8 4/8 5/8
3–3.9 7 7/7 6/7 5/7
4cm or larger 7 5/7 4/7 2/7
Total 41 32/41 (78%) 29/41 (71%) 20/41 (49%)

Central nodes refer to right and left level VI and VII nodes.

Source: Data from Moley and DeBenedetti.92



indicates that the operation was therapeutic, not prophylac-
tic. The ideal age for performance of thyroidectomy in those
patients found to be genetically positive has not been deter-
mined unequivocally. Six years of age is accepted as a rea-
sonable time for thyroidectomy in patients with MEN 2A and
FMTC. Patients with MEN2B should undergo thyroidectomy
during infancy, because of the aggressiveness and earlier age
of onset of MTC in these patients. Follow-up over the next
decades will determine whether there is a significant rate of
recurrence following preventative thyroidectomy. At present,
it is advisable to follow these patients with plasma calcitonin
levels every 1 to 2 years. These patients must also continue
to be followed for the development of pheochromocytoma
and hyperparathyroidism.

EXTERNAL IRRADIATION

MTC is not very sensitive to external irradiation. Some ret-
rospective studies report a reduced risk of local recurrence
after radiation; however, operative removal of all tumor
should be performed whenever feasible.96 External irradiation
may have distressing long-term side effects, notably cough
and mucous membrane dryness. Scarring in the neck hampers
future assessment of local recurrences and renders reopera-
tion more difficult or impossible. When operative treatment
has been successful in normalizing the calcitonin level, there
is no need for radiation. In the event of locoregional recur-
rence, reoperation is the preferred treatment. Radiation
therapy should be avoided unless local disease is either 
symptomatic or rapidly progressing and is not amenable to
resection. Radiation may be useful in the treatment 
of symptomatic distant metastases, especially in bone 
metastases.

CHEMOTHERAPY

Experience with chemotherapy is limited to advanced or
metastatic MTC, and no consistent benefit has been shown.88

Drugs investigated include cisplatin, cyclophosphamide,
dacarbazine (DTIC), doxorubicin, 5-fluorouracil (5-FU), strep-
tozocin, vincristine, and vindesine.

Follow-Up of Medullary Thyroid Cancer

The postoperative follow-up for patients with sporadic MTC
primarily consists in monitoring serum calcitonin levels.
When an elevated or rising serum calcitonin is identified,
further diagnostic workup or therapeutic intervention is indi-
cated, including additional imaging and possibly surgery. The
diagnostic workup must differentiate between local and sys-
temic recurrence.

Parathyroid Carcinoma

Parathyroid carcinoma can be difficult to diagnose. At the
time of the initial cervical exploration, it may be overlooked
due to lack of overt malignant tumor characteristics such as
adherence to the trachea, thyroid, recurrent laryngeal nerve,
or esophageal wall and/or the presence of lymph node metas-
tases. On microscopic evaluation, unless there is evidence of
capsular or vascular invasion, the diagnosis may remain
ambiguous. The combined intraoperative findings provided
by an experienced surgeon and a meticulous microscopic
evaluation are often required to confirm the suspicious diag-

nosis of malignancy. Because the first operation offers the best
chance of local tumor control, it is imperative that the
surgeon is aware of the clinical course of parathyroid cancer
and participates in the management and follow-up.

Clinical Features of Parathyroid Carcinoma

In contrast to benign hyperparathyroidism, patients with
parathyroid cancer are younger at diagnosis (44 to 53 years)
with equal sex distribution.97,98 Clinical symptoms are usually
conspicuous in patients with a parathyroid malignancy. The
general symptoms are fatigue, both muscular and mental,
depression, nausea, vomiting, dehydration, polydipsia, and
polyuria. Each of these can be attributed to the marked hyper-
calcemia usually found in these patients. Skeletal changes
occur in approximately 40% to 70% of the patients. Elevated
serum alkaline phosphatase levels are common. Nephrolithi-
asis occurs in about 70%, and nephrocalcinosis with severe
renal dysfunction is found in 20% to 50%. Pancreatitis and
peptic ulcerations are reported to occur in 10% to 15%.
Among 95 patients with the diagnosis of parathyroid cancer,
the median serum calcium level was 3.6mmol/L (range,
2.5–6.1), and 20% had a palpable cervical mass.98

The combination of both renal and bone disease is fre-
quently encountered in parathyroid cancer patients in con-
trast to those with benign hyperparathyroidism (HPT); this
should raise the suspicion of cancer. A palpable, usually firm,
cervical tumor is present in 30% to 50% of the patients. Thus,
a diagnosis of parathyroid cancer should be strongly consid-
ered in a patient with a relative rapid onset of symptoms, with
laboratory findings consistent with severe primary hyper-
parathyroidism (pHPT), an elevated serum alkaline phos-
phatase, and a palpable neck mass.

Treatment of Parathyroid Carcinoma

The most characteristic intraoperative findings are a firm
grayish white tumor, grossly adherent to adjacent struc-
tures.99 Most malignant tumors are larger (more than 2cm,
median weight 4g), but size or glandular weight alone is not
sufficient for diagnosis. The same operative strategy applies
to benign and malignant parathyroid neoplasms in making
every effort to preserve the capsule of the tumor. When the
tumor invades a neighboring structure such as the thyroid
gland, the strap muscles, or the esophageal wall, these struc-
tures should be removed in continuity with the tumor. When
adherent to the recurrent laryngeal nerve that is known to
function, an attempt to shave the tumor from the nerve is
justifiable and indicated when the diagnosis of carcinoma is
questionable. Most functioning nerves can be dissected free
from contiguous malignant tumors. If this cannot be accom-
plished, the nerve may have to be sacrificed, which is prefer-
able to cutting into tumor.

Breaking the tumor capsule can cause tumor seeding and
puts the patient at risk for developing local recurrence even
if the tumor is benign. Seeding of tumor cells or parathyro-
matosis can be extremely hard to differentiate from invasive
carcinoma. Resection en bloc with the ipsilateral thyroid lobe
is frequently required. Several authors and results from the
collected international series of parathyroid carcinomas
showed that a more extensive procedure including lymph
node dissection did not affect prognosis.97,98 Lymph node
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metastases were a rare finding. Reliance on intraoperative
microscopic diagnosis should be avoided because of the diffi-
culties in applying the diagnostic criteria of malignancy in a
frozen section. Bilateral exploration for an evaluation of the
other glands to rule out a concomitant benign neoplasm or
multiglandular disease is recommended.

Parathyroid cancer can follow a variably aggressive
course. Even at initial exploration, the macroscopic appear-
ance of the tumor can be misleading. Hypercalcemia from
parathyroid carcinoma may have a slow or a rapid onset,
although the average time to recurrence is 3 years after initial
diagnosis.100 When signs of acute hypercalcemic crisis are
evident, urgent treatment is indicated; this includes rehydra-
tion with intravenous saline, restoration of electrolyte
balance, loop diuretics, and bisphosphonates.101 Intravenous
bisphosphonates (pamidronate) usually have an effect within
48 to 72 hours that may be sustained for up to 3 weeks. The
mechanism of action is inhibition of osteoclastic bone resorp-
tion. The drug is well tolerated and not associated with any
major complications.

Surgical removal of metastatic or recurrent disease is
appropriate whenever feasible. The most common locations
for recurrent or metastatic disease are the neck and the lungs,
followed by the liver and the skeleton. Cervical recurrences
may require repeated neck explorations. A lateral approach
(anterior to the sternocleidomastoid, and lateral to the strap
muscles) is preferred and may prevent damage to a recurrent
laryngeal nerve.102 Patients with lung metastases have been
successfully treated or palliated by limited resection.

Prognosis and Follow-Up

Comparative studies have shown that parathyroid cancer can
sometimes be controlled by aggressive surgical interventions;
when that is not possible, the best palliative drug treatment
for maintaining eucalcemia is intravenous bisphosphonate.
There is a significant difference in survival in the collected
international series of parathyroid carcinomas when compar-
ing the survival of patients with metastatic disease to those
without metastases (30% versus 85% after 5 years).98 These
findings stress the importance of early diagnosis, appropriate
initial surgical procedure, and the variability in tumor
biology.
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Tumors of the 
Endocrine System

Jeffrey A. Norton

ndocrine cancer includes the thyroid, parathyroid,
endocrine gastrointestinal tract, and the adrenal.
Cancer of the endocrine system is uncommon. The

overall incidence is 11.2 and 4.5 per 100,000 woman and men,
respectively.1 Because ovary and breast are not included under
endocrine cancer, thyroid cancer is the most common type,
and it is covered in depth in Chapter 55. The remaining types
are even less common, with an annual incidence of 1 to 20
per million. This chapter informs the reader about these rare
tumors. Further, we characterize the multiple endocrine 
neoplasia syndromes, several autosomal dominant familial
endocrine cancer syndromes that simultaneously affect 
multiple endocrine glands.

Adrenal Tumors

Adrenal adenoma is a benign neoplasm of adrenal cortical
cells. It is not greater than 5cm in diameter or 100g in weight.
Cellular pleomorphism and necrosis are rare. It may be hor-
monally functional. Adenomas produce syndromes of hyper-
cortisolism and hyperaldosteronism and not virilization or
feminization. Tumors larger than 6cm that produce sex hor-
mones are usually carcinoma. Pleomorphism, tumor necro-
sis, and mitotic activity are more common in carcinoma. The
prognosis of adrenal cortical adenoma secreting cortisol is
excellent, and surgical resection is curative. However, resec-
tion of aldosteronomas does not cure hypertension in some
patients. Resection is followed by a favorable response in
blood pressure and serum level of potassium; however, 30%
of patients may develop recurrent hypertension.

Adrenal cortical carcinoma is a malignant neoplasm of
adrenal cortical cells. It is rare and is less than 0.2% of all
cancer. It occurs at a rate of only 2 per million. Women
develop functional adrenal cancer more often than men. Men
have nonfunctioning malignant adrenal tumors more often
than women. There is a bimodal occurrence by age, with a
peak incidence at less than 5 years and a second peak in the
fourth and fifth decade. Adrenal cortical carcinomas are
greater than 6cm in size and weigh between 100 and 5,000g.
Areas of necrosis and hemorrhage are common. Invasion 
and metastases also occur. Microscopically, the appearance 
is variable. Cells with big nuclei, hyperchromatism, and
enlarged nucleoli are all consistent with malignancy. Nuclear
pleomorphism is more common in tumors larger than 500g.
Vascular invasion and many mitoses are diagnostic of 
malignancy.

Adrenal cortical carcinoma is part of Li–Fraumeni, a
hereditary syndrome, including sarcoma, breast, and lung
cancer. Mutations in the p53 gene occur in these families.
Genetic changes are more common in malignant adrenal
tumors. The most frequent DNA copy number changes
include losses of 1p, 2q, 3p, 3q, 6q, 9p, and 11q. There are also
gains and amplifications of 5q, 9q, 9q, 12q, and 20q.2 Adrenal
cortical cancer is associated with rearrangements at the 11p15
locus and IGF-II gene overexpression.3 Insulin-like growth
factor (IGF)-II may be a major determinant of progression and
a target for future therapies. Predictors of survival include
distant metastases, venous, capsular, and adjacent organ 
invasion, tumor necrosis, mitotic rate, atypical mitosis, and
mdm-2 expression.4

Adrenal cancers may have tumor-specific mutations in
p53 that serve as a marker for the tumor.5 Mutations in the
p53 gene have been used to diagnose malignancy.6 Quantita-
tive nuclear analysis demonstrates that nuclei from adrenal
cancers are larger than those in adenomas, and DNA density
is diploid in adenomas and aneuploid in carcinomas. Adrenal
cancer cells in culture can spontaneously transition between
two subtypes by switching expression of two genes, BRG1 
and Brm, at the posttranscriptional level. This mechanism
allows the cell to adapt to environmental factors that may
suppress growth or cause death.7 Finally, in general car-
cinomas produce abnormal amounts of androgens and 11-
deoxysteroids. However, this is merely suggestive of 
malignancy, because only 10% of malignant tumors produce
masculinization whereas the rest secrete cortisol, aldos-
terone, or nothing.

Cushing’s Syndrome

Cushing’s syndrome, or endogenous hypercortisolism, is
caused by (in order of frequency) (a) excessive secretion of
adrenocorticotropic hormone (ACTH) by a pituitary tumor,
(b) cortisol by an adrenal tumor, or (c) ACTH by an ectopic
tumor. Cushing’s syndrome is potentially lethal and, if
untreated, is associated with excessive mortality.8 Determin-
ing the cause of the hypercortisolism involves sophisticated
testing.

The signs and symptoms of hypercortisolism are ubiqui-
tous and diverse; nearly every organ in the body is affected
(Table 56.1). Progressive weight gain is the most common
symptom. Obesity is usually truncal. Patients have thin
extremities due to muscle wasting. Increased fat in the dorsal
neck region combined with kyphosis secondary to osteo-
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porosis gives the appearance of a “buffalo hump.” Serial pho-
tographs show a rounding of the face. Blood pressure increases
mildly. Striae are reliable clinical signs of Cushing’s syn-
drome. Hirsutism consists of excessive fine hair on face,
upper back, and arms. Virilization, including clitoromegaly,
deep voice, and balding, suggest carcinoma. Glucose intoler-
ance and hyperglycemia are common, and patients develop
type 2 diabetes mellitus. Weakness secondary to muscle
atrophy occurs, especially in ectopic ACTH syndrome. Men-
strual irregularity or amenorrhea is common in women,
whereas men have impotency. In children, the most common
presenting signs are obesity and short stature. Dilatation of
blood vessels and thinning of the subcutaneous tissue give
the face a ruddy appearance. Mental changes vary from mild
depression to severe psychosis. Hypokalemia exacerbates the
weakness and implies carcinoma or ectopic ACTH syndrome.
Immunosuppression associated with hypercortisolemia
results in opportunistic infections, including cryptococcosis,
aspergillosis, nocardiosis, Pneumocystis carinii, and necro-
tizing fasciitis.

The first diagnostic goal is to unequivocally establish the
presence of hypercortisolism (Table 56.2). The next step is to
exclude the pituitary as a cause, and the final step is to deter-
mine the exact etiology. Urinary excretion of free cortisol is
directly proportional to the amount of cortisol in the plasma.
Determination of 24-hour urinary free cortisol excretion is
the single best test to diagnose hypercortisolism. However,
some (5%) patients with mild Cushing’s syndrome have been

found to have normal levels of urinary free cortisol. The
overnight single-dose (low-dose) dexamethasone test works
because patients with hypercortisolism fail to suppress corti-
sol secretion with low-dose dexamethasone. Normal subjects
given 1mg dexamethasone orally at 11:00 P.M. have plasma
cortisol levels less than 5mg/dL at 8:00 A.M. the next day.
Patients with endogenous hypercortisolism do not suppress
and have cortisol levels greater than 5mg/dL. A normal low-
dose dexamethasone test and urinary free cortisol (less than
100mg/day) exclude the diagnosis of hypercortisolism. The
standard high-dose dexamethasone suppression test is the
most useful test in excluding the pituitary as the cause of
hypercortisolism. The expected results are that high-dose
dexamethasone (8mg/day) suppresses urinary levels of free
cortisol to less than 50% of baseline levels in patients with
pituitary-dependent hypercortisolism (Cushing’s disease), but
not patients with primary adrenal tumors or ectopic ACTH
syndrome. This test diagnoses Cushing’s syndrome and deter-
mines the cause with an accuracy rate of approximately 95%.

Adrenal computed tomography (CT) can detect normal
adrenal glands in most patients. CT can reliably distinguish
cortical hyperplasia from tumor. CT has great sensitivity
(more than 95%); however, it lacks specificity. CT can be used
to image the primary tumor plus local and distant metastases
in cancer. Magnetic resonance imaging (MRI) is able to dis-
tinguish among adenoma, carcinoma, and pheochromocy-
toma. Signal loss on chemical shift MRI occurs in adrenal
cortical cancer.9 In a recent study of 204 patients with adrenal
masses, the sensitivity of MRI for distinguishing benign 
from malignant masses was 89%, specificity was 99%, and
accuracy was 94%.10 Fluorodeoxyglucose-positron emission
tomography (FDG-PET) has been studied in 10 patients with
adrenal cortical cancer. The sensitivity was 100% and the
specificity was 95%. In 3 patients, previously unidentified
lesions were seen that modified the treatment plan.11

Conn’s Syndrome

An aldosteronoma is a benign adrenal cortical tumor that
secretes excessive amounts of aldosterone. Primary aldos-
teronism is caused by an aldosterone-producing adenoma,
idiopathic hyperplasia, or carcinoma. Secondary aldostero-
nism, which occurs with renal artery stenosis, is diagnosed
by an increase in plasma renin activity, whereas primary has
low plasma renin levels. Hypertension, hypokalemia, hyper-
aldosteronism, and decreased plasma renin levels are essen-
tial for the diagnosis of primary aldosteronism. Primary
hyperaldosteronism is also associated with weakness, muscle
cramps, polyuria, and polydipsia. These clinical signs are
caused by hypokalemia (K less than 3.5mEq/L). Hypertension
is usually not severe and is mostly diastolic (diastolic pres-
sure more than 90mmHg) (Table 56.3).

Once the diagnosis of primary aldosteronism is estab-
lished, the next important consideration is the etiology:
hyperplasia versus adenoma. CT can image approximately
90% of aldosteronomas but may miss small tumors (Figure
56.1). The contralateral adrenal cortex is thin. Iodocholesterol
scans with 131I-b-iodomethyl-19-norcholesterol can distin-
guish between adenoma and hyperplasia. Hyperplasia has
symmetrical uptake in both adrenal glands and adenoma has
uptake only in the tumor.12 If the results are inconclusive,
sampling of the adrenal veins for aldosterone is indicated.
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TABLE 56.1. Signs and Symptoms of hypercorticolism (Cushing’s
syndrome).

Weight gain
Truncal obesity
Muscle wasting
Osteoporosis
Buffalo hump
Hypertension
Facial rounding
Striae
Hirsutism
Type 2 diabetes mellitus
Menstrual irregularity
Impotency
Dilated blood vessels
Thinning subcutaneous tissue on face
Depression to psychosis
Opportunistic infections

TABLE 56.2. Workup of Cushing’s syndrome.

Step Goal Method

1 Diagnose hypercorticolism 24-h urine free cortisol
Low-dose dexamethasone

2 Rule out pituitary cause High-dose dexamethasone
MRI of sella
Petrosal sinus sampling

3 Find tumor CT or MRI adrenals
Chest CT (ectopic ACTH)

ACTH, adrenocorticotropic hormone.



Adrenal venous sampling may be more sensitive than CT and
iodocholesterol scans. However, the latter studies usually
make the diagnosis.

The management of primary aldosteronism depends on
the etiology. Hyperplasia is best managed medically with
spironolactone, amiloride or nifedipine. Aldosteronomas are
best removed by laparoscopic adrenalectomy, which is asso-
ciated with less pain and more rapid recovery than open 
procedures. Aldosterone-producing carcinomas are rare (less
than 2% of adrenal cancers) and should be removed by open
adrenalectomy.

Incidentaloma

An incidentaloma is an incidental adrenal mass detected by
CT. It occurs in 0.6% of abdominal CT scans. The majority
are benign adrenal cortical adenomas. Cancer occurs in 7%.
Two diagnostic questions arise with incidentalomas. Is it
cancer? Does it secrete excessive hormones? If either answer
is yes, surgery is indicated (Figure 56.2).

The initial workup of incidentalomas requires a careful
history and physical examination, including blood pressure.
Weight gain, weakness, signs of hypercortisolism, hyperten-
sion, virilization, feminization, change in menstruation, and
evidence of occult malignancy (stool guaiac, Pap smear,
anemia) should all be noted. Laboratory evaluation consists
of a serum potassium level, 24-hour urine collection for free

cortisol, vanyl-mandelic acid (VMA), metanephrines, and 
catecholamines. A low-dose dexamethasone suppression 
test is indicated, in addition to urinary free cortisol, to rule
out hypercortisolism.13 Some patients have normal urinary
levels of free cortisol and fail to suppress with low-dose 
dexamethasone. Similarly, plasma free metanephrines and
normetanephrine levels are indicated in addition to urinary
catecholamines to exclude a pheochromocytoma.13 Hormonal
screening for an excess of androgens or estrogens is limited
to patients with clinical signs.

Size of an adrenal mass is the single most important cri-
teria for malignancy. Adrenal cancers are generally greater
than 6cm in diameter. Nevertheless, a smaller lesion should
not be totally ignored. Most recently, because of decreased
morbidity with laparoscopic adrenalectomy, experts have
advocated resection for 4-cm incidentalomas, especially in
younger patients.13

Fine-needle aspiration for cytology of an adrenal mass has
limited ability to differentiate benign from malignant primary
adrenal lesions. Fine-needle aspiration (FNA) may be cata-
strophic in a patient with an unsuspected pheochromocy-
toma, so plasma metanephrine and normetanephrine results
are required before needle biopsy. FNA may be complicated
by hemorrhage and rupture of tumor. In patients with sus-
pected metastatic disease to the adrenal or lymphoma, FNA
is diagnostic.14

Biochemical assessment should be performed to exclude
hormonal function of the tumor. Excessive hormonal secre-
tion (catecholamines, aldosterone, cortisol, sex steroids) is an
indication for resection. The size of the tumor is assessed.
Size greater than 4cm is an indication for surgical resection.
The incidence of cancer in solid adrenal masses equal to 6cm
is estimated to be between 35% and 98%. Laparoscopic exci-
sion of tumors smaller than 6cm in size is recommended
because of less pain and morbidity. Laparoscopic excision of
large adrenal tumors (greater than 6cm) is not recommended
because a high proportion of these tumors are malignant. If
the mass is smaller than 4cm and nonfunctional, a repeat
follow-up CT examination in 3 to 6 months is indicated to
again determine size. If size increases, surgical excision is
necessary.
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TABLE 56.3. Diagnosis and localization of hyperaldosternoism.

Step Goal Method

1 Diagnose primary Measure serum K
hyperaldosternoism Blood pressure

Serum aldosterone and renin
2 Adenoma vs. hyperplasia CT

(IAH) Iodocholosterol scan
Adrenal venous sampling

3 Management
Adenoma Laparoscopic adrenalectomy
IAH Spironolactone

IAH, idiopathic adrenal hyperplasia.

FIGURE 56.1. Computed tomography (CT) of left adrenal aldos-
teronoma shows a normal right adrenal gland and a small (2-cm)
tumor in the left adrenal that was an aldosteronoma.

Adrenal
Mass

(incidentaloma)

Function

Plasma-free metanephrine
normetanephrine

Serum K
24 h urine free cortisol
Low-dose dexamethasome

+ cancer

FNA

Adrenalectomy

> 4 cm< 4 cm

Size

SizeRepeat
CT Q 6 mo
¥ 2 years

Cancer
History
Localized site
– catecholamines

+

–

–

FIGURE 56.2. Flow chart for the management of incidentally 
discovered adrenal tumors.



Virilization/Feminization

Virilization or feminization may be combined with hyper-
cortisolism, or the tumor may produce only estrogen or
testosterone. Sex hormone secretion is often associated with
adrenal cancer. In children, the clinical signs of increased
androgen production include excessive growth, premature
pubic and facial hair, acne, genital enlargement, increased
muscle mass, and deep voice. In women, the clinical signs of
excess androgen production include hirsutism, acne, amen-
orrhea, infertility, increased muscle mass, deep voice, and
temporal balding. In adult men, hyperestrogenism presents
with gynecomastia, decreased sexual drive, impotence, and
infertility. In premenopausal women, hyperestrogenism pre-
sents with irregular menses. In postmenopausal women, it
causes dysfunctional uterine bleeding. The workup includes
24-hour urinary 17-ketosteroids, 17-hydroxysteroids, urinary
free cortisol, and, depending on virilization or feminization,
serum determination of testosterone or estrogen.

Adrenal Carcinoma

Seventy-five percent of adrenal carcinomas present with
excessive glucocorticoid or mineralocorticoid hormone secre-
tion; however, some may be nonfunctional.15 The mainstay
of treatment of adrenal cortical carcinoma is complete surgi-
cal resection. If the carcinoma cannot be effectively removed
without removing the ipsilateral kidney, concomitant
nephrectomy is necessary. CT or MR can image the extent of
disease and should include the chest to rule out pulmonary
metastases. If the inferior vena cava is involved, imaging
studies such as cavography are useful to assess extent of
tumor. Tumor size, hemorrhage, and mitotic count each cor-
relate with survival rates for patients undergoing curative
resection. Tumors less than 12cm, mitotic rate less than 6
per high-power field, and absence of hemorrhage are associ-
ated with improved survival.16 Radical, complete resection of
all cancer is critical for prolonged survival and potential cure.
There is no clearly effective adjuvant therapy.17 Recurrent or
metastatic tumor should also be resected. Recent reports
suggest that radiofrequency ablation may be able to control
recurrent tumor both inside and outside the liver.18

Adrenal carcinoma may occur in children. It occurs in chil-
dren younger than 6 years, with a higher incidence in girls than
boys. The median age in children is 4 years. Virilization is the
most common presenting feature (93%), followed by hyper-
cortisolism.19 The overall 5-year survival rate for children with
adrenal cancer is 49%, and following complete resection 70%.
Adrenal cancer occurs in adults. The second peak age is
between 40 and 50 years, and most present with hormonal syn-
dromes. The staging of patients with adrenal carcinoma is as
follows: 20% of patients have stage I, II, and III disease at diag-
nosis, whereas 80% have metastases20 (Table 56.4). Many

patients (70%) present with stage III or IV disease. The defini-
tive treatment for localized disease including stage III is en bloc
resection. Even tumor thrombus within the inferior vena cava
is not a contraindication to resection.21 Surgical resection of
localized disease can be curative. The overall 5-year survival
rate is between 20% and 35%. In a recent series, the 6-year 
survival following complete resection of all tumor is 60%.22

Complete resection of recurrent tumor is also useful and, if
achieved, it is associated with a 6-year survival of 40%.23,24

Patients should undergo monitoring of steroid hormone levels
postoperatively to assess for recurrence. CT and MRI are also
able to detect local recurrences and pulmonary metastases. If
a localized recurrence is detected, it should be removed surgi-
cally. Prolonged remissions have been reported after resection
of hepatic, pulmonary, and cerebral metastases. Patients with
recurrent adrenal cortical carcinoma who can be surgically
resected have 5-year survival rates of 50% versus 8% for non-
operated cases. Control of recurrent tumor can be achieved by
radiofrequency ablation.18 Palliation of bony metastases may
be achieved by radiation therapy.

Op-DDD (mitotane) is the most commonly used
chemotherapy drug for adrenal cancer (Table 56.5). It is
administered at a dose of 2 to 6g daily, and the dose is
increased until toxicity occurs. Toxicity includes gastroin-
testinal, neuromuscular, and skin symptoms. Mitotane 
prolongs bleeding time and inhibits platelet aggregation. A
decrease in urinary steroid excretion is seen in most patients.
Partial responses occur in one-third of patients and a few 
complete responses have been reported. Because mitotane
inhibits the multidrug-resistant gene, chemotherapy has 
been given with mitotane. Patients with metastatic adrenal
cortical carcinoma have been given etoposide, cisplatin, 
and mitotane. The response rate was 33% with some 
complete responses. Further, when combined with etoposide,
doxorubicin, and cisplatin, it had an overall response rate 
of 22% to 54%.24,25 Docetaxel and gemcitabine failed to
demonstrate a response in 2 patients treated.26 Irinotecan
(CPT-11) at 250mg/m2 has been ineffective in 12 patients
with metastatic adrenal cortical carcinoma who failed other
therapies.27
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TABLE 56.4. Staging of adrenal cancer.

Stage Tumor size (cm) Lymph nodes Local invasion Distant metastases Five-year survival (%)

1 Less than 5 - - - More than 80
2 More than 5 - - - 50–75
3 Any + + - 50
4 Any + + + 10

TABLE 56.5. Chemotherapy for adrenal cancer.

Drug Response rate (%)

Mitotane 30–60
Suramin 15–30
Doxorubicin 19
5-Fluorouracil (5-FU) + doxorubicin + cisplatin 20
Etoposide + doxorubicin + cisplatin 100 (3/3)
Oncovin + cisplatin + epipodophyllotoxin 100 (1/1)
Mitotane + etoposide + doxorubicin + cisplatin 50



Pheochromocytoma

Pheochromocytomas are rare tumors that secrete excessive
catecholamines. They arise from chromaffin cells in the
adrenal medulla and elsewhere. They occur in about 1 per
100,000 per year.28 In autopsy series, only 0.005% to 0.1% 
of persons have unsuspected pheochromocytomas. When
urinary catecholamines are measured in hypertensive
patients, pheochromocytoma is present in only 0.1% of
patients.

Pheochromocytomas may be intraadrenal, extraadrenal,
benign, or malignant. Early diagnosis and therapy improve the
prognosis. Incidence of malignancy is as low as 5% and as
high as 46% in different series. Extraadrenal tumors are more
likely to be cancerous. Pheochromocytomas may be associ-
ated with endocrine and nonendocrine inherited disorders.
Bilateral adrenal medullary pheochromocytomas are compo-
nents of MEN 2a and MEN 2b. Some families have bilateral
adrenal pheochromocytomas and no other manifestation of
MEN. In other families, only extraadrenal pheochromocy-
tomas have been reported. Pheochromocytomas occur in
approximately 25% of patients with von Hippel–Lindau
(VHL) disease and in 1% of patients with neurofibromatosis
and von Recklinghausen’s disease. Further, recent studies
indicate that many patients with apparently sporadic
pheochromocytomas really have either MEN-2 (RET gene) or
VHL. Among 271 patients, 66 (24%) were found to have muta-
tions of VHL and RET. This finding suggests that patients
who present with apparently sporadic nonfamilial pheochro-
mocytoma should be screened for RET and VHL mutations
as 25% will have them.29 Germ-line mutations in three of the
succinate dehydrogenase subunits (SDHD, SDHB, and SDHC)
cause susceptibility to head and neck paragangliomas (extra-
adrenal pheochromocytomas).30,31

Pheochromocytomas cause intermittent, episodic, or 
sustained hypertension. Pheochromocytomas also cause
insulin resistance and diabetes.32 Following resection of the
tumor, insulin sensitivity improves.33 Further, pheochromo-
cytomas may produce other hormones, including ectopic
ACTH and Cushing’s syndrome. Pheochromocytomas arise
from chromaffin cells. Chromaffin cells are widespread 
and associated with sympathetic ganglia during fetal life.
After birth, most chromaffin cells degenerate, and the 
majority remain in the adrenal medulla; this may explain 
why approximately 90% of pheochromocytomas are in 
the adrenal medulla. Extraadrenal pheochromocytomas 
may arise anywhere, including the carotid body, intracardia,
along the aorta (both thoracic and abdominal), and within 
the urinary bladder. The most common extraadrenal location
is the organ of Zuckerkandl that is near the origin of the 
inferior mesenteric artery to the left of the aortic bifurcation.
Data from series of patients with sporadic pheochromocy-
tomas indicate that the right adrenal gland more often harbors
a tumor than the left gland. Pheochromocytomas usually
measure between 3 and 5cm in diameter and weigh 
100g. Tumors are tan to gray in color and have a soft consis-
tency. Larger tumors are cystic and have necrosis or calcifi-
cation. Microscopically, pheochromocytomas are usually
arranged in cords or alveolar patterns. Tumors are generally
clearly separated from the adrenal cortex by a thin band of
fibrous tissue. Extension into the cortex or vascular invasion
may occur.

The pathologic distinction between benign and malignant
pheochromocytomas is not clear. The only absolute criterion
for malignancy is the presence of secondary tumors in sites
where chromaffin cells are not usually present and visceral
metastases. Malignant tumors tend to be larger and weigh
more. Staining for the nuclear proliferation marker MIB-1 is
positive in 50% of malignant pheochromocytomas and 
negative in benign tumors. Benign pheochromocytomas 
may demonstrate marked nuclear pleomorphism, whereas,
paradoxically, malignant ones demonstrate less. Malignant
pheochromocytomas usually have many more mitoses, but
capsular and vascular invasion occurs with equal frequency
in both. Nuclear DNA ploidy may be a predictive indicator
of malignant potential. Flow cytometry has been used to iden-
tify tetraploidy, polyploidy, and aneuploidy, which are asso-
ciated with malignancy. Neuropeptide Y gene expression is
more common in benign tumors.

Patients with pheochromocytomas can present with a
range of symptoms, from mild labile hypertension to sudden
death secondary to severe hypertension, myocardial infarc-
tion, or cerebral vascular accident. The classic patient
describes “spells” of paroxysmal headaches, pallor, palpita-
tions, hypertension, and diaphoresis. In 50% of patients, the
hypertension is intermittent, but it may be sustained. In chil-
dren, hypertension is sustained. Patients may have lactic aci-
dosis. Patients may have weight loss and hyperglycemia.

The diagnosis of pheochromocytoma is based on measur-
ing catecholamines and metabolites in the urine (Table 56.6),
which previously required a 24-hour urine for metanephrines
and catecholamines.34 However, plasma free metanephrines
and normetanephrines have been used recently to reliably
diagnose pheochromocytoma.35 Certainly the blood measure-
ment greatly facilitates the workup, and it is accurate. 
Measurements of urinary total metanephrines or VMA are
not as reliable as plasma free levels of metanephrines 
and normetanephrine.36 If a pheochromocytoma is suspected,
the best study is plasma free levels of metanephrine and
normetanephrine.37 Older studies suggest that urinary mea-
surement of catecholamines, VMA, and metanephrine levels
are best. It is now clear that plasma free samples have
replaced urinary studies as indicated in patients with sus-
pected pheochromocytoma.

CT and MRI are the two nonnuclear medicine procedures
of choice to localize pheochromocytomas. Both are noninva-
sive and sensitive, being able to reliably detect tumors 1cm
in diameter. MRI may be more specific because of findings
with different sequences. CT detects more than 95% of
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TABLE 56.6. Management of patients with pheochromocytoma.

Step Goal Method

1 Diagnosis 24-h urine for vanyl-mandelic acid (VMA), 
metanephrines, and catecholamines: plasma 
free metanephrine, normetanephrine

2 Localization CT
MRI
Metaiodobenzylguanidine (MIBG) scan

3 Preparation Phenoxybenzamine ± propranalol
4 Resection Laparoscopic adrenalectomy (open for

extraadrenal and/or large tumor)
5 Recurrence Plasma-free metanephrine, normetanephrine



pheochromocytomas, including 9 of 10 bilateral tumors. 
CT also detects most extraadrenal retroperitoneal tumors.
However, MRI is similar and may be better. MRI also imaged
all pheochromocytomas demonstrated on CT, plus metas-
tases to the chest, retroperitoneum, and liver that were not
seen. Because it has no radiation exposure, MRI can be used
to image during pregnancy. In one analysis, CT imaged 16 of
19 pheochromocytomas (84%) whereas MRI imaged 12 of 15
(75%) for comparable sensitivity.38 In addition, MRI success-
fully imaged an intrapericardial pheochromocytoma and dis-
tinguished it from the cardiac chambers and surrounding
great vessels, which could not be determined by CT.

The single best technique for localization of pheochromo-
cytomas is nuclear scanning after the administration of
labeled metaiodobenzylguanidine (MIBG). The compound is
similar to norepinephrine and is taken up by vesicular
monoamine transporters.39 The sensitivity of MIBG scanning
with 131I for pheochromocytoma is 100% and the specificity
is 95%.40 It appears that MIBG scanning is safe, noninvasive,
and efficacious for the localization of pheochromocytomas,
including those that arise in nonadrenal sites, and malignant
disease. Bone metastases are best imaged by bone scan.
Because MIBG scan is a total body study, it can image tumors
wherever they are including unusual locations.40 Although CT
and MRI reflect changes in morphology, scintigraphic imaging
relies on tissue function. False-positive results with MIBG are
rare, which accounts for the high specificity (98% to 100%).
False-negative results do occur, which lowers sensitivity. For
patients with suspected pheochromocytoma and negative
MIBG, 18F-FDG PET may be useful. Metastases from a pre-
dominantly dopamine-secreting pheochromocytoma that did
not take up MIBG were imaged with FDG-PET.41 Further, 18F-
DOPA PET has imaged 17 pheochromocytomas in 17 patients.
It is highly sensitive and specific and may be very useful if
other studies are negative.41 It has imaged a malignant bladder
pheochromocytoma.42 It may be superior to MIBG for local-
ization of metastatic pheochromocytoma.43 It is not com-
monly available, but it can be useful.44

Once the diagnosis is established and the tumor localized,
preoperative preparation includes a-adrenergic blockade.
Patients are started on phenoxybenzamine, 10mg orally two
or three times daily. If tachycardia develops, a-adrenergic
blocking agents (propranolol) are added. Propranolol should
never be started before a-blockade because unopposed vaso-
constriction may worsen hypertension. Phenoxybenzamine
increases the total blood and plasma volume and reduces
lactic acidosis. Appropriately used calcium channel antago-
nists and selective alpha1-receptor blockers are also effective
and safe.45

Small (less than 6cm) intraadrenal pheochromocytomas
are removed using laparoscopic techniques.46 However, others
report that laparoscopic adrenalectomy should still be per-
formed for large tumors (greater than 6cm). They point out
that the operative time, blood loss, and length of stay are the
same for either small or large adrenal tumors.47,48 Laparo-
scopic procedures appear to decrease pain and shorten the
time to recovery.49 Most pheochromocytomas are well local-
ized, which facilitates laparoscopic removal. Laparoscopic
adrenalectomy for familial pheochromocytomas is especially
useful because these tumors are small and within the adrenal
gland.50 Adrenal cortical-sparing surgery may be indicated for
patients with familial pheochromocytomas who require bilat-

eral adrenalectomy.51 However, iatrogenic pheochromocy-
tomatosis has been described as a possible complication of
laparoscopic removal. Numerous tumor cells are deposited
throughout the retroperitoneum near the site of the primary
tumor, which may have been caused by laparoscopic excision
of a malignant tumor or by spilling benign tumor cells at the
time of laparoscopic excision. Despite the exact etiology, this
is a rare complication that must be considered if it continues
to occur.52

Malignant pheochromocytomas are present in approxi-
mately 10% of patients with pheochromocytoma. Malignant
tumors have high mitotic rate, aneuploidy and high S-phase
fraction.53 EM66 is a novel secretogranin II-derived peptide
that is present in the chromaffin cells of the human adrenal
gland. EM66 has a higher concentrations in benign pheochro-
mocytomas than malignant tumors.54 Expression of hTERT,
HSP90, and telomerase activity may also be used to detect
more-aggressive tumors.55 SDHB gene is a tumor suppressor
gene. Detection of a germ-line SDHB mutation in patients
with apparently sporadic pheochromocytomas appears to be
associated with a tumor that is high risk for malignancy and
recurrence.56

The basic principles in the treatment of malignant
pheochromocytoma have been to surgically resect recur-
rences or metastases whenever possible and to treat hyper-
tensive symptoms by catecholamine blockade. Surgical
resection of metastatic and recurrent pheochromocytoma 
has been shown to prolong survival. Soft tissue masses 
or bony masses may be treated with radiation therapy if 
doses of 40Gy or more can be administered.57 Serum levels 
of chromogranin A can be used to measure response to
therapy.58 Survival data of patients with malignant pheochro-
mocytoma are difficult to obtain because of the rarity and
indolence of the tumor. The 5-year survival rate is between
36% and 60%.

Because of the high sensitivity (85%) and specificity
(100%) of 131I-MIBG to image pheochromocytomas, it 
has been used at higher doses to treat recurrent or metastatic
pheochromocytomas. A beneficial response to treatment 
is observed in 42% to 60% of patients. Paedial remissions 
as measured by decrease in catecholamine secretion and
tumor size have been observed in approximately one-third 
of patients treated. However, complete responses with 131I-
MIBG have been rare.59 Recently, very high dose (800 mCi)
131I-MIBG resulted in complete antitumor responses in 2 
of 12 patients with skeletal and soft tissue metastases 
from pheochromocytoma and partial responses in 
most.60

Combinations of cyclophosphamide, vincristine, and
dacarbazine have been used in patients with metastatic
pheochromocytoma. However, the regimen has been aban-
doned because of toxicity and variability in response rate with
few complete responses. Single cases have been reported to
have complete responses with cyclophosphamide, vin-
cristine, and dacarbazine (CVD). Long-acting octreotide 
(sandostatin-LAR) has been used to treat malignant 
pheochromoctyoma without success. Even tumors that were
positive on octreoscan did not respond to LAR.61 Combina-
tion chemotherapy with cyclophosphamide, vincristine,
dacarbazine, doxorubicin, and epirubicin resulted in a 
complete response in a single patient with metastatic
pheochromocytoma.62

1 0 1 0 chapter 56



Pancreatic Islet Cell Tumors

Endocrine tumors of the pancreas are classified primarily
according to the associated clinical syndrome.63 Signs and
symptoms are caused by uncontrolled excessive secretion of
hormone. For example, patients with insulinoma have altered
mental status, confusion, seizures, and other neuroglycopenic
symptoms related to hypoglycemia caused by excessive
uncontrolled insulin secretion.64 Pancreatic endocrine tumors
share a number of common features including similar micro-
scopic appearance, hormonal symptoms, special issues in
patients with multiple endocrine neoplasia type 1,65 and
malignant growth affecting survival. Pancreatic endocrine
tumors are usually slow growing, and even patients with
extensive tumor may still live for long periods. However, if
liver metastases occur, survival will be affected by the malig-
nant nature of the tumor. Effective treatment must address
the symptoms associated with the clinical syndrome and the
malignant potential of the tumor.

Epidemiology

Endocrine tumors of the pancreas are rare, having an inci-
dence of less than 10 per million people per year.63 Insulino-
mas are the most common islet cell tumor with a prevalence
of approximately 1 per million per year, and gastrinomas are
a close second. The remaining islet cell tumors are less
common.

Pathology

Pancreatic neuroendocrine tumors arise from cells that have
been termed APUDomas (APUD means amine precursor
uptake and decarboxylation). Pancreatic neuroendocrine
tumors are composed of monotonous sheets of small round
cells with uniform nuclei and cytoplasm. Mitotic figures are
unusual. Tumors have dense secretory granules. When
stained by immunohistochemistry, most pancreatic neuroen-
docrine tumors are positive for more than one hormone.
However, in most instances only one peptide is secreted into
the circulation. Pancreatic neuroendocrine tumors are hyper-
vascular, solid, and reddish-brown in color. They occur not
only within the pancreas as they have been described in
ectopic pancreas tissue.66 They are usually solid, but cystic
and papillary insulinomas have been described.67 Neuroen-
docrine tumors may have a “rhabdoid” appearance, which
means sheets of monotonous tumor cells with uniform round
nuclei.68 Tumors may be caused by mutations of the tumor
suppressor gene DPC4 located on chromosome 18q21 that
have been found in 5 of 9 (55%) nonfunctional pancreatic neu-
roendocrine tumors.69 X-chromosome loss of heterozygosity
is common in gastrinomas from women, and its presence
indicates more-aggressive growth and behavior.70 Aberrant
methylation of the APC promoter is strongly involved in the
molecular pathogenesis of pancreatic neuroendocrine
tumors.71 Raf-1 activation causes morphologic changes and
decrease in secretory granules.72 One study showed that
methylation of the p16INK4a gene is the most common gene
alteration in gastrinomas, and it appears to occur early in the
time sequence of these tumors and may be a central process
in the molecular pathogenesis.73

In general, microscopic pathologic analysis of pancreatic
endocrine tumors has failed to predict the growth pattern of
the tumor and is not able to determine whether a tumor is
benign or malignant. In addition, there is no correlation
between histologic pattern and clinical syndrome. At present,
the only clear determination of malignancy is detection of
metastases, either in lymph nodes or liver. However, lymph
node metastases do not negatively affect survival, whereas
liver metastases clearly do.74 Microscopic invasion of blood
vessels and surrounding pancreas is another indicator of
malignancy, but it is not as precise as the detection of distant
metastatic disease. Because of this, it is unclear exactly which
pancreatic neuroendocrine tumors are malignant. The true
nature of an individual tumor can only be determined by
careful long-term follow-up studies. In general, few (less than
10%) insulinomas are cancerous,75 60% of gastrinomas are
malignant (lymph node or liver metastases),76 and the major-
ity (50% to 90%) of all other islet cell tumors are malignant.
Neuroendocrine tumors of the gut are similar and have a
similar prognosis. Five-year survival rates for localized 
neuroendocrine tumors are approximately 80% or greater,
whereas for metastatic tumors the rates decrease to 50%.77

Survival of patients with pancreatic neuroendocrine tumors
has been shown to decrease when liver metastases occur.
However, surgical excision of liver tumors has salvaged some
patients and improved prognosis.78

Functional (hormone-producing) pancreatic neuroen-
docrine tumors are usually malignant (except for insulino-
mas), but patients have an excellent survival. Most patients
who undergo surgery to remove tumor have a 5-year survival
of more than 75%.79 Nonfunctional pancreatic neuroen-
docrine tumors commonly present as a pancreatic mass
lesion. These tumors may be detected incidentally on CT
scan ordered for another reason (Figure 56.3). They may cause
intestinal bleeding if they invade into the bowel or stomach
or they obstruct the splenic vein and cause gastric varices.
They may cause gastrointestinal obstruction if they obliter-
ate the lumen of the small bowel or colon. Nonfunctional
tumors are distributed evenly throughout the head, body, and
tail of the pancreas. The 2-year survival for surgically
removed node-negative nonfunctional pancreatic neuroen-
docrine tumor (NET) is 78%, for node-positive tumors is 72%,
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FIGURE 56.3. CT of a large nonfunctional pancreatic neuroen-
docrine tumor within the head.



and for liver metastases is 36%.80 Pancreatic neuroendocrine
tumors do not usually obstruct the pancreatic duct, but they
can be a cause of focal, recurrent pancreatitis.81,82 The size of
an individual islet cell tumor does not appear to correlate
with the severity of the hormonally mediated symptoms.
There is, however, a clear correlation between the size of the
tumor and the occurrence of malignancy; the larger the
tumor, the greater the probability of metastases, especially
liver metastases. Insulinomas, similar to duodenal gastrino-
mas, are generally small tumors, less than 2cm. However,
duodenal gastrinomas still have a 60% chance of nodal metas-
tases, whereas small insulinomas seldom spread. Glucagono-
mas, somatostatinomas, pancreatic polypeptidomas, and
other islet cell tumors are frequently large at the time of
detection, more than 5cm, and are usually malignant. Most
pancreatic endocrine tumors are solitary, encapsulated, and
within the pancreas. However, islet cell tumors may also
occur in the duodenum and other extrapancreatic locations.
Primary gastrinomas have been described within the duode-
num (Figure 56.4), pancreas, heart, liver, stomach, and ovary.
When metastases occur, they are usually found in peripan-
creatic lymph nodes (60%) or liver (30%). Late in the course
of disease, tumor spreads to lung, bone, and even heart.

Pancreatic endocrine tumors occur in either a nonfamil-
ial (sporadic) form or in a familial form associated with mul-
tiple endocrine neoplasia type 1 (see section on MEN-1). The
exact proportion of patients with pancreatic islet cell tumors
who manifest MEN-1 varies in different series from less than
5% to 25%. The recognition of MEN-1 syndrome is impor-

tant because these patients always have multiple pancreatic
neuroendocrine tumors. Furthermore, screening of other
family members is indicated. Finally, the presence of one hor-
monal abnormality in MEN-1 patients may affect another.
Primary hyperparathyroidism worsens the manifestations of
Zollinger–Ellison syndrome and should be corrected first.
Functional islet cell tumors are the second most frequent
abnormality in MEN-1 and are present in approximately 80%
of individuals. Gastrinomas, insulinomas, glucagonomas, and
vasoactive intestinal peptide tumors (VIPomas) occur in
decreasing prevalence in MEN-1 patients with gastrinomas in
54% and insulinomas in 20%. In addition to MEN-1, studies
suggest that pancreatic islet cell tumors are found more com-
monly in patients with von Recklinghausen’s disease, von
Hippel–Lindau syndrome, and tuberous sclerosis. In patients
with von Recklinghausen’s disease, duodenal somatostatino-
mas and gastrinomas have been reported. In patients with von
Hippel–Lindau syndrome, 17% of patients have pancreatic
endocrine tumors, including both adenomas and carcinomas.
However, it is unusual for these tumors to be functional and
few have a clinical hormonal syndrome. Patients with tuber-
ous sclerosis have insulinomas and nonfunctional pancreatic
islet cell tumors.

Specific Islet Cell Tumors

Insulinomas occur in the pancreas and are evenly distributed
among the head, body, and tail.75 Insulinomas are most often
benign, but they can metastasize and be malignant.83

Glucagonomas also occur within the pancreas (Table 56.7). In
contrast, primary gastrinomas usually occur within the 
duodenum (50%), and the second most common site is the
pancreas (20%–40%). Further, approximately 80% to 85% of
primary gastrinomas are found within the gastrinoma trian-
gle, an area that includes the head of the pancreas and the
duodenum.84 Vasoactive intestinal peptide-secreting tumors
(VIPomas) are usually in the pancreas, but they may also
occur within the duodenum. Somatostatinomas are com-
monly in the pancreas, but may be extrapancreatic. In a recent
review of 48 primary somatostatinomas, 56% were in the
pancreas and 44% were in the duodenum or jejunum. Similar
to glucagonomas, somatostatinomas usually are large, greater
than 5cm, and metastases are present at the time of 
diagnosis.85

Patients with insulinoma or gastrinoma have symptoms
of hypoglycemia and ulcer diathesis with or without diarrhea,
respectively. The diagnosis is established biochemically based
on the results of standardized tests. Insulinoma is diagnosed
by a 72-hour fast with the development of neuroglycopenic
symptoms. Insulinoma is proven by hypoglycemia (glucose
less than 45mg/dL) and hyperinsulinism (insulin more than
5mU/mL). Close supervision is necessary to exclude factitious
hypoglycemia, use of medications to falsely decrease blood
glucose levels. Zollinger–Ellison syndrome (ZES) is diagnosed
by measurement of elevated fasting serum levels of gastrin
(more than 100pg/mL) and elevated levels of basal acid output
(BAO greater than 15mEq/h). All antiacid medications should
be discontinued during testing as these drugs may falsely
elevate serum gastrin levels. The secretin stimulation test is
also used to diagnose ZES; 2U/kg of secretin is given intra-
venously and serum levels of gastrin are measured before and
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FIGURE 56.4. Gross (A) and microscopic (B) photographs of a 
duodenal gastrinoma.



after. An increase of 200pg/mL over basal levels of gastrin is
consistent with ZES.

After the diagnosis of insulinoma is made based on the
results of the fast, localization studies are used to try to image
and identify the insulinoma. CT correctly images approxi-
mately 50% of these tumors. In a recent study with multi-
phasic helical CT, 19 of 30 insulinomas were correctly
identified; there were no false positives.86 Most experts agree
that multiphasic CT is the imaging study of choice for pan-
creatic neuroendocrine tumors. It can image all large tumors
(more than 2cm) and it images approximately 50% of tumors
as small as 1cm. Tumors appear as a blush on CT because of
increased vascularity.87 MRI localized 7 of 8 neuroendocrine
tumors in one study.88 Somatostatin receptor scintigraphy
(SRS) is the imaging study of choice for all pancreatic neu-

roendocrine tumors except insulinomas (Figure 56.5). Recent
studies suggest that FDG-PET may also be useful, but it is
not as good as SRS.89 SRS is generally believed to be inaccu-
rate for the localization of insulinomas compared to all other
pancreatic neuroendocrine tumors. However, in one recent
study it was able to identify most insulinomas, and when
combined with endoscopic ultrasound (EUS) it correctly
demonstrated 15 of 16 insulinomas.90 EUS is able to identify
most insulinomas, more preoperatively than all other studies.
However, occasionally it may have false-positive results that
lead to misguidance of the surgery. Pancreatic nodules and
accessory spleens have been confused with insulinoma. EUS
is not a substitute for careful preoperative evaluation and 
biochemical testing that should be done in every patient.91

EUS specificity can be improved by needle biopsy, which can
be done for primary pancreatic tumors or lymph nodes92

(Figure 56.6). The best results are seen when one combines
thin-section helical CT with EUS. In one study of 18 consec-
utive patients, this combination identified an insulinoma in
each patient.93
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TABLE 56.7. Pancreatic neuroendocrine tumor, incidence of multiple endocrine neoplasia (MEN)-1,
diagnosis, location, and malignant potential.

Malignant
Tumor MEN-1 (%) Diagnosis Location (%)

Insulinoma 10 Fasting glucose Pancreas 5–0
Insulin
C-peptide
Pro-insulin

Gastrinoma 20 Fasting gastrin Duodenum 60
Basal acid output (BAO) Pancreas
Secretin test Extrapancreatic

Extraintestinal
Glucagonoma Rare Glucagon Pancreas 100
Somatostatinoma Rare Somatostatin Pancreas 100

Duodenum
Jejunum

Vasoactive intestinal Rare VIP Pancreas 60
polypeptide-secreting Duodenum
tumors (VIPoma)
Ppoma (nonfunctional Common Pancreatic polypeptide Pancreas 60
tumor)

FIGURE 56.5. Somatostatin receptor scintigraphy (octreoscan) of a
pancreatic tail neuroendocrine tumor with bilobar liver metastases.

FIGURE 56.6. Endoscopic ultrasound (EUS) of a large nonfunctional
neuroendocrine tumor within the head of the pancreas. During EUS,
the tumor was aspirated for cells, making the diagnosis of pancreatic
neuroendocrine tumor. This tumor is the same tumor seen on CT
scan in Figure 56.3.



Because insulinomas are generally benign and located
within the pancreas, the goal of surgery is to precisely iden-
tify the tumor and remove it preserving as much pancreas as
possible. Intraoperative ultrasound has been useful for precise
operative localization. It can identify the tumor and its rela-
tionship to vital structures such as the common bile duct and
the pancreatic duct. It allows the surgeon to decide the best
way to remove the tumor and avoid complications. A preop-
erative calcium angiogram has been shown to localize most
(more than 90%) of insulinomas to the head, body, or tail of
the pancreas.94 Similar studies have been done with secretin
injection for gastrinomas. However, recently calcium
angiogram has been shown to effectively localize most gas-
trinomas as well.95 Further, modern methods have allowed
laparoscopic enucleation of insulinomas based on laparo-
scopic ultrasound done during the surgery. If it can be done,
this procedure results in less pain and more rapid recovery.96

However, similar complications such as pancreatic fistula
and abscess may occur with laparoscopic pancreatic opera-
tions and must be considered. Because of this fact, the length
of stay with laparoscopic surgery for NET has not been 
dramatically different than open operations.97,98

The glucagonoma syndrome is a specific hormonally
mediated clinical syndrome that includes a characteristic 
pruritic migratory red excoriating rash called necrolytic
migratory erythema (NME), diabetes mellitus, weight 
loss, anemia, stomatitis, thromboembolic complications,
hypoaminoacidemia, and gastrointestinal and neuropsychi-
atric disturbances.99 Some patients also have evidence of
tachycardia, heart failure, and a dilated cardiomyopathy.100

These signs and symptoms are relieved by resection of the
tumor. Infusions of zinc, amino acids, and total parenteral
nutrition have each relieved the NME skin rash in certain
cases.101 It is most likely caused by a nutritional deficiency
related to chronic excess levels of glucagon. CT scan and
octreoscan image most glucagonomas. PET scan images some
tumors as well.102 Patients commonly have clinical manifes-
tations of the hypercoagulable state, including pulmonary
embolus and deep venous thrombosis.103,104

Vasoactive intestinal polypeptide-secreting tumors
(VIPoma) are rare pancreatic neuroendocrine tumors with
remarkable symptoms of severe diarrhea.105 Most tumors that
produce VIP are found within the pancreas, but they can also
be extrapancreatic. These tumors are usually malignant.
Patients may have liver metastases at the time of diagnosis.
MRI is the best imaging study to visualize liver neuro-
endocrine tumor.106,107 Octreoscan can also image tumor.
VIPoma leads to a syndrome of watery diarrhea, hypokalemia,
hypercalcemia, and achlorhydria. It is also called the
Verner–Morrison syndrome or the pancreatic cholera 
syndrome. Dehydration, renal failure, and electrolyte 
and acid–base abnormalities are so severe that death may
ensue if these are not corrected. Octreotide can reverse 
the diarrhea and correct the fluid–base disturbances and may
be lifesaving in some patients. It has few side effects and can
be used in the elderly without complications.108 Interferon-
alpha and 5-fluorouracil have been used to treat metastatic
VIPoma and have resulted in a dramatic response in one
patient.109

Nonfunctioning pancreatic islet cell tumors are usually
large (more than 5cm), and symptoms are related to tumor
mass. Patients may present with incidentally imaged pancre-

atic neuroendocrine tumor seen on a CT done for another
reason. They may have intestinal bleeding or obstruction 
or pain. Other less-common functioning islet cell tumors
such as those associated with acromegaly (GRFoma), 
hypercalcemia, or ectopic ACTH production are usually 
quite large, with liver metastases at diagnosis. Recently, a
ghrelin-producing pancreatic neuroendocrine tumor was
described. It was not associated with clinical features of
acromegaly.110

Radiologic Imaging

Despite the fact that there are numerous studies to image
pancreatic neuroendocrine tumors, some patients will still
have no imageable tumor. CT has been an excellent study for
identifying large tumors within the pancreas and liver. It can
reliably visualize tumors that are greater than 2 to 3cm in
diameter; however, smaller tumors may be missed. CT is
indicated in all patients with suspected islet cell tumors,
especially to exclude liver metastases. Multidetector CT has
been able to image many neuroendocrine tumors including
those within lymph nodes. When coupled with somatostatin
receptor scintigraphy, it can reliably detect the majority of
neuroendocrine tumors.111 The results with MRI are similar
to CT. MRI has the advantage that no radiation is used;
however, it is much more expensive and is not routinely 
recommended unless small liver metastases are a concern.
MRI correctly imaged 29 of 31 neuroendocrine tumors in 19
patients.112 Somatostatin receptor scintigraphy (SRS) or octre-
oscan images neuroendocrine tumors based on the density of
type 2 somatostatin receptors. The high density of sst2 on
pancreatic neuroendocrine tumors and carcinoid tumors
makes radiolabeled somatostatin analogues excellent for
tumor imaging. If the tumor is imaged by these analogues,
the peptide inhibits tumor growth and hormone secretion,
making it useful for treatment. Studies are under way to label
octreotide with other isotopes to use it for tumor cell destruc-
tion.113 It is an excellent study at identifying both primary and
metastatic tumors. It has a sensitivity and specificity of
approximately 85% to 90%. It is the imaging study of choice
for nearly all neuroendocrine tumors except insulinomas.
However, it must be realized that it may fail to identify small
tumors within the duodenum. It has been combined with
echo-enhanced power Doppler sonography to better image
pancreatic neuroendocrine tumors.114

Endoscopic ultrasound is best for imaging small pancre-
atic islet cell tumors within the pancreas such as insulinoma.
It has a sensitivity and specificity of 85% for pancreatic islet
cell tumors. However, it is observer dependent and not all
institutions have had excellent results. Occult insulinomas
and gastrinomas can be regionally localized by calcium and/or
secretin angiogram. Arteries that perfuse the pancreas are
injected with an agent that causes the tumor to secrete
hormone that can be measured in the hepatic vein. Calcium
is used for both insulinoma and gastrinoma, whereas secretin
is only for gastrinoma. These studies provide correct regional
localization in approximately 90% of patients. These studies
provide less information in gastrinoma, because occult
tumors are generally within the gastrinoma triangle, and
more information in insulinoma that are uniformly distrib-
uted throughout the entire pancreas.

1 0 1 4 chapter 56



Treatment

Treatment should be designed to control the signs and symp-
toms of excessive hormone secretion and the malignant
growth and spread of the tumor. The only curative treatment
is complete surgical resection of all tumor. Gastrinomas are
most commonly within the duodenum. Duodenotomy
(opening the duodenum) identifies more tumors and results
in a greater cure rate, indicating that it should be done rou-
tinely in all operations for gastrinoma. These tumors are 
frequently small, most commonly found in the proximal 
duodenum, and associated with lymph node metastases in
60% of patients.115–117

Resection of primary gastrinoma has been shown to
decrease the probability of liver metastases. Even localized
liver metastases can be removed for apparent amelioration of
symptoms and prolongation of survival.118 Serum levels of
chromogranin A and secretory hormones can be used to
assess curative resection, but minor changes in levels are not
sensitive enough to assess tumor regression or progression.119

Repetitive imaging with CT and SRS can be used to follow
tumor response to therapy. Aggressive surgery including
Whipple pancreaticoduodenectomy has been performed for
neuroendocrine tumors (NET) of the pancreas. However,
because the prognosis is good with pancreatic neuroendocrine
tumors, the operative death rate and morbidity of surgery
should be acceptable. A recent report shows that the Whipple
for NET had an operative mortality of 10% and a complica-
tion rate of 30%. However, the long-term survival was also
excellent in that 81% and 70% were alive at 5 and 10 years,
respectively.120

Chemotherapy treatment is based on tumor differentia-
tion. Differentiation can be assessed by octreoscan and
biopsy. Well-differentiated NET are usually positive on SRS,
suggesting that somatostatin analogues will be useful in treat-
ment to inhibit both tumor growth and hormone secretion.
If the SRS is negative and the tumor is poorly differentiated,
chemotherapy treatment is indicated. Drugs such as cisplatin
and etoposide are especially useful and have 50% response
rates with some dramatic responses.121 Medical management
of the gastric acid hypersecretion in patients with gastrinoma
can usually be achieved with 20 to 40mg of omeprazole 
twice a day. The hypoglycemic symptoms of insulinoma are
treated by more-frequent feedings. Drugs such as diazoxide,
octreotide, and verapamil may occasionally be helpful.
However, in general, the hypoglycemia of insulinoma is
unable to be controlled with drugs. The symptoms of
glucagonoma (rash) and VIPoma (diarrhea) can be controlled
with octreotide, the long-acting somatostatin analogue.
Dopamine agonists have been used to treat the hormonal
secretion by some pancreatic NET. Elevated serum levels of
pancreatic polypeptide and prolactin have been significantly
reduced by either cabergoline or bromocyptine.122 The malig-
nant tumoral process of islet cell tumors can seldom be con-
trolled with chemotherapy.123 Approximately 30% to 40% of
tumors respond to doxorubicin, 5-FU, and streptozotocin as
single drugs or in combination. Interferon-alpha has also 
produced some partial responses. Chemoembolization of 
liver metastases using interventional radiology techniques
and doxorubicin has had a significant partial response rate.
However, there have been no complete responses, and it does
not appear to prolong survival. Patients with untreated liver

metastases have a 20% 5-year survival. On the other hand,
octreotide therapy using long-acting depot slow-release-form
sandostatin LAR 20mg IM every 3 weeks or sandostatin LAR
30mg IM every 4 weeks does inhibit tumor growth and pro-
gression of NET that have high-density somatostatin recep-
tors. This hormonal treatment plus surgical resection and/or
radiofrequency ablation of liver neuroendocrine tumors
increases the 5-year survival to 80% to 90%.124,125 Liver trans-
plantation has also been used for patients with metastatic
liver NET who do not have tumor outside the liver. In
general, the results have been good. Patients are seldom cured
by liver transplantation as tumor generally recurs. However,
the 5-year survival is between 36% and 83%.126–128 Bone
metastases are usually treated with external-beam radiation
therapy. They have also been successfully treated with
indium-labeled pentetreotide.129 Patients may live for many
years with distant metastases from neuroendocrine tumors
because tumor progression may be slow.

Carcinoid Tumors

Carcinoid tumors are neuroendocrine tumors derived from
the diffuse neuroendocrine system. They are composed of
monotonous sheets of small round cells with uniform nuclei
and cytoplasm. Pathologists cannot differentiate benign from
malignant tumors based on histology. Malignancy can only
be determined based on the detection of metastases to either
lymph nodes or distant sites. Carcinoid tumors synthesize
numerous bioactive amines and peptides including neuron-
specific enolase (NSE), 5-hydroxytryptamine (serotonin), 5-
hydroxytryptophan, synaptophysin, chromogranin A and C,
substance P, tachykinins. and hormones such as ACTH, cal-
citonin, and growth hormone-releasing hormone. Carcinoid
tumors are fairly common in autopsy series and are present
in approximately 21 per million autopsies. Similarly, 1 in 
300 appendectomies will have a carcinoid tumor. Carcinoid
tumors occur with greater frequency in patients with the
MEN-1 syndrome.

Carcinoid tumors generally originate in four sites:
bronchus, appendix, rectum, and small intestine (Table 56.8).
Carcinoid tumors most commonly occur in the appendix
(40%), small intestine (27%), rectum (13%), and bronchus
(12%). Carcinoid tumors may also be divided into foregut,
midgut, and hindgut. Foregut tumors include the bronchus,
stomach, and thymus, which most commonly produce
peptide hormones such as ACTH and calcitonin. These
tumors also cause the atypical carcinoid syndrome because
they secrete 5-hydroxytryptophan and lack the enzyme to
convert it to 5-hydroxytryptamine or serotonin. Midgut car-
cinoid tumors include the appendix and small intestine
(Figure 56.7). These tumors most commonly secrete serotonin
that causes the typical carcinoid syndrome. However, because
the liver metabolizes serotonin, signs and symptoms of the
carcinoid syndrome are not present without liver metastases
and the release of serotonin into the systemic circulation.
Hindgut carcinoid tumors occur in the rectum and generally
secrete no hormones.

Foregut carcinoid tumors most commonly occur in the
bronchus and are a common cause of ectopic ACTH syn-
drome (Cushing’s syndrome). The tumors occur in the major
bronchi. They appear cherry-red on bronchoscopy because of
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increased vascularity. Biopsy is contraindicated because of the
risk of uncontrolled hemorrhage. MRI of the chest is the best
method to diagnose bronchial carcinoid tumors because it can
distinguish a tumor from hilar vessels. Lobectomy is the sur-
gical procedure of choice as 50% have lymph node metas-
tases. Thymic carcinoid tumors are another potential cause
of ectopic ACTH syndrome. These tumors are commonly
malignant. CT and MRI are excellent studies to image the
extent of disease and make the diagnosis. The tumor appears
as a mass within the anterior superior mediastinum and the
thymus. Radical thymectomy is the procedure of choice. Care
should be taken to avoid injury to one or both phrenic nerves.

Stomach carcinoid tumors equal only 3 of every 1,000
gastric neoplasms (Figure 56.8). Recent studies suggest that
not all gastric carcinoid tumors are similar. Some are associ-
ated with chronic hypergastrinemic states such as achlorhy-
dria and Zollinger–Ellison syndrome. These tumors arise
from the enterochromaffin cells (ECL) cells, are small, mul-
tiple and seldom malignant (9% overall). These are contrasted
to sporadic carcinoid tumors of the stomach, which are large,
single, and atypical on histology and are associated with the
carcinoid syndrome in 15% to 50% of cases. These tumors
cause the syndrome without liver metastases as the bioactive
substances can enter the systemic circulation; 55% to 66%
of these large gastric carcinoid tumors are malignant based on
the detection of nodal or liver metastases.

Midgut carcinoid tumors most commonly occur within
the appendix. Most carcinoid tumors occur at the tip of the
appendix and are totally removed by an appendectomy.

Appendiceal carcinoid tumors are usually smaller than 1cm
in diameter, and simple appendectomy is adequate. Tumors
between 1 and 2cm are more worrisome, especially when
present at the base of the appendix. These tumors have a 50%
chance of lymph node metastases and are best treated by right
hemicolectomy. Tumors greater than 2cm in size have a high
probability of nodal spread and are also treated by right hemi-
colectomy. However, most appendiceal carcinoids are smaller
than 1cm, at the tip of the appendix, and only require simple
appendectomy. Primary small intestinal carcinoid tumors
may be multiple and most occur within the ileum. In fact,
40% are within 2 feet of the ileocecal valve. Unlike appen-
diceal carcinoid tumors, which are usually benign, these
tumors are generally malignant. They spread to local lymph
nodes and cause a dense fibrotic reaction that distorts the gut
and may cause symptoms of small bowel obstruction. This
fibrosis may obliterate venous outflow and result in venous
mesenteric infarction. The incidence of nodal metastases
from ileal carcinoid tumors is dependent on the size of the
tumor. If the tumor is less than 1cm, nodal metastases are
present approximately 15% of the time. If the tumor is
between 1 and 2cm, nodal metastases occur 60% to 80% of
the time. If the tumor is larger than 2cm, metastases nearly
always occur. Liver metastases also occur and, if present,
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TABLE 56.8. Carcinoid tumors: location, metastases, and carcinoid syndrome.

Location Site Incidence (%) Metastases (%) Carcinoid syndrome

Foregut Stomach 2 22 10
Duodenum 3 20 3
Bronchus 12 50 13
Thymus 2 25 0

Midgut Jejunum 1 35 9
Ileum 23 35 9
Appendix 38 2 Less than 1
Ovary Less than 1 6 50

Hindgut Rectum 13 3 0

FIGURE 56.7. CT of an ileal carcinoid tumor (T). (From Norton 
et al.,76 with permission.)

FIGURE 56.8. Multiple stomach carcinoid tumors (nodules) seen on
endoscopy. This patient also has thickened gastric folds secondary to
Zollinger–Ellison syndrome.



patients have symptoms of the malignant carcinoid syn-
drome. Duodenal carcinoid tumors may also occur, but most
are asymptomatic and are found on endoscopy as an inciden-
tal finding. A duodenal carcinoid tumor less than 1cm is clini-
cally insignificant, whereas approximately one-third of larger
tumors spread to lymph nodes. Thus, duodenal carcinoid
tumors are rarely clinically significant, but they must be dif-
ferentiated from gastrinomas and somatostatinomas that can
appear like a small duodenal carcinoid. Immunoperoxidase
staining for various hormones helps to differentiate the
various tumors.

In approximately 1 in every 2,500 sigmoidoscopies, a
hindgut carcinoid tumor is identified. Rectal carcinoids occur
submucosally on the anterior or lateral walls of the rectum
between 4 and 13cm from the dentate line. Approximately
80% of these tumors are less than 1cm in size and never
metastasize. Tumors greater than 2cm almost always metas-
tasize. These larger tumors are locally invasive and have a
large number of mitoses. Either simple resection with nega-
tive margins or low anterior resection is the procedure of
choice for rectal carcinoid tumors. Abdominoperineal resec-
tion is not recommended as small tumors are seldom malig-
nant and large tumors are usually not cured by surgery. Rectal
carcinoid tumors seldom cause the carcinoid syndrome.

Carcinoid Syndrome

The carcinoid syndrome is associated with severe flushing
attacks. Flushing attacks are characterized by the sudden
onset of a deep red color over the upper part of the body, 
primarily the neck and face, and an unpleasant feeling of
warmth, lacrimation, itching, palpitations, and diarrhea.
Flushing spells may be precipitated by stress, certain foods
such as cheese or wine, exercise, and drugs. Attacks are gen-
erally brief, lasting 2 to 5 minutes, and episodic. Typical flush-
ing attacks are most commonly seen with carcinoid tumors
that originate in the midgut and have liver metastases. Diar-
rhea is also associated with carcinoid syndrome. Ovarian car-
cinoid tumors also commonly cause the carcinoid syndrome
(see Table 56.8). Diarrhea usually occurs with the flushing but
it may also occur alone. Typically the stools are watery with
the number of movements ranging from 3 to 30 per day.
Patients commonly develop wheezing and airway constric-
tion during an attack. Cardiac manifestations are also part of
the carcinoid syndrome. The cardiac disease is typically
caused by fibrosis that involves primarily the right side of the
heart. Fibrous deposits tend to cause constriction of the tri-
cuspid and pulmonic valve that results in regurgitation. In the
atypical carcinoid syndrome, the flushing may be prolonged,
lasting several days. It is more diffuse over the entire body,
and may be a constant red or cyanotic color. The atypical rash

is frequently provoked by food and may be associated with
intense pruritis.

In general, the signs and symptoms of the carcinoid syn-
drome are caused by serotonin (5-HT) secretion by the tumor.
Most patients (more than 85%) with the carcinoid syndrome
have elevated urinary levels of 5-hydroxyindolacetic acid (5-
HIAA), the major metabolite of serotonin. The carcinoid syn-
drome is diagnosed by measurement of elevated urinary levels
of 5-HIAA. It is also important to remember that foregut car-
cinoid tumors may produce the atypical carcinoid syndrome.
These tumors lack the appropriate decarboxylase enzyme to
convert 5-hydroxytryptophan to serotonin (5-hydroxytrypta-
mine). Therefore, in patients with the atypical carcinoid syn-
drome, urinary levels of 5-HIAA may be normal but urinary
metabolites of tryptophan are elevated. Further, platelet
levels of serotonin will be elevated because platelets have 
the enzyme to convert 5-hydroxytryptophan to serotonin.
However, most patients with carcinoid syndrome have
midgut carcinoid tumors with liver metastases, and these
patients have elevated urinary levels of 5-HIAA.

Localization Studies

Patients with the carcinoid syndrome typically have a mass
in the small bowel on CT with cicatrization and narrowing
of the bowel with partial obstruction. These patients usually
have liver metastases. Tumor is best imaged by somatostatin
receptor scintigraphy that has approximately a 90% sensitiv-
ity and specificity for the tumor. SRS is especially useful
because it will also image bone and other distant metastases.
SRS has been shown to be superior to imaging with MIBG.130

Prognosis and Treatment

For all patients with the carcinoid syndrome, the 5-year sur-
vival is approximately 25% (Table 56.9). The prognosis varies
with the site of origin and extent of disease. Patients with the
carcinoid syndrome usually have distant metastases. The
most immediate life-threatening complication is the carci-
noid crisis that may occur during chemotherapy, surgery, or
anesthesia. The crisis only happens in patients with 24-hour
urinary 5-HIAA levels greater than 200mg per 24 hours. The
crisis initially presents with upper body flush, hypertension,
and tachycardia, and subsequently severe hypotension and
death may develop. Treatment with intravenous octreotide
(long-acting somatostatin analogue) ameliorates the symp-
toms and signs and can be lifesaving.

The manifestations of the carcinoid syndrome should be
managed medically. The flush is initially controlled by avoid-
ing precipitating agents, diarrhea by antidiarrheal drugs,
wheezing by bronchial dilators, and valvular heart disease by
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TABLE 56.9. Five-year survival (%) with carcinoid tumors by site and stage.

Primary
Location Site with no metastasis Nodal metastases Distant metastases

Foregut Bronchus 96 71 11
Stomach 93 23 0

Midgut Appendix 99 99 27
Ileum 75 60 20

Hindgut Rectum 92 44 7



inotropic drugs and diuretics. However, the syndrome may
not be completely controlled by these measures and even-
tually patients become more symptomatic. At this point,
patients are treated by the somatostatin analogue octreotide
100–150mg SC TID, which markedly improves all symptoms.
After 1 to 2 weeks of octreotide, the patient can be given san-
dostatin LAR 20–30mg IM every 3 to 4 weeks to control the
syndrome long term. Patients who are treated chronically
with this drug may become refractory to it and require larger
and larger doses. Interferon-alpha has also been used to treat
the carcinoid syndrome and may be helpful in some patients.

Carcinoid tumors are best managed surgically. However,
in patients with liver or locally advanced tumor, surgery is
seldom curative. Patients with distant metastases may have
symptoms related to a partial small bowel obstruction that
warrant surgery. Further, in some reports aggressive surgery
to debulk the primary and metastatic tumor is associated
with amelioration of symptoms and prolongation of survival.
Hepatic metastases may also be treated with chemoem-
bolization, cryotherapy, radiofrequency ablation, and liver
transplantation. Each of these procedures may improve symp-
toms, but none has been shown to clearly prolong survival.
Control of liver metastases by surgery is associated with a 5-
year survival of 80%.131 Chemotherapy with adriamycin, 5-
fluorouracil, and streptozotocin has a 30% partial response
rate. However, there have been no complete responses and no
improvement in survival. Immunotherapy with interferon-
alpha has also decreased tumor size and may improve symp-
toms. In general, patients with carcinoid tumors live for long
periods (see Table 56.9), and treatments are used to provide
specific goals such as relief of symptoms and prolongation 
of survival. Recent data continue to document that chem-
otherapy has not been effective in gastroenteropancreatic
neuroendocrine tumors. Somatostatin analogues such as 
sandostatin LAR in doses of 20–30mg IM every 3 to 4 weeks
have been able to control the signs and symptoms of carci-
noid syndrome and appear to have decreased tumor growth,
causing stabilization of disease.132 A prospective trial of 
interferon-alpha, lantreotide, or both in 80 patients with
metastatic carcinoid tumors demonstrated that each of the
drugs and the combination had antitumor activity that
decreased symptoms and appeared to prolong survival.
However, no treatment group was significantly better than
the other groups.133 Other investigators have criticized this
study based on inadequate numbers of patients and the use
of lantreotide instead of other somatostain analogues.134 A
new approach that shows promise is based on inhibition of
the epidermal growth factor receptor by gefitinib, which
induced apoptosis and cell-cycle arrest in in vitro studies of
malignant neuroendocrine tumors.135

Multiple Endocrine Neoplasia

Multiple endocrine neoplasia type 1 (MEN-1) is an inherited
endocrine disorder that includes hyperplasia of the parathy-
roid glands, tumors of the pancreatic islets and anterior 
pituitary, and occasionally carcinoid tumors and lipomas. It
is inherited as an autosomal dominant disorder with variable
penetrance, meaning that 50% of the offspring will develop
the disease, but each may not express all the components
(Table 56.10).

Genetic Abnormalities in MEN-1

The causative gene in MEN-1 has been mapped to the long
arm of chromosome 11 (see Table 56.10). The exact gene has
been identified and named menin. Menin is a tumor sup-
pressor gene, but its exact function is unknown.136 Screening
for the presence of disease should begin during the second or
third decade of life. Individuals at risk should be questioned
and examined for kidney stones, lipomas, hypercortisolism,
hypoglycemia, peptic ulcer disease, headaches, acromegaly,
and visual field defects. Blood levels of calcium, glucose, 
prolactin, gastrin, and pancreatic polypeptide are measured.

Parathyroid Hyperplasia in MEN-1

Primary hyperparathyroidism (HPT) is the most common
endocrine disorder in patients with MEN-1.137,138 The mani-
festations are similar to those seen in non-MEN-1 patients
with HPT and include asymptomatic hypercalcemia, weak-
ness, fatigue, kidney stones, and bone pain from decreased
bone density. The prevalence of HPT in MEN-1 increases
with age and is nearly 100% after age 50. The age of onset is
25 years, which is younger than sporadic HPT. Primary hyper-
parathyroidism is diagnosed by measurement of elevated
serum levels of total calcium, ionized calcium, and parathy-
roid hormone (PTH). The intact PTH assay has seldom given
false-positive results and is very specific for HPT. These
patients always have parathyroid hyperplasia, but at surgery
there can be some asymmetry in size.139 The operation of
choice is currently three and one-half gland parathyroidec-
tomy. Half the most normal-appearing parathyroid gland is
left intact and marked with a clip. The cervical thymus
should also be removed, as supernumerary glands may occur
and are usually within the thymus.

Pancreatic Islet Cell Tumors in MEN-1

MEN-1 patients also develop pancreatic or duodenal neu-
roendocrine tumors. Tissue microdissection techniques show
that pancreatic neuroendocrine tumors in MEN-1 originate
from the ductal acinar system and not the islets.140 Endo-
scopic ultrasound has been used in MEN-1 patients to detect
pancreatic neuroendocrine tumors at an early stage before the
development of metastases. EUS was able to diagnose the
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TABLE 56.10. Multiple endocrine neoplasias: genetics and clinical
syndromes.

MEN-1 MEN-2A MEN-2B FMTC

Chromosome 11 10 10 10
Gene Menin RET RET RET
Autosomal dominant + + + +
Phenotype -- -- + --
MTC -- + + +
Virulence of MTC -- + + + + + + +
Pheochromocytoma -- + + --
Pancreatic NET + -- -- --
1° HPT + + -- --
Pituitary tumor + - -- --

MEN, multiple endocrine neoplasia; MTC, medullary thyroid carcinoma;
FMTC familial medullary thyroid carcinoma; NET, neuroendocrine tumor; 1°
HPT, primary hyperparathyroidism.



presence of pancreatic neuroendocrine tumors in 14 of 15
MEN-1 patients before they had signs or symptoms of islet
cell tumors.141 These tumors may be malignant, and there is
a correlation between the size of the tumor and the chance
of metastases.142 Pancreatic islet cell tumors may be non-
functional or produce excessive hormones that cause a char-
acteristic clinical syndrome. The most common functional
islet cell tumor in MEN-1 is gastrinoma. Moreover, any islet
cell tumor can occur in patients with MEN-1, including 
gastrinoma, insulinoma, glucagonoma, VIPoma, GRFoma,
somatostatinoma, and nonfunctional tumor or PPoma.

Surgery is indicated to remove a potentially malignant
islet cell tumor and ameliorate hormonal effects. At surgery
these patients commonly have multiple pancreatic islet cell
tumors and also multiple duodenal neuroendocrine tumors.143

Recent studies indicate that tumors that produce insulin,
glucagon, and VIP are more commonly within the pancreas,
whereas tumors that secrete gastrin are usually within the
duodenum.144 The goal of surgery is to remove tumor without
excessive morbidity and mortality. Surgical resection seldom
cures patients of Zollinger–Ellison syndrome,145 but it reduces
the probability of liver metastases. The concept of early diag-
nosis of pancreatic neuroendocrine tumors in MEN-1 patients
is not supported by the low cure rate and the fact that MEN-
1 patients with resected metastatic tumors have the same
survival as patients with resected localized tumors.146

Pituitary Tumors in MEN-1

The most common pituitary tumor in MEN-1 is a prolactin-
oma. Elevated serum levels of prolactin are diagnostic and are
used as a screening study. Prolactinomas cause galactorrhea
and impotence. Pituitary tumors in MEN-1 may also secrete
other hormones including corticotropin (ACTH), growth
hormone, and thyroid stimulating hormone (TSH). These
tumors are associated with Cushing’s disease, acromegaly,
and hyperthyroidism, respectively. Biochemical diagnosis of
each is based on recognition of the clinical signs and symp-
toms. MRI or CT of the sella and visual field examination are
ordered for patients suspected to have pituitary tumors.
Bitemporal hemianopsia may occur when large tumors com-
press the optic chiasm.

Pituitary adenomas that produce prolactin are usually
treated with bromocryptine. Pituitary tumors can also be
removed surgically or less commonly are treated with 
irradiation.

Less-Common Tumors in MEN-1

Less-common tumors that may be occur with MEN-1 include
bronchial or thymic carcinoids, intestinal carcinoids, gastric
carcinoids, lipomas, benign adenomas of the thyroid gland,
benign adrenocortical adenomas, and rarely adrenocortical
carcinomas. Carcinoid tumors should be removed surgically
when identified. Cortical adenomas of the thyroid gland and
benign cortical adenomas of the adrenal cortex usually
require no treatment, unless there is evidence of excessive
hormonal function. Lipomas are usually large and should be
excised when symptomatic. Adrenal cortical carcinomas
commonly present with signs and symptoms of hypercorti-
solism and are identified as a large adrenal tumor on CT (6
cm). Surgical resection is the treatment of choice.

Multiple Endocrine Neoplasia Type 2A, 2B,
and Familial Medullary Thyroid Carcinoma

Multiple endocrine neoplasia type 2A (MEN-2A) is an auto-
somal dominant inherited endocrine syndrome that is char-
acterized by medullary thyroid carcinoma (MTC), adrenal
pheochromocytoma(s), and parathyroid hyperplasia (see Table
56.10). Multiple endocrine neoplasia type 2B (MEN-2B) is an
autosomal dominant inherited endocrine syndrome that is
characterized by MTC, adrenal pheochromocytoma(s), and a
characteristic phenotype that includes mucosal neuromas,
puffy lips, bony abnormalities, marfanoid habitus, intestinal
ganglioneuromas, and corneal nerve hypertrophy.147 Unlike
MEN-2A, parathyroid disease is not associated with MEN-2B.
Familial medullary thyroid carcinoma (FMTC) is character-
ized by an autosomal dominant inheritance of only medul-
lary thyroid carcinoma without any other endocrine 
abnormalities.148

Gene Defect in MEN-2

The gene for MEN-2A, MEN-2B, and FMTC has been localized
to the pericentromeric region of chromosome 10 (see Table
56.10). The responsible gene is a transmembrane protein
kinase receptor called RET.149,150 RET is an oncogene in that
mutations enhance cellular growth. The exact mechanism by
which RET enhances cellular growth is unknown. Recent
studies have detected missense mutations in RET in all indi-
viduals with MEN-2A, MEN-2B, and FMTC.149,150 MEN-2A
and FMTC mutations have been identified within the extra-
cellular portion of the molecule, whereas MEN-2B mutations
have been identified within the intracellular domain.

Medullary Thyroid Carcinoma

In patients with MEN-2A, MTC generally appears between
the ages of 5 and 25 years before the development of pheo-
chromocytoma or primary hyperparathyroidism.150 Recently,
detection of RET mutations in the peripheral white blood cells
of patients from kindreds with MEN-2A has been used as a
screening procedure to diagnose an affected individual.150,151

Because 100% of individuals with MEN-2A will develop
MTC, total thyroidectomy has been performed when RET
mutations are detected. Before thyroid surgery, it is important
to rule out the presence of a pheochromocytoma by measur-
ing 24-hour urine levels of VMA, metanephrines, and total cat-
echolamines. When total thyroidectomy has been performed
based solely on genetic testing, either premalignant C-cell
hyperplasia or in situ MTC has been identified.

Individuals with MEN-2B have a characteristic pheno-
type.147 These patients have prognathism, puffy lips, poor den-
tition, mucosal neuromas, corneal nerve hypertrophy, and
multiple bony abnormalities. The presence of MEN-2B can be
ascertained by the observation of corneal nerve hypertrophy
on slit-light examination. Patients with MEN-2B usually have
locally advanced MTC at presentation.147 These patients are
seldom cured by thyroidectomy and usually die of the MTC.

Individuals with FMTC have the best prognosis.148 In
these patients, MTC occurs at an older age and patients
seldom die of MTC. Thus, in the three different familial set-
tings, although the same oncogene is affected, the virulence
of the MTC is different. The most virulent form is MEN-2B,
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the intermediate form is MEN-2A, and the least virulent is
FMTC. Total thyroidectomy is indicated for the familial types
of MTC as each involves both lobes of the gland.

Pheochromocytoma in MEN-2A and 2B

Individuals with either MEN-2A or MEN-2B may develop
bilateral benign intraadrenal pheochromocytomas.150 The
diagnosis of pheochromocytoma is made by detection of ele-
vated 24 hour urinary levels of VMA, metanephrines, or total
catecholamines. Urinary metanephrines are the single best
diagnostic study. Imaging studies can identify which adrenal
gland is involved. CT, MRI, and MIBG scan each have utility.
Both MRI and CT can image pheochromocytomas as small as
1cm. There is controversy as to the extent of adrenalectomy
in patients with MEN-2. Some recommend bilateral adrena-
lectomy for all individuals with biochemical evidence of
pheochromocytoma, because studies have shown that 70%
are bilateral and sudden death can be caused by an untreated
pheochromocytoma. Others remove only the adrenal gland in
which a tumor is seen. If a unilateral adrenalectomy is per-
formed, careful follow-up is warranted as some patients may
develop another tumor in the contralateral gland. Recent
studies have demonstrated that laparoscopic adrenalectomy 
is the method of choice to remove these tumors. Resection
should be performed after the patient has been prepared 
preoperatively with alpha-adrenergic-blocking drugs such as
phenoxybenzamine. Adrenal surgery should be performed
before thyroidectomy.

Parathyroid Disease in MEN-2A

Patients with MEN-2A may also develop symptomatic
primary hyperparathyroidism (HPT).152 The diagnosis is ascer-
tained by measurement of elevated serum levels of calcium
and parathyroid hormone. HPT is caused by multiple gland
disease or parathyroid hyperplasia (see Table 56.10). The
proper surgical treatment is three and one-half gland 
parathyroidectomy.

Gastrointestinal Manifestations of MEN-2A 
or MEN-2B

Some individuals with MEN-2A may also have Hirschsprung’s
disease. Recent evidence suggests that Hirschsprung’s disease
is also associated with RET mutations; however, these muta-
tions are inactivating for RET. Individuals with MEN-2B com-
monly complain of severe constipation, and megacolon or
diverticulosis has been described. MEN-2B patients are known
to have abnormal gut motility secondary to intestinal gan-
glioneuromatosis. Constipation should be treated as symp-
toms arise. As the MTC becomes metastatic, patients may
develop severe secretory diarrhea. MTC can secrete a wide
variety of peptide hormones that cause diarrhea. Octreotide
has been used to inhibit the diarrhea in this setting.

References

1. Ries LAG, Eisner MP, Kosary CL, et al. (eds). SEER Cancer 
Statistics Review, 1975–2001. Bethesda, MD: National Cancer
Institute, 2004. http://seer.cancer.gov/csr/1975_2001/.

2. Zhao J, Speel E, Muletta-Feurer S, et al. Analysis of genomic
alterations in sporadic adrenocortical lesions. Am J Pathol
1999;155:1039–1045.

3. Logie A, Boulle N, Gaston V, et al. Autocrine role of IGF-II in
proliferation of human adrenocortical carcinoma NCI H296R
cell line. J Mol Endosc 1999;23:23–32.

4. Stojadinovic A, Ghossein R, Hoos A, et al. Adrenocortical car-
cinoma: clinical, morphologic, and molecular characterization.
J Clin Oncol 2002;20:941–950.

5. Hainuat P. Tumor-specific mutations in p53: the acid test. Nat
Med 2002;8:21–23.

6. Barzon L, Chilosi M, Fallo F, et al. Molecular analysis of
CDKN1C and TP53 in sporadic adrenal tumors. Eur J Endosc
2001;145:207–212.

7. Yamamichi-Nishina M, Ito T, Mizutani T, Yamamichi N,
Watanabe H, Iba H. SW13 cells can transition between two 
distinct subtypes by switching expression of BRG1 and Brm 
genes at the post-transcriptional level. J Biol Chem 2003;278:
7422–7430.

8. Lindholm J, Juul S, Jorgensen JOL, et al. Incidence and late 
prognosis of Cushing’s syndrome: a population-based study. J
Clin Endocrinol Metab 2001;86:117–123.

9. Yamada T, Saito H, Moriya T, et al. Adrenal carcinoma with 
a signal loss on chemical shift magnetic resonance imaging. 
J Comput Assist Tomogr 2003;27:606–608.

10. Honigschnabl S, Gallo S, Niederle B, et al. How accurate is MR
imaging in characterization of adrenal masses: update of a 
long-term study. Eur J Radiol 2002;41:113–122.

11. Becjerer A, Voerjapper J, Potzi C, et al. FDG PET in adrenocor-
tical carcinoma. Can Biother Radiopharm 2001;16:289–295.

12. Maurea S, Klain M, Caraco C, et al. Diagnostic accuracy of
radionuclide imaging using 131I nor-cholesterol or meta-
iodobenzylguanidine in patients with hypersecreting or non-
hypersecreting adrenal tumours. Nucl Med 2002;23:951–960.

13. Grumbach M, Biller M, Baunstein G, et al. Management of the
clinically inapparent adrenal mass. Ann Intern Med 2003;138:
424–429.

14. Lockhard M, Smith J, Kenney P. Imaging of adrenal masses. Eur
J Radiol 2002;41:95–112.

15. Fimmano A, Pettinato G, Bonuso C, et al. Giant, nonfunction-
ing carcinoma of the adrenal cortex. N Engl J Med 2001;345:700.

16. Harrison L, Gaudin P, Brennan M. Pathologic features of prog-
nostic significance for adrenocortical carcinoma after curative
resection. Arch Surg 1999;134:181–185.

17. Langer P, Bartsch D, Moebius E, et al. Adrenocortical carcinoma-
our experience with 11 cases. Langenbecks Arch Surg 2000;385:
393–397.

18. Wood B, Abraham J, Hvizda J, et al. Radiofrequency ablation 
of adrenal tumors and adrenocortical carcinoma metastases.
Cancer (Phila) 2003;97:554–560.

19. Wajchenberg B, Pereira M, Medonca B, et al. Adrenocortical 
carcinoma. Cancer (Phila) 2000;88:711–736.

20. Harrison LE, Gaudin PB, Brennan MF. Pathologic features of
prognostic significance for adrenocrtical carcinoma after cura-
tive resection. Arch Surg 1999;134:181–185.

21. Schulick R, Brennan M. Long-term survival after complete
resection and repeat resection in patients with adrenocortical
carcinoma. Ann Surg Oncol 1999;6:719–726.

22. Ng L, Libertino J. Adrenocortical carcinoma: diagnosis, evalua-
tion and treatment. J Urol 2003;169:5–11.

23. Abraham J, Bakke S, Rutt A, et al. A phase II trial of combina-
tion chemotherapy and surgical resection for the treatment of
metastatic adrenocortical carcinoma. Cancer (Phila) 2002;94:
2333–2343.

24. Berruti A, Terzolo M, Angeli A, et al. Mitotane associated 
with etoposide, doxorubicin, and cisplatin in the treatment of
advanced adrenocortical carcinoma. Cancer (Phila) 1998;83:
2194–2200.

1 0 2 0 chapter 56



25. Williamson S, Lew D, Miller G, et al. Phase II evaluation of cis-
platin and etoposide followed by mitotane at disease progression
in patients with locally advanced or metastatic adrenocortical
carcinoma. Cancer (Phila) 2000;88:1159–1165.

26. Mekhail T, Hutson T, Elson P, et al. Phase I trial of weekly doc-
etaxel and gemcitabine in patients with refractory malignancies.
Cancer (Phila) 2003;97:170–178.

27. Baudin E, Docao C, Gicquel C, et al. Use of a topoisomerase 
I inhibitor (irinotecan, CPT-11) in metastatic adrenocortical 
carcinoma. Ann Oncol 2002;13:1806–1809.

28. Bravo E, Tagle R. Pheochromocytoma: state-of-the-art and future
prospects. Endocr Rev 2003;24:539–553.

29. Neumann H, Bausch B, McWhinney S, et al: Germ-line muta-
tions in nonsyndromic pheochromocytoma. N Engl J Med 2002;
346:1459–1466.

30. Maher E, Eng C. The pressure rises: update on the genetics of
phaeochromocytoma. Hum Mol Genet 2002;11:2347–2354.

31. Bryant J, Farmer J, Kessler L, et al. Pheochromocytoma: the
expanding genetic differential diagnosis. J Natl Cancer Inst
2003;95:1196–1204.

32. La Batide-Alanore A, Chatellier G, Plouin P. Diabetes as a
marker of pheochromocytoma in hypertensive patients. J 
Hypertens 2003;21:1703–1707.

33. Wiesner T, Bluher M, Windgassen M, Paschke R. Improvement
of insulin sensitivity after adrenalectomy in patients with
pheochromocytoma. J Clin Endocrinol Metab 2003;88:3632–
3636.

34. Kudva Y, Sawka A, Young W. The laboratory diagnosis of adrenal
pheochromocytoma: the Mayo experience. J Clin Endocrinol
Metab 2003;88:4533–4539.

35. Weise M, Merke D, Pacak K, et al. Utility of plasma free
metaneprines for detecting childhood pheochromocytoma. J
Clin Endocrinol Metab 2002;87:1955–1960.

36. Lenders J, Pacak K, Eisenhofer G. New advances in the bio-
chemical diagnosis of pheochromocytoma. Ann NY Acad Sci
2002;970:29–40.

37. Sawka A, Jaeschke R, Singh R, Young W. A comparison of bio-
chemical tests for pheochromocytoma: measurement of frac-
tionated plasma metanephrines compared with the combination
of 24-hour urinary metanephrines and cathecholamines. J Clin
Endocrinol Metab 2003;88:553–558.

38. Blake M, Krishnamoorthy S, Boland G, et al. Low-density
pheochromocytoma on CT: a mimicker of adrenal adenoma. Am
J Radiol 2003;181:1663–1668.

39. Kolby L, Bernhardt P, Levin-Jakobsen A-M, et al. Uptake of
meta-iodobenzylguanidine in neuroendocrine tumours is 
mediated by vesicular monoamine transporters. Br J Cancer
2003;89:1383–1388.

40. Jacob T, Escout J, Bussy E. Malignant diaphragmatic pheochro-
mocytoma. Clin Nucl Med 2002;27:807–809.

41. Taniguchi K, Ishizu K, Torizuka T, et al. Metastases of predom-
inantly dopamine-secreting phaeochromocytoma that did not
accumulate meta-iodobenzylguanidine: imaging with whole
body positron emission tomography using 18F-labelled deoxyglu-
cose. Eur J Surg 2001;167:866–870.

42. Hoegerle S, Nitzsche E, Altehoefer C, et al. Pheochromocy-
tomas: detection with 18F DOPA whole-body PET: initial results.
Radiology 2002;222:507–512.

43. Hwang J, Uchio E, Pate V, et al. Diagnostic localization of malig-
nant bladder pheochromocytoma using 6-[18F]fluorodopamine
positron emission tomography. J Urol 2003;169:274–275.

44. Ilias I, Yu J, Carrasquillo J, et al. Superiority of 6-[18F]
fluorodopamine positron emission tomography versus [131I]-
metaiodobenzylguanidine scintigraphy in the localization of
metastatic pheochromocytoma. J Clin Endocrinol Metab 2003;
88:4083–4087.

45. Bravo E. Pheochromocytoma an approach to antihypertensive
management. Ann NY Acad Sci 2002;970:1–10.

46. Bentrem D, Pappas S, Ahuja Y, et al. Contemporary surgical
management of pheochromocytoma. Am J Surg 2002;184:
621–625.

47. MacGillivray D, Whalen G, Malchoff C, et al. Laparoscopic
resection of large adrenal tumors. Ann Surg Oncol 2002;9:
480–485.

48. Porpiglia F, Destefanis P, Fiori C, et al. Does adrenal mass size
really affect safety and effectiveness of laparoscopic adrenalec-
tomy? Urology 2002;60:801–805.

49. Zeh H, Udelsman R. One hundred laparoscopic adrenalec-
tomies: a single surgeon’s experience. Ann Surg Oncol 2003;10:
1012–1017.

50. Brunt L, Lairmore T, Doherty G, et al. Adrenalectomy for 
familial pheochromocytoma in the laparoscopic era. Ann 
Surg 2002;235:713–721.

51. Walther M. New therapeutic and surgical approaches for 
sporadic and hereditary pheochrmocytoma. Ann NY Acad 
Sci 2002;970:41–53.

52. Li M, Fitzgerald P, Price D, Norton J. Iatrogenic pheochromocy-
tomatosis: a previously unreported result of laparoscopic 
adrenalectomy. Surgery (St. Louis) 2001;130:1072–1077.

53. Shah M, Karelia N, Patel S, et al. Flow cytometric DNA 
analysis for determination of malignant potential in adrenal
pheochromocytoma or paraganglioma: an Indian experience.
Ann Surg Oncol 2003;10:426–431.

54. Yon L, Guillemot J, Montero-Hadjadje M, et al. Identification of
the secretogranin II-derived peptide EM66 in pheochromocy-
tomas as a potential marker for discriminating benign versus
malignant tumors. J Clin Endocrinol Metab 2003;88:2579–2585.

55. Boltze C, Mundschenk J, Unger N, et al. Expression profile 
of the telomeric complex discriminates between benign and
malignant pheochromocytoma. J Clin Endocrinol Metab
2003;88:4280–4286.

56. Gimenez-Roqueplo A, Favier J, Rustin P, et al. Mutations in the
SDHB gene are associated with extra-adrenal and/or malignant
phaechromocytomas. Cancer Res 2003;63:5615–5621.

57. Naguib M, Caceres M, Thomas C, et al. Radiation Treatment of
recurrent pheochromocytoma of the bladder. Am J Clin Oncol
2002;25:42–44.

58. Rao F, Keiser H, O’Connor D. Malignant and benign pheochro-
mocytoma chromaffin granule transmitters and the response to
medical and surgical treatment. Ann NY Acad Sci 2002;971:
530–532.

59. Sisson J. Radiopharmaceutical treatment of pheochromocy-
tomas. Ann NY Acad Sci 2002;970:54–60.

60. Rose B, Matthay K, Price D, et al. High-dose 131I-metaiodoben-
zylguanidine therapy for 12 patients with malignant pheochro-
mocytoma. Cancer (Phila) 2003;98:239–248.

61. Lamarre-Cliché M, Gimenez-Roqueplo A, Billaud E, et al. Effects
of slow-release octreotide on urinary metanephrine excretion
and plasma chromogranin A and catecholamine levels in
patients with malignant or recurrent phaechromocytoma. Clin
Endocrinol 2002;57:629–634.

62. Nakane M, Takahashi S, Sekine I, et al. Successful treatment of
malignant pheochromocytoma with combination chemotherapy
containing anthracycline. Ann Oncol 2003;14:1449–1451.

63. Norton JA. Neuroendocrine tumors of the pancreas and duode-
num. Curr Prob Surg 1994;31:77–164.

64. Doherty GM, Doppman JL, Shawker TH, et al. Results of a
prospective strategy to diagnose, localize and resect insulino-
mas. Surgery (St. Louis) 1991;110:989–997.

65. Nakamura Y, Larsson C, Julier C, et al. Localization of the
genetic defect in multiple endocrine neoplasia type 1 within a
small region of chromosome 11. Am J Hum Genet 1989;44:
751–755.

66. Chetty R, Weinreb I. Gastric neuroendocrine carcinoma arising
fron heterotopic pancreatic tissue. J Clin Pathol 2004;57:
314–317.

tumors  of  the  endocrine  system 1 0 2 1



67. Pareja-Megia MJ, Rios-Martin JJ, Garcia-Escudero A, Gonzalez-
Campora R. Papillary and cystic insulinoma of the pancreas.
Histopathology (Oxf) 2002;40:483–494.

68. Perez-Montiel MD, Frankel WL, Suster S. Neuroendocrine 
carcinomas of the pancreas with “rhabdoid” features. Am J 
Surg Pathol 2003;27:642–649.

69. Bartsch D, Hahn SA, Danichevski KD, et al. Mutations of the
DPC5/Smad4 gene in neuroendocrine pancreatic tumors. Onco-
gene 1999;18:2367–2371.

70. Chen YJ, Vortmeyer A, Zhuang Z, Gibril F, Jensen RT. X-chro-
mosome loss of heterozygosity frequently occurs in gastrinomas
and is correlated with aggressive tumor growth. Cancer (Phila)
2004;100:1379–1387.

71. Arnold C, Sosnowski A, Blum HE. Analysis of molecular path-
ways in neuroendocrine cancers of the gastroenteropancreatic
system. Ann NY Acad Sci 2004;1014:218–219.

72. Sippel RS, Carpenter JE, Kunnimalaiyaan M, Lagerholm S, Chen
H. Raf-1 activation suppresses neuroendocrine masker and
hormone levels in human gastrointestinal carcinoid cells. Am J
Physiol Gastrointestinal 2003;285:G245–G254.

73. Serrano J, Peghini SU, Paolo L, Lubensky IA, Gibril F, Jensen RT.
Alterations in the p16INK4a tumor suppressor gene in gastrino-
mas. J Clin Endocrinol Metab 2000;85:4146–4156.

74. Kisler O, Bastian D, Bartsch D, Nies C, Rothmund M. Local-
ization, malignant potential, and surgical management of gas-
trinomas. World J Surg 1998;22:651–659.

75. Service FJ, McMahon MM, O’Brien PC, Ballard DJ. Functioning
insulinoma: incidence, recurrence, and long-term survival of
patients: a 60-year study. Mayo Clin Proc 1991;66:711–719.

76. Norton JA, Doppman JL, Jensen RT. Curative resection in
Zollinger-Ellison syndrome: results of a 10 year prospective
study. Ann Surg 1992;215:8–18.

77. Pape U, Bohmig M, Berndt U, Tiling N, Wiedenmann B,
Plockinger U. Survival and clinical outcome of patients with
neuroendocrine tumors of the gastroenteropancreatic tract 
in a German referral center. Ann NY Acad Sci 2004;1014:
222–233.

78. Chu QD, Hill HC, Douglass HO, et al. Predictive factors asso-
ciated with long-term survival in patients with neuroendocrine
tumors of the pancreas. Ann Surg Oncol 2002;9:855–862.

79. Matthews BD, Smith TI, Kercher KW, Holder W Jr, Heniford BT.
Surgical experience with functioning pancreatic neuroendocrine
tumors. Am Surg 2002;68:660–666.

80. Matthews BD, Heniford BT, Reardon PR, Brunicardi FC, Greene
FL. Surgical experience with nonfunctional neuroendocrine
tumors of the pancreas. Am Surg 2000;66:1116–1123.

81. Ramsay D, Gibson P, Edmunds S, Mendelson R. Pancreatic 
islet cell tumours presenting as recurrent acute pancreatitis:
imaging features in three cases. Australas Radiol 2001;45:
520–523.

82. Grino P, Martinez J, Grino E, et al. Acute pancreatitis secondary
to pancreatic neuroendocrine tumors. J Pancreas 2003;4:
104–110.

83. Tran TH, Pathak RD, Basa ALP. Metastatic insulinoma: case
report and review of the literature. South Med J 2004;97:
199–201.

84. Lamberts SW, Bakker WH, Reubi JC, Krenning EP. Somatostatin
receptor imaging in the localization of endocrine tumors. N Engl
J Med 1990;323:1246–1249.

85. Fraker DL, Norton JA, Alexander HR, Venzon DJ, Jensen RT.
Surgery in Zollinger-Ellison syndrome alters the natural history
of gastrinoma. Ann Surg 1994;220:320–330.

86. Fidler JL, Fletcher JG, Reading CC, et al. Preoperative detection
of pancreatic insulinomas on multiphasic helical CT. AJR 2003;
181:775–780.

87. Pereira PL, Wiskirchen J. Morphological and functional investi-
gations of neuroendocrine tumors of the pancreas. Eur Radiol
2003;13:2133–2136.

88. Van Nieuwenhove Y, Vandaele S, Op de Beeck B, Delvaux G.
Neuroendocrine tumors of the pancreas. Surg Endosc 2003;17:
1658–1662.

89. Sundin A, Eriksson B, Bergstrom M, et al. PET in the diagnosis
of neuroendocrine tumors. Ann NY Acad Sci 2004;1014:
246–257.

90. Mirallie E, Maunoury V, Huglo D, Proye C. Non-invasive
imaging of insulinomas and gastrinomas with endoscopic 
ultrasonography and somatostatin receptor scintigraphy. Br 
J Surg 2001;88:1272–1278.

91. Kann PH, Wirkus B, Keth A, Golton K. Pitfalls in endosono-
graphic imaging of suspected insulinomas: pancreatic nodules of
unknown dignity. Eur J Endosc 2003;148:531–534.

92. Rathod VD, Binmoeller KF, Thul R, et al. The role of EUS-guided
fine needle aspiration-biopsy (FNAB) in the diagnosis of neu-
roendocrine tumors P280. Gut 1997;25E–26E.

93. Gouya H, Vignaux O, Augui J, et al. CT, endoscopic sonography
and a combined protocol for preoperative evaluation of pancre-
atic insulinomas. AJR 2003;181:987–992.

94. Hiramoto JS, Feldstein VA, LaBerge JM, Norton JA. Intraopera-
tive ultrasound and preoperative localization detects all occult
insulinomas. Arch Surg 2001;136:1020–1026.

95. Turner JJO, Wren AM, Jackson JE, Thakker RV, Meeran K. 
Localization of gastrinomas by selective intra-arterial calcium
injection. Clin Endosc 2002;57:821–825.

96. Jaroszewski DE, Schlinkert RT, Thompson GB, Schlinkert DK.
Laparoscopic localization and resection of insulinomas. Arch
Surg 2004;139:270–274.

97. Fernandez-Cruz L, Saenz A, Astudillo E, et al. Outcome of
laparoscopic pancreatic surgery: endocrine and nonendocrine
tumors. World J Surg 2002;26:1057–1065.

98. Tagaya N, Kasama K, Suzuki N, et al. Laparoscopic resection 
of the pancreas and review of the literature. Surg Endosc
2003;17:201–206.

99. Chastain MA. The glucagoma syndrome: a review of its features
and discussion of new perspectives. Am J Med Sci 2001;321:
306–320.

100. Chang-Chretien K, Chew JT, Judge DP. Reversible dilated car-
diomyopathy associated with glucagonoma. Heart 2004;90:1–3.

101. Alexander EK, Robinson M, Staniec M, Dluhy RG. Peripheral
amino acid and fatty acid infusion for the treatment of necrolytic
migratory erythema in the glucagonoma syndrome. Clin
Endocrinol 2002;57:827–831.

102. Fernandez-Represa JA, Rodriguez DF, Contin MJP, et al. Pancre-
atic glucagonoma: detection by positron emission tomography.
Eur J Surg 2000;166:175–176.

103. Johnson DS, Coel MN, Bornemann M. Current imaging and 
possible therapeutic management of glucagonoma tumors. 
Clin Nucl Med 2000;25:120–124.

104. Wermers RA, Fatourechi V, Wynne AG, Kvols LK, Lloyd RV. The
glucagonoma syndrome: clinical and pathological features in 21
patients. Medicine (Baltimore) 1996;75:53–63.

105. Peng SY, Li JT, Liu YB, et al. Diagnosis and treatment of VIPoma
in China. Pancreas 2004;28:93–97.

106. Sofka CM, Semelka RC, Marcos HB, Woosley JT. MR imaging
of metastatic pancreatic VIPoma. Magn Reson Imaging 1997;15:
1205–1208.

107. Mortele KJ, Oei A, Bauters W, et al. Dynamic gadolinium-
enhanced MR imaging of pancreatic VIPoma in a patient with
Vermer-Morrison syndrome. Eur Radiol 2001;11:1952–1955.

108. Schoevaerdts D, Favet L, Zekry D, Sieber CC, Michel JP.
Vipoma: effective treatment with octreotide in the oldest old. 
J Am Geriatr Soc 2001;49:496–497.

109. Cellier C, Yaghi C, Cuillerier E, et al. Metastatic jejunal VIPoma:
beneficial effect of combination therapy with interferon-alpha
and 5-fluorouracil. Am J Gastroenterol 2000;95:289–293.

110. Corbetta S, Peracchi M, Cappiello V, et al. Circulating ghrelin
levels in patients with pancreatic and gastrointestinal neuroen-

1 0 2 2 chapter 56



docrine tumors: identification of one pancreatic ghrelinoma. 
J Clin Endocrinol Metab 2003;88:3117–3120.

111. Nguyen BD. Scintigraphic and computed tomographic imaging
of isolated peripancreatic nodal gastinomas. Clin Nucl Med
2003;28:47–48.

112. Owen NJ, Sohaib SAA, Peppercorn PD, et al. MRI of pancreatic
neuroendocrine tumours. Br J Radiol 2001;74:968–973.

113. deHerder WW, Hofland LJ, van der Lely AJ, Lamberts SWJ.
Somatostatin receptors in gastroenteropancreatic neuroen-
docrine tumours. Endocr Relat Cancer 2003;10:451–458.

114. Rickes S, Unkrodt K, Ocran K, Neye H, Wermke W. Differenti-
ation of neuroendocrine tumors from other pancreatic lesions by
echo-enhanced power Doppler sonography and somatostatin
receptor scintigraphy. Pancreas 2003;1:76–81.

115. McIntyre TP, Stahfels KR, Sell HW Jr. Gastrinoma. Am J Surg
2002;183:666–667.

116. Norton JA, Alexander HR, Fraker D, Venzon D, Gibril F, 
Jensen RT. Does the use of routine duodenotomy (DUODX)
affect rate of cure, development of liver metastases or survival
in patients with Zollinger-Ellison Syndrome (ZES)? Ann Surg
2004;239(5):617–625; discussion 626.

117. Zogakis TG, Gibril F, Libutti SK, et al. Management and
outcome of patients with sporadic gastrinoma arising in the 
duodenum. Ann Surg 2003;238:42–48.

118. Norton JA, Sugarbaker PH, Doppman JL, et al. Aggressive resec-
tion of metastatic disease in selected patients with malignant
gastrinoma. Ann Surg 1986;203:352–359.

119. Abou-Saif A, Gibril F, Ojeaburu JV, et al. Prospective study of
the ability of serial measurements of serum chromogranin A and
gastrin to detect changes in tumor burden in patients with 
gastrinomas. Cancer (Phila) 2003;98:249–261.

120. Sarmiento JM, Farnell MB, Que FG, Nagorney DM. Pancreati-
coduodenectomy for islet cell tumors of the head of the 
pancreas: long-term survival analysis. World J Surg 2002;26:
1267–1271.

121. Fjallskog ML, Granberg DPK, Welin SLV, et al. Treatment with
cisplatin and etoposide in patients with neuroendocrine tumors.
Cancer (Phila) 2001;92:1101–1107.

122. Pathak RD, Tran TH, Burshell AL. A case of dopamine agonists
inhibiting pancreatic polypeptide secretion from an islet cell
tumor. J Clin Endocrinol Metab 2004;89:581–584.

123. Modlin IM, Lewis JJ, Ahlman H, Bilchik AJ, Kumar RR. Man-
agement of unresectable malignant endocrine tumors of the 
pancreas. Surg Gynecol Obstet 1993;176:507–518.

124. Saito F, Naito H, Funayama Y, et al. Octreotide in control of
multiple liver metastases from gastrinoma. J Gastroenterol
2003;38:905–908.

125. Norton JA, Kivlen M, Li M, Schneider D, Chuter T, Jensen R.
Morbidity and mortality of aggressive resection in patients 
with advanced neuroendocrine tumors. Arch Surg 2003;138:
859–866.

126. Ringe B, Lorf T, Dopkens K, Canelo R. Treatment of hepatic
metastases from gastroenteropancreatic neuroendocrine tumors:
role of liver trasplantation. World J Surg 2001;25:697–699.

127. Ahlman H, Friman S, Cahlin C, et al. Liver transplantation for
treatment of metastatic neuroendocrine tumors. Ann NY Acad
Sci 2004;1014:265–269.

128. Olausson M, Friman S, Cahlin C, et al. Indication and results of
liver transplantation in patients with neuroendocrine tumors.
World J Surg 2002;26:998–1004.

129. van der Hiel B, Stokkel MPM, Chiti A, et al. Effective treatment
of bone metastases from a tumour of the pancreas with high
activities of indium-111-pentetreotide. Eur J Endosc 2003;149:
479–483.

130. Kaltsas G, Korbonits M, Heintz E, et al. Comparison of
somatostain analog and metaiodobenzylguanidine radionuclides
in the diagnosis and localization of advanced neuroendocrine
tumors. J Clin Endocrinol Metab 2001;86:895–902.

131. Norton JA, Warren RS, Kelly MG, Zuraek MB, Jensen RT.
Aggressive surgery for metastatic liver neuroendocrine tumors.
Surgery (St. Louis) 2003;134:1057–1065.

132. Pelley RJ, Bukowski RM. Recent advances in systemic therapy
for gastrointestinal neuroendocrine tumors. Curr Opinion Oncol
1999;11:32–38.

133. Faiss S, Pape UL, Bohmig M, et al. Prospective randomized 
multicenter trial on the antiproliferative effect of lantreotide,
interferon-alpha, and their combination for therapy of metasta-
tic neuroendocrine gastroenteropancreatic tumors: the interna-
tional lanreotide and interferon alfa study group. J Clin Oncol
2003;21:2689–2696.

134. Volter V, Peschel C. Is lantreotide and/or interferon alfa an 
adequate therapy for neuroendocrine tumors? J Clin Oncol
2004;22:573–574.

135. Hopfner M, Sutter AP, Gerst B, Zeitz M, Scherubi H. A novel
approach in the treatment of neuroendocrine gastrointestinal
tumours. Targeting the epidermal growth factor receptor by 
gefitinib (ZD 1839). Br J Cancer 2003;89:1766–1775.

136. Chandrasekharappa SC, Guru SC, Manickam P, et al. Positional
cloning of the gene for multiple endocrine neoplasia type 1.
Science 1997;276:404–407.

137. Friedman E, Larsson C, Amorosi A, et al. Multiple endocrine
neoplasia type 1 pathology, pathophysiology, molecular genetics
and differential diagnosis. In: Bilezikian JP, Levine MA, Marcus
R (eds). The Parathyroids. New York: Raven Press, 1994:
647–680.

138. Metz DC, Jensen RT, Bale AE, et al. Multiple endocrine neopla-
sia type 1 clinical features and management. In: Bilezikian JP,
Levine MA, Marcus R (eds). The Parathyroids. New York: Raven
Press, 1994:591–646.

139. Marx SJ, Menczel J, Campbell G, Aurbach GD, Spiegel AM,
Norton JA. Heterogeneous size of the parathyroid glands in
familial multiple endocrine neoplasia type 1. Clin Endocrinol
1991;35:521–526.

140. Vortmeyer AO, Huang S, Lubensky I, Zhuang Z. Non-islet origin
of pancreatic islet cell tumors. J Clin Endocrinol Metab 2004;89:
1934–1938.

141. Gauger PG, Scheiman JM, Wamsteker EJ, et al. Role of endo-
scopic ultrasonography in screening and treatment of pancreatic
endocrine tumours in asymptomatic patients with multiple
endocrine neoplasia type 1. Br J Surg 2003;90:748–754.

142. Weber HC, Venzon DJ, Jaw-Town L, et al. Determinant of
metastatic rate and survival in patients with Zollinger-Ellison
syndrome: a prospective long-term study. Gastroenterology
1995;108:1637–1649.

143. Veldhuid JD, Norton JA, Wells SA Jr, Vinik AI, Perry RR. Surgi-
cal vs. medical management of multiple endocrine neoplasia
type 1. J Clin Endocrinol Metab 1997;82: 357–364.

144. Pipeleers-Marichal M, Somers G, Willems G, et al. Gastrinomas
in the duodenums of patients with multiple endocrine neopla-
sia type 1 and the Zollinger-Ellison syndrome. N Engl J Med
1990;322:723–727.

145. MacFarland MP, Fraker DL, Alexander HR, Norton JA, 
Lubensky I, Jensen RT. Prospective study of surgical resection
of duodenal and pancreatic gastrinomas in multiple endocrine
neoplasia type 1. Surgery (St. Louis) 1995;118:973–980.

146. Norton JA, Alexander HR, Fraker DL, et al. Comparison of 
surgical results in patients with advanced and limited disease
with multiple endocrine neoplasia type 1 and Zollinger-Ellison
syndrome. Ann Surg 2001;234:495–506.

147. Norton JA, Fromme LC, Farrell RE, Wells SA Jr. Multiple
endocrine neoplasia type 2B: the most aggressive form of
medullary thyroid carcinoma. Surg Clin N Am 1979;59:
109–119.

148. Farndon JR, Leight GS, Dilley WG, et al. Familial medullary
thyroid carcinoma without associated endocrinopathies: a dis-
tinct clinical entity. Br J Surg 1986;73:278–282.

tumors  of  the  endocrine  system 1 0 2 3



149. Mulligan LM, Eng C, Healey CS, et al. Specific mutations of the
RET proto-oncogene are related to the disease phenotype in
MEN2A and FMTC. Nat Genet 1994;6:70–74.

150. Santoro M, Carlomagno F, Romano A, et al. Activation 
of RET as a dominant transforming gene by germline 
mutations of MEN2A and MEN2B. Science 1995;267:
381–383.

151. Lips CJM, Landsvater RM, Hoppener JWM, et al. Clinical screen-
ing as compared with DNA analysis in families with multiple
endocrine neoplasia type 2A. N Engl J Med 1994;331:828–835.

152. Howe JR, Norton JA, Wells SA Jr. Prevalence of pheochromocy-
toma and hyperparathyroidism in multiple endocrine neoplasia
type 2A: results of long-term follow-up. Surgery (St. Louis)
1993;114:1070–1077.

1 0 2 4 chapter 56



1 0 2 5

Sarcomas of Bone
Randy N. Rosier and Susan V. Bukata

arcomas of bone have a number of distinguishing fea-
tures that set them apart from primary cancers of many
other organ systems. First, they are extremely rare in

comparison with other types of cancer, a fact that has
impeded the ability of treatment in this field to evolve rapidly
in an evidence-based manner because of the small numbers
of patients available for studies. Progress in this field has been
possible only with multicenter and oncology group trials that
can provide sufficient numbers of patients for study. Even so,
clinical trials are generally limited to prospective case series
at best, and much of the literature is based on retrospective
case series. True controlled randomized prospective trials are
extremely rare. Nevertheless, a number of clinically useful
observations defining the behavior of these tumors and their
responses to treatments have derived from the analyses of the
numerous case series that have been published, and these
results and the associated levels of evidence are reviewed
here.

Bone sarcomas are generally characterized by a solitary
primary focus with initial local growth being followed by
hematogenous patterns of metastasis, with the lungs as the
most common initial metastatic site. Metastases to other
bones also can occasionally occur, although lymphatic,
central nervous system, and other solid organ metastases are
distinctly rare. The annual incidence of primary bone malig-
nancies is less than 3,000 cases/year in the United States,
excluding marrow cell malignancies such as lymphoma and
myeloma.1 The majority of bone sarcomas fall into three 
histogenic types: osteosarcoma, Ewing’s sarcoma, and 
chondrosarcoma. Osteosarcoma and Ewing’s sarcoma 
preferentially affect children and young adults, whereas chon-
drosarcoma is seen more commonly in later adulthood. Far
less common sarcomas of bones include fibrosarcoma, malig-
nant fibrous histiocytoma, and extremely rare lesions such 
as adamantinoma. Because of the extreme rarity and lack of
clinical trials with these uncommon lesions, the following
material focuses on the three most common tumor types.

Bone sarcomas typically evolve in a single focus, with
local centrifugal growth and invasion of the bone and sur-
rounding soft tissues. Although metastases are typically pul-
monary in location, metastases within a single bone (so-called
skip metastases2) or to other bones can occur occasionally.3

Before the advent of chemotherapy, treatment was generally
by surgical amputation proximal to the lesion, and the 
prognosis for these sarcomas was extremely poor. Use of
chemotherapy, in particular for osteosarcoma and Ewing’s
sarcoma, has markedly improved survival in comparison with

historical results. While osteosarcoma and chondrosarcoma
are relatively resistant to radiation, Ewing’s sarcoma is
radiosensitive, and radiation has been used as both a primary
or adjuvant treatment for this disease in the past.4 However,
because of late recurrences in bone at the primary site and
other complications such as pathologic fracture, the treat-
ment paradigm for this disease has evolved over the past two
decades to surgical resection and adjuvant chemotherapy,
similar to the approach for osteosarcoma.5 For chondrosar-
coma, because of resistance to both chemotherapy and radia-
tion, surgery remains the only method of treatment.6

In addition to the use of adjuvant chemotherapy and radi-
ation, the treatment of bone sarcomas has evolved surgically
during the past two to three decades as well. There has been
a progressive and well-supported change from amputations to
limb-sparing types of surgical procedures for the majority 
of bone sarcomas.5,7 A number of factors have contributed to
this change, many related to technologic advances. Examples
include accurate imaging techniques such as magnetic reso-
nance imaging (MRI), which enable far better assessment of
the anatomic location of the tumor than was available previ-
ously; free tissue microvascular transfers, enabling coverage
of problematic soft tissue defects; and availability of osteo-
chondral allografts and complex prosthetic bone and joint
replacement devices for limb reconstruction. These advances
have dramatically enhanced the ability to perform limb
salvage procedures with preservation of limb function while
not compromising treatment of the malignancy. Instruments
for limb functional outcomes assessment have been devel-
oped8 and are widely used to evaluate local treatment out-
comes, in addition to the traditional measures of disease
presence or absence, quantification of disease extent, and 
performance status.

There are currently two slightly different staging systems
used by orthopedic oncologists for bone sarcomas.9 The sur-
gical staging system of Enneking10,11 is based on the grade,
anatomic extent, and presence of metastases, and has been
widely used by musculoskeletal oncologists for many years.
It has been adopted by the Musculoskeletal Tumor Society
and is also known as the MSTS staging system.9 The staging
correlates well with survival and facilitates surgical planning
for the primary lesion. Tumors are graded as either low or
high grade (stage I or II, respectively), and as either confined
to a single anatomic compartment (A) or involving more than
one anatomic compartment (B). Stage III refers to any tumor
with metastases. More recently, the American Joint Com-
mittee on Cancer has developed a bone tumor staging system
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that is also in use, the major differences being that tumor size
is considered as well as location of metastases.9 Tables 57.1
and 57.2 outline the bone sarcoma staging systems. Several
considerations borne out by both staging systems are that
higher-grade tumors, tumors with metastases, and large or
anatomically more extensive tumors have worse prognoses.
In a recent comparison of the two staging systems, no signif-
icant difference in prognosis prediction was found, indicating
that at present either system remains acceptable.9

Clinical presentation of bone sarcomas usually involves
pain, often at rest or at night, and presence of swelling or 
a mass at the primary site. Systemic symptoms are rare. 
Occasionally pathologic fracture can occur, although this is
fortunately relatively uncommon, presumably because bone
sarcomas are generally quite painful and may cause the
patient to seek medical attention before bone destruction 
is sufficient to cause fracture. The most useful study in 
developing differential diagnosis of the lesion remains the
radiograph of the primary site. Osteosarcomas usually exhibit
destructive patterns with disorganized bone formation,
periosteal reaction, and often extension into the adjacent soft
tissues. Ewing’s sarcomas tend to have a permeative lytic
pattern on radiographs, with periosteal reaction and also with
soft tissue extension. Chondrosarcomas may be identified or
suspected because of the combination of a destructive radi-
ographic appearance with presence of calcifications. Three-
dimensional imaging, generally with MRI, enables evaluation
of the anatomic extent, the soft tissue involvement, and prox-
imity to critical neurovascular structures, and helps to deter-
mine feasibility of limb-sparing surgical treatment of the
tumor. Diagnosis is most commonly achieved by needle
biopsy, although occasionally an open biopsy may be neces-
sary to obtain adequate tissue for definitive diagnosis. Biopsy
is best performed by an experienced orthopedic oncologist
who will ultimately provide the surgical treatment of the
primary tumor, because placement of the biopsy site has
important anatomic considerations relevant to the definitive
resection, and outcomes have been shown to be better in 

this circumstance.12 Additional staging studies besides the
imaging of the primary lesion should include computed 
tomographic (CT) scan of the lungs to detect pulmonary
metastases and a whole-body bone scan to help identify bony
metastases or skip metastases. Following confirmation of
diagnosis and staging, either surgical treatment (for chon-
drosarcoma) or preoperative adjuvant chemotherapy (for
osteosarcoma or Ewing’s sarcoma) is initiated. For those
tumors treated with adjuvant chemotherapy, surgical resec-
tion and reconstruction (if feasible) is carried out after several
cycles of preoperative “neoadjuvant” treatment. Following
surgical treatment, chemotherapy is resumed for a predeter-
mined number of cycles, depending on the protocol in use.
Metastatic pulmonary lesions persisting after chemotherapy
or appearing later during posttreatment follow-up may be
resected by thoracotomy with salvage of some patients.13

After successful completion of therapy, patients are 
monitored periodically with radiographs and other local
imaging modalities at the primary site, as well as with chest
CT scans and bone scans. The role of positron emission
tomography (PET) scans in evaluation and follow-up of bone
sarcomas is still in evolution, and this modality is not yet a
component of most standardized protocols. PET scan activity
has been shown in chondrosarcoma to correlate with grade
and outcome,14 although CT scans have been shown to be
superior to PET scans in detection of pulmonary metastasis
of osteosarcoma.15 PET scan activity has also been shown to
correlate with response to chemotherapy for bone sarcomas.16

However, the role of PET scans in diagnosis and follow-up of
bone sarcomas remains to be determined.

Osteosarcoma

Osteosarcoma is by definition a sarcoma composed of bone-
forming cells and is the most common of the primary bone
sarcomas. Osteosarcoma is characterized by the production
by the tumor cells of the matrix of bone, osteoid, which may
mineralize to a variable extent. Osteosarcomas may also
contain other tissues of mesenchymal origin, such as carti-
lage and fibrous tissue. Osteosarcoma most commonly affects
individuals in the second and third decades and preferentially
involves the major long bones, that is, the femur, tibia, and
humerus, although essentially any bone can be involved.
There are a number of histologic variants of osteosarcoma,
including typical central high-grade osteosarcoma, telang-
iectatic osteosarcoma, parosteal osteosarcoma, periosteal or
juxtacortical osteosarcoma, fibroblastic osteosarcoma, chon-
droblastic osteosarcoma, intramedullary low-grade osteosar-
coma, and secondary osteosarcoma (most commonly arising
in irradiated bone or in Paget’s disease).17 Parosteal osteosar-
comas are low-grade lesions with low metastatic potential
arising adjacent to the periosteum, usually of the posterior
distal femur, proximal tibia, or of the proximal humerus.
These tumors differ from most other osteosarcoma subtypes
in that the treatment is generally surgical resection alone.18

Studies of prognosis versus histogenic subtypes of osteosar-
comas have shown that telangiectatic and fibroblastic
osteosarcomas have a relatively better prognosis and chon-
droblastic variants a worse prognosis.19–22

The approach to treatment of osteosarcoma for the 
past two decades has consisted of induction multiagent
chemotherapy, surgical resection (whether amputation or
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TABLE 57.1. Musculoskeletal Tumor Society staging system.

Stage Grade Local extent Metastases

I-A Low Intracompartmental None
I-B Low Extracompartmental None
II-A High Intracompartmental None
II-B High Extracompartmental None
III Any Any Present, any site

Data from Enneking et al.10

TABLE 57.2. The American Joint Committee on Cancer (AJCC)
staging system for bone tumors.

Stage Grade Local extent Metastases

IA Low £8cm None
IB Low ≥8cm None
IIA High £8cm None
IIB High ≥8cm None
III Any Any Skip metastases
IVA Any Any Pulmonary metastasis
IVB Any Any Other metastases

Data from AJCC Cancer Staging Manual, sixth edition (2002), published by
Springer-Verlag New York, www.springer-ny.com.



limb salvage surgery with reconstruction), and then postop-
erative chemotherapy. The approach arose from the Rosen
T10 protocol, which produced markedly enhanced survival
compared with the prior dismal historical results of amputa-
tion alone.23 Although a number of different protocols have
been used, the most commonly included drugs in the multi-
agent regimens have been doxorubicin, methotrexate, cis-
platin, cyclophosphamide, and ifosfamide (Table 57.3.13,24–38

Although other agents have been employed, there has not
been a dramatic difference among protocols in outcomes. The
recent evidence in the literature is summarized in Table 57.3.
Many series consist of small numbers of patients, and most
are retrospective or prospective case series, with true ran-
domized clinical trials being extremely rare except for a few
Phase III comparative studies. Overall, however, the survival
rates with this tumor have not changed dramatically beyond
original chemotherapeutic protocols. Comparative studies
have determined that local recurrence and survival rates do
not differ whether the patient has had limb salvage or ampu-
tation.5 Some of the major advances in the past decade relate
to improved ability to salvage functional extremities, with
custom and modular prosthetics, enhanced soft tissue recon-
structions, and allografting technologies. Recent develop-

ments in lengthening prosthetics have enabled salvage of
extremities in younger children, despite a relatively high
complication rate.39,40 However, prevention and treatment of
metastatic disease remain the major challenges.

Evidence from the literature summarized in Table 57.3
and site-specific evidence presented in Table 57.441–45 lead to
consensus on a number of issues, which are summarized by
the following:

1. Prognosis is worse with metastasis or with local 
recurrence.

2. Good response to neoadjuvant chemotherapy (greater
than 90% necrosis) is associated with a better prognosis.

3. Pelvic and spinal primary sites are associated with a worse
prognosis.

4. Older patients have a worse prognosis with osteosarcoma.
5. Pathologic fracture is not associated with a worse prog-

nosis and is no longer believed to be an absolute indica-
tion for amputation.

6. Outcome varies among osteosarcoma subtypes.
7. Aggressive treatment with multiagent chemotherapy and

surgical resection carries a better prognosis than less-
aggressive approaches.
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TABLE 57.3. Clinical studies of osteosarcoma.

F/U;
Study Reference Year N Type Study specifics other EFS OS Conclusions

Lin 24 2003 50 RCS Multiagent + surg 47.1mo 7 years 51% 7 years 68%
Bacci 25 2003 185 RCS Cisplatin, dox, ifos, mtx w/mets 2 years 21% 2 years 55% Prog worse

Mets vs. nonmet nonmet 2 years 75% 2 years 90% w/mets
Wilkins 26 2003 47 PCS Dox, intraarterial cis- 92mo 10 years 84% 10 years 92% Better prog.

platin preop w/intraart Rx
Smeland 27 2003 113 PCS Mtx, cisplatin, dox 83mo 5 years 63% 5 years 74%
Kager 28 2003 202 RCS Multiagent, varied 1.9 years 5 years 18% 5 years 29% Supports surg for

regimens; w/mets 10 years 16% 10 years 24% lung mets
Goorin 29 2003 100 PRCT Neoadjuvant vs postop Neoadj 5 years 61% 5 years 78% Neoadj Rx same

chemo Postop 5 years 65% (combined) as postop Rx
Grimer 30 2003 481 RCS Pt age >40 years; NR 5 years 46% Worse prog. older

surg + multiagent pts
Tsuchiya 31 2002 280 RCS Stratified by time of Early All 5 years 18% Late mets better

met presentation Late metastatic 5 years 31% prog
Bacci 32 2002 72 PCS Ifos added to dox, mtx, 5 years 5 years 73% 5 years 87% Increased

cisplatin toxicity; incr.
survival

Thompson 13 2002 85 RCS Multiagent + surg 4 years 4 years 51% 4 years 67% # mets, early
mets worse

Carsi 33 2002 47 RCS Pt age >40 years 5 years 32% 5 years 42% Worse prog
Goorin 34 2002 43 phase Etopo/ifos; pts pre- 10%CR Lung met 2 years 39% Effective but

II/III senting w/mets 49%PR Bone met 2 years 58% high toxicity
Berend 35 2001 54 RCS Neoadj, surg ± Chemo NR 5 years 54% No difference

postop chemotherapy None
Bacci 36 2001 162 PCS Mtx, dox, cisplatin, 6.5 years 5 years 56% 5 years 71% Ifos no

ifos difference
Ferrari 37 2001 300 RCS Mtx, dox, cisplatin, 9.2 years 8 years 59% NR Tumor vol, hi alk

ifos phos, poor
prognosis

Petrilli 38 1999 33 PCS Intraarterial No mets 3 years 65% 3 years 71% 73%–81%
carboplatin + + mets 3 years 14% 3 years 17% good response to
multiagent, + mets carboplatin

RCS, retrospective case series; PCS, prospective case series; PRCT, prospective randomized clinical trial; EFS, event-free survival; OS, overall survival; NR, not
reported; F/U, follow-up; pts, patients; dox, doxorubicin; mtx, methotrexate; etopo, etoposide; ifos, ifosfamide; surg, surgery; mets, metastasis; prog, prognosis; vol,
volume; incr, increased; alk phos, alkaline phosphatase.



Overall survival with osteosarcoma treated with multiagent
chemotherapy and surgery has remained in the 60% to 70%
range over the past two decades. Limb salvage has become
more prevalent and has not shown an adverse effect on sur-
vival, even in the context of pathologic fracture.5,39,40,46–49

Survival in relapsed or metastatic osteosarcoma is distinctly
worse (see Table 57.3) and ranges from 18% to 55%. The prog-
nosis is worse in axial skeletal locations, such as the spine
and pelvis (see Table 57.4),41,43–45 which may relate in part to
the technical difficulty of obtaining wide surgical margins in
these locations. Prognosis for skip metastases has also been
extremely poor.2

There has been considerable interest in identifying prog-
nostic markers in osteosarcoma. The RB and p53 genes have
long been associated with the pathogenesis and growth 
dysregulation in osteosarcoma but have not found utility
prognostically.50 Multidrug resistance genes, such as MDR1
(P-glycoprotein), a cellular detoxifying plasma membrane
efflux pump that can confer chemotherapeutic resistance on
tumor cells, have been fairly widely investigated in osteosar-
coma. However, the issue of prognostic relevance remains
unresolved, with some studies showing correlation with prog-
nosis51,52 whereas others have not.53,54 Bone morphogenetic
proteins (BMPs) have been studied, with findings of BMP4 and
7 expression in all osteosarcomas and BMP6 in chondroblas-
tic subtypes.55,56 Other markers that have been investigated
include Her2/neu,57,58 tenascin,59 ezrin,60 LRP5,61 and telom-
erase.62 Although one study suggested overexpression of
Her2/neu correlated with poor prognosis,57 a more-recent
study has contradicted that finding.58 Tenascin, ezrin, LRP5,
and telomerase have each been found to correlate with metas-
tasis and worse prognosis in recent single studies.59–62

A number of newer agents have been tested for activity
against osteosarcoma, including carboplatin, ecteinascidin,
liposomal doxorubicin, etoposide, gemcitabine, interleukin
12, topotecan, paclitaxel, and the combination of retinoic acid
and interferon alpha, generally in the setting of metastatic
and/or recurrent tumor refractory to standard regimens.38,63–72

Although the studies have been small, ecteinascidin, topote-
can, and paclitaxel have exhibited minimum activity.64,67,71

Ifosfamide, etoposide, and carboplatin have been evaluated 
in several studies and antitumor efficacy demonstrated,
although results are similar to previous multiagent regi-
mens.34,63,65,69,73 Gemcitabine and interleukin 12 have shown
activity against metastatic disease in animal models,70,74 but
interleukin 12 has not been evaluated in clinical trials, and
response to gemcitabine in one Phase II trial with refractory
disease was modest.66 Preoperative intraarterial cisplatin has
demonstrated improved survival of 92% in a single clinical
study,26 whereas in another study with intraarterial carbo-
platin the 3-year survival was similar to other multidrug pro-
tocols at 71%.38 Unfortunately, overall the results with newer
agents have not shown promise of significantly altering the
treatment outcomes with this disease, and further studies are
needed.

Ewing’s Sarcoma

Ewing’s sarcoma is an aggressive, non-matrix-producing
primary bone sarcoma that affects individuals mainly in the
second and third decades. Many of these tumors are charac-
terized by presence of a specific chromosomal translocation
(11:22), resulting in an abnormal transcription factor, EWS-
FLI-1, which may contribute to their pathogenesis. Ewing’s
sarcoma can occur in the soft tissues as well, and both bone
and soft tissue lesions often exhibit features of neuroecto-
dermal differentiation, previously termed peripheral 
neuroectodermal tumors (PNET).4 The presence of neural 
differentiation features has not been shown to affect
outcome.75,76 Currently, the term Ewing’s sarcoma family of
tumors (ESFT, or EFT) is used to encompass the variations of
this sarcoma. Ewing’s sarcoma is characterized by a perme-
ative pattern of bone destruction, often associated with a
periosteal reaction and soft tissue mass. As with other bone
sarcomas, the presenting complaint is usually pain at the site
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TABLE 57.4. Site-specific clinical studies of osteosarcoma.

Study Reference Year Site N Type Intervention F/U; other EFS OS Conclusions

Ozaki 41 2003 Pelvis 67 RCS Multiagent 5 years 5 years Poor prog; worse
chemo, surg 19% 27% w/mets or poor

surgical margins
Wittig 42 2002 Humerus 23 RCS Chemo, surg Med 10 10 years 10 years Good function

years 65% 65% w/limb salvage;
similar survival to
other sites

Ozaki 43 2002 Spine 22 RCS Chemo, surg, ± 6 years 6 years 6 years Prog better w/surg or
XRT 14% 27% XRT than chemo

only
Ham 44 2000 Pelvis 40 RCS Variable NR 2 years Worse prog. than

35% other sites; best
5 years w/chemo + surg
26%

Grimer 45 1999 Pelvis 36 RCS Variable Chemo + NR 5 years Worse prog than
surg 41% other sites; best

Surgery 5 years w/chemo + surg
only 18%

RCS, retrospective case series; EFS, event-free survival; OS, overall survival; NR, not reported; F/U, follow-up; XRT, radiotherapy; surg, surgery; mets, metastasis;
prog, prognosis; alk phos, alkaline phosphatase.



of the primary lesion. Involvement of the major long bones is
most common, although pelvic, spinal, and rib primary sites
also occur.77 Metastases are hematogenous and usually 
pulmonary, with bone as a much less common metastatic
site. Diagnosis is generally accomplished by needle biopsy,
although occasionally an open surgical biopsy may be neces-
sary. The use of immunohistochemistry to identify markers
of neural differentiation, cell-surface markers such as CD99,
and the specific fusion protein, EWS-FLI-1, which results
from the characteristic chromosomal translocation found in
most cases of the disease, has made diagnosis more accurate
with small tissue specimens.78–81 The staging studies are
similar to those of other bone sarcomas, with magnetic reso-
nance imaging (MRI) of the primary site for surgical planning,
CT scan of the chest to assess pulmonary metastasis, and
whole-body bone scanning to rule out bone metastases.77

Treatment consists of multiagent chemotherapy regimens
similar to those used for osteosarcoma, followed by surgical
resection and reconstruction if feasible, with or without local
radiotherapy, depending on the response of the tumor to neoad-
juvant therapy and achievement of wide surgical margins. This
regimen represents a shift in approach over the past two
decades as previously chemotherapy with local radiation was
the most common treatment paradigm. However, late recur-
rences in irradiated bone in the past led to increasing use of
surgical treatment of primary lesions, with improved
results.82–85 In unresectable lesions in difficult locations, such
as the spine, chemotherapy with adjuvant radiation treatment
remains an acceptable alternative to surgical treatment. Post-
operative chemotherapy is then utilized, as for osteosarcoma,
with subsequent follow-up using MRI, CT, and bone scan
assessments periodically to monitor for recurrent disease.

The published clinical studies of Ewing’s family tumors
are summarized in Table 57.575,82–84,86–101 and Table 57.6,102–107

and the issues of consensus based on evidence presented in
these studies are as follows:

1. Surgical treatment of the primary lesion is associated with
a better prognosis than radiotherapy alone.

2. The prognosis of patients presenting with metastatic
disease is much worse than those without.

3. Late complications such as relapse and second malignan-
cies occur and must be monitored through long-term
follow-up.

4. Addition of etoposide and ifosfamide improves outcome
in patients without metastasis but not in those with
metastasis at presentation.

5. Pathologic fracture is not associated with worse progno-
sis and does not necessarily mandate amputation.

6. Chemotherapeutic response of tumor to neoadjuvant
chemotherapy is highly correlated with outcome.

7. Prognosis in spinal and pelvic locations is worse than with
extremity tumors.

8. Tumor volume is inversely correlated with outcome.
9. Improved survival with stem cell transplantation has not

been as yet demonstrated.

The problems associated with interpretation of the data on
Ewing’s tumors relates in large part to the rarity of the
disease. Thus, most of the reported evidence is at the case
series level, with few randomized trials. In addition, much of
the literature is based on relatively small numbers of cases,
with patient and treatment heterogeneity. Furthermore,

many reported series have been collected over significant
periods of time, introducing the confounding variables of
changing treatment paradigms and diagnostic and staging
technologies. As can be seen from Table 57.5, reported overall
survival rates at 5 years generally are in the range of 50% to
70% for nonmetastatic disease presentation and 20% to 30%
for metastatic disease, thus reinforcing the strong prognostic
significance of early metastasis. Longer time to relapse has
also correlated with improved survival.92 Surgical treatment
of the primary has yielded better outcomes than radiotherapy
alone in several studies,64,83,100,102,108,109 leading to the current
shift in paradigm favoring surgical resection whenever possi-
ble. Incorporation of surgical treatment for relapsed disease
has also been shown to improve survival.92,110,111 Pathologic
fractures occur in Ewing’s tumor, particularly in the femur,
but have had similar outcomes to disease without fracture
whether or not amputation was undertaken.112,113

Additional factors that have been found in some studies
to correlate with a worse prognosis include tumor volume
greater than 100 mL,94,113,114 nonextremity sites such as the
spine and pelvis,102,103,106,115 elevated serum lactase dehydroge-
nase (LDH) levels,76,82,116 and systemic symptoms such as fever
and anemia.116 Apart from the presence of metastatic disease,
however, the strongest predictor of prognosis is response to
neoadjuvant chemotherapy.85,94,97,107,113,116,117

A number of issues remain controversial, such as the 
prognostic significance of age at diagnosis, concerning which
conflicting data have been reported.97,118 The treatment of
metastatic disease does not appear to have improved much
over time despite numerous changes in chemotherapeutic
protocols, although the value of surgical treatment of the
primary lesion has been well supported.64,83,100,119 Several
studies have reported on improved outcomes in nonmetasta-
tic patients with more-recent protocols incorporating 
ifosfamide and etoposide over previous protocols that did not
incorporate these agents.87,101,120 Some experimental drug reg-
imens evaluated in recent small Phase II studies for relapsed
disease include cyclophosphamide + topotecan and irinote-
can.64,121 Although the cyclophosphamide/topotecan study
yielded a 35% response rate, further study of larger numbers
of patients will likely be needed to determine the possible role
of this regimen. Responses in the irinotecan study were
minimal,121 and a Phase II study of pyrazoloacridine yielded
no responses.122

Although allogeneic and autologous stem cell transplan-
tation for relapsed or advanced disease have not shown
improved outcomes over chemotherapy alone,93,95 a high rate
of tumor cell contaminants in autologous stem cells has been
reported93,123 and may be a contributing factor to failures.

One of the serious late complications of Ewing’s sarcoma
is the occurrence of second malignancies, which ranges from
1 to 6.5% in several series.82,124–126 The outcomes of secondary
osteosarcomas have been reported, with overall survival of
the secondary sarcoma 41% at 8 years follow-up.127 The late
surgical complication rates for pelvic Ewing’s and limb recon-
struction with expanding prostheses in young children have
also been high and constitute a longer-term problem requir-
ing ongoing follow-up.39,104,128,129 Functional studies have sup-
ported rotation plasty lower extremity procedures for younger
children over prosthetic reconstructions,130 although multiple
reconstructive options have decreased indications for 
amputation even in younger children.129,131 One additional
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TABLE 57.5. Clinical studies of Ewing’s sarcoma family tumors.

Study Reference Year N Type Study specifics F/U; other EFS OS Conclusions

Zogopoulos 86 2004 72 RCS Multiagent 7 years 66% 7 years 72% Nonmetastatic,
chemo + surg or extremity best

XRT outcomes
Bacci 82 2004 402 RCS Multiagent 18 years 18 years 44% 5 years 57% Late relapses

chemo 10 years 49% and 2°
15 years 45% malignancies;
20 years 38% long-term F/U

needed
Miser 87 2004 120 PRCT Dox, vincr, STD 8 years 20% 8 years 32% No difference

cyclo, dactin vs. Etopo/ifos 8 years 20% 8 years 29%
etopo, ifos in pts
w/mets

Bacci 83 2004 268 RCS XRT vs. surgery All pts 5 years 62% 5 years 69% Outcomes
Surgery 5 years 80% better with
XRT 5 years 48% surgery

Grier 88 2003 518 PRCT Dox, vincr, cyclo, STD 5 years 54% 5 years 61% No diff
dactin vs. etopo, Etopo/ifos 5 years 69% 5 years 73% w/mets;
ifos; ± met groups etopo/ifos

better nonmet
Kolb 89 2003 68 PCS Dox, cyclo, vincr, w/mets 4 years 12% 4 years 18% Metastasis is

etopo, ifos no mets 4 years 82% 4 years 89% major prog
determinant

Schuck 90 2002 153 RCS Postop XRT <60 days 5 years 64% LR 2%
timing >60 days 5 years 64% LR 8%

Marcus 91 2002 144 RCS Various Various NR 5 years No large diff.
multidrug Rx groups 50–63% with regimens;
regimens mets poor prog

Rodriguez- 92 2002 71 RCS Time to relapse ± <2 years 5 years 18% Better
Galindo surgery for mets >2 years 5 years 35% outcome with

Surgery 5 years 30% late relapse &
No surg 5 years 9% surgical Rx

Sluga 84 2001 86 RCS Surgical margins Wide 5 years 60% Wider margin
Nonwide 5 years 40% better

Meyers 93 2001 32 PCS TBI, autol. 2 years 24% 2 years 0% No benefit
Stem cells in over chemo
metastatic
Ewings

Paulussen 94 2001 301 RCS Ifos vs. cyclo in 5 years 52% 5 years 57% No difference;
high- vs. low- vol >200mL,
risk pts (by poor response
tumor volume) worse prognosis

Burdach 95 2000 36 RCS Stem cell 5 years 24% 5 years 24% Survival not
transplant for improved
advanced disease

Cotterill 75 2000 975 RCS Standard No mets + 5 years 55% NR +mets, earlier
multiagent; ± mets mets 5 years 22% relapse worse

Elomaa 96 2000 88 RCS Vincr/dox/ifos + Nonmet 5 years 58% 5 years 70% Best prog with
cisplatin/dox/ifos Met 5 years 27% 5 years 28% nonmetastatic,

extremity sites
Bacci 97 2000 23 RCS Age >39 years 8.8 years 5 years 53% 5 years 59% No difference

from age <40
Frolich 98 1999 131 RCS High-dose 3.7 years 5 years 19% 5 years 27% No benefit of

melphalan, etopo HDT
in relapsed pts

Rosito 99 1999 160 RCS Vincr, dact, dox, 37 months 3 years 78% 3 years 84%
cyclo + etopo, ifos

Givens 100 1999 85 RCS Multiagent 10–20 years NR 5 years 46% Results better
chemo, XRT, ± 10 years 37% with surgery
surgery

Craft 101 1998 243 RCS Dox, vincr, dact, 58 months 5 years 56% 5 years 62% Ifos better
ifos compared with

historical
protocol

RCS, retrospective case series; PCS, prospective case series; PRCT, prospective randomized clinical trial; EFS, event-free survival; LR, local recurrence; OS, overall
survival; NR, not reported; F/U, follow-up; dox, doxorubicin; cyclo, cyclophosphamide; vincr, vincristine; dactin, dactinomycin; etopo, etoposide; ifos, ifosfamide;
XRT, radiotherapy; surg, surgery; STD, standard multiagent protocol; mets, metastasis; prog, prognosis; vol, volume; incr, increased.



late complication of treatment that has been reported is
diminished bone mineral density, and this may relate to the
reported occurrence of late fractures.124,132,133

The abnormal fusion protein transcription factor resulting
from the 11:22 chromosomal translocation characteristic 
of many Ewing’s family tumors, EWS-FLI1, has been shown to
be capable of transforming neuroblastoma tumor cells to a
Ewing’s sarcoma phenotype, and also drives telomerase expres-
sion and cellular proliferation.134,135 Conversely, inhibition of
this factor using small interfering RNA approaches inhibit pro-
liferation and promotes apoptosis of the tumor cells136; this has
suggested EWS-FLI1 as a possible specific therapeutic target.
Expression of cKIT has also been demonstrated in Ewing’s
tumors, along with associated sensitivity to tyrosine kinase
inhibitors such as imatinib (STI571).137 This has been proposed
as a novel clinical treatment, although no clinical trial results
have been reported as yet. FLI1 overexpression can aid in the
diagnosis of Ewing’s immunohistochemically, although it is
not entirely specific for this disease.138

Chondrosarcoma

Chondrosarcomas are characterized by secretion of a carti-
laginous matrix of proteoglycans and chondrocyte-specific 
collagens such as type II, type IX, and type XI collagens. Unlike
osteosarcoma and Ewing’s family tumors, chondrosarcoma
affects older individuals, most commonly in the fifth to
seventh decades, and it is relatively unresponsive to either
chemotherapy or radiotherapy.6 Chondrosarcoma can arise as
a primary malignancy or as a secondary malignancy in a pre-
existing benign cartilage tumor, such as an osteochondroma or
enchondroma. Chondrosarcomas vary in histologic grade and
are usually graded I–III.139,140 Dedifferentiated chondrosarco-
mas also exist, in which other elements such as fibrosarco-
matous or osteosarcomatous components may be present.141

Several clinical and histological subtypes of chondrosarcoma
are recognized, including mesenchymal chondrosarcoma,142

extraskeletal myxoid chondrosarcoma,143 and clear cell chon-
drosarcoma.144 Low-grade chondrosarcomas are slow-growing
lesions that can be histologically indistinguishable from
benign lesions. In such cases the clinical presentation (pain,
enlarging mass) and radiographic or imaging characteristics
(bone destruction, soft tissue invasion) are extremely impor-
tant in diagnosis.6,145 Chondrosarcoma can also exhibit vari-
able histologic appearance in different areas of the tumor,
causing sampling error to be potentially misleading with small
biopsy specimens or needle biopsies.141,145

Patients generally present with pain or a mass at 
the primary site, although occasionally the lesion can be 
identified as an incidental finding detected radiographically.
Systemic systems are usually absent. Metastasis of 
chondrosarcoma is most commonly to the lungs, as with the
other bone sarcomas, and is rare in low-grade tumors,
although quite common in grade III and dedifferentiated
chondrosarcomas. Treatment is surgical excision of the lesion
with wide margins, because traditional oncologic adjuvant
treatments are not very effective with this tumor. Local adju-
vants such as cryotherapy, phenol, and methylmethacrylate
implantation have been used with intralesional or marginal
excisions, especially with low-grade or borderline malignant
lesions, with excellent success in prevention of local recur-
rence.145,146 Higher-grade lesions are not amenable to these
approaches and carry a substantial local recurrence risk
without wide surgical margins.147

Radiographically, chondrosarcomas commonly contain
calcifications within the cartilaginous matrix, which aids
considerably in the differential diagnosis.148 Staging of the
tumor includes a CT scan, or more commonly an MRI scan,
to delineate the local extent, a chest CT scan to evaluate for
pulmonary metastasis, and a whole-body bone scan to rule
out skip metastases or other bony metastases. Although
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TABLE 57.6. Site-specific clinical studies of Ewing’s sarcoma family tumors.

Study Reference Year N Site Type Study specifics F/U; other EFS OS Conclusions

Bacci 102 2003 91 Pelvis RCS Multiagent chemo XRT NR 10 years Better results
+ surgery vs. XRT Surgery NR 44% w/surgery

10 years
64%

Talac 103 2002 7 Spine RCS 5/7 with positive 1/7 recurrence NR NR Poor results with
margins recurrence

Ozaki 104 2002 12 Pelvis RCS Chemo + n = 1 Ewings; 5 years 5 years Poor function; 42%
hemipelvic DOD 66% 70% Prosthetic retention
prosthesis; mixed
tumors

Shamberger 105 2000 53 rRb RCS Chemo + resection 5 years NR Comparable to sites
57% extremity

Sucato 106 2000 50 Pelvis RCS Chemo + surgery All NR 5 years Better results with
or XRT Surgery 44% surgery; overall

XRT 5 years pelvis worse prog
75%
5 years
40%

Hoffmann 107 1999 241 Pelvis RCS Chemo + surgery Median F/U 12 years NR mets, response =
26 months 32% risk factors

RCS, retrospective case series; EFS, event-free survival; OS, overall survival; NR, not reported; F/U, follow-up; XRT, radiotherapy; surg, surgery; mets, metastasis;
prog, prognosis; vol, volume; incr, increased.



needle biopsy can be used to confirm the histogenesis of the
tumor, the results with a small sample can be misleading in
terms of the grade of the tumor. Open biopsy may be more
helpful in ascertaining absence of higher-grade areas, which
may influence the extent of the surgical procedure.139,145

Published clinical studies of chondrosarcoma are 
unfortunately limited to retrospective case series, many 
with relatively small numbers of patients. There have been
no randomized clinical trials involving radiotherapy or

chemotherapy, although limited evidence from the few pub-
lished case series is not encouraging with regard to use of
adjuvant modalities. The issues on which there would appear
to be consensus in the literature are summarized as follows
(see also Table 57.7)139,141,143,149–159:

1. Surgical excision of the primary is the accepted method
of treatment.

2. Tumor grade is the most significant prognostic variable.
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TABLE 57.7. Clinical studies of chondrosarcoma.

Study Reference Year N Site Type Study specifics Other EFS/LR OS Conclusions

Schniederbauer 149 2004 47 Scapula RCS Surgical Rx LR 40% 5 years Wide margins,
79% low grade
15 years better
53% outcomes

Mittermayer 150 2004 13 Hand RCS Surgical Rx; all Mean F/U 8 LR 13% 8 years
grade I years 100%

Patil 151 2003 23 Hand RCS Surgical F/U 8.5 years LR 22% 100% No mets
treatment despite most

lesions gr
II–III

Reith 139 2003 109 RCS Survival vs. grade: Grade I NR 10 years Significant
surgical Rx Grade II 92% correlation

Grade III 10 years grade vs
81% outcome
10 years
25%

Soderstrom 152 2003 194 RCS Surgical Rx 9-year min LR 25% 5 years Predictors:
F/U 70% histo grade,

10 years age >50 years
57%

Ahmed 153 2003 107 RCS 2° CS in LR 17% 5 years 90% grI; 10%
osteochondroma 98% grII

10 years
95%

Kawaguchi 143 2003 42 RCS Extraskeletal Mean F/U 7.4 5 years 5 years Indolent
myxoid CS years 45% 100% course, late

10 years 10 years mets
36% 88%

Fiorenza 154 2002 153 RCS Surgical Rx Min F/U 5 LR 26% 10 years High grade, LR
years 70% correlated with

15 years worse prog
63%

Pring 155 2001 64 Pelvis RCS Surgical Rx Mean F/U 12 LR 19% 12 years High grade
years 71% poor prog

Bruns 156 2001 42 RCS Surgical Rx 18% LR 10 years Worst results
64% in dediff CS

Mitchell 141 2000 22 RCS Dediff. CS; All NR 5 years Poor prognosis,
surgery + Surg (n = 11) 18% better w/chemo
chemotherapy Surg + chemo 5 years

(n = 11) 0%
5 years
36%

York 157 1999 21 Spine RCS Surgery, XRT in LR 64% 10 years XRT no
36% 40% benefit

Lee 158 1999 227 RCS Surgery; XRT in LR 24% 12 years High grade
25%; chemo in 87% poor prog; no
24% benefit chemo,

XRT
Bjornsson 159 1998 233 RCS Surgical Rx Min F/U 5 LR 20% 5 years LR higher in

years 77% shoulder,
pelvis

RCS, retrospective case series; EFS, event-free survival; LR, local recurrence; OS, overall survival; NR, not reported; F/U, follow-up; XRT, radiotherapy; surg, surgery;
mets, metastasis; prog, prognosis; vol, volume; incr, increased.



3. Local recurrence is higher than with other bone sarcomas.
4. Progression of disease is often slow, and long-term follow-

up is necessary.
5. Prognosis is excellent for the primary lesions in the hand.
6. Wide surgical margins are associated with lower local

recurrence rates.
7. Prognosis in surgically difficult areas, such as the spine,

scapula, and pelvis, may be worse.

The most striking findings from the published literature, as
demonstrated in Table 57.7, are the high local recurrence
rates of chondrosarcoma following surgical treatment and the
correlation of higher-grade tumors with worse prognoses. The
higher local recurrence rate than with osteosarcoma or
Ewing’s sarcoma may be related to the lack of effective adju-
vant therapies such as radiotherapy or chemotherapy. The
MDR1 gene and its product P-glycoprotein have been shown
to be constitutively expressed in cartilage neoplasms and may
account for the lack of sensitivity to chemotherapeutic
agents.160–162 As with other bone sarcomas, current techno-
logic improvements in prosthetic implants for bone and joint
reconstruction, availability of allografts, and microvascular
techniques enabling free tissue transfer to handle soft tissue
coverage problems have led to a shift over the past two
decades from amputations to limb salvage procedures for
extremity and pelvic chondrosarcomas. Although some
studies have found a worse prognosis with pelvic chon-
drosarcoma,158 others have not corroborated this,154,155 so this
issue remains unclear. However, there is consensus in the 
literature that wider margins are associated with lower local
recurrence rates and better prognosis, and therefore the diffi-
culty of achieving wide margins in surgically difficult loca-
tions such as the pelvis, scapula, and spine may affect
outcomes with primaries at these sites.159 The published case
series examining scapular and spinal primaries specifically
would support this conclusion.149,157 In contrast, two series
that studied primary chondrosarcomas of the hand both
showed an excellent prognosis in all patients in terms of lack
of metastasis and long-term survival, regardless of tumor
grade.150,151

Secondary chondrosarcomas arising in osteochondromas
or hereditary multiple exostoses appear to have overall an
excellent prognosis, likely because of the preponderance of
low-grade lesions.153 Specific mutations in the EXT1 and
EXT2 genes have been identified in more than 80% of indi-
viduals with multiple exostoses and in the chondrosarcomas
that arise in this condition163 and may contribute to the
pathogenesis of the neoplasm. It is fairly well accepted that
the rate of malignant degeneration is substantially higher in
patients with multiple exostoses or multiple enchondromas
(enchondromatosis, Ollier’s disease) than in patients with
solitary intraosseous or surface cartilage lesions, although 
a recent study of a large number of families failed to find 
an association with disease severity and development of
chondrosarcoma.163

Possibly because of the diagnostic difficulty in distin-
guishing between benign and low-grade malignant tumors,
considerable investigation of possible markers of malignancy
in chondrosarcoma has been undertaken. A number of markers
have been associated with increased grade of malignancy,
including urokinase-like plasminogen activator,164,165 cathep-
sinB,165 MMP1,166,167 PTHrP and its receptor,168,169 INK4A/

p16,170 tenascin-C splice variants,171 and telomerase reverse
transcriptase.172 Although all these markers are more highly
expressed in higher grades of malignancy, none definitively dif-
ferentiates between benign and malignant low-grade lesions.
Her2/neu has been studied and shown no correlation with
chondrosarcoma grade.173 A recent study has found that
cyclooxygenase 2 (COX-2) is expressed in all high- and low-
grade malignant cartilage tumors whereas it is absent in benign
tumors.174 Although this study involved a small number of
specimens (n = 29), the absence of expression in benign lesions
is in contrast to the continuum of expression from benign 
to higher-grade tumors observed in all the other published
marker studies. This finding could have potential therapeutic
as well as diagnostic significance, because prostaglandins
stimulate chondrocyte proliferation and COX-2 inhibitors are
widely available, but this area requires further study. Because
PTHrP also drives chondrocyte proliferation and has been
shown in several studies to be more highly expressed in higher-
grade lesions,168,169 potential therapeutic use of antibodies to
PTHrP or its receptor has been proposed, and efficacy of this
approach in induction of chondrosarcoma cell apoptosis has
been demonstrated in vitro.175 At present, however, use of diag-
nostic markers has not assumed a place in clinical practice,
and new therapeutic options remain theoretical.
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Soft Tissue Sarcoma
T. Christopher Windham 

and Vernon K. Sondak

arcomas are malignant tumors arising from mesenchy-
mal cells. These tumors are usually—but not always—
located in muscle, fat, and connective tissues. Sarcomas

have varying clinical courses based on their histologic
subtype, grade, location and size. These tumors are rare, with
approximately 9,400 soft tissue sarcomas diagnosed annually
in the United States, representing less than 1% of all newly
diagnosed malignancies. In pediatric patients, sarcomas
account for a greater percentage of malignancies, 15% of
cancer cases. Deaths from soft tissue sarcomas exceed 3,400
and are 1,200 for bone sarcomas.1 Sarcomas affect both
genders equally.

Approximately two-thirds of soft tissue sarcomas are
high-grade tumors, and histologic subtypes encountered vary
by anatomic location.2 The rarity of sarcomas, plus the vast
array of histologic subtypes, have complicated our under-
standing of these tumors and impeded the development of
effective therapies, as well as hindered efforts to establish
“evidence-based” principles of diagnosis, treatment, and
follow-up. For example, only 400 to 500 liposarcomas of the
thigh (one relatively common histologic type in its most
common anatomic site) are diagnosed per year in the United
States, and literally only a handful of these patients ever enter
onto prospective clinical trials, virtually none of which are
randomized trials. Therefore, nearly all recommendations
about sarcoma management are based on limited and often
anecdotal evidence. Unfortunately, 50% of patients diagnosed
with sarcomas ultimately succumb to their disease, and
treatment is often associated with significant acute and long-
term morbidity and limited if any benefit. Despite these 
limitations, significant progress has been made in our under-
standing and treatment of sarcomas. Information about mol-
ecular events involved in the development and progress of
sarcomas has advanced dramatically during the past 15 years.
Improvements in surgical techniques have resulted in signif-
icant decreases in morbidity of resection, allowing more-
aggressive operations, and active chemotherapeutics have
been identified, including the development of biologically tar-
geted therapies. In this chapter, we attempt to take an evi-
dence-based view of all aspects of sarcoma management. It
will be readily apparent, however, that much of our clinical
practice is based on very scanty, often conflicting data.

Risk Factors for the Development of Sarcomas

Hereditary Syndromes

Several hereditary genetic syndromes have been associated
with the development of sarcomas (Table 58.1). Neurofibro-
matosis type I (c) is the most commonly encountered hered-
itary genetic syndrome associated with soft tissue sarcoma
development. Affected patients usually present early in life
with cutaneous findings of café-au-lait spots and freckling in
skin folds, particularly in the axilla. These patients go on to
develop benign tumors of the soft tissues (dermal neurofi-
bromas) and tumors derived from perineural cells. In a long-
term follow-up study of 212 patients with neurofibromatosis
type I. Sorenson et al. found that malignant neoplasms or
benign central nervous system tumors occurred in 45% of
these patients.3 Neurofibromatosis type I is associated with
mutations in the tumor suppressor gene NF1 on chromosome
17, which acts through the negative regulation of ras.4 The
protein product of the NF1 gene is neurofibromin. Neurofi-
bromin contains a functional GAP domain, which acts on
GTP-ras.5 Homozygous deletion of NF1 in mice is lethal
during embryologic development. Heterozygous NF1 knock-
out mice are viable; however, these mice develop leukemias
and pheochromocytomas. Other functions of neurofibromin
have yet to be elucidated. The clinically related syndrome of
neurofibromatosis type II (NF2) is less common than NF1.
This syndrome is associated with mutations of the NF2 gene
on chromosome 22. Tumors most commonly encountered in
NF2 are schwannomas, ependymomas, and gliomas. The
protein product of the NF2 gene is the cytoskeletal protein
merlin (also called schwannomin) that acts to link cell-
surface glycoproteins to the cytoskeleton.6,7

Li and Fraumeni identified an autosomal dominant inher-
itable syndrome associated with the development of soft
tissue and bone sarcomas, breast cancer, brain tumors, acute
leukemia, germ cell tumors, and adrenocortical cancer.8 Sub-
sequent work identified a mutation of the tumor suppressor
gene p53 associated with the Li–Fraumeni syndrome.9

Patients with germ-line inherited mutations of the p53 gene
develop cancers at younger ages and at a significantly higher
frequency than seen in the general population. The spectrum
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of cancer formation varies by the location of mutation within
the p53 gene.10

Another tumor suppressor gene has been associated with
the development of retinoblastoma, a rare neoplasm arising
in the epithelium of the retina. Retinoblastoma represents the
prototype for inheritable genetic disease involving tumor sup-
pressor genes. As observed by Knudson, patients who inherit
a single mutation of the Rb1 gene are at higher risk for devel-
oping retinoblastoma in the event of a sporadic mutation of
the Rb1 gene occurring in a somatic cell.11 The Rb1 gene
product, p105 protein, plays multiple important regulatory
roles in the regulation of cell cycle, survival, proliferation,
DNA repair, and DNA replication. The p105 protein has
direct interactions with the p53 regulatory pathway.12 In an
analysis of risk of second malignancy in long-term retinoblas-
toma survivors, Fletcher et al. observed a 69% incidence of
second malignancies commonly associated with ionizing
radiation or agents causing DNA damage.11

Alterations in the adenomatous polyposis coli (APC) gene
are found in patients with familial adenomatous polyposis
(FAP). These patients have multiple polyps (usually more
than 100) of the colon and rectum, as well as variable
numbers of polyps in the stomach and small bowel.13 A subset
of patients with FAP has a constellation of findings that has
been termed Gardner’s syndrome. In addition to the intesti-
nal polyps characteristic of FAP patients, these individuals
also have mandibular osteomas and intraabdominal desmoid
tumors. Available evidence indicates that Gardner’s syn-
drome is not a distinct entity. Instead, patients with germ-
line APC mutations show a phenotypic spectrum of some or
all of the manifestations of classic Gardner’s syndrome, and
this spectrum correlates with the specific site of the muta-
tion within the APC gene.14 The APC gene acts to down reg-
ulate b-catenin, a regulator of cell proliferation.13,15

Current studies of hereditary syndromes rely on cohort
reports, epidemiologic studies, and molecular biologic inves-
tigations. The validity of these syndromes has been bolstered
by the genetic alterations identified through molecular
genetic studies identifying specific associations with clinical
presentations. Future advances will allow us to better under-
stand genetic alterations involved in sarcomagenesis and
assist patients in genetic counseling and also shed light on
the biology of sporadic sarcoma cases.

Radiation

The development of sarcomas following radiation exposure
was first suggested in the early 1900s. One of the earliest
reports was that of Martland, who in 1929 documented the
development of bone sarcomas in young girls who painted
radioactive luminescent paints onto watch dials.16 During the
past century, other reports relating radiation exposure to
sarcoma development began to emerge. Cahan et al. cata-
logued studies demonstrating the ability to create sarcomas
in numerous animal models following treatment with radia-
tion.17 They further summarized studies documenting devel-
opment of sarcomas in humans following treatment with
radiation therapy and added 11 additional patients from their
experience. This was one of the first efforts to describe clin-
ical characteristics of radiation-associated sarcomas. They
noted a latent period from 5 to more than 20 years between
radiation exposure and the development of sarcoma. Unlike
radiation-associated carcinomas, development of sarcomas
was primarily seen after higher doses were administered.18

In this work, Cahan and colleagues set forth criteria still 
used today for the diagnosis of a “radiation-induced” 
sarcoma:
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TABLE 58.1. Major genetic syndromes associated with sarcoma development.

Syndrome Tumors observed Genetic abnormality Studies

Neurofibromatosis type 1 Neurofibromas Mutation of NF1 gene —Cohort/epidemiologic
(von Recklinghausen’s Gliomas Protein product-neurofibromin —Molecular studies of small groups
disease) Malignant peripheral nerve of tumor samples and cell lines

sheath tumors —Knockout mouse studies
Nonlymphocytic leukemia
Pheochromocytoma

Neurofibromatosis type 2 Schwannoma Mutation of NF2 gene —Cohort/epidemiologic
Ependymoma Protein product–Merlin —Molecular studies of small groups
Meningioma (schwannomin) of tumor samples and cell lines
Glioma —Knockout mouse studies

Li–Fraumeni and other p53 Bone and soft tissue sarcomas Mutation of p53 gene —Cohort/epidemiologic
mutations Breast cancer (often phyllodes) Protein product p53 —Molecular studies of small groups

Adrenocortical cancer of tumor samples and cell lines
Melanoma —Knockout mouse studies
Gastric cancer
Lung cancer
Pancreatic cancer

Retinoblastoma Retinoblastoma Mutation of Rb1 gene —Cohort/epidemiologic
Protein product p105 Rb —Molecular studies of small groups

of tumor samples and cell lines
—Knockout mouse studies

Gardner syndrome Colon cancer Mutation of adenomatous —Cohort/epidemiologic
Desmoid tumors polyposis coli gene —Molecular studies of small groups

of tumor samples and cell lines
—Knockout mouse studies

Source: Data from references 3–5, 7–14, 13, 15.



1. There must have been microscopic or radiographic 
evidence of the nonsarcomatous nature of the initial 
condition.

2. The sarcoma must have arisen in the area included within
the radiation field.

3. A relatively long latent period must have elapsed after
irradiation before the clinical appearance of the sarcoma,
in most cases longer than 5 years.

4. All sarcomas must have been proved histologi-
cally.18–24,25–33

Sarcomas have been seen after radiation therapy for the
treatment of breast cancer, gynecologic malignancies, head
and neck diseases, and lymphoma. The incidence of sarcoma
following irradiation has been estimated to range from 0.03%
to 0.8%.21,34–36 These sarcomas are frequently high grade, clin-
ically aggressive, and difficult to treat.19 Histologic sarcoma
subtypes most frequently observed following radiation expo-
sure include osteosarcomas, malignant fibrous histiocytomas,
and angiosarcomas.19

From the 1920s through the early 1950s, the alpha parti-
cle-emitting radioactive contrast agent thorium dioxide
(Thorotrast) was commonly used in radiologic studies. This
compound is selectively taken up by the reticuloendothelial
cells of the liver and spleen, where it deposits a very high dose
of radiation over many years as a consequence of its very long
half-life. Several case-control studies of patients exposed to
Thorotrast have found a much higher than expected incidence
of liver disease, leukemias, and liver cancers.37–39 In an
updated report summarizing a Japanese Thorotrast follow-up
study, Mori et al. reported increased mortality primarily as a
result of liver cancers, of which 15% were hemangiosarco-
mas.38 In their study, dos Santos Silva and colleagues also
found an increased incidence of liver cancers; however, 
specific histology was not reported.37 Platz and associates
observed increased chromosomal aberrations in the periph-
eral blood of a group of eight patients exposed to Thorotrast
when compared with five patients exposed to nonradioactive
contrast during the same time period.40 The studies to date
strongly suggest an association between Thorotrast exposure
and the development of sarcomas of the liver.

Although most studies have demonstrated a consistent
association between irradiation and sarcoma formation, other
factors besides radiation may account for the actual tumor
development. Frequently, patients are treated with
chemotherapy agents as part of their therapies. A number of
studies have documented an increased risk of second malig-
nancy formation following treatment with chemotherapy.
Neglia et al., in a large retrospective cohort study, reported
60 bone and soft tissue sarcomas developing as a second
malignancy (of 298 second malignancies) in children treated
with chemotherapy.41 Of note, these results were not adjusted
to account for patients also treated with radiation therapy.
Tucker et al. evaluated bone sarcoma development in chil-
dren previously treated with chemotherapy or radiation
therapy compared with untreated matched controls. They
reported an excess number of bone sarcomas in patients who
received alkylating agents with or without radiation
therapy.22 In a nonhuman primate study evaluating the effects
of procarbazine, Sieber and associates identified 4 sarcomas
in 55 monkeys following treatment.42 Moreover, it is likely
that a significant percentage of patients who develop sarco-

mas after treatment with chemotherapy and/or radiation have
underlying genetic susceptibility, as was first observed in sar-
comas developing after irradiation for retinoblastoma.

Lymphedema

Sarcoma development has also been associated with chronic
lymphedema. A clinical scenario was recognized by Stewart
and Treves in which lymphangiosarcoma develops following
mastectomy, axillary nodal dissection, and radiation therapy
in a chronically lymphedematous limb.43 Because lym-
phedema may be associated with radiation therapy, the ulti-
mate association of causation can be difficult or impossible.
However, lymphangiosarcomas have been noted to arise in
congenitally lymphedematous extremities as well as other
settings where no radiation was given, demonstrating that
lymphedema alone is sufficient to result in sarcoma forma-
tion in some cases.

Foreign Body

Sarcoma formation secondary to the presence of a foreign
body has been the subject of numerous case reports. Foreign
bodies associated with sarcomas have ranged from shrapnel
to medical implants such as vascular conduits and orthope-
dic hardware.44–53 Experimental studies have demonstrated
foreign body carcinogenesis, identifying a mesenchymal
pleuripotent cell lineage in sarcomas arising in association
with foreign bodies.54 Other studies have demonstrated that
foreign body tumorigenesis requires a solid material of at least
5mm and the prolongation of a dense fibrous capsule.55 Acti-
vation of surrounding macrophages, as seen in chronic
inflammatory reactions, results in a failure in fibrous capsu-
lar formation and subsequent tumor formation.55 Laboratory
studies have demonstrated that surface shape characteristics
are important in determining carcinogenic potential; this
appears to be a result of variable induction of a dense fibrous
capsule by differing surfaces of foreign bodies.56 The strength
of clinical evidence implicating foreign bodies in the devel-
opment of sarcomas is limited to case reports and small
series. Despite these limitations, experimental evidence sup-
ports a causative role for foreign body reactions in the induc-
tion of rare cases of soft tissue sarcoma.

Viruses

The first viral oncogene, Src, was described by Rous in 1911
and has been confirmed to be tumorigenic.57 Its significance
in humans, however, remains uncertain. The elevated risk for
the development of Kaposi’s sarcoma in patients diagnosed
with acquired immunodeficiency syndrome (AIDS) prompted
investigators to determine if viruses could play a causative
role in the development of these cancers. Recent studies have
implicated the development of Kaposi’s sarcoma in AIDS
patients who have the herpes simplex virus type 8 (HSV-8).
This etiology appears to be secondary to unregulated vascu-
lar endothelial cell proliferation in immunosuppressed
patients. Dictor et al. found 88% of classical forms of Kaposi’s
sarcoma and 100% of AIDS–Kaposi’s sarcomas with HSV-8.58

Epstein–Barr virus (EBV) has been linked to sarcoma
development in immunosuppressed patients. McClain and
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colleagues found evidence of EBV infection in five
leiomyosarcomas and two leiomyomas from six human
immunodeficiency virus (HIV)-infected patients. They did not
find evidence of EBV infection in smooth muscle tumors
tested from HIV-negative patients.59 In a large retrospective
study of patients who received a polio vaccine contaminated
with simian virus 40 (SV-40), Engels and associates failed to
identify an increase in cancer formation.60 The evidence from
case reports, epidemiologic studies, and molecular biology
studies supports an association of HSV-8 infection and
Kaposi’s sarcoma development in HIV-infected patients and
probably in sporadic cases as well, and a minor role of EBV
infection in other sarcoma formation in HIV-infected
patients. Outside the clinical setting of HIV infection and/or
immunosuppression, there is a lack of compelling data to
support a viral etiology of sarcomas.

Chemical Exposure

A number of studies have evaluated a possible association of
chemical exposure and the development of sarcomas. Chem-
icals implicated by case-control and epidemiologic studies
include phenoxy herbicides, chlorinated aromatic compounds
(e.g., dioxins), and vinyl chloride. There exist certain limita-
tions inherent in many of these studies. Reporting of visceral
sarcomas is often placed under the International Classifica-
tion of Diseases (ICD) codes assigned to that particular organ
rather than as a soft tissue sarcoma.61 Several large epidemi-
ologic studies of exposed workers have identified an associa-
tion with chemical exposure, although others have not.61–71

Public concern surrounding exposure of Vietnam veterans to
phenoxy herbicides (“Agent Orange”) and subsequent health
risks has been addressed through a number of studies. These
herbicides contain dioxin, widely reputed to be highly car-
cinogenic. However, a study by Greenwald and colleagues
found no increased risk of sarcomas in veterans exposed to
Agent Orange.72 Subsequent studies, reviewed by Frumkin,
have not demonstrated an increase in the development of soft
tissue sarcomas in veterans exposed to these herbicides.73

Further, Cole and colleagues summarized work evaluating
dioxin and cancer, concluding that this agent is not a human
carcinogen.74

Another chemical reported to be associated with the
development of sarcomas is vinyl chloride. Case-control, ret-
rospective cohort, and epidemiology studies have linked vinyl
chloride exposure with a variety of cancers.75–79 However, sub-
sequent review by McLaughlin indicated that the increased
cancer risk after vinyl chloride exposure was limited to
angiosarcomas of the liver.80 Subsequent review of epidemio-
logic literature by Bosetti and associates concluded that the
only increased cancer risk was that of liver cancers, which
they speculate may in fact represent angiosarcomas.81 At
present, studies evaluating exposure to vinyl chloride support
an association with the development of angiosarcomas of the
liver.

Pathology

There is a wide variety of histologic subtypes of sarcomas,
and clinical behavior can be subtly or significantly different
depending on histologic type. Pathologists use histogenetic

classification schemes, which broadly distinguish soft tissue
tumor subtypes based on the tissues they contain or are
forming. Light microscopic evaluation is used to seek evi-
dence of specific differentiation as the first step in classifi-
cation. High-grade sarcomas are poorly differentiated, 
complicating classification. With advances in immunohisto-
chemistry, cytogenetics, and electron microscopy, non-tissue-
specific diagnoses, such as the once-common diagnosis of
malignant fibrous histiocytoma, are increasingly being
replaced by tissue-specific diagnoses based on direct or indi-
rect evidence of characteristic tissue formation. However,
many pleomorphic sarcomas are sufficiently undifferentiated
that the tumors cannot be further classified or can only be
classified after an extensive (and variably performed clini-
cally) set of tests.

Molecular Pathology

The ultimate evidence of differentiation is provided at the
molecular level, and molecular techniques have the potential
to profoundly influence our notions regarding the classifica-
tion and characterization of sarcomas. Our conceptual model
of sarcomagenesis has evolved over recent years. Sarcomas are
believed to arise de novo in nearly all instances. They rarely
arise from preexisting benign neoplasms (one important
exception being sarcomas arising within plexiform neurofi-
bromas in patients with neurofibromatosis type I). Sarcomas
are thought to develop from mesenchymal stem cells resid-
ing in muscle, fat, and connective tissues. The origin of these
stem cells remains unclear, and sometimes even their 
mesenchymal derivation is in question (as for nerve or nerve
sheath sarcomas, gastrointestinal stromal tumors, and 
primitive neuroectodermal tumors (Ewing’s sarcomas). 
Two prevailing theories suggest that mesenchymal stem cells
are found in local tissue pools or arise from the bone
marrow.82

Advances in molecular pathology have enabled us to dis-
tinguish two general groups of sarcomas. One group consists
of those tumors with simple karyotypes and specific recipro-
cal chromosomal rearrangements. Specific chromosomal
translocations have been identified in a number of pathologic
subtypes and may provide a specific diagnosis in the absence
of other identifiable evidence of differentiation. Tumors in
this group typically occur in younger patients, rarely have p53
mutations, and are not usually associated with genetic syn-
dromes such as Li–Fraumeni syndrome. The second group
consists of those tumors with complex karyotypes and
random nonreciprocal chromosomal rearrangements; these
are typically seen in older patients, frequently have p53 muta-
tions, and are generally the ones seen associated with genetic
syndromes.

Molecular signatures, such as provided by cDNA micro-
array analysis, are increasingly being used to investigate 
the genetic basis of the histogenetic classification scheme
employed for sarcomas. Perhaps not surprising, those sarco-
mas characterized by specific translocations or mutations
have well-defined signatures that correlate strongly with the
histopathologic diagnosis. Conversely, the molecular signa-
tures of other sarcomas, notably liposarcomas, leiomyosarco-
mas, and malignant fibrous histiocytomas, overlap to a
significant degree.83 This finding calls into question the valid-
ity of many of the pathologic distinctions that have been
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made over the years and further suggests that there may 
be hitherto unrecognized sarcoma categories of clinical 
relevance.

Patterns of Growth and Anatomic 
Distribution

Soft tissue sarcomas grow by direct local extension, infiltrat-
ing adjacent tissues and structures, occasionally with skip
areas. They generally extend along tissue planes and uncom-
monly transverse or invade major fascial planes or bone.
However, on gross inspection, many sarcomas demonstrate a
characteristic pattern defined by a pseudocapsule, an appar-
ently circumscribed tumor seemingly surrounded by a rim of
compressed normal tissue. In fact, this pseudocapsule does
not indicate the anatomic extent of the tumor, and removing
the main mass from within the pseudocapsule invariably
leaves tumor tissue behind. A minority of sarcomas, particu-
larly dermatofibrosarcoma protuberans and cutaneous
angiosarcoma, rarely if ever show a pseudocapsule and are
instead characterized by very insidious infiltration of sur-
rounding normal tissues that can greatly complicate attempts
at complete resection.

Soft tissue sarcomas occur at all anatomic sites of the
body, but the majority arise in the extremities.2 At any given

anatomic location, the most commonly encountered histo-
logic subtypes vary. Certain histologic types of soft tissue
sarcoma have a strong predilection for specific anatomic sites
(Figure 58.1). For example, 40% to 50% of epithelioid sarco-
mas arise on the forearm or hand, compared to only 14% of
soft tissue sarcomas overall presenting anywhere in the upper
extremity.84

There exist a number of staging systems for soft tissue
sarcomas. The most widely used system is the American Joint
Commission on Cancer (AJCC) (Table 58.2). This system
incorporates the traditional tumor size (T), lymph node status
(N), and metastasis (M) categories as well as histologic grade
(G). The incorporation of histologic grade reflects the obser-
vation that grade is a significant prognostic factor, with sur-
vival decreasing with increasing tumor grade.85 A recent
refinement in the staging of soft tissue sarcomas is the dis-
tinction of superficial and deep lesions, based on the location
of the tumor relative to the investing muscular fascia. Sarco-
mas arising entirely above the investing fascia (i.e., cutaneous
or subcutaneous) are “superficial” and designated in the
AJCC system with the T modifier “a.” Sarcomas involving
the fascia or arising entirely below it are “deep” and given the
T modifier “b.” The majority (67%) of soft tissue sarcomas
are high grade, deep, and more than 5cm in greatest dimen-
sion. The evidence base for the AJCC staging system is
reviewed subsequently.
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FIGURE 58.1. Certain histologic types of soft tissue sarcoma have a strong predilection for specific anatomic sites. (Pisters, P-Soft Tissue
Sarcoma in Surgery Basic Science and Clinical Evidence, New York, Springer 2001. Norton JA, Bollinger R, Chang A, et al. eds.)



Prognostic Features

Characterization of the heterogeneous group of tumors called
sarcomas has been hampered by the relative rarity of each spe-
cific subtype. Our understanding of the clinical features and
natural history of sarcomas is largely limited to case reports,
single-institutional experiences, and a few large-scale surveys
of national cancer registries using different methodologies in
data collection and reporting. To obtain sufficient numbers of
patients with sarcomas, these reports generally combine the
data from patients treated over several decades. This practice
often results in the inclusion of patients who underwent
markedly different treatment regimens, inclusion of bone sar-

comas with soft tissue sarcomas, and inclusion of histologic
subtypes that are known to have dramatically different clin-
ical behavior. Despite these limitations, we are able to iden-
tify a number of salient features associated with sarcomas
that are generally supported by studies involving large, often
prospectively collected databases. These reports provide the
foundation for current grading systems.

The strongest recognized prognostic factors are tumor
grade, size, and depth; these key components of widely used
clinical staging systems are discussed next (Table 58.3). Other
prognostic factors have variably been identified as statisti-
cally significantly associated with either local recurrence or
metastasis and survival. Local extension of tumor to involve
blood vessels and bone has been shown to be associated with
decreased survival, as has microscopic vascular invasion.86,87

Some studies have related worse survival and increased local
recurrence rates with increasing age.88–92 A number of studies
have identified that tumor location is of clinical impor-
tance.86,93–95 LeVay and associates noted that local recurrence
was higher in patients with sarcomas of the head and neck,
likely reflecting difficulties in obtaining negative surgical
margins. They also noted higher rates of metastasis in
patients with trunk and head and neck sarcomas when 
compared with extremity sarcomas. In virtually all major
studies, patients with extremity tumors fare better than 
those with sarcomas arising on the trunk, head, neck, 
or retroperitoneum. Other prognostic factors associated 
with adverse outcomes identified by researchers in separate
studies include skin involvement, lymph node metastasis,
pain at presentation, and postoperative fever following 
resection.90,95–98

Another area of controversy is the impact of isolated local
recurrence on ultimate prognosis. Presentation with local
recurrence has been shown to decrease overall survival in a
number of studies.86,89,92,99 Other studies have indicated a
similar outcome for locally recurrent lesions compared to
primary sarcomas of the same grade, size, and depth. The
available evidence does not clearly support a contention that
local recurrence is, in and of itself, an independent negative
prognostic factor. Rather, the weight of evidence supports
managing most cases of isolated local recurrence of sarcoma
in a fashion analogous to the same case presenting for primary
treatment.

Histologic grade, widely regarded as the predominant
prognostic factor for localized sarcomas, is a subjective deter-
mination based on a number of individual microscopic fea-
tures: these include tumor cellularity, pleomorphism, mitotic
rate, degree of differentiation, and the presence or absence of
spontaneous necrosis. Some authors have separately evalu-
ated these features and shown them to be independent 
prognostic factors.87,88,93,98,100,101 Newly identified molecular
markers will likely play an important role in the future.
Several molecular markers, such as c-Kit in gastrointestinal
stromal tumors, have demonstrated their clinical utility in
the diagnosis and treatment of specific sarcomas. Some mol-
ecular markers that have been associated with adverse prog-
nosis are ras, c-myc, Ki-67, murine double minute 2 (MDM2),
Rb1, and p53.102–113 Further studies involving larger numbers
of patients are required before any of these markers can 
be regarded to have documented independent prognostic 
significance.
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TABLE 58.2. American Joint Committee on Cancer (AJCC)
GTNM classification and stage grouping of soft tissue sarcomas.

Tumor grade
GX Grade cannot be assessed
G1 Well differentiated
G2 Moderately differentiated
G3 Poorly differentiated
G4 Poorly differentiated or undifferentiated (four-tiered

systems only)

Primary tumor
TX Primary tumor cannot be assessed
T0 No evidence of primary tumor
T1 Tumor 5cm or less in greatest dimension
T1a Superficial location
T1b Deep tumor
T2 Tumor more than 5cm in greatest dimension
T2a Superficial location
T2b Deep tumor

Regional lymph node involvement
NX Regional lymph nodes cannot be assessed
N0 No known metastases to lymph nodes
N1a Regional lymph node metastasis

Distant metastasis
MX Distant metastasis cannot be assessed
M0 No distant metastasis
M1 Distant metastasis

Stage grouping
Stage IA Low grade, small (G1–2, T1a or b, N0, M0)
Stage IB Low grade, large, superficial (G1–2, T2a, N0, M0)
Stage IIA Low grade, large, deep (G1–2, T2b, N0, M0)
Stage IIB High grade, small (G3–4, T1b, N0, M0)
Stage IIC High grade, large, superficial (G3–4, T2a, N0, M0)
Stage III High grade, large, deep (G3–4, T2b, N0, M0)
Stage IV Nodal or distant metastases (any G, any T)
a Note: Presence of positive nodes (N1) is considered Stage IV.

Source: Used with the permission of the American Joint Committee on Cancer
(AJCC), Chicago, Illinois. The original source for this material is the AJCC
Cancer Staging Manual, sixth edition (2002), published by Springer-Verlag 
New York, www.springer-ny.com.



Staging

The importance of staging systems is severalfold. These
systems serve as a means to evaluate prognosis, base clinical
treatment decisions, and allow comparisons of studies. A
staging system needs to be able to discriminate patient
outcome in a meaningful and reproducible way. Staging of
soft tissue sarcomas remains a work in evolution. Attempts
to develop staging systems for soft tissue sarcomas began in
earnest in the 1970s. Enneking and colleagues established a
staging system for extremity soft tissue sarcomas based on

tumor localization within muscular anatomic compartments,
histologic grade and metastasis.114 Subsequent investigators
have created new or refined staging systems, each with its
strengths and weaknesses.85,115 Currently, the most widely use
staging system is that of the American Joint Committee on
Cancer (AJCC), which modifies the familiar TNM system by
the addition of grade (G) as a separate component (see Table
58.2).85 Important caveats related to the AJCC staging system
are that it does not apply to Kaposi’s sarcoma, dermatofi-
brosarcoma, infantile fibrosarcoma, and angiosarcomas, as
these tumors are known to have unique but often poorly
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TABLE 58.3. Major studies evaluating prognostic features of soft tissue sarcomas.

Statistically significant factors

Author Study design N Sites Size Grade Depth Histology

Coindre et al., 199696 Retrospective review of 546 All (+)* (+)* (+)† (+)**
prospectively collected data † ** †

†

Pisters et al., 199689 Retrospective review of 1,041 Extremity (+)** (+)** (+)** (+)*
prospectively collected data

Zagars et al., 2003322 Retrospective case series 1,225 All (+)* (+)* NR (+)*
** ** **

LeVay et al., 199386 Retrospective case series 389 All except (+)* (+)* NS NR
retroperitoneal ** **
and visceral † †

Abbas et al., 1981323 Retrospective case series 251 All (+)† (+)† NR (+)†

Tsujimoto et al., 198893 Retrospective case series 236 All NS (+)† (+)† NR
Trojani et al., 198488 Retrospective case series 155 All NS (+)** (+)† NR

†

Ravaud et al., 199294 Retrospective case series 144 All except (+)** (+)** (+)** NR
visceral † † †

El-Jabbour et al., 1990100 Retrospective case series 125 All (+)† (+)† (+)† (+)†

Mandard et al., 198987 Retrospective case series 109 All except (+)** (+)** (+)** NR
retroperitoneal † † †

and visceral
Ruka et. al., 198995 Retrospective case series 267 All except (+)** NR, all high NR NR

retroperitoneal † grade
Lack et al., 1989101 Retrospective review of 300 Extremity (+)† (+)** NR NS

prospectively collected data †

Collin et al., 198790 Retrospective case series 423 Extremity (+)** (+)** NS (+)**
† † †

Weitz et al., 200391 Retrospective review of 1,706 Extremity (+)** (+)** (+)** (+)**
prospectively collected data

Singer et al., 199492 Retrospective review of 182 Extremity (+)† (+)† NR (+)†

prospectively collected cata
Ueda et al., 198897 Retrospective case series 163 Extremity and (+)† (+)† (+)† NR

Trunk
Rööser et al., 198798 Retrospective case series 144 Extremity (+)** (+)** NR NR

All
intermediate
and high
grade

Shiu et al., 1975324 Retrospective case series 297 Extremity (+)† (+)† NR NR
Markhede et al., 198299 Retrospective case series 97 Extremity NS (+)* NS (+)**

(+), statistically significant by univariate or multivariate analysis; NR, not reported; NS, not statistically significant.

*Local recurrence-free survival.

**Disease-free survival.
† Overall survival.



characterized prognostic features. The framers of this staging
system also point out that it does not adequately stage sar-
comas arising in all anatomic locations. Specifically, sites
with unique prognostic features are those sarcomas arising in
the dura, brain, parenchymatous organs, gastrointestinal
tract, and retroperitoneum. A great deal of evidence forms the
basis for the AJCC staging system, but there is also evidence
pointing to weaknesses or inadequacies of the current system.

From the studies to date, it is clear that prognosis is
inversely proportional to tumor size. The AJCC staging
system characterizes size as a dichotomous variable with a
breakpoint at 5cm maximum dimension. Available evidence
indicates, however, that size should be a considered as a con-
tinuous variable. For example, survival with a 6-cm tumor is
significantly better than that of a 15-cm sarcoma despite both
tumors being staged T2 in the AJCC system. At the very least,
it would be appropriate to recognize additional breakpoints
(e.g., 10cm, 15cm, 20cm) as defining progressively poorer
prognosis categories. Recently, depth was incorporated into
the AJCC staging system as a factor secondary in importance
to size. Available evidence is inconclusive as to whether
depth is truly an independent factor: the apparent prognostic
significance of depth may be a reflection of the fact that
deeper lesions more often reach larger size (frequently well in
excess of the 5-cm cutoff) before diagnosis.

The use of histologic grade as an integral part of the AJCC
system is one of the most accepted and time-tested aspects
of sarcoma staging, but even this has not been without con-
troversy. Evidence clearly supports that three-part systems
(defining low, medium, and high grade) provide additional
prognostic information compared to two-part systems.116 The
evidence is much less clear that there is additional informa-
tion conveyed by four-part systems. The AJCC system uses a
four-part grading system but collapses this into a two-part
system for assignment of the G classification (that is, grade 1
or 2 sarcomas are G1 while grade 3 or 4 sarcomas are G2).
Clinically, it is a widely accepted principle that intermediate-
and high-grade sarcomas (in three-part systems) are treated
similarly. The rationale for collapsing grade 1 and 2 sarcomas
into the same category, especially given how most patholo-
gists discriminate grade 1 and 2 lesions, requires further
prospective evaluation and perhaps even revision in future
iterations of the system.

The relative significance assigned to grade in stage assign-
ment has also been brought into question. Ramanathan and
associates observed that AJCC stage III patients in their study
in fact had a higher overall survival than stage II patients.117

Other investigators similarly found survival rate discrepan-
cies between stages.118–120

Lymph node metastasis has been identified as a signifi-
cant negative prognostic finding,121,122 as reflected in stage IV
assignment in the face of N1 disease, indicating that progno-
sis for node-positive sarcoma patients is considered similar to
those who present with metastatic disease. The frequency of
lymph node metastasis has been reported to range from 2%
to 13%, with the true incidence likely closer to 5%.122–126

Although lymph node metastasis is a rare event in soft tissue
sarcomas, higher incidence of lymph node metastasis is
observed in synovial cell sarcoma, rhabdomyosarcoma, clear
cell sarcoma, and alveolar soft parts sarcoma.126 It remains
unclear, based on available data, whether nodal metastasis
conveys similarly poor prognosis for all these tumor types and

whether the prognosis after nodal metastasis in contemporary
series is truly equivalent to metastatic disease beyond the
regional nodes.

Validation of the AJCC staging system has been per-
formed through a number of studies. As already discussed,
problems with stage discrimination have been identified in
several studies. From these reports, it is clear that further
modifications will be needed in future iterations. Treatment
decisions should incorporate anatomic site, tumor histology,
actual tumor size, and, where appropriate, molecular mar-
kers rather than restricting decisions to only AJCC stage
assignment.

Clinical Evaluation

Extremity Sarcomas

The clinical presentation of patients with soft tissue sarco-
mas varies by anatomic site. The most common locations for
these tumors are shown in Figure 58.1. Patients with soft
tissue sarcomas arising in the extremities usually present
with a painless mass that is larger than 5cm (Table 58.4). El-
Jabbour et al. reported a median duration of symptoms of 6
months before presentation.100 In a survey of more than 5,800
sarcoma patients, Lawrence and colleagues reported that
about half waited at least 4 months before seeing a physician
and 20% experienced delays of 6 months or more after
seeking treatment before a correct diagnosis was made.127

Often sarcoma patients are diagnosed clinically as having a
“chronic hematoma” or “pulled muscle” and undergo pro-
longed observation or treatment for these conditions. In fact,
nonathletic adults rarely develop persistent soft tissue masses
from either of these causes in the absence of a history of
unusually strenuous activity or significant trauma, unless
they are on chronic anticoagulant therapy. When a soft tissue
mass arises in a patient with no history of trauma or persists
more than 6 weeks after local trauma, further evaluation is
indicated.

Virtually all soft tissue masses arising in the extremity
that are more than 5cm in diameter and any new, enlarging,
or symptomatic lesions should be biopsied. Only small sub-
cutaneous lesions that have persisted unchanged for many
years should be considered for observation rather than biopsy.
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TABLE 58.4. Major studies reporting clinical presentation of
extremity soft tissue sarcomas.

Gender Pain Less than
Study Age (% male) (%) 5cm (%)

Donohue et al., 1988325 58a 46 22 44
Ueda et al., 198897 46a 56 30 38
Weitz et al., 200391 55a 53 NR 52
Pisters et al., 199689 51a 53 19 41
El-Jabbour et al., 1990100 58c 53 20 33

NR, not recorded.
a Median age with metastasis, 48 years without metastasis.
b Median.
c Mean.



The best way to avoid undue diagnostic delay during evalua-
tion of a soft tissue mass is for the physician always to remain
cognizant of the possibility of malignancy. During the phys-
ical examination attention should be given to tumor location,
size, mobility, tenderness, vascular exam, skin changes, and
inspection of all lymphatic basins. It is also relevant to iden-
tify often subtle neurologic changes that can result from the
mass. If a deep-seated extremity mass is to be biopsied, we
prefer that appropriate imaging studies be performed before
biopsy; this ensures no tissue distortion that could compli-
cate the interpretation of the study and may assist in the plan-
ning of the biopsy to ensure the highest yield samples.

Retroperitoneal and Visceral Sarcomas

Sarcomas arising in the retroperitoneum and from abdominal
viscera most commonly present as an abdominal mass often
without other symptoms (Table 58.5). Although the median
age is around 50, retroperitoneal sarcomas can occur at any
age. These tumors usually do not come to the attention of the
patient until they are large. Retroperitoneal sarcomas smaller
than 5cm are rarely seen.128,129 When present, symptoms
relate to mass effect of the tumor or local invasion. Early
satiety, gastrointestinal obstruction or bleeding, lower
extremity swelling, or pain can be the first symptoms leading
to the discovery of a retroperitoneal sarcoma. The most useful
tool in the evaluation of retroperitoneal tumors is a computed
tomographic (CT) scan; this allows assessment of tumor loca-
tion and relationship to adjacent organs, and can identify
metastatic lesions in the liver or peritoneal cavity. Once the
initial evaluation identifies a retroperitoneal tumor, the clin-
ician must consider a number of clinical entities, including
functioning and nonfunctioning adrenal tumors, renal
tumors, pancreatic tumors, advanced gastrointestinal carci-
nomas, germ cell tumors, and soft tissue sarcomas. Detailed
history and physical examination can help distinguish many
of these entities and prompt further studies. Serum beta-
human chorionic gonadotropin (b-hCG), alpha (a-)fetoprotein,

and testicular examination and ultrasonography are indicated
in cases of suspected testicular cancer with retroperitoneal
metastasis. In patients with lymphadenopathy, either core
needle or excisional biopsy of enlarged lymph nodes may be
diagnostic for lymphoma. When tumors appear to be arising
from the stomach, pancreas, or duodenum, upper gastroin-
testinal endoscopy with biopsy may be diagnostic. Similarly,
colonoscopy with biopsy can be useful in tumors arising from
the colon. If these diagnoses are ruled out or low in the dif-
ferential and sarcoma is the most likely diagnosis, the role of
biopsy is controversial.

Pisters and colleagues suggest that surgical exploration is
the most appropriate next step for a retroperitoneal mass sus-
pected of being a sarcoma.130 We advocate a more-cautious
approach, as new treatment options may be considered based
on the results of a percutaneous biopsy. Examples include 
the use of imatinib mesylate (Gleevec) in the treatment of
gastrointestinal stromal tumors or primary chemotherapy 
in germ cell tumors or lymphomas. Often the distinction
between these diagnoses can be difficult with nonspecific
physical findings and imaging studies. Our approach is to
have patients undergo CT-guided biopsy of retroperitoneal
tumors before treatment planning if the diagnosis is unable
to be established through less-invasive means. It is important
to note that nondiagnostic biopsies are not uncommon; in
such cases, we proceed to surgery.

Head and Neck Sarcomas

The majority of head and neck cancers are epithelial tumors,
followed by lymphomas with sarcomas comprising only 1%
to 11% of these malignancies.131 Sarcomas of the head and
neck can occur at any age; however, median ages from series
are usually in the fourth and fifth decades (Table 58.6). From
several series, we observe that the majority of these tumors
are less than 5cm, and they are less often high grade than sar-
comas arising in other sites. Bentz et al. reported a series of
111 head and neck sarcomas, noting that half these patients
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TABLE 58.5. Major studies reporting clinical presentation of retroperitoneal sarcomas.

Gender Size greater High grade
Study N Age (% male) than 5cm (%) (%)

Lewis et al., 1998129 500 58b 57 94 60
Stöckle et al., 2001251 165 54b 50 94 43
Ferrario et al., 2003256 130 57b 53 95 44
Alvarenga et al., 1991249 50b 50 90 43
Dalton et al., 1989247 116 57a 47 98 54
Jaques et al., 1990239 114 57b 59 100 57
Hassan et al., 2004254 97 59a 56 97 69
Karakousis et al., 1995246 90 58b 50 97 40
Zornig et al., 1992250 51 44a 45 100 42
Wang et al., 1996255 40 55a 67 100 NR
Makela et al., 2000252 32 58a 50 91 NR
Pirayesh et al., 2001253 22 53a 59 100 46
Solla et al., 1986248 20 53a 40 100 NR

NR, not recorded.
a Mean.
b Median.



presented with a painless enlarging mass; the remainder
reported pain or neurologic dysfunction on presentation.132

The neck, face, and scalp represent the most frequent subsites
for sarcoma formation; however, tumors can arise in the oral
cavity, sinuses, orbit, pharynx, and nasopharynx.131–143

Imaging

Great advances have occurred during the past two decades
through the widespread use of CT and magnetic resonance
(MR) scanning. The two modalities have continued to evolve,
further refining the quality of these studies. As discussed pre-
viously, we strongly encourage imaging of deep soft tissue
tumors before any biopsy procedure; this is important in char-
acterizing the lesion before distortion that may accompany
the biopsy. Planning the most appropriate biopsy technique,
target area, and approach is also facilitated by prebiopsy
imaging.

Magnetic resonance images are excellent at delineating
tissue planes, neurovascular structures, and characterization
of soft tissue tumors without the use of radiation (Figure
58.2). A number of studies have demonstrated the ability of
magnetic resonance imaging (MRI) to characterize benign and

malignant soft tissue tumors accurately in a high percentage
of cases.144–147 Totty et al. compared MRI with CT scanning
for evaluating soft tissue tumors of the extremities.144 They
noted that T1-weighted MR images better delineated exten-
sion of tumors into surrounding fatty tissue. They found that
T2-weighted and spin-density MR images were superior in
detecting tumor extension into muscle. Overall, they found
MR to yield superior resolution images to CT scanning in
33% of comparisons and equal results in 67%. In their study,
MRI never yielded inferior results compared to CT. The only
deficiency they identified was the limited ability of MRI to
demonstrate soft tissue calcification and gas. In a study com-
paring MRI with CT in the evaluation of 27 extremity soft
tissue tumors, Weeks and associates found that MRI was able
to adequately assess neurovascular involvement in 80% of
cases compared with 62% of CT scans.148 Verstraete and 
colleagues utilized contrast-enhanced techniques in MRI,
demonstrating an improved ability to depict tissue vascular-
ization and perfusion.147 This advantage is relevant in biopsy
planning, where the highest yield specimens are more likely
to be obtained from viable, well-perfused areas. When bony
involvement or destruction is of concern, CT scanning is
better suited than MRI (Figure 58.3).

Imaging of the head and neck can be accomplished
through either CT or MRI. We have usually relied on CT as
our initial imaging modality and added MRI when further
characterization is required. In imaging the chest, trunk and
abdomen, CT scanning is the most commonly employed
technique (Figure 58.4). Obtaining high-quality MR scans of
the chest and abdomen can be difficult, whereas CT is less
sensitive to motion artifact.149 Characterization of fatty
tumors, tumor proximity to adjacent organs, and detection of
intraabdominal metastasis are all possible with CT scanning
of the abdomen. In the pelvis, all these features of CT are rel-
evant, as well as excellent characterization of bony invasion.
Granstrom and Unger reviewed the techniques and interpre-
tation of MR in the evaluation of retroperitoneum.150 They
emphasized the importance of axial images in addition to
sagittal and coronal views. Although MR has been investi-
gated in the evaluation of specific organs such as pancreas and
adrenal glands, large studies comparing MRI of retroperi-
toneal sarcomas with CT scanning are lacking. At present, we
rely primarily on CT scanning in the evaluation of soft tissue
tumors arising in the abdomen and pelvis.
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TABLE 58.6. Major studies reporting clinical features of sarcomas arising in the head and neck.

Size less than High grade Distant metastastes
Study N Age 5cm (%) (%) (%)

Webber et al., 1986133 188 50b 59 NR 40
Farhood et al., 1990134 176 48a 52 59 23
Eeles et al., 1993140 130 36 78 48 1
Bentz et al., 2004132 111 47a 72 46 33
Le Vay et al., 1994135 73 50a 42 NR 16
Dudhat et al., 2000178 72 37b 29 38 7
Kraus et al., 1994139 60 49b 72 58 NR

NR, not recorded.
a Mean.
b Median.

FIGURE 58.2. Magnetic resonance imaging (MRI) of lower extrem-
ity high-grade undifferentiated pleomorphic sarcoma with encase-
ment of the sciatic nerve.



Biopsy

The technical details of biopsy in the evaluation and treat-
ment of soft tissue tumors remain the subject of debate,
fueled by a surprising lack of high-quality evidence. Concerns
surround the technique employed, pathologic interpretation,
and treatment implications. Following the initial history and
physical examination and appropriate radiologic investiga-
tions, the decision regarding biopsy must be carefully con-
sidered. Although the technical aspects of the actual
performance of the biopsy are not necessarily complex, the
decision making can be challenging for even the most expe-
rienced surgeon. As Mankin and colleagues pointed out in
two similar studies conducted 14 years apart, missteps at this
stage can have grave consequences.151,152 Their initial report
identified a 17% complication rate resulting from the biopsy.
More concerning was the finding that, in 18% of patients, the

treatment or outcome was altered because of some difficulty
related to the biopsy. Factors implicated included poorly ori-
ented incisions, made without due regard to the subsequent
surgical approach required for definitive resection, and wound
complications such as infection or hematoma formation.
Perhaps the most distressing finding was that nearly 5% of
patients went on to have amputations who might otherwise
have been candidates for limb-sparing procedures. The
authors concluded that the planning of a biopsy, technique
employed, incision orientation, and pathologic interpretation
could have significant treatment implications. They also
found that patients biopsied at outside referring institutions
experienced complications with skin, soft tissue, or bone in
31% whereas only 7% of biopsies performed at specialty
centers had similar complications. There was an alteration in
treatment as a result of the biopsy in 32% of referring insti-
tutions who performed these biopsies and 8% in those per-
formed at the specialty centers. When the authors repeated
this study, they found very little had changed in these results
despite prior warnings. These issues serve to alert us to the
significance a biopsy plays in patients presenting with soft
tissue tumors.

In lesions of the extremity, a number of methods can be
employed to obtain diagnostic tissue, including fine-needle
aspiration (FNA) cytology, core needle biopsy, incisional
biopsy, and excisional biopsy. Each technique has its ad-
vantages and disadvantages and requires expertise in its 
performance and, equally importantly, in the pathologic
interpretation. FNA is the least invasive, associated with a
low complication rate, and can be performed in an outpatient
setting. Tumors in both superficial and deep locations can be
biopsied using this technique. A number of studies have been
able to establish the diagnosis of malignancy in more than
90% of cases; in some series, the majority could be assigned
to a specific histologic subtype.153–157 In a prospective series of
365 consecutive FNA biopsies of soft tissue lesions, Akerman
et al. reported correct diagnosis of malignancy in 89% and
correct diagnosis of a benign lesion in 96% of lesions.155 A
major concern with the use of FNA remains the occurrence
of false-positive diagnoses of malignancy in small numbers of
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FIGURE 58.3. Computed tomography of a pelvic
Ewing’s sarcoma showing destruction of the right iliac
bone.

FIGURE 58.4. Computed tomography of abdominal wall solitary
fibrous tumor.



patients in virtually every large series. In Akerman’s series,
two patients had their care altered as a result of a false diag-
nosis. The application of ancillary techniques (cytogenetics,
immunohistochemistry, flow cytometry, electron micro-
scopy) can achieve a diagnostic accuracy approaching 95% in
identifying malignancy.156 Reported rates of false positives
and false negatives range from 1% to 4% with adequate sam-
pling.153,156,158,159,160–161 Needle tract seeding following FNA
biopsy has been reported; however, it appears to be excep-
tionally rare.155,157,161–163

It must also be noted that the majority of studies report-
ing excellent results with FNA are performed in centers with
large volumes of soft tissue tumors, expert cytologists, and
individuals with expertise and interest in the cytologic eval-
uation of soft tissue tumors. Whether these results can be
reproduced in institutions without dedicated specialized
cytopathologists is doubtful. We currently employ FNA in the
evaluation of lesions suspicious for recurrence or metastatic
disease, where the prior histology is available and can aid in
confirmation, but not for primary extremity lesions.

Core needle biopsy has emerged as the most commonly
employed biopsy technique in recent years. Several advan-
tages have been identified when using this approach. This
procedure can generally be performed in the outpatient
setting with local anesthesia. The complication rate is similar
to that of FNA, approximately 1% to 2% in several
series.164–166 Core needle biopsy provides a 1mm ¥ 10mm
tissue sample, preserving tumor architecture to facilitate
pathologic diagnosis and the assignment of histologic grade.166

Ball and associates evaluated 52 consecutive core needle biop-
sies of soft tissue tumors, reporting accurate diagnosis in 98%
of malignant tumors.165 They reported correct histologic
subtype diagnosis in 85% and correct histologic grade assign-
ment in 88% of sarcomas. In a report comparing 570 core
needle and open biopsies, Hoeber and colleagues reported sen-
sitivities of 99.4% and 97.4%, respectively.166 They found a
specificity of 98.7% for core needle biopsy and 100% for inci-
sional biopsy. They were able to assign the histologic subtype
and grade in 80% of core needle biopsies. Heslin and associ-
ates evaluated 164 primary extremity soft tissue tumors com-
paring first biopsy attempts of core needle biopsy, incisional
biopsy, frozen section, and excisional biopsy,167 finding that
93% of core needle biopsy samples were adequate to estab-
lish the diagnosis. Core needle biopsy was able to identify
malignancy in 95%, histologic grade in 88%, and subtype in
75% of biopsies. Taken together, these studies support the
accuracy, safety, and utility of core needle biopsy in the eval-
uation of soft tissue tumors. We utilize core needle biopsy for
the initial diagnostic study in most patients presenting with
soft tissue tumors larger than 5cm in both superficial and
deep locations.

Incisional biopsies play an important role in evaluation of
soft tissue tumors, but decisions regarding when and where
to employ this technique require significant experience in the
treatment of musculoskeletal tumors. As tumor seeding is a
concern, excision of the biopsy scar and tract is required if a
sarcoma is diagnosed. Poorly planned incisions may result in
added morbidity for sarcoma patients when they undergo
definitive resection (Figure 58.5).168–170 Incisions oriented
along the long axis of the extremity do not necessarily yield
the best cosmetic result, but they minimize future problems
in the event a sarcoma is diagnosed. The incision should be

placed directly over the most superficial part of the tumor
whenever possible, allowing a surgical approach that avoids
crossing through uninvolved compartments to minimize con-
tamination of normal tissues (Figure 58.6).154 The accuracy in
distinguishing benign from malignant tumors is greater than
with core needle biopsy; however, risks of hematoma and
wound complications are also higher.151,152,166 Meticulous
hemostasis to avoid hematoma and possible contamination
of adjacent muscle compartments is imperative. Because the
zone of compressed, reactive tissue around a sarcoma can

1 0 5 0 chapter 58

FIGURE 58.5. Poorly oriented biopsy of anterior shoulder with
interrupted sutures, hematoma, and infection.

Incision for subsequent
tumor removal

Biopsy incision

Tumor within muscle

FIGURE 58.6. When making an incision, the incision should be
placed directly over the most superficial part of the tumor whenever
possible, allowing a surgical approach that avoids crossing through
uninvolved compartments to minimize contamination of normal
tissues.



look like malignant tumor tissue, we utilize frozen section to
ensure adequate tissue for diagnosis has been obtained. The
limitations of frozen section histopathology are significant,
however, and radical procedures are generally not carried out
based on a frozen section diagnosis obtained during incisional
biopsy.

Excisional biopsy is reserved for small, superficial lesions.
Although most such lesions are benign, the same careful plan-
ning is required as described in performing incisional biop-
sies. The biopsy incision should be oriented in such a way as
to allow for uncompromised wide reexcision in the unlikely
event of a malignant diagnosis.

When considering biopsy of a large or deep soft tissue
tumor, the input of a surgical specialist experienced in the
treatment of sarcomas can avoid many of the potential pit-
falls reported by Mankin et al.151,152 Sarcoma treatment
centers continue to see patients who have undergone exci-
sional biopsy for large or deep sarcomas. Unplanned exci-
sional biopsy (the so-called oops phenomenon) carries with it
a very high risk of leaving gross or microscopic tumor behind,
even when the biopsy surgeon believes a complete excision
of all tumor has been carried out. Randall and associates
reviewed 104 unplanned resections of soft tissue sarcomas
referred to a specialty center and found that 82% of excisional
biopsies had positive histologic margins.171 In a retrospective
review of 65 patients referred to a specialty care center after
unplanned excision of soft tissue sarcomas, Noria and asso-
ciates documented that 39% of these patients had residual
disease when subsequent reresection was performed.172 None
of the patients in this series had identifiable disease on phys-
ical examination or by imaging. Noria et al. were unable to
identify predictive factors to identify those patients who were
most likely to have residual disease. When Davis et al. eval-
uated their experience performing reexcision in 239 patients
after soft tissue sarcoma excisional biopsies, they identified
residual disease in 35% to 40% of reresected specimens.173

Other investigators have similarly found a high incidence of
residual disease on reresection.174,175 Increased local recur-
rence rates have also been associated with excisional biopsy
of soft tissue sarcomas in some but by no means all
series.172,173

Treatment

Available evidence regarding prognostic and treatment-
related factors suggests that treatment decisions for patients
with clinically localized soft tissue sarcomas be based on the
site and histologic grade of the primary tumor. Traditionally,
the mainstay of treatment for soft tissue sarcomas has been
surgery.176–178 Increasingly, it is now recognized that a multi-
disciplinary, multimodality approach including radiation and
at times systemic chemotherapy is associated with improved
outcomes for most patients with soft tissue sarcomas. Mul-
timodality therapy in properly selected patients can improve
local control rates, decrease the morbidity and quality of life
impairment associated with surgery (particularly by decreas-
ing the need for amputation to control extremity sarcomas),
and increase the duration of relapse-free survival. Available
evidence is insufficient to conclude that multimodality
therapy results in increased overall survival durations, but at
least some data suggest that it may.

Surgery

The most effective single-modality treatment for localized
soft tissue sarcoma in any site is complete resection with his-
tologically negative margins. Because many soft tissue sarco-
mas manifest a pseudocapsule, “shell out” procedures where
tumors are removed from within this apparent capsule are
associated with local recurrence rates that approach 100%.
Historically, this led to the adoption of extensive radical pro-
cedures, frequently in the form of amputations, to ensure ade-
quate local control.

Sarcoma resections are categorized as intracapsular, mar-
ginal, wide, or radical.179 Intracapsular resections are usually
a result of “shell out” of an apparently encapsulated tumor
when a malignant diagnosis was not anticipated. In a mar-
ginal resection, the plane of dissection is outside the pseudo-
capsule but before or within the surrounding reactive zone.
Wide resection consists of resection of surrounding normal
tissue outside the reactive zone. In a radical resection, there
must exist a natural barrier interposed between the tumor and
the margin in all directions. This approach is best illustrated
in compartmental resections, where an entire muscle group
is resected at its origin and insertion with the fascia intact
throughout (Figure 58.7).179 In this categorization, radical
resections are associated with lower local recurrence rates
than other procedures when surgery is the sole modality of
therapy. In multimodality approaches, however, evidence of
the superiority of true radical resections is lacking, and indeed
they may be associated with increased complication rates and
poorer functional outcomes. For most sarcomas treated with
a multimodality approach, wide excisions are the procedure
of choice.

The emergence of radiation and systemic chemotherapy
as potentially active agents for unresectable sarcomas led 
to the development of combined modality approaches that
could preserve the limb with reasonable function and accept-
able local control rates. Rosenberg and associates reported a
prospective 2:1 randomized trial of 43 patients comparing
limb-sparing surgery (wide excision) and postoperative radia-
tion to amputation; all patients received postoperative sys-
temic chemotherapy.180 They found that the local recurrence
rate was marginally higher in the group undergoing limb-
sparing surgery (P = 0.06), but a large majority of patients in
the limb-sparing surgery group had successful local control of
their tumors. There was no statistical difference in overall
survival between the two arms, but the study was far too
small to reliably detect such a difference. Based on these
limited data, multimodality limb-sparing approaches have
become the accepted norm for the management of nearly all
extremity soft tissue sarcomas. Subsequent studies evaluat-
ing limb-sparing surgery in the treatment of soft tissue sar-
comas are shown in Table 58.7.

Surprisingly, evidence demonstrating that limb-sparing
approaches are associated with measurably improved func-
tional outcomes and/or quality of life compared to amputa-
tion is largely nonexistent. Functional outcome comparing
patients who had amputation with those who underwent
limb-sparing procedures was addressed in a study by Davis et
al.,181 who noted a trend toward increased disability in those
patients undergoing amputation versus those who had limb-
sparing procedures. Conversely, a study by Sugarbaker and
associates found that quality of life assessments failed to
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support a benefit to limb-sparing procedures over amputa-
tions.182 Following radical limb-sparing procedures, many
patients have significant functional disability, although most
are able to ambulate remarkably well.183–185 Stinson and col-
leagues evaluated acute and long-term effects of limb func-
tion following limb sparing therapy,183 reporting that 84% of
patient were able to ambulate without assist devices with
mild or no pain.

Encasement of nerves or blood vessels by soft tissue sar-
comas is uncommon but is not in and of itself an indication
for amputation. Complete resection of the sciatic nerve
results in loss of knee flexion and dorsiflexion of the foot.
With aggressive physical therapy and the use of an ankle-foot
orthosis, however, these patients can ambulate. Brooks et al.
evaluated functional status of patients following resection of
the sciatic, peroneal, or tibial nerves.186 They reported a post-
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FIGURE 58.7. A compartmental resections is where an entire muscle group is resected at its origin and insertion with the fascia intact
throughout.

TABLE 58.7. Major studies evaluating limb-sparing surgery for soft tissue sarcomas.

Study N LR (%) OS (%) Chemo* XRT** Study design

Pisters et al., 199689 164
Brachytherapy 18 84 Yes Yes Prospective
No brachytherapy 31 81 Yes No Randomized

Brennan et al., 1987193 117
Brachytherapy 52 4 88 Yes Yes Prospective
No brachytherapy 65 14 91 Yes No Randomized

Yang et al., 1998196 91
Radiation 47 0 75 Yes Yes Prospective
No radiation 44 10 74 Yes No Randomized

Rosenberg et al., 1982180 47
Amputation 27 0 88 Yes Yes Prospective
Limb salvage 16 15 83 Yes No Randomized

Williard et al., 1991326 649
Amputation 92 6 NR Yes Yes Retrospective
Limb salvage 557 15 Database

Review
Henshaw et al., 2001191 33 6 88 Yes Yes Retrospective

Review
Rydholm et al., 1991192 67 12 82 Yes No Retrospective

Review
Pao et al., 1990195 50 8 68 Yes Yes Retrospective

Review

NR, not recorded; LR, local recurrence; OS, overall survival; chemo, chemotherapy; XRT, radiation therapy.

*Variations in timing, doses, and regimens in different studies.

**Variations in dose, timing, and use in different studies.



operative leg function score of 8 of 10 and added that all
patients surveyed preferred their status to amputation. A
number of reports have documented the feasibility of en bloc
resection of arteries and veins with autologous or prosthetic
graft reconstructions.187,188

Current multimodality approaches can result in limb
preservation with useful function and very high rates of local
tumor control. Even though evidence of clear-cut superiority
in functional outcome or equivalence in local control and sur-
vival when compared to amputation is lacking, sarcoma
patients will almost never accept a major amputation if a 
nonamputative surgery is feasible. This general acceptance 
of the concept of limb preservation is reflected in the fact 
that only 5% of patients currently presenting to major 
centers with primary soft tissue sarcoma of the extremity are
treated with amputation.127 The weight of current evidence
supports the use of limb-sparing surgery as part of the multi-
modality management of soft tissue sarcoma of the extremi-
ties. The optimal techniques for limb-sparing treatment have
not been defined, and it is undoubtedly true that multiple
effective options exist. Matching the proper combination and
sequence of therapies to the needs of the individual patient
remains one of the major challenges in the treatment of soft
tissue sarcomas and often requires the skills of a dedicated
multidisciplinary team of physicians and allied health per-
sonnel.

Radiation Therapy

Limb-sparing resection alone, particularly marginal or wide
excision, has been associated with local recurrence rates up
to 50% to 70%,189,190 which sparked an interest in decreasing
local recurrence with the application of radiation. Contro-
versy continues regarding the necessity, type, and timing of
radiation therapy; as in so many other situations, prospective
comparative clinical trials are few, limited in statistical
power, and often contradictory.118,191,192

Although most patients with extremity sarcomas do
receive some form of radiation along with surgery, available
evidence suggests that for some patients, particularly those
with small, superficial, or low-grade tumors, wide excision
alone is adequate treatment. In a review of 56 patients with
extremity sarcoma, Rydholm and associates reported their
experience using limb-sparing surgery without radiation.192

They reported a local recurrence rate of 7%. From their expe-
rience, they questioned the necessity of radiation therapy in
all extremity sarcoma patients. In contrast, other investiga-
tors have demonstrated improved local control rates with the
addition of radiation therapy.119,193–196 Confounding the impact
of radiation therapy is the variability in the timing of radia-
tion, surgical margin status, and use of adjuvant chemother-
apy. From the studies to date there appears to be a decrease
in local recurrence by adding radiation to resection. Studies
have generally supported the omission of radiation for low-
grade soft tissue sarcomas when surgical margins are widely
free of tumor.118,192,196

It may be the case that aggressive systemic and/or regional
chemotherapy can replace the need for radiation in some
cases. In a study by Henshaw and associates, 33 patients were
treated with preoperative intraarterial cisplatin and systemic
doxorubicin.191 Ifosfamide was added in the later part of the
study. Included in this study were 18 patients with high-grade
soft tissue sarcomas of the extremities and pelvis that were

deemed unresectable, with the remainder of patients having
large but potentially resectable high-grade soft tissue sarco-
mas in the extremities and pelvis. Variability in the defini-
tion of unresectability for extremity sarcomas is a major
limitation when comparing studies or trying to generalize
results to other institutions. In any event, only 2 of the 18
patients who initially were deemed unresectable actually
underwent amputation after receiving chemotherapy. All the
remaining patients were able to have limb-sparing resections.
Twelve of the patients received radiation therapy, which was
reserved for those with close surgical margins or limited
degrees of chemotherapy-induced necrosis on histologic eval-
uation of the resected specimen. Two patients had local recur-
rences; interestingly, these occurred in the higher-risk
patients treated with radiation. Disease-free survival in this
study was 88% and 80% at 5 and 10 years, respectively. 
The authors of this study questioned the need for routine use
of adjuvant radiation therapy when using aggressive intra-
arterial and systemic preoperative chemotherapy.

The timing of radiation relative to surgery has also been
investigated in terms of local disease control, effects on
wound complications, and long-term morbidity. The use of
preoperative external-beam radiation takes advantage of the
presence of an intact tumor mass to delineate and limit the
field of treatment. A theoretical advantage of preoperative
radiation is the treatment (and presumptive sterilization) of
tumor cells outside the pseudocapsule, which might other-
wise seed the operative site and result in local recurrence.

Potential disadvantages are that it requires delay of the
definitive surgery, which can create a psychologic stress for
some patients, and that it may result in higher wound com-
plication rates. Postoperative radiation therapy has the advan-
tages of providing the entire tumor specimen to the
pathologist for evaluation before deciding on the need for
adjuvant therapy, potentially fewer wound complications,
and no delay in surgery.

Taken as a whole, studies have failed to demonstrate that
preoperative radiation therapy is superior to postoperative
radiation. What has been identified is that preoperative radi-
ation therapy is associated with higher wound complications
whereas postoperative radiation has been found in some
studies to result in increased fibrosis.83,197–201 In a prospective
randomized trial of 94 patients comparing pre- and postoper-
ative radiation in extremity soft tissue sarcomas, O’Sullivan
and colleagues197 identified wound complications in 35% of
the preoperative radiated patients versus 17% of the postop-
eratively treated patients, a statistically significant difference
and strong evidence that wound complication rates are indeed
increased after preoperative radiotherapy. No statistically sig-
nificant difference in local recurrence rates was identified
between the two treatment groups. Overall disability was
similar between the two groups when assessed one year fol-
lowing therapy. The overwhelming majority of wound com-
plications seen in the preoperatively treated patients occurred
in the treatment of lower extremity tumors; wound compli-
cation rates were low after preoperative radiation for upper
extremity sarcomas. The highest incidence of wound com-
plications (45%) was seen in upper leg tumors treated with
preoperative radiation therapy. A confounding element in
analyzing wound complications in patients receiving radia-
tion therapy can be the effect of chemotherapy that many
patients receive during their treatment. Meric and associates
performed a retrospective review of 309 patients and failed to
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identify an association between chemotherapy use and
wound complications.202

The optimal method of radiation delivery has not yet been
defined. The most commonly used methods are brachyther-
apy (implanted radiation) and external-beam radiation. Each
approach has its advantages and disadvantages. To date there
has not been a prospective randomized trial comparing
brachytherapy to external-beam radiation. In randomized
trials compared to surgery alone, the application of radiation
using each technique has been associated with reduction in
local recurrences. As such, the primary issues in choosing the
best technique is balancing the advantages and disadvantages
of each approach for individual patients. Proponents of
brachytherapy cite delivery of a high dose of radiation directly
to the surgical bed, limited treatment time, limited radiation
to surrounding uninvolved tissues, and decreased overall
costs.203,204 Another advantage lies in its potential for use in
treatment of recurrent disease in previously radiated tissues.
Limitations of brachytherapy lie in its requirement for dedi-
cated surgical and radiation oncologists with experience with
this technique and limitations in the ability to treat
extremely large resection beds.119 Because brachytherapy
delivers its radiation over a few days instead of many weeks,
there is evidence to support the concern that low-grade
tumors, with their relatively lower rates of DNA synthesis
and cell division, are not well treated by brachytherapy.

With these considerations in mind, the current evidence
to date would support preoperative and postoperative 
external-beam and postoperative brachytherapy radiation as
effective methods for local tumor control in large, high-grade
soft tissue sarcomas. Our current approach is to tailor therapy
to the tumor location, patient ability to complete prescribed
therapy, and, most importantly, patient preference.

Adjuvant Systemic Chemotherapy

As with most major issues in the treatment of localized soft
tissue sarcomas, the role of chemotherapy remains contro-
versial and the quality of available evidence is variable.
Patients with localized soft tissue sarcomas are generally able
to achieve local control through surgery and radiation. Unfor-
tunately, roughly 50% will go on to develop distant metasta-
sis, and most of those will die as a direct consequence.190

Patients with large (more than 5cm) and high-grade sarcomas
are clearly more likely to develop metastatic disease and die
than those with smaller or low-grade tumors. Some investi-
gators have observed that local recurrence also places patients
at higher risk of distant metastasis, even when all visible
disease can be removed by reresection or amputations.205, 206

This finding suggests but does not prove that lowering local
recurrence rates can ultimately enhance relapse-free and
overall survival rates. Importantly, adjuvant systemic therapy
for osteosarcoma has been shown repeatedly to significantly
and markedly improve local control and relapse-free and
overall survival rates.

Experience in the treatment of measurable metastatic
sarcoma has identified doxorubicin and ifosfamide to have the
highest response rates, and the response rates for osteosar-
coma and soft tissue sarcoma are relatively similar.190,207,208

Extrapolating from experience in osteosarcoma, first-genera-
tion clinical trials of adjuvant therapy for soft tissue sarco-
mas were usually doxorubicin based (often with single-agent

doxorubicin) and used relatively low doses. Factors that often
varied between studies were drug doses, tumor histologic sub-
types, anatomic sites, methods of delivery, and timing of
therapy. These studies gave inconsistent results; however,
there appeared to be some evidence of improvement in
relapse-free survival. A meta-analysis was performed evalu-
ating 14 trials composed of 1,568 patients with localized
resectable soft tissue sarcomas, including both extremity and
nonextremity primary sites.209 The analysis revealed a 27%
relative reduction in local recurrence in patients treated with
chemotherapy, translating to an absolute benefit of 6% fewer
local recurrences at 10 years. The relative reduction in distant
metastasis-free survival was 30%, with an absolute benefit of
10% at 10 years. Adjuvant chemotherapy resulted in a 25%
relative reduction in relapse-free survival, with a resultant
10% absolute benefit at 10 years; this corresponded to an
overall improvement in recurrence-free survival from 45%
without adjuvant chemotherapy to 55% with its use. Overall
survival, however, was not improved significantly by the use
of chemotherapy. There was a trend toward improved survival
with a potential absolute benefit of 4%, which translated to
an overall survival improvement from 50% to 54%.

Several criticisms of this meta-analysis have been
raised.190,207,210 The first relates to the time frame of these
studies compared to contemporary treatment practices: the
most recent study included in the meta-analysis completed
accrual in 1990. Since that time, higher doses of chemother-
apy and more-effective agents such as ifosfamide have
become standard for adjuvant therapy. By grouping patients
with extremity and nonextremity sarcomas together, the
meta-analysis may have been biased against detecting an
impact of adjuvant therapy in extremity sarcoma patients,
where surgery and radiation eradicate all local tumor in a
higher percentage of patients. Nonetheless, as the primary
goals of adjuvant chemotherapy are to improve relapse-free
and overall survival, the modest absolute relapse-free survival
increase of 10% at 10 years and questionable benefit in overall
survival are concerning. These findings suggest that 90% of
patients treated with chemotherapy would not gain any
advantage from adjuvant treatment compared to providing
the same or similar chemotherapy upon relapse; this is an
important consideration, in that chemotherapy can result in
significant toxicities, diminished overall quality of life, and
even in rare cases treatment-related deaths.

In the face of the limitations of the meta-analysis, a sub-
sequent trial from Italy has been widely touted as more con-
temporary support for the use of chemotherapy in the
treatment of soft tissue sarcomas. In this prospective ran-
domized trial of 104 patients with large high-grade soft tissue
sarcomas of the extremities, Frustaci and associates evaluated
the adjuvant use of epirubicin (an anthracycline cytotoxic
drug similar in efficacy and toxicity to doxorubicin) and ifos-
famide.211 The study was closed early secondary to an interim
analysis revealing a statistically significant improvement in
relapse-free survival in the patients in the chemotherapy arm.
The median follow-up was 59 months at the time of this
interim analysis, which demonstrated a 41% relative reduc-
tion in the risk of disease relapse, translating to an absolute
benefit of 27% from chemotherapy at 2 years and 13% at 4
years. Local disease-free survival was not found to be statis-
tically significant between the treatment groups, with the
treatment arm having 9 local recurrences and 11 in the
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control arm (P = 0.07). Overall survival favored the treatment
arm, with an absolute improvement at 4 years of 19%.

Early termination of a randomized trial due to a highly
significant treatment effect requires exceeding a stringent
threshold and is the strongest possible evidence of superior
efficacy for an investigational therapy. In essence, it means it
would be unethical to continue to treat patients on the study
with the control regimen (in this case surgery and radiation
without systemic adjuvant chemotherapy), and by strong and
direct implication, similar patients in the nonprotocol setting
as well. Once early termination of a trial takes place, subse-
quent follow-up of the trial data may be compromised by the
smaller than anticipated number of study patients and/or by
cross-over of control arm patients to the now recognized supe-
rior treatment arm. Indeed, longer-term follow-up of the
patients on this study reported at a median of 89 months of
follow-up, indicated that the statistically significant survival
advantage observed at the interim analysis was no longer
present.212 Time to disease progression, median survival, and
survival at 4 years still favored the treatment arm in the
extended analysis, which for the reasons described above
cannot be considered to invalidate the interim analysis
finding.

What are we to take from this body of literature when
considering adjuvant chemotherapy for patients with local-
ized disease? The current evidence supports the contention
that doxorubicin and ifosfamide are the most active agents
currently available and appear to be most effective at rela-
tively high doses, although there is likely a plateau beyond
which further dose escalation is not helpful and may be
harmful.190,211–218 These high-dose chemotherapy regimens 
are toxic and frequently require dose reduction and/or
hematopoietic growth factor support to complete therapy.
From data compiled through meta-analysis and more-con-
temporary reports, the benefit from the use of adjuvant
chemotherapy may be real. However, this benefit will be 
confined to a minority of treated patients; others will be 
cured by local therapy alone or relapse despite the addition 
of chemotherapy. These factors must be considered when
weighing the risks and benefits in adjuvant chemotherapy for
an individual patient.

At present, the use of adjuvant chemotherapy in the treat-
ment of intermediate- and high-grade soft tissue sarcomas
likely confers a small advantage in local control, time to
disease progression, and overall survival when high-dose dox-
orubicin- and ifosfamide-based regimens are used. Our pref-
erence is to provide adjuvant chemotherapy treatment of soft
tissue sarcomas under strict protocol-based regimens or in the
context of prospective clinical trials. Preoperative or neoad-
juvant chemotherapy may have practical advantages over
postoperative chemotherapy, not the least of which is the
ability to monitor response or lack thereof and alter or ter-
minate therapy in patients who do not appear to be deriving
any benefit. Preoperative and postoperative chemotherapy
have never been directly compared in randomized trials,
however.

Regional Chemotherapy

The fact that so many sarcomas arise in the extremities has
prompted investigation of cytotoxic chemotherapeutic agents
administered intraarterially. This method has the theoretical

advantage of maximizing the dose of drug to the tumor and
minimizing the dose delivered systemically to the patient.
The relative pharmacologic advantage of intraarterial therapy
compared to intravenous administration depends on the
degree of “first-pass” extraction of the drug in the perfused
tissues. Doxorubicin has a high degree of first-pass extraction
in peripheral tissues, conveying a moderate advantage in
tumor to systemic drug levels compared to intravenous
administration of the same dose. Cisplatin, another drug com-
monly used for intraarterial therapy of sarcomas, has a much
lower degree of first-pass extraction and hence there is rela-
tively little pharmacologic advantage to its intraarterial
administration.219 Intraarterial administration has significant
complexity and risks, requires inpatient hospitalization, and
results in limiting the systemic antitumor effects of the drug
to the same extent that it augments the regional intratumoral
effects. Evidence directly supporting the use of intraarterial
chemotherapy in extremity soft tissue sarcomas is minimal,
essentially anecdotal. One small, randomized trial (90
patients total) compared intravenous to intraarterial doxoru-
bicin when identical doses were administered as part of a 
preoperative chemoradiation strategy. This trial was only
published in abstract form, but insufficient advantage for
intraarterial administration was noted and the authors (hith-
erto the primary advocates for intraarterial doxorubicin
administration) abandoned the technique.220

Several investigators have attempted to increase the ther-
apeutic advantage of intraarterial drug administration by the
use of isolated limb perfusion, a technique commonly applied
in the treatment of extremity-confined melanomas. In this
technique, surgical isolation of the extremity vasculature and
directed circulation of most or all the blood of the extremity
through an extracorporeal membrane oxygenator and pump
(“heart bypass” machine) minimizes the systemic adminis-
tration of drug and allows for very high, even otherwise poten-
tially lethal, doses of drug to be circulated intraarterial for a
period of time and then extracted in the venous effluent and
discarded. Many soft tissue sarcomas present in advanced
stages, adjacent to neurovascular structures or with local
recurrences where resection may be difficult. From experi-
mental evidence and experiences in the treatment of
melanoma patients, most investigators have employed mel-
phalan, tumor necrosis factor-alpha (TNF-a) or occasionally
doxorubicin in the treatment of extremity soft tissue sarco-
mas.221–231 A multi-institutional experience of 186 patients
treated with isolated limb perfusion with TNF-a and mel-
phalan (plus gamma interferon in some cases) for primary or
recurrent extremity soft tissue sarcomas was reported by
Eggermont and colleagues.231 Eighty-two patients had an
objective tumor response. At a median follow-up of 2 years,
the limb salvage rate was 82%. TNF-a is not available in the
United States, and results with melphalan or other drugs in
the isolation perfusion of sarcomas have been much less
encouraging. Studies evaluating the use of isolated limb per-
fusion are summarized in Table 58.8.

At present evidence supports a possible role for isolated
limb perfusion with TNF-a in carefully selected patients 
with locally advanced or multifocal soft tissue sarcomas
when amputation is the only surgical alternative. Whether 
limb perfusion is worthwhile for sarcoma patients if only
melphalan is available is less clear, but it is still advocated by
some.232
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Treatment of Localized Retroperitoneal Soft
Tissue Sarcoma

Surgery

Retroperitoneal soft tissue sarcomas have unique clinical
characteristics and pose distinct clinical challenges, which
distinguish them from the more-common extremity sarco-
mas. Patients typically present with very large tumors, often
with minimal symptoms. Although the most common site of
first recurrence for patients with extremity sarcomas is in the
form of distant metastatic disease, patients with retroperi-
toneal sarcomas are more prone to recur within the abdomi-
nal cavity. The overall survival for patients with extremity
sarcomas is superior to that of patients with retroperitoneal
sarcomas. Local failure is evident in nearly 90% of patients

who die of retroperitoneal sarcomas,233 a fact that reflects the
large tumor size on presentation, inability to achieve wide
surgical margins, and limitations of adjuvant radiation and
chemotherapy. Local failure continues to occur beyond 5 and
10 years following resection, leading to some to estimate the
overall recurrence rate for resectable retroperitoneal sarcomas
exceeds 70%.234,235

As for extremity primaries, surgery is the mainstay of
treatment for retroperitoneal sarcomas. Because of the limi-
tations of adjuvant therapy, including the inability to deliver
high doses of radiation secondary to limited tolerance of
bowel, kidneys, liver, and the spinal cord, surgery is some-
what more likely to be used as the only modality for treat-
ment of these tumors. Reports describing experience in the
surgical management of primary retroperitoneal soft tissue
sarcomas are summarized in Table 58.9. The data in this table
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TABLE 58.8. Major studies evaluating isolated limb perfusion for soft tissue sarcomas.

Study N Agents Hyperthermia (°C) Limb salvage (%) Design

Eggermont et al., 1996231 186 TNF, melphalan 39–40 82 Review of multiinstitutional
experience

McBride et al., 1974222 79 Melphalan, NR 83 Review of institutional
dactinomycin experience

Lev-Chelouche et al.,228 53 TNF, melphalan 39–40 85 Review of institutional
experience

Lejeune et al., 2000230 22 TNF, melphalan 38–40 86 Review of institutional
experience

Rossi et al., 1999225 27 TNF, doxorubicin 40.5–41.5 85 PhaseI/II prospective trial

NR, not recorded; TNF, tumor necrosis factor.

TABLE 58.9. Major studies of the treatment of primary retroperitoneal soft tissue sarcomas.

OS† OS‡

Complete** LR*** 5-year 10-year 
Study N* resection (%) (%) (%) (%) Study design

Lewis et al., 1998129 500 80 59 70 NR Retrospective review of prospectively
collected data

Jaques et al., 1990239 114 65 49 NR NR Retrospective review of prospectively
collected data

Stoeckle et al., 2001251 165 65 48 46 NR Registry review
Cody et al., 1981243 158 66 33 40 NR Retrospective case series
Alvarenga et al., 1989249 120 30 46 29 NR Retrospective case series
Dalton et al., 1990247 116 54 68 40 22 Retrospective case series
Catton et al., 1994244 104 43 50 55 22 Retrospective case series
Hassan et al., 2004254 97 78 44 51 NR Retrospective review
Karakousis et al., 1995246 90 100 25 66 57 Retrospective case series
Bevilacqua et al., 1991245 80 65 29 57 NR Retrospective case series
Kilkenny et al., 1996237 63 78 40 56 NR Retrospective case series
Zornig et al., 1991250 51 59 24 35 15 Retrospective case series
McGrath et al., 1984241 47 38 61 70 58 Retrospective case series
Salvadori et al., 1986242 43 42 39 NR NR Retrospective case series
Wang et al., 1996255 40 70 68 42 NR Retrospective review
Pirayesh et al., 2001253 22 41 45 22 NR Retrospective review
Solla et al., 1986248 20 35 43 43 NR Retrospective case series

NR, not reported.

*Total patients in study including some presenting with recurrent disease.

**Percent resected with primary retroperitoneal sarcomas.

***Percent local recurrences in those who had complete surgical resection for primary retroperitoneal sarcoma.
† Five-year overall survival of those who had complete surgical resection for primary retroperitoneal sarcoma.
‡ Five-year overall survival of those who had complete surgical resection for primary retroperitoneal sarcoma.



focus on primary retroperitoneal sarcomas that have no evi-
dence of metastatic disease. These reports have consistently
documented the significance of complete resection of all gross
disease in improving local control and disease-specific sur-
vival. In most reports, complete excision is achieved less than
70% of the time, with local recurrence occurring in approxi-
mately half of patients undergoing complete resection. The
impact of local recurrence is reflected in diminished overall
survival despite attempts at further resections.129,236 Results
for resection of recurrent retroperitoneal sarcomas are notably
worse, in both the percentage of patients who can be resected
free of all disease and those who remain recurrence free long
term.

With the possible exception of low-grade retroperitoneal
liposarcomas, no survival benefit has been observed when
incomplete resection is undertaken.129,237–240 Major complica-
tion rates are identical, however, for partial and complete
resections. Thus, patients undergoing incomplete resection
procedures are exposed to all the morbidity with none of the
potential survival benefit of their counterparts who undergo
complete excision. This result emphasizes the need for
careful preoperative planning as well as determination of
unresectability early in the operative procedure so that
incomplete resections are not mandated because the surgeon
has passed “the point of no return.”

Retroperitoneal liposarcomas represent a distinct situa-
tion where a more-aggressive surgical approach, including
multiple resections for repeated recurrences and even occa-
sionally incomplete resections, may be justified. Liposarco-
mas in this location have been observed to have a lower
incidence of distant metastases (7%) when compared to 15%
to 34% for other histologic subtypes.236,239,241 Shibata and asso-
ciates observed prolongation in survival in patients with
partial resection in patients with liposarcomas when com-
pared with those who only had biopsy.236 Further, they
reported effective palliation of symptoms in 75% of sympto-
matic patients who underwent debulking procedures.

Identification of prognostic factors other than the ade-
quacy of resection has been inconsistent across studies.
Tumor size has not been identified as a predictor of survival,
with the recognition that virtually all retroperitoneal sarco-
mas are larger than 5cm at presentation. Tumor grade has
been found to be significant in some studies but not in others,
with the weight of evidence supporting shorter recurrence-
free and overall survival for patients with high-grade
tumors.129,233,235,237,239,241–256

The clinical presentation and imaging evaluation of
retroperitoneal sarcomas were discussed previously. Impor-
tant in the next step is determining resectability from these
studies. It is often difficult to determine preoperatively if adja-
cent vascular structures or organs are involved with tumor.
Vascular involvement was noted in 34% of patients undergo-
ing resection in a review by Kilkenny and colleagues.237 In
cases where tumor is near major vessels but routine CT scan-
ning cannot resolve whether the vessels are in fact involved,
we have turned to MR angiography or CT angiography. Mul-
tivisceral resections are required in the majority of cases
(63%–86%), most frequently involving the kidney, colon,
small bowel, pancreas, and bladder.129,237,239,243,248,254 Our expe-
rience and that of others have shown that it can difficult to
determine whether adjacent organs will be attached or freely
separable based on preoperative imaging. In planning resec-
tion one must be prepared for the high likelihood of exten-

sive en bloc resections to achieve this goal. No surgeon
should operate on a retroperitoneal mass unless he or she is
prepared for the magnitude of the resection that may be
required.

Radiation

Several investigators have explored methods to decrease the
incidence of local failure following resection. Extrapolating
from evidence supporting improved local disease control with
the use of radiation therapy in the trunk and extremities,
radiation therapy is widely used as an adjunct to surgery in
retroperitoneal sarcomas. There are important differences,
however, that make radiation therapy more problematic and
call into question its value for patients with retroperitoneal
tumors. To date, no randomized trial has documented the
value of adjuvant radiation for retroperitoneal sarcomas, 
so evaluations of its benefit are confined to retrospective
analyses.

Proponents of preoperative radiation therapy cite the the-
oretical advantages of using the tumors bulk to displace unin-
volved intrabdominal viscera, thereby decreasing local
toxicity and increasing the ability to administer therapeutic
doses.234,235,257 This approach also allows the target volume to
be easily delineated for treatment planning, and treating the
tumor before manipulation at the time of surgery could theo-
retically decrease the likelihood of tumor implantation.
Resection is usually performed between 4 to 6 weeks after the
completion of radiation. Postoperative external-beam radia-
tion at doses that are most likely to be effective258,259 can be
associated with significant acute and delayed bowel toxic-
ity.233,260 After removal of the large tumor mass that had been
displacing adjacent viscera, the bowel tends to fall into the
resection bed and often becomes fixed there by postoperative
adhesions. However, as in the extremities, postoperative radi-
ation has advantages, including the ability to examine the
entire tumor and the excision margins pathologically before
deciding on the need for radiation as well as allowing for the
completion of healing and recovery from surgery and compli-
cations thereof before instituting radiation. The areas of great-
est concern for residual tumor and/or the closest surgical
margins can be delineated and given focally higher doses of
radiation in many cases. Contrary to some reports, we have
successfully used postoperative radiation for retroperitoneal
sarcomas over nearly two decades with acceptable acute tox-
icity and very little in the way of severe chronic toxicity. Radi-
ation should not be automatically withheld from patients who
have undergone complete resection, especially with close or
involved margins, merely because they are postoperative.

That notwithstanding, the limitations of deliverable dose
and the large volumes of the abdomen and pelvis that need
to be radiated, whether preoperatively or postoperatively,
have led many investigators to explore techniques to augment
the effectiveness and/or minimize the toxicity of delivered
radiation. Cytotoxic chemotherapy may be combined with
radiation, but this combination is often poorly tolerated in
patients with a large intraabdominal tumor or convalescing
from its recent removal. As reviewed by Storm, studies have
generally relied on doxorubicin-based regimens and have not
demonstrated convincing improvements in disease-free or
overall survival.261 Nonetheless, a growing body of evidence
suggests the combination can be administered to carefully
selected patients.262 The current evidence for the use of adju-
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vant chemotherapy in the treatment of sarcomas is reviewed
in the section on treatment of extremity sarcomas.

Other approaches have also been evaluated. In a Phase I/II
trial using preoperative radiation therapy and the radiosensi-
tizer idoxuridine (also known as IUdR or iododeoxyuridine),
which does not have direct antitumor effects, in the treat-
ment of retroperitoneal soft tissue sarcomas, Sondak and
associates treated 16 patients with alternating weeks of con-
tinuous intravenous infusional iododeoxyuridine and twice-
daily radiation therapy before surgery. Patients received a
total of five cycles of therapy, either entirely preoperatively
or split with three cycles before and two afterward.263 This
effort resulted in an overall local control rate of 45% at 24
months; local control was achieved in 5 of the 8 patients who
had complete resection with acceptable toxicity. An alterna-
tive approach to intensifying the radiation dose to the tumor
bed was conducted in a trial by Jones and associates in which
55 patients with resectable primary or recurrent retroperi-
toneal sarcomas were treated with preoperative external-
beam and postoperative brachytherapy.264 Forty-six patients
had complete resections, with 41 completing preoperative
radiation therapy and 23 having brachytherapy. Preoperative
radiation therapy was well tolerated, but those treated with
brachytherapy experienced significant toxicity, including 1
death. Sondak et al. reported overall 2-year relapse-free and
overall survival of 80 and 88%, respectively.

Another approach that has been investigated is the use of
intraoperative radiation. Once an enormously complicated
undertaking wherein anesthetized surgical patients needed to
be transported to treatment machines in the Radiation Oncol-
ogy Department with their abdomens open, intraoperative
radiation is now practically achieved at a number of centers
with specially designed and shielded operating rooms
equipped with built-in radiation devices. With this technique,
the resection bed can be directly targeted to a high dose while
nearby radiosensitive tissues are mechanically retracted out
of the treatment field. A summary of studies investigating the
use of intraoperative radiation therapy is shown in Table
58.10. Unfortunately, the weight of evidence, including one

small randomized trial,265 suggests that intraoperative radia-
tion increases in-field tumor control but not recurrence-free
or overall survival, as patients recur just outside the treat-
ment field, and that it adds significant late toxicity.

Local Recurrence

In the absence of metastatic disease, repeat resection when
able to remove all gross disease is the treatment of choice for
locally recurrent retroperitoneal sarcomas. Many studies have
shown that a significant number of patients experience pro-
longed disease-free survival when all gross disease can be
resected. The addition of chemotherapy or radiation in the
treatment of locally recurrent disease remains the subject of
debate. Given the extremely high risk of further local and
distant recurrence, all patients who have not previously
received adjuvant therapy should be considered for it after
resection of recurrent disease. Subsequent recurrences have
progressively diminishing chances for resection. Evidence 
for the benefit of third and subsequent resections of retro-
peritoneal sarcomas is scant and largely limited to studies 
of patients with low-grade liposarcomas. Such aggressive
attempts at disease control should almost always be relegated
to centers with significant expertise in the management of
retroperitoneal tumors.

Treatment of Gastrointestinal Stromal Tumors

Gastrointestinal stromal tumors (GIST) are uncommon
tumors believed to originate from the interstitial cells of Cajal
in the alimentary tract. These cells form a smooth muscle
cellular network to function as a pacemaker of gut motil-
ity.266,267 Gastrointestinal stromal tumors are most commonly
found in the stomach (39% to 70%), small intestine (20% to
32%), colon and rectum (5% to 15%), and esophagus (less
than 5%) (Figure 58.8).266–269 The true incidence of these
tumors is unclear, because population studies frequently fail
to distinguish GIST from gastrointestinal carcinomas.

1 0 5 8 chapter 58

TABLE 58.10. Major studies of the treatment of retroperitoneal soft tissue sarcomas with
intraoperative radiation therapy.

Study* N Local recurrence (%) Preoperative XRT Postoperative XRT

Sindelar et al., 1993** 35
IORT 15 40 No Yes
No IORT 20 80 No Yes

Gieschen et al., 2001*** 37
IORT 20 17 Yes No
No IORT 17 51 Yes No

Alektiar et al., 2000*** 32 38 No Yes
Bobin et al., 2003*** 22 50 Yes Yes
Gunderson et al., 1993*** 19 15 No Yes
Willet et al., 1991*** 10 10 Yes No

IORT, intraoperative radiation therapy.

*Studies frequently included primary and recurrent retroperitoneal soft tissue sarcomas. Some patients also treated with
chemotherapy regimens.

**Prospective randomized trial.

***Prospective nonrandomized trial.

Sources: References 265, 327–331.



Traditionally, GIST have been considered to be benign,
malignant, or “borderline.” The evidentiary basis for this dis-
tinction is suspect, but it is clearly difficult to determine if a
GIST will metastasize by its light microscopic appearance
alone. Studies investigating features most associated with
malignant behavior have found tumor size (more than 5cm),
mitotic count (more than 1–5 per 10 high-power fields), tumor
necrosis, and most recently immunohistochemical identifi-
cation of c-Kit (CD117) mutation to be important.266–270 In
most studies that have attempted to use this type of classifi-
cation, approximately one-third of GIST are classified as
“malignant.”271 In nearly all studies, however, tumors classi-
fied as “benign” or “borderline” manifest unequivocally
malignant behavior (i.e., metastasis) in a small percent of
cases. Hence, available evidence would suggest that all GIST
should be considered to be malignant neoplasms at low,
intermediate, or high risk for developing metastatic disease.
Whether there is a subset of GIST that are unequivocally
benign, with no propensity whatsoever to metastasize,
remains to be proven.

Treatment of GIST has traditionally relied on complete
resection. Complete resection of GIST has been reported in
the range of 48% to 89% of cases; long-term disease-free sur-
vival has been reported to be 18% to 35% and overall survival
from 28% to 43%.271,272 Metastatic GIST are virtually resis-
tant to standard chemotherapeutic agents. Therefore, it is not
surprising that the use of adjuvant chemotherapy with cyto-
toxic agents has been disappointing. In a retrospective review
of a multicenter experience in the treatment of GIST with
chemotherapy, De Pas and associates found no evident sur-
vival benefit from the addition of chemotherapy.273 The addi-
tion of radiation therapy has similarly been limited in its
effectiveness in the treatment of GIST.268

Identification of c-Kit mutations in GIST has been the
focus of extensive recent attention. The Kit protein is a trans-
membrane protein receptor that is structurally similar to the
macrophage colony-stimulating factor receptor. A gain-of-
function mutation of exon 11 of the c-Kit gene in GIST
tumors was described by Hirota and colleagues, correspond-
ing to the intracellular juxtamembrane region of the c-Kit
protein.274 Additional sites of mutation have been identified

within the c-Kit gene in GIST tumors, with the observation
that mutated Kit protein products are constitutively activated
in the absence of its stem cell factor ligand.267,275 Alterna-
tively, the platelet-derived growth factor receptor (PDGFR)-a
has been found to be mutated and activating in a significant
percentage of GIST that lack activating mutations in 
c-Kit.276

Experimental results demonstrated that the use of the
tyrosine kinase inhibitor imatinib mesylate (Gleevec) targets
the BCR-ABL fusion protein found in chronic myeloid
leukemia and is available in an oral formulation.277 Additional
studies of imatinib demonstrated activity against other
protein tyrosine receptors including PDGFR-a and Kit. With
this background, Joensuu and associates treated a patient
with rapidly progressive, chemotherapy-resistant metastatic
GIST with imatinib.278 This protocol resulted in a dramatic
response that was sustained for more than 11 months with
minimal toxicity. This observation prompted clinical trials
using imantinib in the treatment of GIST.279,280 Results of
these studies demonstrated an effective initial dose range of
400 to 800mg per day, which has since been approved by the
U.S. Food and Drug Administration for the treatment of
metastatic and/or unresectable GIST.281 It remains to be deter-
mined whether it is better to initiate treatment at the lower
end of the effective dose range and increase the dose if nec-
essary because of inadequate efficacy, or to start at the high
end of the dose range and decrease the dose in case of toxic-
ity. It is clear, however, that some patients who progress on
lower doses of imatinib respond to higher doses, whereas
other patients who have prohibitive toxicity at higher doses
still derive clinical benefit from doses lower than the usual
starting range.

Several investigators have noted that reliance on tradi-
tional clinical parameters for measurement of response to
imatinib therapy may not be ideal in the treatment of GIST.
Benjamin et al. found that time to progression following treat-
ment did not correlate with RECIST criteria of change in
size.208 Instead, these investigators were able to correlate time
to progression with changes in glucose uptake detected by
positron emission tomography (PET) scanning. They found
PET achieved a sensitivity of 94% and specificity of 100% in
identifying response to treatment, and was more predictive of
time to progression, than CT assessment of tumor size. Other
investigators have also highlighted the usefulness of PET in
evaluating response to imantinib therapy.282 Tumors may
manifest little if any change in size on CT scans yet show
dramatic decreases in activity on PET scans (Figure 58.9).
Unfortunately, even tumors that have shown dramatic
responses to imatinib eventually progress in most cases,
sometimes after several years. Second-line tyrosine kinase
inhibitors are in active clinical investigation; if these prove
useful, it would be logical to investigate combination therapy
with imatinib in future clinical trials.

Although GIST is a rare tumor, it represents an important
model for the use of biologically targeted therapy, where an
identified molecular alteration is targeted by a specific
therapy with clinically relevant results. Another approach
currently under investigation is the use of imatinib in the
adjuvant and neoadjuvant setting. Whether adjuvant
approaches can decrease recurrence, improve survival, and
turn unresectable tumors into those that can be completely
resected requires prospective testing in clinical trials.
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FIGURE 58.8. Bisected gastrointestinal stromal tumor arising from
the lesser curvature of the stomach.



Treatment of Localized Soft Tissue Sarcomas
of Selected Other Sites

Trunk, Heart, and Great Vessels

Sarcomas arising in the soft tissues of the trunk/body wall
have been found to follow a clinical course similar to that
observed in the extremities. Sarcomas arising in this location
account for approximately 10% to 20% of newly diagnosed
sarcomas; they are usually over 5cm in size and can involve
underlying viscera (Figure 58.10). Treatment principles are
derived from the experience with extremity sarcomas, with
aggressive attempts at wide excision to achieve clear margins
and consideration of chemotherapy and radiation for large
high-grade tumors. Soft tissue sarcomas arising from chest
wall musculature and diaphragm are quite rare. Treatment 
of these tumors is based on the general principle of wide
resection with clear margins. Radiation therapy can be con-
sidered for large lesions, particularly when high grade;
however, underlying lung tissue may limit the dose that can
be delivered.

Sarcomas are the most common primary malignant neo-
plasm arising in the heart and are usually angiosarcomas.189

They may arise from the heart or the pericardium and may
be asymptomatic. These tumors are usually advanced when
identified, and curative resection is difficult. Surgical removal
has been the mainstay of therapy.283 The rarity of these
tumors has not allowed the role of adjuvant therapies to be
extensively evaluated. Often surgery is aimed at alleviating
symptoms rather than cure. Cardiac allotransplantation,
alone or with lung transplantation as well, has been per-
formed in anecdotal cases, but seems to be associated with
poor results for high-grade tumors.284

The aorta and vena cava are occasionally involved 
by direct extension of retroperitoneal sarcomas; however, 

sarcomas arising de novo from the great vessels are 
rare. Leiomyosarcomas are the predominant histologic type
encountered arising from the vena cava and other named
veins. Treatment is again based on complete resection with
clear surgical margins.285,286 Mingoli and colleagues reported
the results of resection of 218 patients compiled from an
international registry of inferior vena cava leiomyosarco-
mas.287 Of 120 patients who underwent radical resection with
complete removal of all gross disease and clear microscopic
margins, caval wall resection with autologous vein or pros-
thetic patch repair was performed in 44%, and segmental
caval resection was performed in 56%. Of the 67 patients who
underwent caval resection, 27 had infrarenal caval ligation
and 23 had supracaval ligation. The authors reported 3 post-
operative deaths, 21 deep venous thromboses, and 7 major
complications. There was a local recurrence rate of 57%
(mean follow-up of 32 months). These results support a role
for resection to clear margins. We have utilized patch repair
following caval wall resection or segmental resection with
prosthetic graft placement and avoid ligation of the cava if
possible (Figure 58.11). The role of adjuvant therapies in the
treatment of tumors in this location remains undefined.

Breast

Primary breast sarcomas comprise less than 5% of all soft
tissue sarcomas and can be subdivided into two categories.
So-called monophasic or stromal sarcomas are identical to
their counterparts arising elsewhere in the body. The most
commonly encountered histologic types of these primary
breast sarcomas are malignant fibrous histiocytoma, angiosar-
coma, and liposarcomas.189,288–290 The second category are 
sarcomas specific to the breast, entitled cystosarcoma phyl-
lodes or, more generically, phyllodes tumors. Because the
pathologic and clinical characteristics of phyllodes tumors are
quite distinct from other histologic types they are addressed
separately.

From retrospective series, primary breast sarcomas have
a peak incidence during the fourth and fifth decades and most
commonly present as a painless breast mass. These tumors

1 0 6 0 chapter 58

FIGURE 58.9. Positron emission tomography (PET) studies with
[18F]fluorodeoxyglucose as the tracer. (A) Before STI571 therapy, mul-
tiple metastases are seen in the liver and upper abdomen, with
marked retention of [18F]fluorodeoxyglucose in the right renal pelvis
and ureter, a finding suggestive of hydronephrosis. (B) After 4 weeks
of treatment, no abnormal uptake of tracer is seen in the liver or right
kidney.278

FIGURE 58.10. Computed tomography of high-grade undifferenti-
ated pleomorphic sarcoma arising from the left abdominal wall 
musculature.



are often mistaken for a fibroadenoma as lymphadenopathy,
skin changes, nipple discharge, and other signs typical of
breast malignancy are almost always absent. Treatment of
primary breast sarcomas is based on experience with extrem-
ity and trunk soft tissue sarcomas. Surgical treatment is tai-
lored to breast conservation if the volume of normal breast
would be adequate to allow a wide resection of the sarcoma
with a 1- to 2-cm circumferential margin. In cases in which
breast conservation would not result in a cosmetically accept-
able appearance, simple mastectomy is appropriate. Postop-
erative radiation is often added to decrease local recurrence,
particularly if the margin of excision was less than 2cm
(regardless of whether the breast was conserved). Local recur-
rence, disease-free survival, and overall survival rates follow-
ing resection are similar to those observed in soft tissue
sarcomas arising in other locations. Also, such considerations
regarding the addition of adjuvant chemotherapy are the same
as discussed in the treatment of extremity sarcomas. As
lymph node metastases are exceeding rare in primary breast
sarcomas, axillary dissection is not warranted unless clini-
cally palpable nodes are present.189,288,289

Phyllodes tumors are fibroepithelial or “biphasic” tumors
that arise exclusively in breast tissue. They also have a peak
incidence during the fourth and fifth decades of life, typically
presenting as a painless breast mass. Some patients report a
long-standing mass that begins to grow rapidly. Analogous to
gastrointestinal stromal tumors, the propensity to metasta-
size is often difficult to determine histologically. It has been
estimated that 25% of cases are “malignant,” but cases
deemed to be benign have been associated with the develop-
ment of distant metastasis. Thus, the evidence would suggest
that phyllodes tumors span a spectrum from very low to very
high risk of metastasis. Whether any phyllodes tumors can be
unequivocally considered to be benign, with no possibility
whatsoever of distant metastasis, remains a matter of debate.

Local recurrence of phyllodes tumors is common
(16%–22%), so that wide excision with a 1- to 2-cm margin,
by mastectomy if necessary, is appropriate therapy.189,291,292

Radiation and chemotherapy can be considered for cases
deemed at high risk of recurrence or metastasis, but the role
of each modality is as yet poorly defined in the treatment of
phyllodes tumors.

Treatment of Metastatic Disease

Half of all patients with soft tissue sarcomas ultimately
develop metastatic disease. Metastases are present in about
10% of patients at time of initial presentation.127,293 The pre-
dominant site of first recurrence is in the lung, seen in 52%
of patients who developed local or distant disease (70% of
patients with extremity primaries). Patients with retroperi-
toneal sarcomas have a greater tendency for local recurrence
and disseminated disease throughout the abdomen. As
reported by Potter and colleagues, 80% of recurrences occur
within 5 years.294

Approximately 80% of patients with extremity and trunk
soft tissue sarcomas who have distant disease have isolated
pulmonary metastases.2,130 The detection of pulmonary
metastatic disease is accomplished by either plain film radi-
ographs or CT scanning of the thorax. CT scans have a greater
sensitivity in detecting small (3–10)mm pulmonary nodules
than plain film radiographs, which has led many clinicians to
use CT rather than plain films when evaluating for pul-
monary metastases.189 On the other hand, this greater sensi-
tivity to small nodules means that many subcentimeter
benign nodules are identified on CT scans, especially in older
patients. Proving these nodules to be benign can be difficult,
and their detection often leads to concern for metastasis for
patient and physician alike. PET scans were evaluated by
Lucas et al. in comparison with CT scans,295 who reported a
sensitivity in detecting pulmonary disease of 87% with a
specificity of 100%. Conversely, CT scans had a sensitivity
of 100% and a specificity of 96%. PET scanning does poorly
at detecting subcentimeter pulmonary nodules and cannot
always distinguish malignancy from inflammation or post-
operative changes. The available evidence does not support a
role for PET in the routine screening for or evaluation of pul-
monary metastases, particularly given its limited availability
and high cost.

Once detected, pulmonary metastases have associated
with median survival rates of 6 to 12 months.2,296 Because of
the strong predilection for sarcoma to metastasize to the
lungs and only to the lungs, resection of even multiple pul-
monary metastases (metastasectomies) has been shown in
multiple reports to be associated with prolonged relapse-free
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FIGURE 58.11. Left: Leiomyosarcoma (arrowhead) arising from the anterior wall of the inferior vena cava (arrow). Right: Patch repair of infe-
rior vena cava following resection.



survival in a small but significant percentage of patients
(probably at least 25%).189,293,297–299 Several prognostic fea-
tures associated with long-term survival in patients under-
going pulmonary metastasectomy have been identified. In an
evaluation of soft tissue sarcoma pulmonary metastases,
Billingsley and associates observed a more favorable progno-
sis for those who had complete resection of all metastases, 
a disease-free interval of more that 12 months or a 
low-grade primary tumor.298 Adverse findings included 
histologies of liposarcomas and malignant peripheral 
nerve sheath tumors as well as age greater than 50. A 
relationship between outcome and time interval from initial
diagnosis to the development of pulmonary metastases has
been observed in multiple studies, although this may be
largely or entirely a surrogate for histologic grade of the
primary tumor.189,296–300 Greater numbers of metastatic
nodules and rapid tumor doubling times have been associated
with diminished survival following resection of soft tissue
sarcoma pulmonary metastases.189 Reported survival rates fol-
lowing complete resection of pulmonary metastases (some-
times with repeated thoracotomies) range from 25% to 39%
at 5 years.189,293,297,299 From published reports to date, an aggres-
sive approach to resection of pulmonary metastases is war-
ranted.

Resection of soft tissue sarcoma hepatic metastases has
also been evaluated. Survival rates following hepatic resec-
tion have generally been less than observed in pulmonary
resections for metastatic disease. One series of soft tissue
sarcoma patients undergoing hepatic resections of metastases
reported a 100% recurrence rate.301 Despite this, a median
survival time of 30 months for resected patients compared
with 11 months for unresected patients was found. The inclu-
sion of many patients with what are now recognized to be
gastrointestinal stromal tumors in most series describing
sarcoma metastatic to the liver makes interpretation of these
series more complex.

The role of chemotherapy in the treatment of unre-
sectable metastatic disease has been extensively
reviewed.190,302 Doxorubicin, ifosfamide, and dacarbazine have
all been shown to have significant single-agent activity in the
treatment of metastatic soft tissue sarcomas. Although pub-
lished reports of various combinations of available drugs have
suggested them to be superior to single-agent therapy,303 to
date there is little evidence from prospective randomized
trials to support that contention. One randomized trial is 
representative: the addition of ifosfamide to doxorubicin
increased response rates at the expense of significantly greater
toxicity but did not result in any detectable difference in time
to progression or overall survival.304

The influence of drug dose intensity has been studied in
numerous retrospective and prospective evaluations. There is
considerable evidence to support the contention that the two
most active drugs, doxorubicin and ifosfamide, yield better
results in terms of response rates and time to progression if
given at high doses. The range over which increased dose
leads to increased benefit is fairly narrow, however, and not
entirely defined. One recent report is sobering: patients ran-
domized to receive doxorubicin plus 6g/m2 ifosfamide actu-
ally had slightly superior survival compared to patients
randomized to the same dose of doxorubicin plus 12g/m2

ifosfamide.218 Reports of even higher doses of chemothe-
rapy along with stem cell rescue have demonstrated the 
feasibility of this approach; however, its role in the treat-

ment of metastatic soft tissue sarcomas has yet to be 
determined.305–307

There is no consensus whatsoever regarding the ideal
second-line chemotherapy regimen for patients with metasta-
tic disease refractory to combination therapy with doxoru-
bicin and ifosfamide. Higher doses of ifosfamide (in the range
of 12–14g/m2) have been associated with objective responses
in patients who failed or progressed after chemotherapy with
lower doses of ifosfamide, with synovial sarcomas appearing
to be particularly responsive to this approach.308,309 The toxi-
city of ifosfamide in this range of doses mandates careful
patient selection and excludes many older patients and those
with impaired renal function. Recently, the combination of
gemcitabine and docetaxel in specific sequence has been asso-
ciated with high objective response rates, even in patients
with prior doxorubicin and ifosfamide chemotherapy. This
regimen appears to be particularly effective for patients with
leiomyosarcomas,310 but responses in other histologies have
been seen as well.311 Low doses of chemotherapy administered
more chronically have received some evaluation in sarcoma
subtypes. Low-dose paclitaxel has been used for angiosarco-
mas312 and low-dose methotrexate and vinblastine for
desmoid tumors.313,314 Although substantial data attest to 
differential sensitivities of various sarcoma subtypes to par-
ticular chemotherapy regimens, prospective evaluations of
specific regimens for individual subtypes have been limited,
and it is likely that hitherto unrecognized patterns of sus-
ceptibility and resistance exist. Clinical trials remain a highly
appropriate option for patients with metastatic soft tissue
sarcomas of all histologic subtypes. Novel approaches to clin-
ical trials design are also worthy of exploration, given the
multiple potential interactions of drug type, dose, and sched-
ule with histologic subtype and prior treatment status.315

Specialty Centers

Several investigators have highlighted the importance of early
referral to centers with specialists with experience in treat-
ing soft tissue sarcomas.151,152,316,317 Soft tissue masses are
common, with benign soft tissue masses exceeding malignant
tumors 100 to 200 fold.316 As such, physicians frequently treat
benign tumor without significant consequence. Unfortu-
nately, malignant soft tissue tumors are more often than not
approached with the same lack of concern and are not taken
as seriously as masses arising in other locations. In a regional
audit of the management of soft tissue sarcomas in England,
Clasby and associates found only 21% of patients were inves-
tigated adequately and only 60% were treated with wide exci-
sion or surgery with radiation.318 They reported that in 331
patients who had undergone resections, only 104 had a pre-
operative biopsy and 26% of patients had not had any form
of radiologic investigation. They found junior surgeons ini-
tially treated two-thirds of soft tissue sarcoma patients,
whereas senior surgeons in 80% of cases performed second
operations. In an similar audit conducted in France, Ray-
Coquard et al. found only 42% of patients had a preoperative
biopsy.319 They identified deficiencies in the initial evaluation
in 48% of patients where MRI, chest radiographs, and clini-
cal record of tumor size were frequently omitted. No more
than 7% of patients in this study had biopsies planned and
performed after formal multidisciplinary review. These
studies illustrate a number of difficulties associated with the
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evaluation and referral of soft tissue tumors. As Clasby and
colleagues observed, only 17% of patients were treated with
an initial wide margin, with 67% left with an unacceptable
margin.318 Similarly, Ray-Coquard et al. found 74% with
inadequate initial resections. As discussed previously, initial
failure to achieve clear surgical margins will result in higher
local recurrence rates, with the associated poor prognostic
implications associated with local recurrences.319

Referral to a specialty center with experience in soft tissue
sarcomas should be initiated for subfascial masses of any size,
tumors greater than 3 to 5cm, masses that are noted to be
changing in size, or any physical findings worrisome for
malignancy. These findings may include proximity to neu-
rovascular structures, painful masses, and tumors that are
firm or fixed to underlying structures. When evaluating any
soft tissue mass one should always consider these factors to
maintain an index of suspicion for such lesions. With better
education and early referral, we can expect improved onco-
logic outcomes with less morbidity associated with surgical
treatment.

Surveillance Guidelines

When deciding the appropriate surveillance plan for an indi-
vidual following treatment for soft tissue sarcoma, several
considerations arise. The impact of early detection on therapy
and patient outcome varies by anatomic location of the recur-
rent disease. In cases of local recurrence of extremity soft
tissue sarcomas, reresection can result in prolonged survival,
improved quality of life, and cure in a significant number of
patients. The majority (90%) of extremity local recurrences
occur during the first 5 years after treatment, of which up to
two-thirds are detected during the first 2 years.300 In a retro-
spective review of surveillance for follow-up of patients with
high-grade extremity sarcomas, Whooley and associates eval-
uated the efficacy and cost-effectiveness of chest radiographs,
CT scans of chest, imaging of the affected extremity, and
blood tests.320 Follow-up evaluations were performed every 3
months during the first 2 years, every 4 to 6 months during
the third posttreatment year, every 6 months for years 4 to 5,
and annually thereafter. Their review found that physical
examination was the most common method of detection of
local recurrence (97%), with only one recurrence detected
solely by surveillance MR (3%). Pulmonary metastasis was

identified in 40% of patients, but only 37% of these patients
with pulmonary had symptoms as a basis for detection.
Asymptomatic patients had their pulmonary metastasis ini-
tially detected with chest radiographs in 83% of cases. In the
remainder of patients, pulmonary metastases were detected
solely with CT scanning. Metastasectomy was performed on
24 of 36 asymptomatic patients with pulmonary recurrence.
Blood tests did not contribute to the detection of any local or
distant recurrence.

From their analysis of cost to effectiveness, Whooley et
al. concluded that chest radiographs and physical examina-
tion were the most useful and cost-effective methods for the
detection of local or distant metastasis.320 They recommended
a surveillance program intensified during the early portion of
the posttreatment period. They also recommended cross-
sectional imaging (CT or MR) every 6 months in cases of deep
lesions or in radiated regions where physical examination is
difficult.

Similar studies delineating the most useful and cost-effec-
tive methods for the detection of local recurrence and distant
metastases for other disease sites have not been performed.
For soft tissue sarcomas in sites such as head, neck, and
trunk, where patterns of failure are similar to those for
extremity primaries, it would appear reasonable to follow a
similar approach. For intraabdominal and retroperitoneal sar-
comas, failure is primarily within the abdomen as in the liver;
an additional 20% to 30% of recurrences will occur in the
lungs. With this in mind, it would seem appropriate to have
the patient undergo physical examination, CT scanning of the
abdomen, and chest radiographs as a surveillance strategy.
Early detection of local recurrence, metastases to the liver,
and pulmonary metastases occasionally results in surgical
intervention; it is assumed but not proven that such inter-
ventions may prolong survival and improve quality of
life.129,298,299,301 Time to recurrence for intraabdominal and
retroperitoneal sarcomas is also highest in the early post-
treatment period, and a similar schedule of evaluation used
in extremity sarcomas would seem reasonable. These
sarcoma surveillance strategies remain to be proven in
prospective trials, but are widely used and almost universally
recommended, with some controversy remaining as to the
incremental value of chest CT scans over radiographs alone.
The current National Comprehensive Cancer Network
(NCCN) guidelines for the surveillance of soft tissue sarco-
mas arising in the extremity and retroperitoneum are sum-
marized in Table 58.11.

soft  t issue  sarcoma 1 0 6 3

TABLE 58.11. Surveillance guidelines for extremity soft tissue sarcomas.

Stage I Stage II, III

-H&P every 3–6mo for 2–3y, then annually -H&P every 3–4mo for 3y, then every 6mo for next 2y, then annually
-Consider imaging surgical site with scan annually based on -Imaging of primary site (MRI, CT, consider US)
estimated risk of locoregional recurrence
-Consider baseline imaging after primary therapy -Chest imaging (plain radiograph or chest CT) every 3–6mo for 5y, 

then annually
-Consider chest X-ray every 6–12mo

Surveillance Guidelines for Retroperitoneal Soft Tissue Sarcomas

Low grade High grade

Physical exam with imaging (chest/abdomen/pelvis CT) Physical exam with imaging (chest/abdomen/pelvis CT) every 3–4mo 
every 3–6mo for 2–3y, then annually for 3y, then every 6mo for next 2y, then annually

MRI, magnetic resonance imaging; CT, computed tomograpy; mo, months; y, years.

Source: Reference 332.



The use of PET scanning in the evaluation and surveil-
lance of GIST is currently under investigation. At present,
guidelines do not incorporate PET scans for the routine sur-
veillance of GIST; however, this may change due to the
advent of effective therapy (imatinib). To date, there are no
compelling data to suggest that PET scanning has a routine
role in the initial management or posttreatment surveillance
of soft tissue sarcomas other than GIST.

Conclusion

The evaluation and treatment of soft tissue sarcomas remains
challenging. Advances in pathology and molecular biology
have greatly improved our understanding of this complex and
heterogeneous group of tumors. Since the 1980s, aggressive
treatment approaches by experienced multidisciplinary teams
have improved the outlook for these patients. The widespread
acceptance of limb-sparing procedures, the identification of
active chemotherapy regimens, and improvements in local
disease control from the use of radiation therapy are all exam-
ples of the strides that have been made in the treatment of
patients with soft tissue sarcoma. Despite these advances,
areas of concern remain. Most distressing is the fact that
approximately half of patients diagnosed with soft tissue 
sarcomas will succumb to their disease. Local recurrence
remains a difficult problem, with increased associated mor-
bidity and psychologic stress for affected patients. Through
improved education, we hope that early biopsy and referral of
soft tissue sarcomas will become the norm, and that patients
will derive the benefits of multidisciplinary evaluation and
treatment of their disease.
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Cutaneous Melanoma
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Epidemiology

The incidence of melanoma has increased dramatically
during the past several decades among Caucasian popula-
tions.1 Mortality rates continue to rise overall, but in some
populations, such as females, the mortality rate has plateaued
or even fallen. The reasons for these trends are not altogether
obvious, but may involve changes in attitudes and behaviors
with regard to sun exposure or an increased public awareness
to the early signs of melanoma diagnosis.

Incidence rates vary from a low of 0.2 (females and males)
in China to 34.9 per 100,000 among females in New Zealand
and 40.5 per 100,000 among males in Australia.1 There were
23.1 new cases per 100,000 population in the United States
(incidence rate adjusted to the 2000 United States popula-
tion). Approximately 59,580 new cases of malignant mela-
noma and 7,770 deaths due to melanoma are predicted for 
the United States in 2005.2 Over the past 30 years, the 
incidence rate has tripled, particularly in the Caucasian male
population. Recent data would suggest that the largest 
proportion contributing to the increased incidence are “thin”
melanomas. People born before 1950 show an increased risk
of developing melanoma whereas those whose birthdays are
after 1950 show stable or declining rates.1

Melanoma is a tumor that occurs in the relatively young,
with the mean age of diagnosis being 50 years of age, 10 to
15 years before the mean age of diagnosis of some of the more-
common cancers such as breast, lung, and colon. In the
United States, there has been an increase in the diagnosis of
thin melanomas in the young and an increase in the diagno-
sis of thick lesions in men over the age of 65.1

Dermatopathology of Melanoma

The classification of cutaneous melanomas depends on an
interaction between the clinical and pathologic features. The
commonly recognized melanomas include (1) lentigo maligna
melanoma, (2) superficial spreading melanoma, (3) nodular
melanoma, and (4) acral lentiginous melanoma. We begin
with a discussion of precursors of melanoma followed by a
description of the histopathologic features of the various
types of melanoma.

Precursors of Malignant Melanoma

It is widely accepted that many if not most melanomas of the
superficial spreading type arise in preexisting junctional or

compound melanocytic nevi, and benign melanoctic nevi are
therefore a risk factor for malignant melanoma.3 Determin-
ing the exact percentage of melanomas arising in nevi is prob-
lematic because many melanomas are probably not detected
until they have overrun small precursor nevi and because the
terminology for early melanoma (in situ) arising in nevi 
is not standardized (please see following discussion of 
“dysplastic” nevi). However, most studies that are based on
histologic features alone report finding remnants of a preex-
isting nevus in about 22% of melanomas of the superficial
spreading type.4,5 Studies that include clinical as well as
histopathologic criteria report precursors in as many as 39.5%
of melanomas.6

Several subgroups of precursor nevi have been identified
including preexisting congenital nevi, sporadic acquired nevi,
and nevi associated with the familial melanoma syndrome. It
is commonly accepted that melanomas may arise in large
congenital nevi, but a separate study that specifically
addressed the size of congenital precursor lesions established
that a significant percentage of melanomas may also arise in
small congenital nevi less than 1.5cm in diameter.4 A repre-
sentative histologic study found that 59% of the precursor
nevi showed features of acquired nevi, 39% showed features
of congenital nevi, and the remaining few nevi were not
further categorized.5 Of all these nevi, 54% also showed his-
tologic features of so-called dysplastic nevi, a designation that
is controversial.

“Dysplastic nevi” were originally described as a cuta-
neous marker of familial melanoma.7 The term “dysplastic
nevus” has since been used to describe syndromes of multi-
ple atypical nevi occurring in association with either famil-
ial melanomas or sporadic melanomas, and the term has also
been used to describe individual atypical nevi occurring in
patients without a personal or familial history of melanoma.
Several studies have shown a lack of inter-observer repro-
ducibility in the histologic diagnosis of dysplastic nevi, and
it is now widely accepted that there is a continuum from 
ordinary benign (banal) nevi through nevi with moderate and
severe dysplasia, to nevi with developing melanoma in situ.8

Furthermore, the NIH consensus conference recommended
excising nevi with histologic features of a dysplastic nevus
and moderate to severe cytologic atypia with the 0.5cm
margins, the same margins that they recommended for treat-
ment of melanoma in situ, because developing melanoma in
situ may show overlapping histologic characteristics with
these nevi.
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Types of Malignant Melanoma

Lentigo Maligna and Lentigo Maligna Melanoma

Lentigo maligna is by definition the in situ phase of lentigo
maligna melanoma (LMM). Lentigo maligna occurs in chron-
ically sun-exposed skin, usually of the head and neck but
occasionally in other sun-exposed areas. Lentigo maligna typ-
ically evolves over many years as an unevenly pigmented
macular lesion that expands peripherally and that eventu-
ally may measure several centimeters in diameter. The
histopathologic features in lentigo maligna may be subtle,
and partial biopsies may not be diagnostic. Early lentigo
maligna may show only epidermal hyperpigmentation and a
subtle increase in the number of melanocytes, features that
are not easily distinguishable from changes seen in chroni-
cally sun-damaged skin. Helpful histologic features include
extension of atypical melanocytes down follicular epithelium
and spread of melanocytes above the dermal epidermal junc-
tion, so-called pagetoid spread of melanocytes.9–11

When the dermis is invaded, the lesion is called lentigo
maligna melanoma. Dermal invasion is a focal process and
may be difficult to recognize. Invasive cells of lentigo maligna
melanoma usually have abundant cytoplasm and are epithe-
liod or spindle shaped in character but may rarely appear as
small round cells. Occasionally, lentigo maligna melanoma
invades as cells that have spindle-shaped nuclei and relatively
little cytoplasm, and induces a fibrotic or “desmoplastic”
response in the underlying stroma. This variant, called
desmoplastic malignant melanoma, may also show neu-
rotropism and may be very difficult to recognize, requiring a
high degree of suspicion and the use of immunoperoxidase
studies to establish the diagnosis.12 This morphologic variant
of lentigo malignant melanoma is important because it may
be difficult to recognize, but it is not associated with a dif-
ference in prognosis, compared to other primary melanomas,
when adjusted for tumor thickness.13

Superficial Spreading Melanoma

Superficial spreading melanomas (SSM) often arise in
melanocytic nevi and must be distinguished histologically
from normal or atypical nevi. Architecturally, normal nevi
are usually symmetric and show relatively uniform nests of
cytologically typical melanocytes occurring at the tips and
sides of rete ridges. Criteria for a diagnosis for superficial
spreading melanoma include both architectural and cytolo-
gic features. Architectural features favoring a diagnosis of
melanoma include asymmetric growth, a lack of circum-
scription, and large size. A major criterion for the diagnosis
of melanoma is the spread of melanocytes throughout the epi-
dermis as individual cells or nests of cells. Poorly circum-
scribed lesions also show individual cells at their edges,
which are irregularly distributed at and above the dermal epi-
dermal junction.10,11

With early invasion, atypical melanocytes extend from
the epidermis into the most superficial (papillary) dermis as
individual cells, where they start to form nests. Melanoma
cells are typically round or polygonal in shape. The dermal
component of benign melanocytic nevi is typically composed
of melanocytes arranged in nests that are larger in the upper
dermis and that gradually decrease in size in the deeper por-

tions of the dermis. Melanocytes of benign nevi may also be
arranged in single file, splayed between dermal collagen
bundles, and arranged around neurovascular or adnexal struc-
tures. In contrast, invasive melanoma cells usually do not
decrease in size in the deeper portions of the dermis, a char-
acteristic that distinguishes them from the cells of benign
melanocytic nevi. Invasive melanoma more typically grows
as irregularly sized and shaped nests of cytologically atypical
cells, as irregularly distributed single cells, or as sheets of
atypical cells.

Acral Lentiginous Melanoma

The term acral lentiginous melanoma (ALM) refers mainly
to melanomas occurring in the hairless skin of the palms and
soles but also includes those arising in the nail unit and the
surrounding periungual areas.10,11 They are called lentiginous
because their early pattern of growth consists of a prolifera-
tion of individual cells along the dermal–epidermal junction,
a pattern that resembles melanocytic growth in benign lentig-
ines. Features that distinguish ALM from lentigines include
the presence of cytologically atypical cells that tend to con-
fluence and the formation of irregularly distributed junctional
nests without a benign dermal component. Cytologically,
cells in early ALM may be relatively bland and it may be very
difficult to establish the diagnosis, particularly if the speci-
men is a partial biopsy from the edge of a lesion that may
show only an increase in pigment and a subtle increase in the
number of melanocytes. Invasive ALM usually grows as
epitheliod or spindle-shaped cells, or as smaller melanoma
cells with less cytoplasm. As with LMM, ALM may show a
desmoplastic growth pattern and may preferentially invade
and grow along nerves.

Nodular Melanoma

The histologic features of a nodular melanoma (NM) are those
of expansile dermal growth with relatively little involvement
of the epidermis.10,11 The epidermal component is often
described as spreading no more than three rete ridges beyond
the dermal component of the tumor, so whereas the overall
architecture of SSM is horizontally oriented as the tumor
cells spread within the epidermis and invade the papillary
dermis, the orientation of nodular melanoma is vertical and
NM typically appear deeper than they do wide. The dermal
nests and masses of nodular melanoma cells should be larger
than any of the nests present within the epidermis. NM often
grow in sheets and may show marked focal differences in pig-
mentation and cell morphology in different parts of the
tumor. Cytologically, the cells of NM are often epithelioid or
spindle shaped, but may also be small with a high nuclear to
cytoplasmic ratio.

Histologic Features of Prognosis in 
Cutaneous Melanomas

The only histologic features of primary melanomas that have
been consistently shown to be correlated with prognosis in
multivariate (Cox regression and Tree structured survival)
analyses have been tumor thickness, micrometasases, ulcer-
ation, mitotic activity, and incomplete removal of the origi-
nal lesion with the presence of melanoma on the margins of
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the primary resection specimen.13–17 These histologic features
are of prognostic significance independent of the age of the
patient, the type of the melanoma, or the anatomic location,
and it is therefore recommended that these features be specif-
ically mentioned in pathology reports.18

Tumor Thickness and Level

The concept that the depth of invasion of a melanoma into
the dermis and subcutaneous fat could be related to progno-
sis was first suggested by Allen and Spitz,19 and was modified
by Clark et al.,20 who proposed descriptive levels including an
in situ level, and levels of invasion involving the papillary
dermis, the reticular dermis, and the subcutaneous fat. These
studies clearly established the concept that the depth of the
tumor was more significant prognostically than its diameter,
but these methods resulted in a stepwise classification and
were not highly reproducible. In 1970, Alexander Breslow 
proposed determining the thickness of primary cutaneous
melanomas by measuring from the top of the granular layer
of the epidermis to the greatest depth of the invasion into 
the dermis, using an eyepiece micrometer.15 The resultant
continuous variable, usually reported to the hundredth of a
millimeter, is variously referred to as the Breslow depth or
Breslow thickness, and has been found to be a reproducible
and statistically significant prognostic variable in the evalu-
ation of primary cutaneous melanoma.15

Vascular Invasion and Micrometastases

The presence of invasion of tumor cells within blood or lym-
phatic vessels has been shown to be associated with a poor
prognosis21,22 and is generally accepted as a poor prognostic
feature. Similarly, micrometastases, defined as discrete
masses of tumor cells measuring greater than 0.05mm in
diameter and located in the reticular dermis or subcutaneous
fat, separated from the main tumor mass by normal tissue,
has been identified as a histologic prognostic feature, and 
is also generally accepted as an indicator of a poor 
prognosis.

Ulceration and Other Tissue Reaction Patterns

Spontaneous ulceration of the epidermis has been identified
as an independent indicator of poor prognosis in a number of
studies.14,16,17 A second tissue reaction pattern that has been
described is the presence or absence of tumor-infiltrating 
lymphocytes (TILs), which are lymphocytes that infiltrate
between the individual melanocytes making up nests and
clusters of melanoma cells invading the dermis.23 Histologic
identification of TILs requires interpretation, and the useful-
ness of this feature has not been as widely validated as have
tumor thickness, ulceration, mitoses and margins. A third
commonly studied variable is the presence of regression. The
histologic feature of partial regression of a primary melanoma
are usually observed in the papillary dermis, where there is
fibrosis characterized by delicate collagen bundles in the 
papillary dermis, usually associated with melanophages and
lymphocytes, and with melanoma present in the overlying
epidermis and/or adjacent papillary dermis. There is also fre-
quently flattening of the overlying epidermis. However, the
histologic diagnosis of regression in thin melanomas requires

interpretation, and various proposals have been made for the
prognostic significance of certain patterns of regression or 
for stratifying regression based on the percentage of the
melanoma that appears to be affected. However, regression of
a primary melanoma does not appear to be a robust indicator
of clinical outcome.24

Mitoses and Proliferative Indices

The presence of mitosis in the invasive component of a
melanoma, usually reported as the mitotic rate per millime-
ter squared (mm2) or the number of mitoses per 10 
high-power fields, has consistently shown to be an indepen-
dent variable for predicting prognosis.16 Mitoses are obviously
an expression of the proliferative rate of the tumor, and the
proliferative capacity has also been estimated by immuno-
histochemical staining for Ki-67, also known as proliferating
nuclear antigen (PNAC).25,26 Conversely, the level of cyclin A,
a cell-cycle regulator, has been reported to be positively asso-
ciated with disease-free survival.25

Melanoma Genetics

Familial Melanoma Syndromes

Two general types of genetic abnormalities are observed in
families whose members are at increased risk for melanoma.
In one type of abnormality, seen in the multiple primary
melanoma syndrome, family members carry an abnormal
CDKN2A tumor suppressor gene. This gene, which is located
on 9p21, encodes the cell-cycle progression regulator p16,
which is part of the cyclin D1/CDK 4/p16/pRb signaling
pathway. This cyclin signaling pathway controls proliferation
in many cell types,27–30 and loss of function of genes in this
pathway affects individual cells, placing them at increased
risk for transformation. In contrast, the mechanism of the
second type of familial melanoma susceptibility functions on
the level of the whole organism by affecting the ability of pig-
mented keratinocytes to protect epidermal melanocytes from
transformation by ultraviolet irradiation. In this second type
of susceptibility, variation in the melanocortin I receptor
(MCI R) has been identified as the probable basis for high-risk
phenotypes such as pale (type 1) skin, the lack of ability to
tan in response to ultraviolet (UV) exposure, and red hair.31

Thus, these mutations work at the level of the entire organ-
ism by decreasing the natural protection afforded by normal
epidermal melanin and increasing the risk of damage to
melanocytes when the individual is exposed to ultraviolet
light.

Genetic Abnormalities in Sporadic Melanoma

In general, sporadic human melanomas show genetic insta-
bility, characterized by multiple chromosomal gains and
losses, when examined by comparative genomic hybridiza-
tion,32–35 but no specific individual gene changes have been
associated with the development of sporadic melanomas,
other than those directly affecting the cyclin pathway. In spo-
radic melanomas, loss of the tumor suppressor genes INK
4a/ARF, which are also components of the cyclin pathway, is
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frequently found.36 Overexpression of HDM2 is found in 56%
of invasive primary and in metastatic melanomas, 27% of
melanomas in situ, and in only 6% of “dysplastic nevi,” a
finding that suggests that this gene may play a role in pro-
gression of individual melanomas.37 Although in vivo animal
models of melanoma have been developed by overexpressing
HRAS, mutations and increases in copy number of this gene
have been found in humans only in Spitz nevi and not in
melanomas.

Risk Factors and Prevention

Risk Factors

The identification of risk factors and high-risk populations for
melanoma provides opportunities for both primary preven-
tion and early diagnosis. A greatly elevated melanoma risk is
present for a changing nevus as well as for dysplastic nevi in
the setting of familial melanoma.38,39 Individuals with a famil-
ial melanoma syndrome, as discussed in the previous section
on melanoma genetics, are high-risk individuals. An individ-
ual with a personal history of melanoma has a lifetime risk
of at least 3% of having another primary melanoma.39,40 Indi-
viduals with precursor lesions such as atypical or dysplastic
nevi, giant congenital nevi, or numerous common nevi have
an increased melanoma risk.38,39 An elevated risk is also
present for patients receiving immunosuppression.41

There are numerous studies that suggest the importance
of ultraviolet radiation (UVR) on the development of
melanoma.39,42 Geographic location near the equator, espe-
cially for individuals with a fair complexion, is associated
with an increased risk of melanoma. The phenotype of the
typical melanoma patient (fair complexion, tendency to
sunburn rather than tan, blond or red hair color, blue or green
eyes) is well described.39 Blistering sunburns, especially in
childhood and adolescence, is an identified risk factor.
Outdoor recreational habits that include intermittent high
ultraviolet radiation (UVR) exposure are associated with an
increased melanoma risk. Individuals with the genetic disor-
der xeroderma pigmentosum, a condition with defective 
cellular DNA repair mechanisms following UVR, have a 
significantly increased risk for melanoma compared with 
age-matched controls.43

Prevention

Strategies to prevent melanoma have primarily emphasized
primary prevention strategies that target high-risk individu-
als.44,45 Because UVR is considered an important modifiable
risk factor, efforts have focused on avoidance of excessive sun
exposure. The wearing of protective clothing, avoiding blis-
tering sunburns, minimizing peak hours of sun exposure,
avoiding tanning parlors, and use of sunscreen with a sun 
protection factor (SPF) of 15 or higher, are all examples of 
this sun protective behavior. The topic of sunscreens and
melanoma risk remains controversial.46,47 Several factors con-
found interpretation of studies evaluating use of sunscreens
and melanoma risk. Individuals with a fair complexion and
at increased risk for problems with UVR may be more likely
to use sunscreens. Sunscreen use may be higher in individu-

als with a prior history of sunburns. In addition, individuals
using sunscreens may allow themselves to have increased
UVR. A meta-analysis of 18 case-controlled studies recently
addressed this topic, and no association was seen between
melanoma and sunscreen use.48 Direct proof that sunscreens
reduce the risk for melanoma is lacking. However, significant
indirect evidence supports the recommendations by the
American Academy of Dermatology that includes regular use
of a broad-spectrum high-SPF sunscreen along with protective
clothing and avoiding midday sun as measures to reduce
melanoma risk. A prospective randomized study to determine
the efficacy of sunscreens would be informative, but this
study is unlikely to be performed.

Strategies aimed at chemoprevention of melanoma in
individuals with high-risk lesions are also being developed.49

The possible molecular mechanisms for UV melanogenesis,
as well as preliminary data from clinical and preclinical
studies, were recently reviewed.49 Molecular and histologic
markers are being identified as surrogate endpoints for
melanoma chemoprevention studies. Agents currently receiv-
ing clinical testing include retinoids, lovastatin, nonsteroidal
antiinflammatory agents, and vitamin E. Many other agents
including green tea, perilyl alcohol, COX-2 inhibitors, selin-
ium, and others are receiving preclinical testing. The results
of these studies are eagerly awaited, and additional clinical
testing is anticipated for melanoma chemoprevention of high-
risk precancerous lesions.

Melanoma and Pregnancy or Exogenous 
Hormone Administration

Melanoma and Pregnancy

A number of clinical observations suggest that pregnancy
might have an effect on melanocytes.50–52 Increased pigmen-
tation is often associated with pregnancy. An increase in
levels of melanocytic-stimulating hormone has also been
measured in some pregnant women, and receptors that bind
the female hormone estrogen can be found on some
melanomas. These observations have raised the possibility
that the hormonal and other physiologic changes associated
with pregnancy may influence the development and course
of melanoma. Thus, several investigators utilized available
prognostic factors to study women diagnosed with melanoma
during their pregnancy as well as evaluate the effect preg-
nancy might have on women who have previously been diag-
nosed with melanoma. When patients who are pregnant are
compared with patients who are not pregnant and the known
prognostic factors are comparable, the outcome of the
patients are very similar.50–52 In addition, the majority of avail-
able evidence indicates that women who became pregnant
after being previously treated for melanoma do not have a
worse outcome or an earlier reactivation of previously diag-
nosed melanoma.52

Melanoma and Exogenous Hormone
Administration

The estrogen receptor has been identified in approximately
one of five melanomas, which has led some to speculate that
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the presence of estrogens might influence the course of the
disease.51 However, current studies have not demonstrated
any convincing association, either favorable or unfavorable,
between the use of oral contraceptives before the diagnosis of
melanoma and survival.51 There are no large, well-conducted
studies that have addressed the issue of birth control pills or
hormone replacement therapy following the diagnosis of
melanoma. Therefore, recommendations are usually made 
on the basis of clinical need and with the understanding that
no evidence currently requires that oral contraceptives or
hormone replacement therapy be withheld from these
patients.

Classification and Staging: The 2002 AJCC
Staging System

The American Joint Committee on Cancer (AJCC) melanoma
task force first published the most recent revisions to the
melanoma staging system and companion validation prog-
nostic factor analyses in 2001.53,54 This updated melanoma
staging system represents a significant change from the pre-
vious system (Table 59.1). These changes are based on a better
understanding of the melanoma-associated prognostic factors,
derived from an extensive body of literature as well as from
the largest melanoma prognostic factor analysis ever con-
ducted, involving complete raw data from 17,600 patients.54

The most important criteria for T classification are tumor
thickness followed by tumor ulceration (Table 59.2). Analy-
ses of large prospective databases confirmed the importance
of tumor thickness as a prognostic factor and found that Clark

level of invasion was significant only for melanoma lesions 
1mm thick or less.54

In the revised melanoma staging system, four criteria
were established as significant prognostic factors for survival
in patients with regional metastases: (1) the number of lymph
nodes harboring metastatic disease, (2) microscopic versus
macroscopic tumor burden in the lymph nodes, (3) the pres-
ence of satellite or in-transit metastases, and (4) the presence
of ulceration in the primary lesion. These criteria require
pathologic confirmation of nodal or regional metastatic
disease (see Table 59.2).

Within the M classification there is only one group, M1,
because no breakpoints in this classification stratify patients
into groups with survival differences sufficient to warrant
further subgroupings. Within the M1 group, however, there
are three subcategories, “a,” “b,” and “c,” reflecting survival
differences that have been reported in other studies or were
apparent in 1-year analyses, although not on longer-term
analyses, in the AJCC prognostic factors study (see Table
59.2). M1a includes distant skin, subcutaneous, or lymph
node metastases; these manifestations of distant disease have
been associated with a better prognosis than distant metas-
tases in other anatomic locations.54 Lung metastases are
included in a separate category, M1b, because of the survival
advantage at 1 year in the AJCC analysis for patients with
lung metastases compared to patients with other visceral
metastases (57% versus 41%, P less than 0.0001). Finally,
M1c includes all other visceral metastases and cases with any
distant metastases and an elevated serum lactate dehydroge-
nase level. Serum lactate dehydrogenase level is included in
the M1c category because it has been identified as one of the
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TABLE 59.1. Differences between the previous (1997) version and the present (2002) version of the melanoma staging system.

Factor Old system New system Comments

Thickness Secondary prognosis factor; Primary determinant of T staging; Correlation of metastatic risk is a
thresholds of 0.75, 1.50, 4.0mm thresholds of 1.0, 2.0, 4.0mm continuous variable

Level of invasion Primary determinant of T staging Used only for defining T1 Correlation only significant for thin
melanomas lesions; variability in interpretation

Ulceration Not included Included as a second determinant Signifies a locally advanced lesion;
of T and N staging dominant prognostic factor for

grouping stages I, II, and III
Satellite metastases In T category In N category Merged with in-transit lesions
Thick melanomas Stage III Stage IIC Stage III defined as regional
(>4.0mm) metastases
Dimensions of nodal Dominant determinant of N Not used No evidence of significant 
metastases staging prognostic correlation
Number of nodal Not included Primary determinant of N staging Thresholds of 1 vs. 2–3 vs. ≥4 nodes
metastases
Metastatic tumor burden Not included Included as a second determinant Clinically occult (“microscopic”) vs.

of N staging clinically apparent (“macroscopic”)
nodal volume

Lung metastases Merged with all other Separate category as M1b Has a somewhat better prognosis 
visceral metastases than other visceral metastases

Elevated serum lactate Not included Included as a second determinant 
dehydrogenase (LDH) of M staging
Clinical vs. pathologic Did not account for sentinel Sentinel node results incorporated Large variability in outcome between
staging node technology into definition of pathologic clinical and pathologic staging;

staging pathologic staging encouraged before
entry into clinical trials

Source: Adapted from Balch et al.53 Used with permission of the American Joint Committee on Cancer (AJCC), Chicago, Illinois. The original source for this infor-
mation is the AJCC Cancer Staging Manual, sixth edition (2002), published by Springer-Verlag New York, www.springer-ny.com.



most important predictors of poor prognosis in patients with
metastatic disease.54

The clinical and pathologic stage groupings for the current
staging system are shown in Table 59.3. Stage I includes thin
primary lesions with low associated melanoma-specific mor-
tality. The 10-year survival rates for patients with stage IA
and IB disease are 88% and 81%, respectively.53 Stage II
includes lesions associated with an intermediate and some-
what higher risk of metastatic disease and melanoma-specific

mortality. The 10-year survival rates for patients with stage
IIA, IIB, and IIC disease are 64%, 52%, and 32%, respec-
tively.53 Because of the significant heterogeneity of prognoses
in patients with stage III disease, three substages were
defined: IIIA, IIIB, and IIIC. The 5-year survival rates for
patients with stage IIIA, IIIB, and IIIC disease are 67%, 53%,
and 26%, respectively.53 For patients with stage IV disease,
the 1-year survival rates in the M1a, M1b, and M1c groups
are 59%, 57%, and 41%, respectively.53
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TABLE 59.2. Definition of TNM in the 2002 American Joint Committee on Cancer staging system
for cutaneous melanoma.

Primary tumor (T)
TX Primary tumor cannot be assessed (e.g., shave biopsy or regressed melanoma)
T0 No evidence of primary tumor
Tis Melanoma in situ
T1 Melanoma £1.0mm in thickness with or without ulceration
T1a Melanoma £1.0mm in thickness and level II or III, no ulceration
T1b Melanoma £1.0mm in thickness and level IV or V or with ulceration
T2 Melanoma 1.01–2mm in thickness with or without ulceration
T2a Melanoma 1.01–2.0mm in thickness, no ulceration
T2b Melanoma 1.01–2.0mm in thickness, with ulceration
T3 Melanoma 2.01–4mm in thickness with or without ulceration
T3a Melanoma 2.01–4.0mm in thickness, no ulceration
T3b Melanoma 2.01–4.0mm in thickness, with ulceration
T4 Melanoma >4.0mm in thickness with or without ulceration
T4a Melanoma >4.0mm in thickness, no ulceration
T4b Melanoma >4.0mm in thickness, with ulceration

Regional lymph nodes (N)
NX Regional lymph nodes cannot be assessed
N0 No regional lymph node metastasis
N1 Metastasis in one lymph node
N1a Clinically occult (microscopic) metastasis
N1b Clinically apparent (macroscopic) metastasis
N2 Metastasis in two to three regional nodes or intralymphatic regional metastasis without nodal 

metastases
N2a Clinically occult (microscopic) metastasis
N2b Clinically apparent (macroscopic) metastasis
N2c Satellite or in-transit metastasis without nodal metastasis
N3 Metastasis in four or more regional nodes, or matted metastatic nodes, or in-transit metastasis 

or satellite(s) with metastasis in regional node(s)

Distant metastasis (M)
MX Distant metastasis cannot be assessed
M0 No distant metastasis
M1 Distant metastasis
M1a Metastasis to skin, subcutaneous tissues, or distant lymph nodes
M1b Metastasis to lung
M1c Metastasis to all other visceral sites or distant metastasis at any site associated with an 

elevated serum lactic dehydrogenase (LDH)

Source: Used with permission of the American Joint Committee on Cancer (AJCC), Chicago, Illinois. The original source
for this information is the AJCC Cancer Staging Manual, sixth edition (2002), published by Springer-Verlag New York,
www.springer-ny.com.



Surgical Considerations

All lesions with characteristics that are concerning for
melanoma should be biopsied. An “ABCD” rule is available
to help identify pigmented lesions at risk for melanoma:
Asymmetry, Border irregularity, Color inhomogeneity, and
diameter greater than 6mm (the size of a pencil eraser).55 Any
pigmented lesion that demonstrates a change in size, color,
or shape should be considered clinically suspicious. Although
the majority of lesions needing biopsy can be identified by
careful visual inspection, additional tools are available to
assist in the evaluation of pigmented skin lesions. Serial pho-
tography can be used to help follow individuals with a large
number of atypical appearing nevi. The use of digital photog-
raphy especially allows for careful sequential assessment of
individual pigmented lesions.56,57 Lesions that change over
time can be identified for diagnostic biopsy. Epiluminescence,
or surface microscopy, can be used to examine individual pig-
mented lesions for features suggestive of malignancy.56,58,59

Any pigmented lesion with changes or features suggestive of
melanoma should be biospied expeditiously.

Biopsy Techniques

The most powerful predictor of survival for primary
melanoma is tumor thickness. There is almost a linear rela-
tionship between increasing tumor thickness and decreasing

survival. The corollary to this is that it is important to biopsy
the suspicious pigmented lesion with the proper technique.
Shave biopsies should not be performed when a melanoma is
suspected because of the risk of cutting through the depth of
the lesion and having a positive deep margin. If this occurs,
a true tumor thickness cannot be ascertained and prognosis
and treatment decisions are hampered; this is particularly per-
tinent when a shave biopsy straddles the tumor thickness of
0.76–1.0mm. Patients with melanomas less than 0.76mm in
thickness have “thin” melanomas and have a high likelihood
of cure with simple surgical techniques [1.0-cm-wide local
excision (WLE)]. Patients with melanomas thicker than this
have a defined rate of nodal and systemic metastases and are
candidates for a wide local excision and nodal staging with
the new lymphatic mapping techniques. Patients are done a
disservice if a true tumor thickness cannot be ascertained.
The proper biopsy technique for suspicious pigmented lesions
is an excisional biopsy with a 1.0-mm margin. For larger
lesions that cannot be completely excised, a 6.0-mm punch
or incisional biopsy of the most nodular-appearing area that
reaches into the subcutaneous fat beneath the lesion is indi-
cated to make the diagnosis.

Surgical Treatment of the Primary Melanoma

Local management of primary melanoma necessitates wide
excision of the lesion with a margin of normal-appearing skin.
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TABLE 59.3. Clinical and pathologic stage grouping in the 2002 American Joint Committee on
Cancer staging system for cutaneous melanoma.

Clinical stage groupinga Pathologic stage groupingb

T N M T N M

Stage 0 Tis N0 M0 Tis N0 M0
Stage IA T1a N0 M0 T1a N0 M0
Stage IB T1b N0 M0 T1b N0 M0

T2a N0 M0 T2a N0 M0
Stage IIA T2b N0 M0 T2b N0 M0

T3a N0 M0 T3a N0 M0
Stage IIB T3b N0 M0 T3b N0 M0

T4a N0 M0 T4a N0 M0
Stage IIC T4b N0 M0 T4b N0 M0
Stage III Any T N1 M0

N2
N3

Stage IIIA T1–4a N1a M0
T1–4a N2a M0

Stage IIIB T1–4b N1a M0
T1–4b N2a M0
T1–4a N1b M0
T1–4a N2b M0
T1–4a/b N2c M0

Stage IIIC T1–4b N1b M0
T1–4b N2b M0
Any T N3 M0

Stage IV Any T Any N Any M1 Any T Any N Any M1
a Clinical staging includes microstaging of the primary melanoma and clinical/radiological evaluation for metastases. By
convention, it should be used after complete excision of the primary melanoma with clinical assessment for regional
and distant metastases.
b Pathologic staging includes microstaging of the primary melanoma and pathologic information about the regional
lymph nodes after partial or complete lymphadenectomy. Pathologic stage 0 or stage IA patients are the exception; they
do not require pathologic evaluation of their lymph nodes.

Source: Used with permission of the American Joint Committee on Cancer (AJCC), Chicago, Illinois. The original source
for this information is the AJCC Cancer Staging Manual, sixth edition (2002), published by Springer-Verlag New York.



Previously, the surgical standard of care was a 3- to 5-cm-wide
local excision (WLE) and a split-thickness skin graft. Increas-
ingly, it has become evident that the risk of local recurrence
coincides more with the thickness of the lesion and whether
it is ulcerated rather than the extent of the surgical
margins.60–62 It may seem more rational, then, to use surgical
margins that vary with the ulceration and thickness of the
lesion, as these factors seem to correlate best with the risk
for local recurrence.

The least advanced form of the disease is melanoma in
situ. Although the natural history of this noninvasive
melanoma is not completely understood, failure to reexcise
the biopsy site may result in a local recurrence as either an
invasive melanoma or an in situ lesion.63 Therefore, it is rec-
ommended that the biopsy site of an in situ melanoma be
reexcised with at least a 0.5- to 1-cm margin of skin. For
“thin” melanomas (less than 1.00mm in thickness), only a
minimum local recurrence rate has been reported in observed
patient series,60–62 despite varying surgical margins. In other
words, survival is not influenced by the size of the resection
margins. At the present time, a wide excision consisting of
no less than 1cm minimum margin of skin is recommended
by many melanoma surgeons.61 This procedure may be per-
formed as a generous elliptical excision and a primary skin
closure. Results from five completed prospective randomized
studies, summarized in Table 59.4, have established guide-
lines for excisional margins for invasive melanomas less than
4.0mm in thickness.64–73 Current recommendations are for 
1-cm margins for melanomas up to 1mm, 1- or 2-cm margins
for melanomas between 1 and 2cm, and 2-cm margins for
melanomas between 2 and 4mm.61 The risk of local recur-
rence may exceed 10% to 20% for those melanomas more
than 4mm in thickness.60–62,73 Thus, at least 2-cm margins are
recommended for these deep primary melanomas.

Intraoperative Lymphatic Mapping and Sentinel
Node Biopsy

A new procedure has been developed to assess the status of
the regional lymph nodes more accurately and decrease the
morbidity and expense of a complete elective lymph node dis-
section (ELND). The technique, termed intraoperative lym-
phatic mapping and selective lymphadenectomy, relies on the
concept that regions of the skin have specific patterns of lym-
phatic drainage, not only to the regional lymphatic basin but
also to a specific lymph node (sentinel lymph node, SLN) in
the basin.74 Morton et al. initially proposed the technique75,76

using a vital blue dye method and showed, in animals and
initial human trials, that the SLN is the first node in the lym-
phatic basin into which the primary site drains. They showed
that the SLN histology reflected the histology of the remain-
der of the nodal basin, so that complete nodal staging could
be obtained with a SLN biopsy.74

These data have been confirmed by many other institu-
tions, including the Lakeland Regional Cancer Center (LRCC)
and Moffitt Cancer Center (MCC),77 M.D. Anderson Cancer
Center,78 and the Sidney Melanoma Unit.79 These studies
have demonstrated an orderly progression of melanoma nodal
metastases. Preoperative lymphoscintigraphy is performed to
provide a roadmap for the surgeon as to what basins are at
risk for metastatic disease. This nuclear medicine study
involves the injection of technetium sulfur colloid into the
skin around the melanoma and imaging the patient to ascer-
tain the direction of cutaneous lymphatic flow (Figure 59.1).
Two mapping agents are then routinely used intraoperatively,
a vital blue dye and a radiocolloid that has the right particle
size to be taken up by the cutaneous lymphatics to migrate
to the SLN. Upon exposing the lymph nodes in the basin, the
SLN will be stained blue and will become “hot” compared to
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TABLE 59.4. Completed prospective randomized trials evaluating surgical excision margins.

Tumor Overall
No. of thickness Excision local Overall

Trial patients (mm) margins recurrence survival Comments

French Cooperative Group64 362 £2 2cm vs. 5cm NSDa NSD Margins of 2cm are safe for
melanomas £2mm

World Health Organization, 612 £2 1cm vs. 3cm NSDb NSD Margins of 1cm are safe for
Melanoma Program, melanomas £1mm
trial 1065–67 Follow-up for local failures 

is ongoing for 1- to 2-mm
melanomas

Swedish Melanoma 989 £2 2cm vs. 5cm NSD NSD Margins of 2cm are safe for
Group68,69 melanomas £2mm

Intergroup Melanoma 486 1–4 2cm vs. 4cm NSD NSD Margins of 2cm are safe for
Surgical Trial70,71 melanomas 1–4mm

U.K. Melanoma Study 900 >2 1cm vs. 3cm NSDc NSD A percentage of nodal or other 
Group72,73 local/regional events may

be reduced by margins >1cm 
for melanomas >2mm

a No significant difference.
b Trend toward an increase in the absolute number of local recurrences in the narrow excision group for patients in the 1–2mm subset.
c The patients who received a 3-cm excision had an improved relapse-free survival when all local and regional events were grouped together.



surrounding neighboring non-SLNs and other tissue in the
basin. These hot spots can then be used to direct the dissec-
tion with a hand-held gamma probe to the SLN.

This SLN concept was demonstrated in a study involving
patients with a primary melanoma tumor thickness greater
than 0.76mm and who were considered candidates for an
elective lymph node dissection.76 The SLN was harvested and
submitted separately to pathology, followed by a complete
node dissection. In this study, 42 patients met the criteria for
SLN biopsy based on prognostic factors of their primary
melanoma.76 Thirty-four patients had histologically negative
SLNs, with the rest of the nodes in the basin also being neg-
ative. Thus, there were no “skip” metastases documented.
Eight patients had positive SLNs, with 7 of the 8 having the
SLN as the only site of disease. Nodal involvement was com-
pared between the SLN and non-SLN groups based on the
binomial distribution. Under the null hypothesis of equality
in distribution of nodal metastases, the probability that all
seven unpaired observations would demonstrate involvement
of the SLN was 0.008. The data presented demonstrates that
nodal metastases from cutaneous melanoma are not random
events. The SLNs in the lymphatic basins can be mapped and
individually identified, and they have been shown to contain
the first evidence of melanoma metastases. These findings
demonstrate effective pathologic staging, no decrease in stan-
dards of care, and a reduction of morbidity with a less-
aggressive, rational surgical approach and lower costs for the
healthcare system.74

Several prospective national trials are in progress to assess
whether this surgical strategy provides a survival benefit for
patients. In addition, the Florida Melanoma Trial, with the
central office and laboratory located at the Lakeland Regional
Cancer Center, is a regional industry-sponsored trial that will
examine whether all patients with a positive SLN need to
undergo a complete lymph node dissection of the affected
basin. The results of these ongoing trials will help determine
the final role of radioguided surgery in patients with malig-
nant melanoma.

Surgical Management of Regional Metastases

Elective Lymph Node Dissection

Results from four completed prospective randomized studies
are available to assess potential survival benefit for patients
with clinically negative lymph nodes who receive elective
lymph node dissection (ELND) as part of their primary tumor
management (Table 59.5).80–86 These studies clearly demon-
strate no overall survival benefit for all patients receiving
ELND.87 However, findings from prospectively stratified sub-
groups of patients suggest that patients with intermediate-
thickness melanomas (1–4mm) that are not ulcerated appear
to have a survival advantage with ELND.84–87 Although sur-
gical management of these patients has been largely replaced
with SLN evaluation, these results suggest the potential cura-
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FIGURE 59.1. Preoperative lymphoscinitig-
raphy in a patient with an intermediate-
thickness melanoma around the umbilicus.
This region of the skin is a watershed area of
the body that can show multidirectional lym-
phatic flow with more than one basin at risk
for metastases. This particular primary
melanoma drains to both superficial groins as
well as the left axilla.

TABLE 59.5. Completed prospective randomized trials evaluating elective lymph node dissection (ELND).

Overall
group Subset

No. of Tumor survival survival
Trial patients Sites thickness (mm) benefit benefit Comments

World Health Organization 553 Extremities All thicknesses NSDa Nob All melanoma patients do not
Melanoma Program Trial 180,81 benefit from ELND
Mayo Clinic Surgical Trial82,83 171 Extremities All thicknesses NSD Nob All melanoma patients do not

benefit from ELND
Intergroup Melanoma Surgical 737 All 1–4 NSD Yesc Defined subsets may benefit
Trial84,85 from ELNDc

World Health Organization 227 Trunk ≥1.5 NSD Yesd Defined subsets may benefit
Melanoma Program Trial 1486 from ELNDd

a No significant difference.
b Prospective stratified subgroup analysis was not performed.
c Among the prospectively stratified subgroups of patients, 10-year survival rates were improved in patients who received ELND and had the following character-
istics: nonulcerated melanomas, tumor thickness of 1–2mm, extremity melanomas.
d Among the prospectively stratified subgroups of patients, overall survival was improved in patients with a tumor thickness of 1.5–4.0mm.



tive potential of surgery for defined subsets of patients with
regionally metastatic disease.87

Therapeutic Lymph Node Dissection

In patients with gross nodal metastases, the standard of care
is to perform a complete lymph node dissection. The 5-year
survival of patients with a nonulcerated melanoma and one,
microscopically involved lymph node in the regional basin is
approximately 75%. For patients with resected gross nodal
disease in the regional basin, the 5-year survival rate drops to
25%. Thus, even in the face of gross nodal disease, surgery in
and of itself in the nodal basin can cure approximately 25%
of the patients.53,54

Isolated Limb Perfusion

Isolated limb perfusion (ILP) refers to the regional intravas-
cular delivery of chemotherapeutic agents to an extremity
that has had involvement with melanoma.88 The concept
behind ILP is that administration of high drug concentrations
is possible with ILP, and the goal with this approach is to
improve treatment outcome while limiting systemic toxici-
ties. Major toxicities with ILP have included systemic toxic-
ities related to the infused agent as well as regional toxicities
including skin toxicity, limb edema, myopathy, peripheral
neuropathy, and vascular toxicity, including arterial embolic
events and deep venous thrombosis.88

The application of ILP for extremity melanoma has
included both adjuvant ILP as well as ILP for established
metastatic disease. Unfortunately, most of the literature
describing ILP involves nonrandomized single-institution
studies that often use a variety of treatment regimens as well
as include heterogeneous patient populations.88 A randomized
trial involving 852 patients was performed by an intergroup
including the European Organization for Research and Treat-
ment of Cancer (EORTC), World Health Organization (WHO),
and the North American Perfusion Group (NAPG) to evaluate
the benefit of prophylactic ILP with melphalan for patients
with high-risk extremity melanoma.89 Study results published
with a median follow-up of more than 6 years demonstrate an
improvement related to disease-free survival, with a decrease
in both in-transit metastases (6.6% to 3.3%) as well as a
decrease or delay in regional lymph node metastases in the ILP-
treated patients.89 Unfortunately, no benefit in decreasing
distant metastases or improving survival was identified. Thus,
routine use of adjuvant ILP cannot be recommended for
patients with resected high-risk extremity melanoma.

ILP with melphalan has also been administered at 
normothermic or hyperthermic (HILP) temperatures to
melanoma patients who have disease consisting of established
in-transit metastases, either with or without additional
regional lymph node disease.88 Results from a number of
uncontrolled studies report complete responses ranging from
7% to 82% and overall response rates that range from 48% to
100%.88 To improve these results, tumor necrosis factor (TNF)
alone or with interferon-gamma has been added to melpha-
lan.88,90,91 Initial results have demonstrated high response
rates, and a multiinstitutional Phase III study by the Ameri-
can College of Surgeons Oncology Group (ACSOG) is now in
progress to compare ILP using melphalan plus TNF with ILP
using melphalan alone.88 The use of ILP is a treatment of
choice for some highly selected patients with in-transit metas-

tases involving an extremity. The optimal treatment agent,
treatment time, and limb temperature have not been clearly
identified. Palliation can be a goal of this therapy for patients
with bulky, symptomatic melanoma of the extremity.

Surgery for Stage IV Melanoma Patients

Patients with systemic metastases (AJCC stage IV) have poor
prognoses.53 Selection of surgery as a treatment option should
take into account the general medical condition of the
patient, the potential for prevention or relief of symptoms,
and improvement in the quality of life. Surgery may be an
effective palliative treatment for isolated metastases, espe-
cially because melanoma often metastasizes sequentially and
effective chemotherapy is not presently available. Surgical
excision of metastatic melanoma may give the patient the
best, quickest, and longest lasting palliation. On some occa-
sions, the palliative effect can last for 5 to 10 years.92,93 The
obvious limitation of surgery is that it is a local form of treat-
ment, and the patient will very likely die of metastatic
disease in another location. Careful patient selection is there-
fore important.

Mucosal Melanoma

Primary melanomas arising from the mucosal epithelia lining
the respiratory, alimentary, and genitourinary tracts are rare,
accounting for 3% to 4% of all melanomas diagnosed annu-
ally. The lack of large numbers of cases is responsible for the
lack of insight into the pathogenesis, natural history, and
treatment of mucosal melanomas. Mucosal melanomas are
considered to be more aggressive with a worse prognosis than
melanomas of the skin, and there are no microstaging 
data applicable for prognosis for patients with mucosal
melanomas. The anatomic sites at which these melanomas
originate are the head and neck, followed by vulvar and
vaginal mucosa, followed by the anorectum.94,95 Similar to 
the primary melanomas that originate in the skin, mucosal
melanomas are more common in the Caucasian population
and are diagnosed in an older age group. The presence of
melanocytes in the mucous membranes is well established,
and thus the mucosal melanomas are considered true primary
lesions and not metastases. The characteristic growth pattern
of cutaneous melanoma is probably not applicable to mucosal
melanoma, which is characterized by a rapid vertical growth
phase and metastases. Mucosal melanomas act more like the
thick, ulcerated cutaneous melanomas. For this reason, the
treatment of the primary melanoma should be as conserva-
tive as possible, with total excision obtaining clear margins,
but avoiding radical resections. For instance, patients with
rectal melanoma should be treated with local excisions
obtaining clear margins if possible instead of the more radical
abdominoperineal resection.94 A focus in these patients
should be on systemic therapy, because many will have sys-
temic metastases at the time of diagnosis. Five-year survival
for patients with mucosal melanoma is uncommon regardless
of primary site.95

Radiation Therapy Considerations

There are several clinical settings in which radiation can
provide important benefits for patients with melanoma, the
most common involving the palliation of symptomatic
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regional and distant metastases. Palliative settings frequently
include patients with painful bony or soft tissue metastases,
as well as patients with metastases to the brain and spinal
axis. Furthermore, there are several adjuvant therapy settings
for which the role of radiation remains of potential value in
an effort to diminish locoregional disease recurrence.

Radiotherapy for Symptomatic Treatment

Focal radiation generally provides excellent pain palliation for
patients with metastatic melanoma.96,97 High rates of pallia-
tive pain response for bone metastases have been routinely
identified as exemplified by a randomized trial comparing
fractionation regimens of 9Gy ¥ 3 fractions versus 5Gy ¥ 8
fractions delivered in a twice-weekly schedule. An overall
response rate greater than 90% was identified without sig-
nificant difference between the two arms.98 Similarly,
patients with metastatic melanoma will often have painful
soft tissue or in-transit metastases that contribute directly to
a reduced quality of life. Symptomatic lesions often can be
successfully palliated with small-field electron beam or
shallow photon tangent beams for pain relief. In addition,
there is a rich literature regarding the use of hyperthermia as
an adjuvant to radiation therapy in the treatment of malig-
nant melanoma.99,100 These reports include studies employing
focal hyperthermia with microwave, ultrasound, and inter-
stitial heating devices. Both retrospective and prospective
studies suggest an advantage in clinical response for some
patients treated with combined hyperthermia and radiation
compared with patients treated with radiation alone.100

Patients with central nervous system metastases involv-
ing the brain or spinal cord present special circumstances for
which the emergent use of radiation therapy is often war-
ranted. The heterogeneity of melanoma responsiveness to
radiation means that selected patients will have prompt
regression of brain metastases following palliative radiother-
apy, whereas others will not demonstrate clear response. The
combination of high-dose corticosteroids with whole-brain
radiation therapy provides effective symptom palliation in
one-half to two-thirds of patients as measured by transient
improvement in performance status and small extensions in
median survival.101 Despite several studies, no clear benefit of
altered fractionation regimens has been clarified, and a con-
vention of 3Gy ¥ 10 fractions or 4Gy ¥ 5 fractions is common
throughout much of North America. There are emerging
reports regarding the potential additional value of stereotac-
tic radiosurgery for patients with one to three melanoma brain
metastases, particularly those with lesions of less than 3cm
and no active disease progression in other systemic sites.102

Role of Adjuvant Radiotherapy

There are selected circumstances in which locoregional radio-
therapy in the adjuvant setting appears particularly promis-
ing.96,103,104 The best described data set examining the use of
adjuvant radiotherapy for localized melanoma involves
patients with intermediate to thick tumors of the head and
neck, with or without regional nodal spread.96,103 Prospective
nonrandomized trials suggest a marked reduction in locore-
gional disease recurrence in comparison with historic controls
treated at the same institution.103,105 A similar approach has
been advocated for melanoma patients with axillary nodal

disease, specifically including those patients with extracap-
sular disease, multiple metastatic nodes, or recurrent disease
in a previously dissected axilla. Reports from the M.D. Ander-
son Cancer Center with more than 5-year median follow-up
suggest that the addition of axillary radiation in these high-
risk settings can substantially reduce the likelihood of subse-
quent axillary failure over historical outcome at the same
institution.106

Adjuvant Interferon Therapy

The only U.S. Food and Drug Administration (FDA)-approved
adjuvant therapy following resection of high-risk melanoma
remains interferon alpha-2b (IFN-a-2b).107 Vaccines remain
experimental for melanoma patients, and vaccine considera-
tions are presented in a later section of this chapter. Inter-
leukin-2 has been evaluated alone and with other biologic
response modifiers and/or chemotherapy in numerous
advanced-disease studies (see following sections). Unfortu-
nately, there remains no established adjuvant therapy benefit
for high-risk melanoma patients following interleukin-2-
based therapy. Although historically controlled studies have
suggested benefit for adjuvant therapy with granulocyte-
macrophage colony-stimulating factor (GM-CSF),108 this
benefit remains unproven and is now receiving prospective
randomized clinical trial testing. Numerous other adjuvant
therapies including bacillus Calmette–Guérin (BCG),
Corynebacterium parvum, dacarbazine, levamisole, mege-
strol acetate, and interferon-gamma have been evaluated and
shown to have limited or no benefit in both randomized and
nonrandomized adjuvant therapy trials for melanoma
patients.109–111

Although high-dose therapy with IFN-a-2b is the only
FDA-approved adjuvant treatment for patients with resected
high-risk melanoma, significant debate and controversy con-
tinue regarding interpretation of the completed interferon
adjuvant studies.112–115 The results of studies evaluating 
high-dose IFN-a-2b are summarized in Table 59.6. In E1684,
the 5-year overall survival rate of patients randomized to
observation was 37% and the 5-year overall survival rate 
of patients randomized to receive IFN-a-2b was 46%.107

This difference was statistically significant and resulted in
FDA approval of high-dose adjuvant IFN-a-2b for melanoma
patients following resection of high-risk (stage IIB and III)
melanoma. The intergroup trial E1690 was performed to
confirm results from E1684, as well as to concurrently
compare high-dose IFN-a-2b and low dose IFN-a-2b with
observation following resection of high-risk melanoma.116

Regional lymph node evaluation was not required for patients
with T4N0 disease. The 5-year relapse-free survival rate for
high-dose IFN-a-2b was 44%, the relapse-free survival rate 
for low-dose IFN-a-2b was 40%, and the relapse-free survival
rate for observation was 35%. However, no significant
improvement in overall survival was achieved by either 
high-dose or low-dose IFN-a-2b in comparison with observa-
tion.116

The E1694 study compared high-dose IFN-a-2b with a
GM2 vaccine based on earlier data suggesting benefit in stage
III melanoma patients having GM2 antibodies following vac-
cination with a GM2 ganglioside vaccine.117 An independent
data monitoring committee evaluated results from the E1694
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study following 16 months of median follow-up. Results from
that analysis demonstrated that treatment results had crossed
the stopping boundaries specified by the study. The estimated
1- and 2-year relapse-free survival rates for the IFN-a-2b-
treated patients were 71% and 62%, and the GM2-
KLH/QS21-treated group had 1- and 2-year relapse-free
survival rates of 62% and 49%.118 These results resulted in
the recommendation for discontinuation of GM2-KLH/QS21
for patients still receiving it, as it was determined to be infe-
rior to interferon.118

The clinical toxicity and economic cost of adjuvant
therapy with this high-dose IFN-a-2b regimen are significant.
Although the clinical toxicity of high-dose IFN-a-2b is sub-
stantial, overall clinical benefit from this treatment has been
reported following quality of life adjusted survival analysis.119

In addition, several investigators are attempting to identify
strategies to decrease some of the interferon-associated toxi-
cities.120 Consensus is not present regarding the “standard”
use of this treatment for patients with resected high-risk
melanoma.112,121

Systemic Chemotherapy

The success of various chemotherapy strategies for patients
with metastatic melanoma has been very limited.110,122–125

Although some patients have certainly benefited from
current treatments, additional improvements are critically
needed.

Single Agents

The use of single-agent dacarbazine (dimethyl-triazano-
imidazol carboxamide, DTIC) has been a “standard” treat-
ment and remains the only FDA-approved cytotoxic drug 
for metastatic melanoma patients. However, the modest
response rate of 15% to 20%, with most of the responses
being of brief duration, certainly leaves ample room for
improvement.63,126 The median response duration is only 4 to
6 months, and the likelihood of a complete response is less
than 5%. Many other drugs have been evaluated for single-
agent activity against melanoma. Overall response rates 
complete response (CR) + partial response (PR) between 13%
and 24% have been reported in single-agent chemotherapy
studies utilizing a variety of doses and schedules for te-
mozolomide,127,128 cisplatin,129 carboplatin,130 paclitaxel,131

docetaxel,132 carmustine (BCNU),133 lomustine (CCNU),134

fotemustine (FTMU),135 vindesine,136 vinblastine,136 and the
dihydrofolate-reductase inhibitor piritrexim.137 Most of these
responses are partial, and median response duration is usually
measured in units of a few months. Although results from
several single-agent Phase II chemotherapy studies appear
better than single-agent DTIC, none have been confirmed as
superior in a prospective randomized Phase III study.122,123,128

Thus, combination treatments and novel agents with new
mechanisms of action are being actively investigated.

Combination Chemotherapy or 
Chemohormonal Therapy

Combination chemotherapy regimens have attempted to
either combine agents with distinct single-agent activity
and/or add tamoxifen as a means to enhance activity of the
treatment regimen. A randomized Italian study evaluated
treatment with DTIC, either alone or in combination with
tamoxifen, for patients with metastatic melanoma.138 This
study reported an improved response rate (28% versus 12%;
P = 0.03) and an improved median survival (48 weeks versus
29 weeks; P = 0.02) in patients receiving DTIC combined with
tamoxifen compared with patients receiving DTIC alone
(Table 59.7). However, a more-recent study from the Eastern
Cooperative Oncology Group (ECOG) randomized 258 eligi-
ble patients with metastatic melanoma to receive treatment
with dacarbazine either alone or combined with tamoxifen,
IFN-a-2b or both tamoxifen and IFN-a-2b. There was no dif-
ference between time to treatment failure (median, 2.6
months) or overall survival (median, 8.9 months) between any
of the four treatment groups.139 Thus, neither tamoxifen, IFN-
a-2b, nor the combination of tamoxifen and IFN-a-2b was
able to improve response rate, time to treatment failure, or
survival of melanoma patients when these treatments were
added to single-agent therapy with dacarbazine (see Table
59.7). Several studies have reported promising results of
tamoxifen in combination with cytotoxic agents including
cisplatin,140 navelbine,141 and others.125 Subsequent Phase III
testing to determine impact of tamoxifen on the combination
treatment either has been negative or has not been per-
formed.125 Although tamoxifen is still being administered as
part of published Phase II protocols, existing data do not
demonstrate improved therapeutic outcome with addition of
tamoxifen to cytotoxic regimens for melanoma patients.

The three-drug combinations of cisplatin, vinblastine, and
DTIC or cisplatin, vindesine, and DTIC achieved response
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TABLE 59.6. Completed randomized trials evaluating high-dose interferon alpha-2b (IFN-a-2b) as adjuvant therapy of melanoma.

HDIa overall HDI relapse-
No. of Treatment survival free survival

Trial patients Eligibility regimens benefit benefit Comments

E1684107 287 T4 N1-3 HDI vs. Yes Yes IFN-a-2b prolonged median survival from 
observation 2.8 to 3.8 years compared to observation

E1690116 642 T4 N1-3 HDI vs. LDIb vs. No Yes There was no difference in the estimated 
observation 5-year overall survival rates of 52%, 53%, 

and 55% for HDI, LDI, and observation,
respectively

E1694118 851 T4 N1-3 HDI vs. GMK Yes Yes IFN-a-2b is superior to GMK vaccine
vaccinec

a High-dose interferon-a-2b (HDI) given at 20MU/m2/day IV 5 days per week for 4 weeks, then 3 times weekly at 10MU/m2/day subcutaneously for 48 weeks.
b Low dose interferon-a-2b (LDI) given 3 times weekly at 3MU subcutaneously for 2 years.
c GMK vaccine (modified GM2 ganglioside vaccine (Progenics, Inc., Tarrytown, NY) given subcutaneously on a weekly basis for 4 weeks, then every 12 weeks for
the next 84 weeks.



rates between 35% and 40% in Phase II testing. Unfortu-
nately, no benefit in response duration or overall survival was
seen in subsequent randomized comparison with DTIC (see
Table 59.7).142 The treatment combination of cisplatin, dacar-
bazine, carmustine, and tamoxifen (CDBT; also known as 
the Dartmouth regimen) has been suggested for many years
to have significant activity for patients with metastatic
melanoma. Many of these studies reported response rates up
to 30% to 50%, and some of these responses seemed to be
durable.143–145 However, a more recently completed prospec-
tive randomized trial compared CDBT with single-agent
therapy with DTIC and found no difference in overall survival
with either of these treatments (Table 59.7).146 Although
several phase II studies have suggested potential benefit for
combination chemotherapy over single agent chemother-
apy, results from subsequent phase III testing have been 
disappointing.

Additional agents are also receiving investigation in com-
bination with standard cytotoxic agents. Thalidomide is an
orally bioavailable agent that has both antiangiogenic as well
as some immunomodulatory properties. Use of thalidomide
as single-agent therapy in melanoma has had limited activ-
ity.147 The combination of thalidomide and temozolomide
was tested for patients with metastatic melanoma, as
melanoma is a highly vascular tumor that could benefit from
this combined approach.148,149 Current results demonstrate
this treatment to be well tolerated and to have some antitu-
mor activity. Overall response rates in small Phase II studies
have ranged from 15% to 32%, and durable responses have
been reported.148,149 Further study is needed to determine if
this combination regimen offers improved outcome over
either single agent alone. Other approaches being tested clin-
ically include the combinaton of chemotherapy with the anti-
sense BCL2 oligonucleotide to inhibit antiapoptotic pathways
as well as the combination of chemotherapy with novel
agents such as Raf kinase inhibitors. It is anticipated that
increased understanding of the many pathways involved in
melanoma tumorigenesis will provide new opportunities for
melanoma treatment strategies.150

Cytokines and Other Immune Activators

Many cytokines and other immune activators are being
actively evaluated as therapy for patients with metastatic
melanoma.151 Treatment with high-dose bolus IL-2 is

approved by the FDA for the treatment of metastatic
melanoma, and many studies are in progress to improve effi-
cacy and/or decrease toxicity of cytokine-based regimens for
advanced melanoma patients.

Interferons

As outlined earlier, treatment with IFN-a-2b has received
extensive testing as adjuvant therapy for patients with
resected stage III melanoma. In addition, measurable
responses have been seen with IFN therapy for melanoma
patients with advanced metastatic disease.151 Although the
dose and schedule of IFN utilized in the metastatic setting
have been quite varied, about 15% of patients have had tumor
regression and 5% have been CRs. Although most of these
responses last for only a few months, some can be more
durable.

Interleukin 2

When peripheral blood mononuclear cells are cultured
together with high concentrations of IL-2, a striking prolifer-
ation of natural killer (NK) cells and some T cells is observed,
with induction of dramatically augmented cytolytic func-
tion.152 This IL-2-induced cytolytic function allows destruc-
tion of most cultured tumor cell lines and most populations
of fresh tumor cell suspensions. For at least some patients
with melanoma, measurable shrinkage of grossly evident
tumor metastases can be induced by IL-2 treatment.153,154

Approximately 6% of these patients achieved complete
remission and 10% of patients achieved partial remission in
numerous Phase II studies using high-dose bolus IL-2.151,154,155

These clinical data supported the approval by the FDA of
high-dose bolus IL-2 as a treatment for patients with metasta-
tic melanoma.

IL-2 treatment induces NK cell activation, the release of
cytokines, and a cytokine syndrome that is associated with
capillary leak. This IL-2 therapy has a dose-dependent toxic-
ity profile and has significant toxicity when administered in
the approved high-dose bolus regimen.156 The approved
regimen is for administration of IL-2 at 600,000 to 720,000
IU/kg every 8 hours, up to a maximum of 15 doses, on days
1 through 5 and 15 through 19 of a treatment course. Data
supporting approval and use of high-dose bolus IL-2 are based
on nonrandomized Phase II data.155 In addition, protocols
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TABLE 59.7. Randomized Phase III trials comparing chemohormonal or combination chemotherapy with DTIC for patients with advanced
melanoma.

Median
No. CR + PR survival

Author of patients Treatment regimens (%) (months) Comments

Cocconi et al.138 60 DTIC/TAM DTIC 17 (28) 11 Major benefit of DTIC/TAM appeared to be in
52 6 (12) 7 women

Falkson et al.139 124 DTIC ± IFN-a + TAM 25 (20) 9 This 2 ¥ 2 factorial design showed no advantage 
126 DTIC ± IFN-a 24 (19) 9 for the addition of IFN-a or TAM to DTIC

Buzaid et al.142 46 Cisplatin/vinblastine/DTIC 11 (24) 6 No convincing evidence to support combination 
45 DTIC 5 (11) 5 chemotherapy

Chapman et al.146 108 Cisplatin/DTIC/BCNU/TAM 20 (18) 7 No convincing evidence to support combination
118 DTIC 12 (10) 7 chemotherapy

DTIC, dacarbazine; TAM, tamoxifen; IFN-a, interferon-alpha; BCNU, carmustine; CR + PR, complete response + partial response.



using lower-dose outpatient regimens of IL-2 have generally
had lower response rates as well as few long-term sur-
vivors.151,154 However, the limitations of decision making
based on Phase II data for advanced melanoma patients were
emphasized with the recently reported results of the ran-
domized Phase III study of combination chemotherapy and
biochemotherapy.157 Thus, use of high-dose bolus IL-2 as a
single agent has been primarily at specialized centers with
experience in administration of this treatment. Studies
involving administration of lymphokine-activated killer
(LAK) cells as well as tumor-infiltrating lymphocytes (TILs)
together with IL-2 did not demonstrate sufficient additional
activity to support noninvestigational use of these
approaches.151 More-recent studies are investigating use of
nonmyeloablative chemotherapy before adoptive transfer 
of cloned T cells and high-dose IL-2 therapy.158 These studies,
as well as integration of vaccine-based approaches given
together with IL-2, will receive intense investigation in
upcoming years.

Biochemotherapy

Several nonrandomized, single-institution Phase II studies
have evaluated combination chemotherapy given together
with IL-2 and IFN-a as biochemotherapy for patients with
metastatic melanoma. Both inpatient and outpatient regi-
mens have been evaluated, and response rates of 40% to 60%
have been reported.159–162 In addition to the high response rates
reported, up to 10% of these patients have achieved a durable
complete response. The frequent finding of high response
rates in separate Phase II studies, as well as the consistent
reporting of durable complete responses in a minority of
responders, led to high expectations as well as great enthusi-
asm for this approach. The potential benefit of IL-2/cisplatin-
based biochemotherapy has been investigated in at least six
randomized trials (Table 59.8).157,163–167 The recent intergroup

Phase III randomized study was conducted to determine in a
definitive fashion whether biotherapy (IL-2, IFN-a-2b, and G-
CSF) added to the results of chemotherapy consisting of
dacarbazine, cisplatin, and vinblastine when administered in
a concurrent fashion. A total of 416 patients without prior
treatment for metastatic melanoma were enrolled into the
study, and results demonstrated increased toxicity without
additional clinical benefit following treatment with the con-
current biochemotherapy regimen (see Table 59.8).157 It
remains unknown whether clinical benefit over chemother-
apy alone can be achieved with other biochemotherapy regi-
mens, such as use of some of the sequential biochemotherapy
regimens. However, the disappointing result of this carefully
performed intergroup study emphasizes the need for Phase III
testing of promising approaches before accepting them as
standard therapy.

Vaccine Therapy

Numerous advances in molecular biology and immunology
provide opportunities for the design and analysis of vaccine-
based therapies for melanoma patients.168–171 Although
melanomas contain antigens that can stimulate T-cell
responses, the antigen(s) that can stimulate effective in vivo
T-cell activation and an antitumor response are not known.
Potential sources for antigens to use in melanoma vaccines,
listed in Table 59.9, include whole melanoma cells as well as
defined melanoma antigens or genes for defined melanoma
antigens.

The use of melanoma cellular vaccines has included both
autologous as well as allogeneic melanoma cells.172–175 Dr.
Berd and colleagues have been investigating strategies to
enhance the immunogenicity of autologous melanoma cell
vaccines.176 A recent update of this nonrandomized experi-
ence described 214 clinical stage III (N2 and N3) patients
treated adjuvantly with an autologous tumor cell vaccine
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TABLE 59.8. Randomized Phase III trials evaluating IL-2/cisplatin-based biochemotherapy for metastatic melanoma patients.

Median
No. of CR + PR survival

Author patients Treatment regimens (%) (months) Comments

Keilholz et al.163 66 IL-2/IFN-a 18 9 Addition of CDDP to cytokine treatment 
60 CDDP + IL-2/IFN-a 33 9 with IFN-a and IL-2 improves response rate 

without improving survival
Rosenberg et al.164 52 CDDP/DTIC/TAM 27 15.8 Addition of immunotherapy to combination

50 CDDP/DTIC/TAM + 44 10.7 chemotherapy increased toxicity without
IL-2/IFN-a improving survival with these treatment 

regimens
Dorval et al.165 49 CDDP/IL-2 CDDP/IL-2 + 16 10.4 Addition of IFN-a to this CDDP/IL-2 

52 IFN-a 24 10.9 regimen increased toxicity without
improving survival

Eton et al.166 92 CVD 25 9.2 Cytokines improved antitumor activity at the
91 Sequential CVD + IL- 48 11.9 expense of considerable toxicity

2/IFN-a
Keilholz et al.167 363 CDDP/DTIC/IFN-a 23 9.0 Addition of IL-2 to this CDDP/DTIC/IFN-a

randomized CDDP/DTIC/IFN-a + 21 9.0 regimen increased toxicity without
IL-2 improving survival

Atkins et al.157 201 CVD Concurrent 11 8.7 Addition of immunotherapy to combination
204 CVD + IL-2/IFN-a 17 8.3 chemotherapy increased toxicity without

improving survival with these treatment 
regimens

IL-2, interleukin-2; IFN-a, interferon alpha; CDDP, cisplatin; DTIC, dacarbazine; TAM, tamoxifen; CVD, cisplatin/vinblastine/dacarbazine.



modified with the hapten dinitrophenol (DNP).177 The 5-year
overall survival rate of 44% was better than expected from
historical controls, and the 47% of patients with an induced
delayed-type hypersensitivity (DTH) to unmodified autolo-
gous melanoma had an overall survival that was twice that
of the DTH-negative patients (59.3% versus 29.3%; P less
than 0.001). Additional approaches designed to augment the
immunogenicity of autologous melanoma cells include the
use of oncolysates of melanoma cells with vaccinia virus and
the use of irradiated gene modified melanoma cells as a
melanoma vaccine.173,178–180

Other investigators are utilizing vaccines based on allo-
geneic cell lines, as this strategy offers many practical advan-
tages over the use of autologous cells as a cancer vaccine.173–175

An allogeneic melanoma cell lysate vaccine (Melacine) was
compared with combination chemotherapy with the Dart-
mouth regimen in a randomized clinical trial for patients
with metastatic melanoma.181 Although both treatments 
had low but similar median survivals (7.2 months for the
Dartmouth regimen compared with 6.8 months for
Melacine), the improved toxicity profile for Melacine resulted
in its approval in Canada. In addition, Melacine was investi-
gated as adjuvant therapy for patients with intermediate-
thickness, node-negative melanoma.182 Although no overall
survival benefit for this vaccine was seen in all treated
patients, the patient subset with a specific histocompatibil-
ity leukocyte antigen (HLA) expression (HLA-A2 and/or HLA-
C3) had improved relapse-free and overall survival compared
to control patients.183 Another allogeneic cellular vaccine
with promising results in adjuvant studies as well as some
antitumor activity in metastatic disease is CancerVax.184 This
vaccine is currently receiving expanded testing in a Phase III
adjuvant study comparing CancerVax (with BCG) versus BCG
alone for patients with resected stage III melanoma.

Several gangliosides on melanoma cells have been char-
acterized, and these gangliosides provide a target for an 
antibody response to melanoma.117 Unfortunately, the 
GM2-KLH/QS-21 vaccine was inferior to interferon when
evaluated in a prospective randomized trial as adjuvant
therapy for patients with resected high-risk melanoma.118

Another approach to stimulate an antibody response to
melanoma uses an antiidiotypic antibody as an immunogen.
Clinical trials are in progress, and some patients have been
shown to develop an antiantiidiotypic antibody following
vaccination with an antiidiotypic antibody.185

Several clinical studies are now in progress either utiliz-
ing immunodominant peptides for melanoma-associated
antigens or using DNA-encoding proteins containing
melanoma-associated antigens.186–189 Additional studies are

combining these defined vaccines with cytokines or other
immune activators. Rosenberg and colleagues reported anti-
tumor activity in HLA-A2-positive melanoma patients
receiving GP-100 peptide in combination with IL-2,190 and
Nestle and colleagues reported antitumor activity and
antigen-specific T-cell immunity in melanoma patients
treated with peptide or tumor lysate pulsed dendritic cells.191

Thus, ongoing clinical studies will determine the immuno-
genicity and antitumor activity of defined antigen vaccines
given alone or with other immunotherapies. Initial Phase I
and Phase II studies will determine promising approaches, but
prospective, randomized Phase III studies will be needed to
determine clinical benefit.

Imaging and Follow-Up of Melanoma Patients

The use of intensive follow-up of melanoma patients receiv-
ing definitive surgical management of primary melanoma is
without demonstrated benefit.192–194 The majority of recur-
rences for patients with resected melanoma occur in the skin,
soft tissues, or lymph nodes. Thus, careful physical exami-
nation remains of primary importance in the follow-up of
these patients. In addition, the majority of recurrences
amenable to surgical resection will be in these regions.
Because most recurrences occur in the first 2 years following
surgery, the frequency of follow-up is typically greater during
the first 2 years following definitive surgery. Typical intervals
are every 6 months for patients with melanomas less than 
1mm in thickness and every 3 to 4 months for patients 
with deeper primary melanomas and/or regional lymph node
involvement. Addition of chest X-rays and laboratory studies
typically does not take place for patients with melanomas less
than 1mm, but often are obtained at intervals from 3 to 6
months for patients with deeper primary melanomas and/or
regional lymph node involvement. Follow-up intervals then
become gradually longer between years 3 and 5, and yearly
follow-up typically takes places after year 5. Because re-
currences can take place more than 10 years from initial
resection, some ongoing follow-up is appropriate for these
patients.

The use of molecular tumor markers in the blood as early
predictors of melanoma recurrence or disease outcome 
for melanoma patients is also receiving intense investiga-
tion.195,196 The strategy receiving the most intensive investi-
gation involves use of a multiple-marker reverse transcription
polymerase chain reaction (RT-PCR) to predict disease
outcome. The markers being evaluated include the presence
of melanoma-associated mRNA for tyrosinase, melanoma
antigen recognized by T cells (MART-1), and the melanoma
antigen MAGE. Although preliminary studies suggest poten-
tial benefit for this technology, additional evaluation and 
validation of assay characteristics are needed before 
incorporation into routine clinical monitoring.
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TABLE 59.9. Sources of antigen for melanoma vaccines.

Autologous melanoma cells
Allogeneic melanoma cells
Autologous heat shock protein–peptide complexes
Ganglioside antigens
Antiidiotypic monoclonal antibody
Peptides for melanoma-associated antigens
DNA encoding protein containing melanoma-associated antigens
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Facts and Figures

The nonmelanoma skin cancers (NMSC) are the most
common human cancer type. More than half of all cancers
diagnosed in the United States are NMSC. In the year 2003,
more than 1.3 million new cases of NMSC will be diagnosed.1

One in 5 Americans born in 2003 will be diagnosed with skin
cancer in their lifetime. Recent publications and articles in
the lay press have labeled nonmelanoma NMSC as “today’s
epidemic.”2 The incidence of NMSC has been rising since the
1960s at 4% to 8% per year.3 Basal cell carcinoma (BCC) and
squamous cell carcinoma (SCC) account for 96% of new cases
of NMSC. The remaining 4% consists of many other types of
NMSC, but given their low incidence, discussion of these
lesions is beyond the scope of this chapter.

Approximately 80% of skin cancers are BCC and 16% are
SCC. Melanoma accounts for 4% of skin cancer diagnoses,
but accounts for 75% of skin cancer deaths.1 NMSC has an
excellent prognosis: 90% to 99% of patients are curable fol-
lowing therapy and less than 1% of cases result in death. The
number of deaths due to NMSC has been estimated at 2,000
to 2,500 year with three-fourths of these deaths attributed to
SCC.4 However, these tumors are associated with significant
morbidity in terms of significant local destruction and dis-
figurement and medical costs. The annual cost of treating
NMSC has been estimated to be more than $500 million.4 A
recent publication described skin cancer among the most
costly of all cancers to treat for the Medicare population.5

Despite the tremendous impact of NMSC on the U.S. popu-
lation, a limited quality of evidence-based research exists.

Demographics

Increased risk for NMSC is associated with a number of host
and environmental risk factors (Table 60.1). Exposure to sun-
light is the principal cause of both BCC and SCC. The risk of
NMSC varies according to race and ethnic group, with whites
of Celtic ancestry having the highest incidence rates.6 The
increased risk phenotype includes fair skin that tans poorly
and sunburns easily, extensive freckling, blue or light-colored
eyes, and red, blond, or light brown hair. NMSC is uncom-
mon in African Americans, Asians, and Hispanics.7 As with
most malignancies, incidence increases with increasing age.
Residence in areas with high levels of ambient ultraviolet B

(UVB) radiation (i.e., lower latitudes) is associated with a
higher incidence of NMSC.8 Most NMSC occur on sun-
exposed sites, and 80% of lesions arise on the face, head, or
neck.7 Although NMSC usually occurs on sun-exposed sites,
these tumors can rarely occur in sun-protected sites such as
the anogenital area, mucous membranes, palms, and soles.9,10

Genodermatoses and Other Medical Conditions

A number of genetic syndromes are associated with an
increased risk of NMSC.11 Albinism is primarily an autoso-
mal recessive disorder characterized by partial or complete
failure to produce ocular and cutaneous protective melanin.
Nevoid BCC nevus syndrome (Gorlin’s syndrome) is an auto-
somal dominant or mosaic disorder associated with multiple
BCC, jaw cysts, palmoplantar pits, abnormal ribs and verte-
brae, and hypertelorism. Xeroderma pigmentosum is an auto-
somal recessive disorder characterized by hypersensitivity to
UV light and high incidence of skin cancer, including
melanoma, due to defects in DNA repair. Other less-common
genetic syndromes associated with NMSC include epider-
modysplasia verruciformis, epidermolysis bullosa, and dys-
keratosis congenita. Other conditions associated with an
NMSC include burn and vaccination scars, chronic inflam-
matory processes and ulcers, radiation, photodamaged skin,
immunosuppression, and a history of previous NMSC.12,13

Environmental Factors

Ultraviolet radiation, particularly UVB (290–320nm), induces
skin cancer as demonstrated in epidemiologic and experi-
mental data.7,14 Depletion of the earth’s ozone layer increases
the levels of UVB radiation and the incidence of NMSC by
2% to 4% for each 1% reduction of the ozone layer.15,16 Ultra-
violet B radiation induces NMSC by a variety of mechan-
ism including direct DNA damage, damage to DNA repair
systems, and alteration of the local cutaneous immune
system.17 Other environmental/exposure factors associated
with NMSC, primarily SCC, include a variety of chemicals:
these include hydrocarbons found in coal tars, soot, asphalt,
and cutting oils. Chronic exposure to arsenic has been asso-
ciated with NMSC on both sun-exposed and covered sites.18

Psoralens used in combination with UVA (PUVA) used for the
treatment of psoriasis and other inflammatory dermatoses
produce dose-dependent increase in SCC.19 Cigarette smoking
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has been linked to causing SCC of the lip and mouth.20

Human papillomavirus has been associated with cutaneous
SCC.21 The carcinogenic effect of ionizing radiation inducing
NMSC is documented in human and animal models.22

Basic Science

Basal Cell Carcinoma

BCC can develop in both a hereditary and sporadic fashion.
Mutations in the PTCH gene have been identified as the
cause of nevoid BCC syndrome and in sporadic BCC.23–26

PTCH is a cell membrane receptor for a family of proteins
called Hedgehog (Hh).27 The PTCH protein binds and inhibits
a transmembrane protein smoothened (SMO). Mutations in
either PTCH or SMO lead to increased smoothened signaling
and growth promotion with subsequent cancer formation.
The activation of the smoothened pathway leads to induction
of a number of proteins via the Gli1 transcription factor,
including transforming growth factor-beta (TGF-b), platelet-
derived growth factor receptor-a, PTCH, and Gli1, and are rel-
evant to cancer development.28

Mutations that inactivate the tumor suppressor gene 
p53, also known as the guardian of the genome, are one of 
the most frequently found defects in all tumors.29 The
function of p53 is to sense DNA damage and arrest cell 
division to allow for DNA repairs or induce an apoptotic
response to eliminate defective and potentially malignant
cells. Fifty percent to 100% of BCC contain p53 muta-
tions.30,31 Despite the frequency of p53 mutations in BCC, a
causal role for these mutations in BCC development or 
progression has not been demonstrated. Patients with
Li–Fraumeni syndrome, characterized by an inherited muta-
tion in the p53 gene, are susceptible to an increased incidence
of a number of malignancies, but an increase in NMSC has
not been reported.28

Squamous Cell Carcinoma

Squamous cell carcinoma can develop in a hereditary and spo-
radic fashion. There are several rare syndromes that can pre-
dispose individuals to SCC, but there are no monogenic
disorders that feature SCC exclusively.32 Ultraviolet radiation
generates specific mutations, thymidine dimers, in p53. The
most frequent alteration is the CCÆTT mutation, which is
a UV signature mutation. Keratinocytes with one mutation
in p53 after UV exposure undergo apoptosis. In contrast, ker-
atinocytes with dysfunctional p53 and an additional p53
mutation as a result of UV irradiation cannot undergo apop-
tosis and instead undergo clonal expansion, which is mani-
fested clinically as the development of an actinic keratosis, a
known precursor lesion to SCC. Uncontrolled proliferation of
these abnormal keratinocytes eventually leads to SCC in situ
and invasive SCC.33 Brash et al. found that 58% of invasive
SCCs of the skin contain mutations in p53.34 Mutations in
other tumor suppressor genes such as RAS and p16/CDKN2A
have also been reported.35,36

Clinical Presentation

Basal Cell Carcinoma

BCC originate de novo presumably in the bulge area and have
no precursor lesion. The presentations of BCC are as varied
as the tumor is common. Approximately 80% of BCCs are
found on the head and neck.7 Basal cell carcinoma can be 
classified into subtypes by their clinical morphology and
histopathology. Clinical subtypes vary in appearance and 
clinical course and include the following more common vari-
ants: nodular, superficial, aggressive (infiltrating and mor-
pheaform), and pigmented.37–39

The nodular or nodular ulcerative variant is the “classic”
BCC. Clinically, this appears as a translucent, flesh-colored
or pink, pearly papule with prominent telangiectasias (Figure
60.1). Nodular BCC may ulcerate, forming what was once
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TABLE 60.1. Risk factors associated with developing
nonmelanoma cutaneous malignancy (NMSC).

• Phenotype
� Skin that tans poorly and sunburns easily
� Celtic ancestry
� Freckling
� Red, blonde, or light brown hair
� Blue or light-colored eyes

• Demographics
� Older age
� Males
� Outdoor occupation
� Residence in lower latitudes
� Immunosuppression

• Genodermatoses
� Albinism
� Nevoid basal cell carcinoma (BCC) nevus syndrome
� Xeroderma pigmentosum
� Epidermodysplasia verruciformis

• Environmental
� Ultraviolet light
� Ionizing radiation
� Chemicals or drugs

• Cigarette smoking

FIGURE 60.1. Nodular pattern basal cell carcinoma of the left nasal
ala.



termed a rodent ulcer because of its resemblance to a rat bite.
Most lesions are small (less than 1cm) papules; however,
patients do present with very large, disfiguring lesions that
have been neglected for many years. Superficial BCC usually
presents as a red, scaly macule with a thready translucent
border, often with areas of hypopigmentation, atrophy, or
scarring. They commonly occur on the trunk and extremities,
are sometimes confused with inflammatory skin conditions
such as psoriasis and eczema, and may closely resemble
Bowen’s disease and actinic keratoses (Figure 60.2). The
aggressive subtype of BCC usually presents as a flat, ind-
urated, pale, white-to-yellow papule or plaque with indistinct
clinical borders and a “scarlike” appearance. As these lesions
grow, they often become firm. They are also known as infil-
trating, morpheaform, sclerosing, sclerotic, and fibrotic BCC.
These lesions often extend well beyond (more than 1cm) their
clinically apparent margins and may ulcerate later in the clin-
ical course (Figure 60.3). Pigmentation within BCC can be
variable and can be seen in a variety of subtypes. Some lesions
are heavily pigmented, and are categorized as a pigmented
BCC and can bear striking resemblance to malignant
melanoma or pigmented seborrheic keratoses. Neglected
BCC or those with high risk factors described later may result
in extensive local tissue destruction and very high morbidity
(Figure 60.4).

Squamous Cell Carcinoma

Several precursor lesions to invasive SCC exist, including
actinic keratoses, arsenical keratoses, thermal keratoses, radi-
ation keratoses, chronic cicatrix keratoses, Bowen’s disease
(SCC in situ), and erythroplasia of Queyrat.40 Actinic ker-
atoses (AK) are both precursors of cutaneous SCC and
markers of increased risk for NMSC. Clinically they arise as
rough, scaly patches, on average 4 to 10mm in diameter, on
sun-exposed areas. They can be skin colored, erythematous,
pink, or brown, and often they are more easily felt than seen.

Actinic keratoses occur most commonly on the head and
neck and extensor arms and hands. The annual rate of pro-
gression of AKs to SCC is unknown and controversial, with
estimates of conversion ranging from 0.025% to 20%; the
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FIGURE 60.2. Superficial pattern basal cell carcinoma on the chest,
clinically resembles nummular eczema.

FIGURE 60.3. Locally destructive, recurrent, aggressive growth
pattern basal cell carcinoma previously treated with surgical excision
and radiation therapy, 9 and 6 years, respectively.

FIGURE 60.4. Multiply recurrent, neglected, basal cell carcinoma
involving the eye. Although rarely lethal; tumors with high-risk
factors may be associated with local tissue destruction and high mor-
bidity, and even metastasis and death.



cumulative risk depends on the number or lesions and the
length of time they persist.41–43 Among patients with multi-
ple AKs, the cumulative lifetime risk of having at least one
invasive SCC is believed to be 6% to 10%.44 Clinically, there
are two main types of SCC in situ, which include Bowen’s
disease and erythroplasia of Queyrat. Bowen’s disease often
presents as a slow-growing, poorly defined, scaly pink patch
on sun-exposed sites.45 Erythroplasia of Queyrat occurs as
SCC in situ on the glans penis, often as a smooth, erythema-
tous, plaque. SCC in situ lesions progress to invasive SCC.21

Invasive SCC most commonly occurs on the sun-exposed
areas of the body. Approximately 80% develop on chronically
sun-exposed areas on the head and neck and extremities, fol-
lowed by the trunk.21 They vary in their presentation and
often appear as 0.5 to 1.5cm, firm, hyperkeratotic pink
papules, nodules, or plaques, sometimes with pain (Figure
60.5). Ulceration is a common finding, and the lesions tend

to bleed easily following minor trauma. In darker-skinned
patients, SCC may present in nonsun-exposed areas, are often
hyperpigmented, and are most commonly associated with
chronic inflammatory or scarring processes. Keratoacan-
thoma (KA) is a well-differentiated subtype of SCC that tends
to grow rapidly to form a crateriform nodule.46 Keratoacan-
thoma metastasis has been reported.47

Histopathology

Basal Cell Carcinoma

The histologic patterns of BCC are as diverse as its clinical
appearance. Classic histologic features include presence of
multiple basaloid tumor cells islands, cords, or nests with
peripheral palisading of nuclei and focal areas of separation or
retraction artifact between tumor nodules and mucinous
stroma. Many histologic subtypes and classification schemes
exist. Nevertheless, there are four major architectural pat-
terns that are useful to identify because of their clinical and
prognostic implications. These patterns include superficial,
nodular, micronodular, and aggressive-growth (infiltrative
and morpheaform) (Table 60.2). Multiple patterns may be
found in up to 35% to 50% of lesions, with the most aggres-
sive pattern correlating with biologic behavior.

Numerous, multifocal small buds of basaloid tumor cells
that arise in the epidermis and extend into the superficial
dermis and down hair follicles characterize superficial BCC.
Nodular BCC, also known as solid or well circumscribed, is
the most common histologic pattern.48 It is composed of vari-
able-sized tumor lobules in the dermis that are well circum-
scribed. Larger lesions that ulcerate are termed nodulocystic
BCC and are characterized by centrilobular necrosis or cystic
degeneration within the center of the tumor lobules. Smaller
tumor islands, approximately the same size as hair bulbs,
characterize micronodular BCC.

The aggressive-growth BCC classification merges the his-
tologic pattern with the biologic and clinical behavior. The

1 0 9 6 chapter 60

FIGURE 60.5. Squamous cell carcinoma of the left ear, a known
high-risk location.

TABLE 60.2. Histopathologic features of basal cell carcinoma (BCC) and squamous cell carcinoma (SCC).

Basal cell carcinoma
Superficial pattern Numerous, multifocal small buds of basaloid tumor cells that arise in the epidermis and extend into 

superficial dermis or down hair follicles
Nodular pattern Well-circumscribed tumor lobules of varying size in dermis
Micronodular pattern Smaller tumor islands, approximately the size of hair bulbs
Aggressive growth pattern Narrow linear strands and cords of basaloid tumor cells embedded in a sclerotic stroma

Squamous cell carcinoma
Conventional type Malignant proliferation of keratinocytes that extend into dermis with varying degrees of 

keratinization and anaplasia
Adenoid/acantholytic type Endophytic invasive lesion with acantholysis of tumor cells leading to a pseudoglandular appearance
Boweniod type Full-thickness architectural disorder with loss of polarity and absence of orderly keratinocyte 

maturation with invasion into the dermis
Spindle cell/pleomorphic type Broad fusiform sheets of atypical spindle cells with rare foci of squamous differentiation
Small cell type Small round neuroendocrine-like malignant cells, usually associated with overlying SCC in situ lesion
Verrucous type Well differentiated with little atypia and with pseudoepitheliomatous hyperplasia that “bulldozes” into 

dermis
Keratoacanthoma type Well-circumscribed, keratin-filled invaginations, composed of well-differentiated squamous cells with 

“glassy” eosinophilic cytoplasm
Squamous cell carcinoma in Full-thickness epidermal dysplasia without invasion into dermis, disordered maturation with 

situ type (Bowen’s disease) “windblown” appearance



histologic features include small islands and narrow linear
strands and cords of basaloid tumor cells embedded in a
dense, fibrous to sclerotic stroma. The narrow strands resem-
ble “finger-like” or “spiky” projections; peripheral palisading
and stromal retraction are often inconspicuous or absent.49 It
is important for the pathologist to convey to the clinician the
growth pattern of all BCC, but it is paramount for aggressive-
growth BCC. The aggressive-growth BCC is an infiltrating
lesion with extensive subclinical invasion into deep dermis,
subcutis, and muscle (Figure 60.6). Aggressive-growth BCC
often shelve and skate along muscle and fascial planes, carti-
lage, and bone. Perineural invasion is also more common.50

Micronodular BCC similarly often has significant subclinical
extension through the dermis or subcutis.51

Squamous Cell Carcinoma

There are several histologic subtypes of SCC with the con-
ventional subtype, otherwise known as generic or simplex,
being the most common. Other subtypes include adenoid/
acantholytic, bowenoid, spindle/pleomorphic, small cell, ver-
rucous, keratoacanthoma, SCC in situ, and microinvasive
SCC. The conventional subtype is characterized by lobules
and cords of atypical keratinocytes originating from the epi-
dermis and invading the dermis. Cellular features include
enlarged, hyperchromatic, variably pleomorphic nuclei with
often prominent mitotic activity. Many lesions produce larger
amounts of keratin, resulting in keratin-pearl formation, and
intercellular bridges are usually easily seen.52 Perineural inva-
sion occurs in 2.4% to 14% of SCC and is even more frequent
in recurrences.53 The conventional type of SCC may be
further subclassified by the degree of differentiation. The
Broders system of histologic grading of SCC is based on the
degree of cellular differentiation in the neoplasm.54 Grade I is
well differentiated with more than 75% keratinization and
grade IV with less than 25% keratinization. More commonly,
lesions are referred to as “well differentiated versus poorly dif-
ferentiated.” The underlying trend is that as tumors become

less differentiated they behave in a more clinically aggressive
mode.

Bowenoid SCC is characterized by architectural disorder
of the full thickness of epidermis, with loss of polarity and
absence of orderly keratinocyte maturation. The atypical ker-
atinocytes may extend downward along the follicular epithe-
lium to the level of the sebaceous glands. Evidence of
invasion into the dermis differentiates bowenoid SCC from
Bowen’s disease (SCC in situ). Adenoid or acantholytic
tumors exhibit a conventional SCC pattern with acantholy-
sis leading to a pseudoglandular appearance. The spindle-cell/
pleomorphic variant is composed of intertwining fascicles,
and bundles of atypical keratinocytes are surrounded by a
myxoid or storiform stroma.55 Immunohistochemistry is
often required to differentiate these neoplasms from spindle
cell melanoma and atypical fibroxanthoma. Spindle cell SCC
demonstrates positive staining with cytokeratins.56 The small
cell variant of SCC resembles a Merkel cell carcinoma or
metastatic small cell neuroendocrine carcinoma.

Prognostic Factors and Risk Status

The majority of NMSC are, fortunately, low-risk lesions that
can be treated with relatively high cure rates. “Higher-risk”
NMSC lesions are associated with higher incidence of recur-
rence and/or metastasis. Numerous clinical high-risk factors
exist in regard to NMSC. These risk factors include the fol-
lowing: size, location, primary versus recurrent, ill-defined
clinical borders, occurrence in immunosuppressed individu-
als, histologic pattern subtype and depth, perineural invasion,
and tumors developing in areas of previous irradiation.

Basal Cell Carcinoma

Most primary BCC are cured by appropriate initial treatment.
Recurrent tumors are often locally destructive and more dif-
ficult to treat.57 Several prognostic factors of primary BCC are
known to influence whether the tumor will recur after treat-
ment; these include size, anatomic location, histologic
subtype, clinically poorly defined tumor borders, perineural
invasion, immunosuppression, tumors developing in sites of
prior radiotherapy, and recurrent lesions (Table 60.3). BCC
located on the head and neck is more likely to recur than
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FIGURE 60.6. Mohs’ surgery: frozen-section histologic slide of an
aggressive growth pattern basal cell carcinoma with numerous tumor
cells, often only one cell layer thick, arranged in elongated strands
embedded in a dense fibrous stroma. The strands of tumor cells often
extend a considerable distance from the clinical lesion and deeply
invade the deep dermis and subcutis.

TABLE 60.3. Basal cell carcinoma (BCC) risk factors.

• Anatomic location
� High risk: mask areas of face, genitalia, hands and feet
� Medium risk: cheeks, forehead, scalp, and neck
� Low risk: trunk, extremities

• Size
� Lesions ≥6mm on high-risk area: mask areas of face, genitalia,

hands and feet
� Lesions ≥10mm on medium-risk area: cheeks, forehead, scalp,

and neck
� Lesions ≥20mm on low-risk area: trunk and extremities

• Histologic subtype patterns
� Aggressive growth
� Micronodular

• Poorly defined clinical borders
• Perineural invasion
• Development in sites of prior radiation
• Immunosuppression
• Recurrent tumors



lesions developing on the trunk and extremities. The high-
risk “mask areas” of the face (central face, eyelids, eyebrows,
periorbital, nose, lips, chin, mandible, preauricular and
postauricular areas, temple and ears) and the genitalia, hands,
and feet are at increased risk for tumor recurrence (Figure
60.7). Medium-risk locations include the cheeks, forehead,
scalp, and neck, and low-risk sites include the trunk and
extremities. The data for size and location are based upon a
large 27-year retrospective review from the skin cancer unit
at New York University (NYU) published in 1991 and 1992
by Silverman et al.58–61 The combination of size and location
affects recurrence rates. Recurrences in the NYU study were
significantly more common when tumors in high-risk loca-
tions were 6mm or more in size, in medium-risk areas 10mm
or more in diameter, and in low-risk areas, 20mm or more.

An increased risk of tumor recurrence is associated with
two histologic subtypes, the aggressive growth (sclerosing,
morpheaform, fibrosing, desmoplastic, scirrhous, infiltrative),
and micronodular patterns.62 Poorly defined clinical borders
result in higher recurrent rates.57 Perineural invasion poses a
significantly increased risk of recurrence and subclinical inva-
sion, and occurs in up to 3% of all BCC.63 The incidence of
BCC is reportedly increased by a factor of 10 in immunosup-
pressed transplant recipients.64 BCC in immunosuppressed
patients should be viewed as potentially high-risk tumors.
BCC developing in skin previously treated with radiation are
at higher risk for significant subclinical invasion and are con-
sidered high-risk lesions.65 Recurrent BCC have rerecurrence
rates reported as high as 33% to 50%, regardless of anatomic
location or treatment modality used.66

Metastatic BCC is a rare event (0.03%).67 Metastatic
spread is most often to the regional lymph nodes, followed by
the lungs, bones, and skin.68 The 5-year survival rate for
patients with metastatic disease is poor, and patients with
distant disease have a median survival of only between 10 and
14 months.

Squamous Cell Carcinoma

Invasive SCC is the more serious form of NMSC because of
its greater potential to metastasize. The majority of SCC are
low-risk lesions that are treated with relatively high cure
rates. Several variables have been identified as determining
risk of local recurrence, metastasis, and survival rates. In 1992,
Rowe et al. reviewed the literature since 1940 to identify the

most important prognostic factors.69 Nine variables of cuta-
neous SCC have been identified as “high-risk” factors for
increased likelihood of recurrence, metastasis, and death: size,
depth of invasion, histologic differentiation, rapid growth, eti-
ology (scar, radiation, chronic ulcer or inflammatory process,
and sinus tract), anatomic site, immunosuppression, per-
ineural invasion, and recurrent lesions (Table 60.4).

SCC is the most common skin cancer in immunosup-
pressed transplant recipients, occurring 65 to 250 times as fre-
quently as in the general population.70 Immunosuppression-
associated SCC are biologically aggressive and associated
with higher risk of rapid growth, local recurrence, regional
and distant spread, and mortality.12,69

The most common sites of spread are the regional lymph
nodes, which occurs in 85% of metastatic cases. Approxi-
mately 15% of metastases involve distant sites such as the
lungs, liver, brain, bone, and skin.21,71 Prognosis for patients
with metastatic SCC is poor; 10-year survival rates are less
than 20% for patients with regional lymph node involvement
and less than 10% for patients with distant metastases.
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FIGURE 60.7. Lesions located in the high-risk “mask
area” of the face (horizontal lines) are at increased risk
for tumor recurrence. The genitalia, hands, and feet are
also high-risk locations. Medium-risk areas of the head
and neck shown by gray shading.

TABLE 60.4. Squamous cell carcinoma (SCC) risk factors.

• Anatomic location
� High risk: mask areas of face, genitalia, hands and feet,

especially ear and lip
� Medium risk: cheeks, forehead, scalp, and neck
� Low risk: trunk, extremities

• Size
� Lesions ≥6mm on high-risk area: mask areas of face, genitalia,

hands and feet
� Lesions ≥10mm on medium-risk area: cheeks, forehead, scalp,

and neck
� Lesions ≥20mm on low-risk area: trunk and extremities

• Histology
� Poorly differentiated

• Depth of invasion
� Clark’s level IV (lesion that involves the reticular dermis), V

(lesion that invades into subcutaneous fat), or ≥4mm
• Perineural invasion
• Rapid growth
• Etiology

� Scar, chronic ulcer or inflammatory process, sinus tract, sites
of prior radiation therapy

• Immunosuppression
• Recurrent tumor



Treatment: Evidence-Based Medicine

Numerous treatment modalities are used for NMSC, both sur-
gical and nonsurgical. Despite the enormous amount of liter-
ature involved in the treatment of NMSC, there has been
relatively little good-quality research on the efficacy of the
treatment modalities used. Rare systematic reviews of treat-
ment modalities and meta-analyses have been reported. This
type of analysis may generate misleading results by ignoring
the meaningful heterogeneity among studies, fortifying the
biases in individual studies, and introducing further biases
through the process of finding studies and selecting the results
that are pooled.72 Most of the reported literature is retrospec-
tive and not randomized and suffers from selection bias; that
is, treatment modality used was influenced by whether the
lesion was low or high risk. The selection of therapy is based
upon the clinical and histologic risk factors described previ-
ously. Randomization is the only way to avoid tumor selection
bias, and to date there have been fewer than 30 randomized
controlled trials examining treatment modalities in NMSC.
Similarly, recurrence rates for different therapies are difficult
to compare because of lack of uniformity in methods of report-
ing. Most of the (short-term) studies report a recurrence rate
based on the total number of patients with recurrent NMSC
divided by the total number of patients with initial tumors
(raw recurrence rate = all recurrences / all tumors treated). This
method artificially lowers the recurrence rate because it
ignores patients unavailable for follow-up, which is not
uncommon for elderly populations who may die of other
causes and be unavailable for follow-up.73 In contrast, most
long-term studies report a recurrence rate based on the total
number of patients with recurrent NMSC divided by the total
number of patients who were observed for at least 5 years
(strict 5-year recurrence rate = all recurrences / all nonrecur-
ring tumors followed up for 5 years + all tumors recurring
within 5 years). This method excludes nonrecurring patients
who were observed for less than 5 years and thereby artificially
raises the recurrence rate.73 From a statistical point of view,
recurrence rates are the result of calculating several types of
survival curves, such as the Kaplan–Meier survival curve and
the life table survival curve according to Cutler and Ederer.
The modified life table recurrence rate would be intermediate
between the raw and strict recurrence rate in most instances
because it uses all available data and gives weighted credit for
tumor-free follow-up of less than 5 years.

In this section, the treatment modalities for NMSC are
described and the best clinical evidence that currently exists
outlines the effectiveness of the therapy described. The
Cochrane Collaboration performed a comprehensive evi-
dence-based review of interventions utilized for the treatment
of primary BCC in 2003.74 To be included in their analysis,
studies had to meet their strict criteria: adult patients with
histologically proven primary BCC, and excluded recurrent
lesions or patients with genodermatoses. Primary outcome
was recurrence at 3 to 5 years measured clinically (to simu-
late what happens in clinical practice). Secondary outcomes
looked at early treatment failure within 6 months, measured
histologically, and esthetic considerations and discomfort to
patients. Clinical Evidence, an annually updated evidence-
based medicine periodical, recently outlined an evidence-
based review of squamous cell carcinoma of the skin.75

Electrodesiccation and Curettage

Electrodesiccation and curettage (ED&C) is a common treat-
ment modality used primarily by dermatologists and is highly
operator dependent. ED&C is a procedure causing local tissue
destruction performed under local anesthesia. NMSC have a
soft feel that can be differentiated from uninvolved normal
surrounding tissue, which feels smooth and firm. First, a
larger curette is used to debulk the majority of the soft tumor;
this is followed by electrodesiccation of the periphery and
base of the wound to destroy residual tumor cells. This
process is repeated with both large and small curettes and
electrodesiccation for a total of 2 to 4 cycles depending upon
the size and feel of the lesion. The experienced operator may
provide similar high cure rates with curettage alone, omitting
electrodesiccation. The resulting wound heals by secondary
intention as a hypopigmented, atrophic scar. If the curette
extends into the subcutis or a sclerotic “feel” is noted, exci-
sion of the site should be performed. A disadvantage of ED&C
is the lack of a surgical specimen in which to examine
margins for completeness of tumor removal or to obtain data
on histologic depth of invasion.

Clinical Evidence

To date there have been no randomized controlled trials
(RCT) comparing ED&C of NMSC with other modalities.
Rowe et al. performed a meta-analysis on all the literature
from 1947 to the present and reported cure rates for the treat-
ment of primary BCC. They found that the short-term (less
than 5 years) recurrence rates for primary BCC in all locations
treated with ED&C was 4.7% and the long-term (more than
5 years) recurrence rate was 7.7%.57 Their findings underscore
the fact that short-term follow up (less than 5 years) artifi-
cially lowers the recurrence rate and emphasizes the need for
standardization of follow up for studying recurrence rates in
NMSC. In fact, 18% of recurrences occur after 5 years.57 Kopf
et al. reported on recurrence rates of primary BCC treated
with ED&C and noted cumulative 5-year recurrence rates for
all lesions ranging from 5.7% to 18.8%.76 An interesting dis-
tinction was that residents in training had higher recurrence
rates (18.8%) compared with attending physicians (5.7%); this
raises yet another variable in determining tumor recurrence,
the degree of experience of the treating physician.

The study by Silverman et al. examined recurrence rate
for 2,314 primary BCC treated with ED&C and further exam-
ined the role of size and location in recurrence.59 They found
that tumors located in low-risk areas (neck, trunk, extremi-
ties) of all sizes responded well to ED&C with a 5-year recur-
rence rate of 3.5%, whereas tumors located at high-risk
locations had a recurrence rate of 4.5% if they were less than
6mm in size and a 17.6% recurrence rate if they were larger.59

ED&C has been documented as an effective primary treat-
ment modality for the treatment of low-risk primary BCC.
For recurrent BCC, rerecurrence rates with ED&C were
33.3% at 5 years and 40% at more than 5 years.57

The treatment of SCC with ED&C is less well docu-
mented. In the meta-analysis by Rowe, recurrence rates for
primary SCC treated with ED&C was 3.7%.69 However, these
data suffer from the small sample size (82 patients) and treat-
ment bias in selecting for smaller lesions. ED&C of primary
SCC is limited to small, low-risk, minimally invasive or in
situ lesions in low-risk or nonhair-bearing locations.
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In summary, ED&C is an effective primary treatment for
primary low-risk BCC and small in situ or minimally inva-
sive SCC in low-risk locations. The technique is operator
dependent and the degree of experience with the procedure
affects the results. The procedure is easily performed in an
office setting with little morbidity.

Cryosurgery

Cryosurgery uses liquid nitrogen delivered by a spray appara-
tus or cryoprobe that allows for deep-freezing to -50 to -60°C
to achieve local destruction and necrosis of tissues. Typically,
two freeze-thaw cycles are used. The resulting wound heals
by secondary intention. The most common side effects are
transient edema, pain, and erythema. Chondritis and cartilage
necrosis may occur. Cosmetic results are similar to ED&C.
The procedure is performed in an office but requires experi-
ence and additional equipment. It is an effective treatment
for low-risk BCC as well as for some SCC.77,78

Clinical Evidence

A total of four randomized controlled trials (RCTs) have been
performed in regard to the use of cryosurgery to treat primary
BCC (Table 60.5). One study is omitted from this review
because it did not histologically confirm the diagnosis of
BCC.79 One of the studies examined cryosurgery compared to
radiotherapy (RT) for 93 patients with primary BCC, exclud-
ing lesions on the nose or pinna. Recurrence rates were
recorded at only 1 year and not 3 to 5 years.80 This limitation
should be a red flag, and conclusions should be approached
with caution because nearly two-thirds of all lesions recur
within the first 3 years but may occur at 5 to 10 years.
Cryosurgery showed a high recurrence rate (39%) compared
with radiotherapy (4%). Cosmetic and discomfort levels 
were equivalent. Another study of 96 patients compared
cryosurgery with surgical excision for superficial and nodular
primary BCC of the head and neck.81 The recurrence rate was
3 in 48 for the cryosurgery group and 0 in 48 for the excision
group. The primary outcome was final cosmetic result, and
the outcome was better in the excision group. Ninety percent
of the cryosurgery group complained of moderate to severe
swelling and exudative drainage.

A final study of 88 primary BCC compared cryosurgery
with photodynamic therapy (PDT).82 Lesions were located on
the head, neck, and extremities, and the follow-up was 1 year.
The recurrence rate at 1-year follow-up was 15% for the
cryosurgery group and 25% for the PDT group. This was the
only trial to confirm recurrence histologically.

Thissen et al. in 1999 performed a systematic review of
noncontrolled prospective studies of primary BCC treated
with cryosurgery followed for at least 5 years.73 They found a
cumulative 5-year recurrence rate ranging from 3.5% to
16.5%. A large retrospective study of 3,869 primary BCC, less
than 2cm on all anatomic locations and treated with
cryosurgery, were noted to have a 3% to 4% recurrence rate
during a follow up period of 1 to 10 years.83

No RCT have been performed regarding cryosurgery for
the treatment of SCC. Kuflik and Gage reported a series of
3,540 primary skin cancers in 2,220 patients treated over 18
years, of which 188 were SCC.84 The overall cure rate was
98.4%. Graham and Clarke reported a cure rate of 97.3% for
563 primary SCC; however, the majority of lesions were low
risk, ranging in size from 0.5 to 1.2cm.85

In sum, cryosurgery is an effective method to treat small
low-risk BCC. However, there is no good direct evidence to
show that it is better than other modalities. The cure rates
for cryosurgery are less than for surgical excision or radia-
tion therapy. There is even less evidence to recommend
cryosurgery as a first-line treatment for SCC. The National
Cancer Comprehensive Network (NCCN) does not include
cryosurgery as a primary treatment modality in their guide-
lines for treating NMSC.86

Surgical Excision

Surgical excision is an effective treatment modality for all
types of NMSC. Recommended margins for excision of
NMSC published in the literature range from 2 to 10mm. A
prospective study of 117 patients determined that a surgical
excision margin of 4mm of normal-appearing skin was ade-
quate 95% of the time to clear primary BCC that were less
than 2cm.87 Similarly, Brodland and Zitelli reported that to
achieve clear surgical margins for low-risk SCC (less than 
2cm, Broders histologic grade I, and low-risk location) the
minimum surgical margin was 4mm.88 Furthermore, a 6-mm
margin was needed for higher-risk SCC (Broders histologic
grade more than I, more than 2cm in diameter in a low-risk
site and more than 1cm in a high-risk anatomic site) to obtain
a 96% clearance rate. Surgical excision is advantageous
because it provides a specimen for histologic margin evalua-
tion, heals rapidly, and is often cosmetically acceptable. The
disadvantage of surgical excision is difficulty in estimating
the surgical margin need, and the possibility of positive sur-
gical margins following excision. Higher-risk lesions are often
associated with significant, asymmetric subclinical exten-
sion. Some authors advocate monitoring incompletely

TABLE 60.5. Clinical trials of cryosurgery for primary BCC.

No. of Follow-up Recurrence rate Aesthetic
Study Year Location patients (years) (%) result

Wang et al.82 2001 Any 41 Cryo 1 15% Cryo Good
47 PDT 25% PDT

Thissen et al.81 2000 Head/neck 48 Cryo 1 6% Cryo Good for Cryo, 
48 Excision 0% Excision better for 

excision
Hall et al.80 1986 Exclude 44 Cryo 1 39% Cryo Good

nose/ear 49 RT 2% RT

Cryo, cryosurgery; RT, radiation therapy; PDT, topical ALA-photodynamic therapy.



excised NMSC rather then reexcising them or performing
Mohs’ surgery.89 We and the NCCN believe that this is not
appropriate therapy. Recent reviews have further supported
the need to treat incompletely excised NMSC.90,91

Clinical Evidence

One RCT by Avril et al. of 347 patients compared surgical
excision with frozen section margin control versus radio-
therapy in primary BCC.92 Lesions were less than 40mm in
diameter, located on the face, and the growth pattern histol-
ogy was nodular, ulcerated, superficial, and aggressive. The
main outcome measure was histologically confirmed persis-
tent tumor or recurrent tumor at 4 years. A second outcome
measure was final cosmetic result. The results demonstrate
that there were significantly more persistent or recurrent
tumors (11 in 173) at 4 years in the radiotherapy group as com-
pared to the surgery group (1 in 174). This finding equates to
an odds ratio of 0.09 [95% confidence interval (CI), 0.01–0.67]
in favor of surgery. Cosmetic outcome at 4 years was better
in the surgery group. Patients assessed their cosmetic results
as good in 87% of the cases following surgery and in 69% after
radiotherapy (Table 60.6).

A retrospective review of 588 primary BCC treated with
surgical excision demonstrated that BCC less than 6mm in
diameter on the head had recurrence rates of 3.2%, whereas
larger tumors had recurrence rates of 5% to 9%.60 Tumors of
any size excised from the ear, nasolabial groove, scalp, or fore-
head had much greater recurrence rates, 42.9%, 20.2%,
14.7%, and 8.4%, respectively.60 Surgical excision of recurrent
BCC is less effective than excision of primary BCC. In the
systematic review by Rowe et al., the average 5-year recur-
rence rate for excision of recurrent tumors was 17.4%.57

There has been no RCT assessing the role of surgical exci-
sion of cutaneous SCC. The prospective study by Brodland
and Zitelli found a 95% clearance rate for SCC less than 2cm
in diameter with a margin of 4mm of normal skin and a 96%
clearance rate of tumors more than 2cm with a margin of 
6mm.88 The systematic review by Rowe et al. demonstrated
that the recurrence rate after excision of low-risk lesions
ranges from 5% to 8%.69 High-risk lesions larger than 2cm
had a recurrence rate of 15.7% after excision, and the recur-
rence rate for tumors less than 2cm in size was 5.8%. Poorly
differentiated lesions recurred at a rate of 25% after excision,
compared with well-differentiated lesions that recur at a rate
of 11.8%.69

Mohs’ Micrographic Surgery

Histopathologic processing via bread loafing of standard sur-
gical excision specimens examines less than 1% of the true
surgical margin; this is problematic in higher-risk NMSC

given its high incidence of subclinical extension, which may
also be highly asymmetric. Mohs’ micrographic surgery
(MMS) is an effective procedure in the treatment of NMSC.
The tumor is excised with narrow margins and processed
using horizontal frozen sectioning, with total (theoretical
100%) margin control. The procedure is named after its
inventor, Dr. Frederic E. Mohs. Originally, a zinc chloride
chemical paste was applied to the skin to “fix” the tissue in
situ. Dr. Mohs and Dr. Theodore Tromovitch modified the
technique in the 1970s to its current “fresh tissue” technique.
The term chemosurgery is no longer used because of the
advent of the fresh tissue technique. The American College
of Mohs Micrographic Surgery and Cutaneous Oncology is
the “gold standard” body of the field, and certification
requires completion of an approved 1- to 2-year fellowship fol-
lowing residency. By definition, the Mohs surgeon functions
as both the operative surgeon and pathologist, and through
fellowship training the Mohs surgeon becomes adept at
microscopic interpretation of horizontally cut frozen sections
as well as local flap and graft soft tissue reconstruction 
techniques.

Mohs’ surgery is performed under local anesthesia in an
outpatient setting. Briefly, the clinically evident tumor is out-
lined and anesthetized, and then all gross tumor is removed.
Next, a disk of tissue in the shape of a saucer is excised with
1- to 3-mm-deep and peripheral margins. The skin edges are
beveled at 45° to assist in tissue processing of the peripheral
edges. The specimen is then divided, color-coded, and a
schematic map is made for precise anatomic orientation. The
specimen is then flipped over and flattened so that the
beveled skin edge is placed in the same horizontal plane as
the deep margin. The Mohs histotechnician cuts horizontal
frozen sections that incorporate the entire undersurface and
epidermal skin margin for histologic interpretation. The
slides are processed, stained, and reviewed by the Mohs
surgeon, who acts as both the surgeon and the pathologist. If
residual tumor is noted, the patient returns to the operative
suite and the exact area of positivity is again excised, mapped,
color-coded, and sent to the Mohs histotechnician for hori-
zontal frozen sectioning. This process is repeated until all
margins are free of tumor. In this manner, maximal normal
tissue is conserved, and 100% of the margin is examined.
Reconstruction can be performed immediately after margins
are free (Figure 60.8).

Mohs’ surgery is a labor-intensive technique and requires
an experienced team. Good-quality Mohs’ frozen sections are
essential and require additional histotechnician training and
experience. Mohs’ surgery often requires a multidisciplinary
approach for difficult tumors. Collaboration with surgeons
from other specialties such as plastic, oculoplastic, and 
head and neck is important for complex tumors and 
reconstructions.
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TABLE 60.6. Clinical trial of surgical excision for treatment of primary BCC.

Cosmetic
No. of Recurrence/persistent result

Study Year patients Randomized tumors Odds ratio (% good result)

Avril et al.92 1997 347 173 RT 11/173 (6%) RT 0.09 (95% CI, 69%
174 1/174 (<1%) 0.01–0.67) 87%
Surgery Surgery

RT, radiation therapy; CI, confidence interval.
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FIGURE 60.8. Schematic diagram of Mohs’ surgery technique for
the treatment of nonmelanoma cutaneous malignancy (NMSC).
Residual tumor is noted in stage I; the area of positivity is deli-

neated and excised in stage II. Once margins are tumor free, recon-
struction may occur.

Clinical Evidence

There have been no RCT comparing MMS with other treat-
ment modalities for treatment of NMSC. A systematic review
by Rowe et al. analyzed all studies since 1950 that reported
recurrence rates for primary BCC.57 The 5-year cure rate for
primary BCC treated with MMS was 99% (based on 7,670
tumors). For recurrent BCC, the 5-year cure rate for MMS was
94%. A study of 145 patients with primary BCC treated with
MMS and followed for 5 years demonstrated a raw recurrence
rate of 0.7% (1 in 145) and a strict recurrence rate of 0.8% (1
in 117).93 Mohs et al. reported on the efficacy on MMS for the
treatment of primary BCC located on high-risk sites such as

the ear and eyelid. A study of 1,032 patients with primary
BCC located on the ear, a known high-risk site for recurrence,
treated with MMS demonstrated a raw recurrence rate of
1.3% (13 in 1,032) and a strict recurrence rate of 1.7% (13 in
748).94 A similar study of 1,483 patients with primary BCC of
the eyelid, another high-risk site, showed a raw recurrence
rate of 0.5% (7 in 1,483) and a strict recurrence rate of 0.6%
(7 in 1,124).95

An extensive review of all studies since 1940 reported the
local recurrence rate for MMS, and standard surgical excision
documented a local recurrence rate of 3% for MMS compared
with 8% for primary surgical excision of cutaneous SCC.69

For primary SCC located on the lip, the recurrence rate was



3.1% compared with 10.9% for non-MMS. For SCC located
on the ear, the recurrence rate was 5.3% for MMS compared
with 18.7% for non-MMS modalities.

In sum, MMS is a highly effective treatment modality for
treatment of NMSC. Although there have been no RCT, MMS
offers exceptionally high cure rates with maximal preserva-
tion of normal tissue. Despite the lack of RCT, the profound
benefit of the procedure has been proven and documented in
the literature. The NCCN Non-Melanoma skin cancer panel
has recognized the benefit of MMS, and it is a primary treat-
ment modality for high-risk and recurrent lesions.

Radiation Therapy

Fractionated radiation therapy (RT) is an effective therapy for
NMSC and with proper tumor and patient selection can
obtain a cure rate greater than 90% with excellent cosme-
tic results. Favorable lesion characteristics include low- to
medium-risk tumors. Patient characteristics that would favor
RT include patients who are poor surgical candidates. Radia-
tion therapy is a primary treatment modality endorsed by the
NCCN guidelines. Experience and a clinical understanding 
of NMSC are vitally important. Contraindications for RT
include genodermatoses predisposing to skin cancer (nevoid
BCC syndrome and xeroderma pigmentosum) and connective
tissue disease (lupus and scleroderma).

Clinical Evidence

Two RCTs have been conducted comparing RT with
cryosurgery and surgical excision and have already been
described (see Tables 60.5, 60.6).80,92 Both trials demonstrated
low recurrence rates, ranging from 2% to 6%, and excellent
cosmetic results for the treatment of primary BCC. RT was
superior to cryosurgery but not surgical excision.

A large review of 2,314 patients with primary BCC treated
with RT showed a cumulative recurrence rate of 13.2%.61

Fischbach et al. reviewed 231 patients with BCC and 67
patients with SCC and found 2-year recurrence rates of 7.8%
and 14.9%, respectively.96 Petrovich et al. examined 447
primary BCC treated with RT and noted a 10-year recurrence
rate of 2%.97 In that same study, 115 patients with SCC were
treated with RT and had a 10-year recurrence rate of 12%.
This study showed a definite relationship in both BCC and
SCC between local control at 5 years and tumor size. Local
control at 5 years was 99% for lesions less than 2cm, 92%
for tumors 2 to 5cm, and 60% for tumors more than 5cm.

Lasers and Photodynamic Therapy

Laser therapy and photodynamic therapy (PDT) have been
reported for treating NMSC. Both are new technologies and
are considered experimental by the NCCN consensus com-
mittee. Zeitouni et al. performed a recent review of the lit-
erature, which consists primarily of case reports and small
series.98 Most of these cases involve low-risk, superficial
lesions that are easily treated by a variety of modalities. The
primary laser used to treat NMSC is the carbon dioxide (CO2)
laser. The CO2 is essentially a destructive modality similar
to ED&C. Photodynamic therapy involves the administration
of a photosensitizing drug (either systemic or topical) and 
its subsequent activation by light (laser or nonlaser light) 
to produce activated oxygen species that selectively destroy
target cells. Light sources include the diode laser and nonlaser
light such as filtered halogen or xenon arc lamps, blue light
fluorescent tubes, and light-emitting diode (LED) arrays.

Clinical Evidence

There has been no RCT comparing treatment of NMSC by
CO2 laser to other modalities. Early reports concerning the
effectiveness of CO2 laser therapy for primary BCC docu-
mented a 50% recurrence rate.99 However, a more-recent
study of 370 superficial BCC demonstrated no recurrences
with 20 months of follow up.100 In this study, however, curet-
tage was also used along with the CO2 laser. The use of CO2

laser for the treatment of SCC in situ has been reported.101

The high recurrence rate is most likely due to follicular
extension of the SCC in situ lesions, which is deeper than the
depth treated with the CO2 laser. In certain locations, such
as the penis and distal digit, CO2 laser has been reported to
be successful and preserve function and good cosmesis.102,103

The best indication for CO2 laser is in the treatment of the
precancerous condition actinic cheilitis. CO2 laser treatment
of actinic cheilitis by means of superficial vermilionectomy
has been extensively studied and is the treatment of choice.10

A RCT comparing PDT with cryosurgery for the treat-
ment of primary BCC was described previously (Table 
60.7). The study involved 88 primary BCC and compared
cryosurgery with topical photodynamic therapy (PDT) for
lesions located on the head, neck, and extremities; the follow
up was 1 year.82 The recurrence rate at 1-year follow-up con-
firmed histologically was 15% for the cryosurgery group and
25% for the PDT group. The photosensitizer was topically
applied 5-aminolevulinic acid (ALA). A systematic review of
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TABLE 60.7. Clinical trials for topical photodynamic therapy (ALA-PDT) for treatment of primary NMSC.

Tumor No. of patients Recurrence Clearance
Study Year type Randomization (number of lesions) Follow-up rate (%) rate (%)

Wang et al.82 2001 BCC PDT vs. Cryo 47 PDT 1 year 25% PDT
41 Cryo 15% Cryo

Morton et al.106 1996 Bowen’s PDT vs. Cryo 20 PDT 1 year 75% PDT (1 Tx)
20 Cryo 50% Cryo (1 Tx)

Salim et al.107 2000 Bowen’s PDT vs. 5-FU 20 PDT (33 lesions) 1 year 82% PDT (27/33)
20 5-FU (33 lesions) 48% 5-FU (16/33)

Morton et al.108 2000 Bowen’s Red light vs. 32 red 1 year 94% red (30/32)
green light 29 green 72% green (21/29)

Cryo, cryosurgery; PDT, topical ALA-photodynamic therapy; 5-FU, topical 5% 5-fluorouracil; Tx, treatment; BCC, basal cell carcinoma; Bowen’s, squamous cell
carcinoma in situ.



12 studies by Peng et al. demonstrated a weighted average
complete clearance rate of 87% for 826 superficial BCC
treated with PDT and a rate of 53% for 208 nodular BCC for
a short follow up period of 3 to 36 months.104 Nodular and
aggressive-growth pattern BCC respond poorly.

PDT has been documented to treat Bowen’s disease; 13
cases and 3 RCTs have been reported. A single ALA-PDT
treatment cleared 86% (6 studies, 71 of 83 patients); this
number rose to 93% when one or two treatments were per-
formed (9 studies, 239 of 257 patients).105 The recurrence rate
ranged from 0% to 40% (average, 12%) during a follow-up
period of 3 to 36 months, and most lesions were small. A RCT
comparing PDT with cryotherapy for the treatment of 40
small Bowen’s disease lesions demonstrated the PDT was at
least as effective as cryotherapy. PDT displayed a higher rate
of clearance, 75% after a single treatment compared with
50% for the cryotherapy group.106 A RCT comparing ALA-
PDT with topical 5-fluorouracil (5-FU) showed a complete
clinical response of 82% (27 of 33 lesions) for the ALA-PDT
group compared to 48% clearing (16 of 33 lesions) for the 5-
FU group at 12 months follow-up.107 Although these were
RCTs, the evidence they provide is suspect because of the
short follow-up period and response rates much lower than
with standard treatment modalities such as surgery, ED&C,
or RT. A RCT comparing different wavelengths of light used
as the light source for ALA-PDT demonstrated that the more-
penetrating red light (630 ± 15nm) had a significantly higher
clearance rate than green light (540 ± 15nm).108

The use of ALA-PDT for primary treatment of invasive
SCC is controversial. ALA-PDT has also been reported in the
treatment of SCC but is noted to have high recurrence rates
(up to 69%) and, in light of the metastatic potential, even
strong advocates of ALA-PDT do not recommend it for
SCC.105

In sum, the current evidence does not support the use of
laser therapy as a primary treatment modality for NMSC.
Similarly, current efficacy data do not support the introduc-
tion of PDT for the treatment of BCC, SCC in situ, and inva-
sive SCC without further studies. Currently, there are no
5-year follow-up data, and therefore no direct comparison 
of ALA-PDT can be made with conventional therapies.
However, considerably higher failure rates were associated
with PDT when compared to failure rates for surgery, radio-
therapy, and cryosurgery described in other studies.

Medical Treatments

Alternatives to surgical treatment of NMSC exist and may be
used in certain circumstances, such as debilitated patients or
extensive or multifocal lesions. Medical therapy of NMSC
includes the biologic response modifiers such as intrale-
sional interferon and topical 5% imiquimod cream, as 
well as topical chemotherapeutic agents such as topical 
5-fluorouracil.

Clinical Evidence

Intralesional Interferon

Three randomized controlled trials have been performed in
regard to intralesional interferon (IFN) and BCC (Table 60.8).
The first trial, of 165 patients with either nodular or superfi-
cial BCC on the head, neck, face, trunk, and extremities, com-
pared interferon-alpha-2b (IFN-a-2a) at 1.5 million units three
times weekly for 3 weeks with placebo vehicle in a 3 :1 ratio
of interferon-treated to placebo-treated patients.109 Early
treatment failure at 20 weeks confirmed by punch biopsy was
14% (17 of 120) in the interferon (IFN) group and 71% (30 of
42) in the placebo group. A second trial of 45 patients with
BCC was randomized to receive IFN-a-2a, IFN-b-2a, or a com-
bination.110 IFN-a-2a is a related cytokine with similar mech-
anism of action that differs from IFN-a-2b by only one amino
acid. Increased effectiveness was not shown with combina-
tion therapy. In the third RCT of 65 patients, a single dose of
10 million IU of a sustained-release IFN-b-2a was compared
with the same dose weekly for 3 weeks.111 The early treat-
ment failure measured histologically at 16 weeks was 48%
(16 of 33) in the single-injection group and 20% (6 of 30) for
the three-times-weekly injection.

The use of intralesional interferon as primary treatment
for SCC has been reported; however, no RCT exist. A trial of
28 invasive SCC and 8 SCC in situ were treated with intrale-
sional IFN-a-2b. Lesions ranged in size from 0.5 to 2.0cm.111

Each patient was injected with 1.5 million IU intralesionally,
three times per week. At 18 weeks, treatment sites were
excised and examined histologically for tumor persistence.
Thirty-three (97.1%) of 34 lesions revealed an absence of SCC
histologically after therapy, although three biopsy specimens
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TABLE 60.8. Medical therapy: clinical trials of intralesional interferon for treatment of primary BCC.

Randomization
No. of (number of Early treatment

Study Year patients patients) failure (%) Odds ratio

Cornell et al.109 1990 165 123 IFN-a-2a 14% IFN-a-2a  0.07 (95% CI, 0.03–0.15)
42 placebo 71% placebo

Alpsoy et al.110 1996 45 15 IFN-a-2a 33% IFN-a-2a No significant differences 
15 IFN-a-2b 33% IFN-a-2b with monotherapy or
15 IFN-a-2a + 27% IFN-a-2a + combination therapy

IFN-a-2b IFN-a-2b or between IFN-a-2a
and IFN-a-2b

Edwards et al.111 1990 65 33 single dose 48% single dose 4.08 (95% CI, 1.33–12.5)
32 three-times- 20% three-times-

weekly dose weekly dose

IFN, interferon.



(8.8%) obtained after treatment showed actinic keratoses, for
an overall complete response rate of 88.2%. The lesion not
eliminated after treatment was an invasive squamous cell 
carcinoma.

In sum, the evidence does not support the use of intrale-
sional IFN as a primary treatment modality for BCC or SCC.
Intralesional IFN has a high percentage of early failure rates
and does not compare with current standards of surgical or
radiotherapy cures.

Imiquimod

A total of 8 RCT were found regarding the use of topical
imiquimod 5% cream for primary BCC (Table 60.9). Beutner
et al. examined the efficacy and safety of imiquimod in the
treatment of superficial and nodular BCC located on the
trunk, ranging in size from 0.5 to 2cm2.112 A total of 35
patients were selected, with 24 receiving imiquimod and 11
receiving vehicle in one of five dosing regimens for up to 16
weeks. Treatment failures from the different dosing regimens
were combined and compared with the vehicle; there was a
significant reduction in early treatment failures with
imiquimod as compared to the vehicle [odds ratio (OR) 0.02;

95% confidence interval (CI), 0.00–0.02]. Geisse et al. com-
pared regimens of twice-daily, once-daily, 5 days per week, or
3 days per week versus vehicle for superficial BCC.113 Lesions
ranged in size from 0.5 to 2cm2. Early treatment failures were
0% (0 of 10), 13% (4 of 31), 11% (5 of 26), and 48% (14 of 29),
respectively; vehicle failure rate was 26 of 32 (81%).

Robinson et al. evaluated imiquimod for nodular BCC
using the same four regimens as Geisse for a period of 12
weeks.114 Early treatment failures were 25% (1 of 4), 24% (5
of 21), 30% (7 of 23), and 40 % (8 of 20), respectively; vehicle
early treatment failure rate was 78% (21 of 24). Marks et al.
examined imiquimod applied for 6 weeks in 99 patients with
superficial BCC.115 Lesions ranged in size from 0.5 to 2.0cm2.
Posttreatment biopsy clearance rates were reported as 100%
(3 of 3), 88% (29 of 33), 73% (22 of 30), and 70% (23 of 33) for
twice-daily, once-daily, 5 days per week, and 3 days per week
regimens, respectively. There was a trend toward higher doses
of imiquimod having fewer treatment failures as compared to
lower doses. Another trial of 99 patients evaluated treatment
of nodular BCC with imiquimod using various dosing
schemes.115 Results demonstrate a trend toward fewer treat-
ment failures using higher doses of imiquimod compared
with lower doses (OR, 95% CI, 0.18–1.01). Another study of
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TABLE 60.9. Medical therapy: clinical trials of topical imiquimod 5% cream for treatment of primary NMSC.

Randomization
No. of Tumor (number of Duration Early treatment

Study Year patients type patients) (weeks) failure (%) Odds ratio

Beutner et al.112 1999 35 sBCC 24 imiquimod 16 0.02 (95% CI, 0.00–0.20) 
nBCC (5 dosing regimens) imiquimod compared to

11 vehicle vehicle
Geisse et al.113 2001 128 sBCC 10 b.i.d. 31 q.d. 12 0% b.i.d. 13% q.d. 0.07 (95% CI, 0.03–0.2) 

26 five ¥ week 11% 5 ¥ week imiquimod compared to
29 three ¥ week 48% 3 ¥ week vehicle
32 vehicle 81% vehicle

Robinson et al.114 2001 92 nBCC 4 b.i.d. 21 q.d. 12 25% b.i.d. 24% q.d. 0.06 (95% CI, 0.02–0.24) 
23 five ¥ week 30% 5 ¥ week imiquimod compared to
20 three ¥ week 40% 3 ¥ week vehicle
24 vehicle 87% vehicle

Marks et al.115 2001 99 sBCC 3 b.i.d. 33 q.d. 6 0% b.i.d. 12% q.d. 0.31 (95% CI, 0.10–1.01) 
30 six ¥ week 27% six ¥ week higher doses compared 
33 three ¥ week 30% three ¥ week to lower doses

Shumack et al.116 2002 99 nBCC 1 b.i.d. 35 q.d. 6 0% b.i.d. 29% q.d. 0.43 (95% CI, 0.18–1.01)
31 six ¥ week 58% six ¥ week higher doses compared to
32 three ¥ week 41% three ¥ week lower dose

Shumack et al.116 2002 92 nBCC 4 b.i.d. 21 q.d. 12 0% b.i.d. 24% q.d.
23 five ¥ week 30% five ¥ week
20 three ¥ week 40% three ¥ week
24 vehicle 87% vehicle

Sterry et al.117 2001a 93 sBCC Occlusion vs. no 6 0.66 (95% CI, 0.29–1.52);
occlusion no significant difference 

in early treatment failure 
when occlusion was used

Sterry et al.117 2001b 90 nBCC 23 three ¥ week 6 35% three ¥ week 1.20 (95% CI, 0.29–1.52);
with occlusion with occlusion no significant difference 
24 three ¥ week 50% three ¥ week in early treatment failure 
without occlusion without occlusion when occlusion used
22 twice/week 50% twice/week
with occlusion with occlusion
21 twice/week 43% twice/week
without occlusion without occlusion

Mackenzie- 2001 16 SCC in 16 b.i.d. 16 7% b.i.d.
Wood et al.118 situ

sBCC, superficial BCC; nBCC, nodular BCC; CI, confidence interval; b.i.d., twice a day; q.d., once a day; three ¥ week, three times a week; five ¥ week, five times
a week; six ¥ week, six times a week.



92 patients with nodular BCC treated with once-daily, 5 days
per week, or 3 days per week imiquimod was compared with
vehicle.116 Early treatment failure rates were 24%, 30%, 40%,
and 87%, respectively.

Two studies examined the role of occlusion and found no
significant difference in early treatment failure rates.117 Sterry
et al. reported 90 patients with nodular BCC with regimens
of 3 days per week with and without occlusion and 2 days per
week with and without occlusion, respectively.117 Early treat-
ment failure rates were 35% (8 of 23), 50% (12 of 24), 50%
(11 of 22), and 43% (9 of 21), respectively, and there was no
significant difference in early treatment failure when occlu-
sion was used (OR 1.20; 95% CI, 0.29–1.52).

Imiquimod has been reported to treat SCC in situ. A
Phase II open labeled study examined the use of imiquimod
once daily for 16 weeks in 16 patients.118 Almost all lesions
were located on the legs (15 of 16), and lesions ranged in size
from 0.7 to 21.6cm2. Posttreatment biopsies at 6 weeks
revealed no residual tumor in 14 of 15 patients, correspond-
ing to an early treatment failure of 7% (1 of 15). One pa-
tient died of an unrelated illness before a biopsy could be 
obtained. Several case reports have documented the effi-
cacy of imiquimod in treating SCC in situ on the penis.119,120

Recently, 2 cases of SCC were reported treated with
imiquimod.121

Side effects and potential drawbacks for topical
imiquimod 5% cream include a high rate of significant local
skin reaction, such as erythema, pain, edema, vesicles,
erosion, and ulceration. In all studies local reactions were
common, and some patients were unable to finish studies 
secondary to moderate to severe local reactions.

No long-term study (3–5 years) of the efficacy of
imiquimod in the treatment of NMSC has been performed.
As stated previously, 1-year or shorter-duration follow-up
periods are inadequate and can falsely improve treatment
success rates. No RCT has compared imiquimod with 
standard treatment modalities such as ED&C, surgery, or
radiation.

5-Fluorouracil

Two RCTs were identified in the use of topical 5-fluorouracil
(5-FU) for the treatment of BCC (Table 60.10). The first trial
compared 5% 5-FU cream in phosphatidyl choline (PC)

vehicle with 5% 5-FU in petrolatum for nonsuperficial BCC
at least 0.7cm in greatest diameter, not located on the face.122

Early treatment failure measured histologically at 16 weeks
was 10% for the phosphatidyl choline cream compared with
43% for the petrolatum preparation. The second trial of 122
patients tested the efficacy of six treatment regimens using
5-FU/epinephrine gel.123 Overall, the six regimens had an
average early treatment failure of 9% documented histologi-
cally at 3 months after treatment. Side effects included local
irritation, erythema, and ulceration.

One RCT comparing 5-FU with PDT has been described
previously.107 The complete clearance rate of the 5-FU group
was 48% compared with 82% for the PDT group. Numerous
case reports and small series have reported successful treat-
ment of SCC in situ and invasive SCC following treatment
with 5-FU. Most of these studies had small numbers of
patients with short follow-up periods. Current evidence does
not support the use of topical 5-FU as a primary treatment for
BCC, SCC in situ, or invasive SCC.

Prevention and Follow-Up

Sun protective measures such as avoiding the sun during the
middle of the day, sun protective clothing and shade seeking,
and sunscreens are effective for NMSC prevention. A RCT
found significantly fewer new actinic keratoses with daily
sunscreen use versus placebo.124 Another RCT found a 40%
relative reduction in the incidence of SCC with daily appli-
cation of sunscreen to the head, neck, arms, and hands com-
pared with discretionary application.125

Patients who have been diagnosed with NMSC need con-
tinued follow up to facilitate early detection of new tumors
or tumor recurrence. Marcil and Stern performed a meta-
analysis of the risk of developing a subsequent NMSC in
patients with a history of NMSC in 2000.126 They found an
overall 3-year cumulative risk of a subsequent BCC after an
index BCC was 44%, which was at least a 10-fold increase in
incidence over baseline. Similarly, for SCC, the overall 3-year
cumulative risk was 18%, which was also a 10-fold increase
in incidence. All patients should be instructed on how to
perform self-skin examinations, and these should be per-
formed monthly. Additionally, patients with high-risk SCC
should be instructed to palpate the regional lymph nodes
monthly to detect for regional metastasis.
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TABLE 60.10. Medical therapy: clinical trials of topical 5-fluorouracil for treatment of primary NMSC.

No. of
patients

Tumor (number of Early treatment 
Study Year type lesions) Randomization failure (%) Conclusions

Romagosa 2000 BCC 13 (17 lesions) 10 5-FU/PC 10% 5-FU/PC 43% 5- Increased short-term clearance
et al.122 7 5-FU/PL FU/PL with 5-FU/PC over 5-FU/PL
Miller 1997 BCC 122 6 different treatment Overall 9% No statistically significant
et al.123 regimens using 5-FU/ differences between regimens

epi gel
Salim 2000 SCC in 40 (66 lesions) 20 5-FU (33 lesions) 52% 5-FU less effective for short-term
et al.107 situ 20 PDT (33 lesions) 18% eradication compared to PDT

5-FU, 5% 5-fluorouracil; 5-FU/PC, = 5% 5- fluorouracil cream in phosphatidyl choline vehicle; 5-FU/PL, 5% 5-fluorouracil in petrolatum; 5-FU/epi gel, 5% 5- 
fluorouracil/epinephrine gel; PDT, topical ALA-photodynamic therapy.
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Cancer of Unknown
Primary Site

F. Anthony Greco and John D. Hainsworth

n the United States, unknown primary cancers repre-
sented about 2% of all cancer diagnoses reported between
1973 and 1987.1 Registries from seven other countries

have listed incidences from 2.3% to 7.8%.2 These patients 
are heterogeneous with several clinical presentations and his-
tologic tumor types. Most have metastatic carcinoma of
unknown primary site, while others have equivocal patho-
logic diagnoses with tumors difficult to classify by light
microscopic examination. Specialized pathologic studies are
essential in diagnosing the type of neoplasm present in many
of these patients.

The nature or biology of the primary tumor in patients
with unknown primary cancers is enigmatic. The clinical and
biologic information suggest that some of these patients 
represent a distinct entity. Some of these patients have 
occult primaries found occasionally during the course of their
disease, and more commonly at autopsy. Several other possi-
ble explanations for the apparent absence of a primary cancer
can be contemplated. First, some patients have an unrecog-
nized primary neoplasm (not an unknown primary cancer)
inadvertently believed to represent a metastatic lesion.
Extragonadal germ cell tumor, lymphoma, melanoma, or
sarcoma are examples that arise from these lineages anywhere
in the body. Second, primary cancers may inexplicably invo-
lute or regress entirely after metastasis has occurred. This
notion is supported by the scarring seen occasionally in the
testicle of patients with metastatic germ cell neoplasms.
Third, tumors may have arisen from embryonic “rest cells”
failing to complete their appropriate migration in utero to
their appropriate tissue/organ. Extragonadal germ cell tumors
with primaries in the mediastinum or undescended testicu-
lar cancer are examples of this phenomenon. Fourth, the
pathogenesis of these carcinomas may result from a specific
genetic lesion present in all cells, and these tumors arise from
a second mutation or carcinogenetic event. This mechanism
is suggested by the unusual occurrence of metastatic adeno-
carcinoma of unknown primary site in monozygotic twin
brothers with primary immunodeficiency disorder (X-linked
hyper IgM syndrome).3 Finally, some of these cancers 
may arise from adult stem cells exhibiting plasticity.4,5

Hematopoietic stem cells are able to transform into several
cell types including liver, muscle, gastrointestinal, skin, and
brain.4 Some unknown primary tumors might continue to
reflect such a transformation of adult stem cells and may in
fact be “tumors of adult stem cells.” Seemingly metastatic
adenocarcinoma in lymph node, liver, bone, or elsewhere
may, in fact, have arisen from an adult stem cell with the

capacity to transform into any cell and subsequently develop
as a “primary” neoplasm in any of these tissues.5 Unknown
primary tumors all possess a metastatic phenotype. When a
primary is clinically undetectable, the natural history may in
some patients vary from known primary cancers.

Karyotypic analysis of metastatic carcinoma of unknown
primary site usually demonstrates diverse multiple complex
random abnormalities not yet helpful in most instances 
for diagnosis or classification but is more representative 
of advanced neoplasms of many types.6 No direct evidence
exists to support a common/nonrandom genetic profile for
even a portion of unknown primary tumors. Recently,
however, gene expression profiles of known primary tumors
suggest that the metastatic potential of tumors is encoded in
most of the primary tumor, rather than rare cells within the
primary tumor.7 About 10% of poorly differentiated carcino-
mas of unknown primary strongly express Her-2-neu,8 and
these patients may be reasonable candidates for a trial of 
anti-Her-2-neu antibody therapy (trastuzumab). The vascular
endothelial growth factor (VEGF)9,10 and the epidermal growth
factor receptor (EGFR) are also commonly expressed in
several epithelial neoplasms, including unknown primary
carcinoma, and therapy with EGFR and VEGF inhibitors is
being explored. A much better understanding of unknown
primary cancer is likely to arise from the development 
and study of gene expression profiling of these and other 
neoplasms.

Several important issues have changed over the past 20
years in oncology. Combination chemotherapy, often used
with surgery or radiation therapy, has proved to be potentially
curative for some patients with several metastatic tumors.
Palliation and prolongation of survival has been possible for
some patients with many other tumor types following sys-
temic therapy. Therapy is evolving. Several new and useful
biologic targeted agents such as rituximab, trastuzumab, ima-
tinib, and gefitinib are now available. Improving therapies for
several known solid tumors is relevant for patients with
unknown primary cancer because several of these patients are
also likely to respond to these therapies.

Electron microscopy and immunohistochemistry and
more recently molecular genetics are responsible for more
accurate and precise diagnosis of neoplasms. Several clinical
syndromes and features are also being recognized and are
helping physicians to better manage these patients.

Patient management requires an understanding of clini-
copathologic features that help to identify several subsets of
patients with more-responsive tumors. A patient with cancer
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of unknown primary site usually develops symptoms or signs
at a metastatic site, and the diagnosis is made by biopsy of a
metastatic lesion. History, physical examination, and other
evaluation of the patient fail to identify the primary site.
Routine light microscopic histology establishes the neo-
plastic process and provides a useful classification system on
which to further evaluate and manage these patients. There
are four major light microscopic diagnoses: (1) poorly dif-
ferentiated neoplasm, (2) poorly differentiated carcinoma
(with or without features of adenocarcinoma), (3) well-
differentiated and moderately well differentiated adenocar-
cinoma, and (4) squamous cell carcinoma.

Poorly Differentiated Neoplasms of Unknown
Primary Site

In these patients, the pathologic diagnosis of a neoplasm is
clear, but the lineage (e.g., carcinoma, lymphoma, melanoma,
sarcoma) is not established. A precise diagnosis is essential
for these patients because many have responsive tumors.
About 5% of all patients with cancers of unknown primary
site present with this diagnosis by initial light microscopic
appearance, but most are diagnosed by specialized pathologic
study. Thirty-five percent to 65% of poorly differentiated
neoplasms have large cell lymphomas after further pathologic
study.11–14 Most of the remaining tumors are carcinomas, with
melanoma and sarcoma accounting for less than 15%.

Immunoperoxidase tumor staining, electron microscopy,
and genetic analysis are helpful in the diagnosis. An adequate
biopsy is essential, and frequently a more-definitive diag-
nosis can be made by obtaining a larger biopsy. Special tissue
processing may be necessary for some pathologic studies.
Rarely tumors remain unclassifiable after additional special-
ized pathologic study.

Specialized Pathology

Immunoperoxidase staining is the most common and widely
available specialized pathologic technique for the classifica-
tion of cancers. Examples of some immunoperoxidase stain-
ing patterns that are useful in the differential diagnosis of
various neoplasms are listed in Table 61.1.

Many important issues can usually be answered by im-
munoperoxidase staining. The common leukocyte antigen
(CLA) stain is used to make the important distinction
between lymphoma and carcinoma.15,16 Staining for chromo-
granin and synaptophysin suggests a neuroendocrine carci-
noma. Prostate-specific antigen (PSA) staining highly suggests
prostate carcinoma.17,18 Some stains in appropriate clinical sit-
uations suggest breast carcinoma (e.g., estrogen or proges-
terone receptors, gross cystic fluid protein),15 sarcoma (e.g.,
positive staining for desmin, vimentin, factor VIII antigen, 
c-kit-CD117 stain),19–24 amelanotic melanoma (e.g., positive
staining for S-100 protein, vimentin, HMB-45) or germ cell
tumor [positive for the human chorionic gonadotropin
(HCG)].25,26

Poorly differentiated neoplasms identified as lymphoma
by positive CLA staining respond well to the combination
chemotherapy used for non-Hodgkin’s lymphoma.11 Their
survival was similar to a group of concurrently treated
patients who had typical non-Hodgkin’s lymphomas.
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Electron microscopy can be useful in some poorly differ-
entiated neoplasms, although it is not widely available,
requires special tissue fixation, and is relatively expensive. 
If the lineage of a tumor is unclear after routine light
microscopy and immunoperoxidase staining, electron
microscopy should be done. Electron microscopy is also reli-
able in differentiating lymphoma from carcinoma. It may be
superior to immunoperoxidase staining for diagnosis of poorly
differentiated sarcoma. Subcellular structures such as 
neurosecretory granules (neuroendocrine tumors) or preme-
lanosomes (melanoma) can suggest the tumor.

TABLE 61.1. Useful immunoperoxidase tumor staining patterns
in the differential diagnosis of neoplasms.

Immunoperoxidase staining Tumor type

Epithelial stains (e.g., CK 7, Carcinoma
20 variable)
EMA (+) CLA, S-100, vimentin (-) Lung carcinoma
TTF-1 (+) Adenocarcinoma
CK 7 (+), CK 20 (-) Other non-small cell carcinoma
TTF-1 (-)
TTF-1 (+), chromogranin (+) Small cell carcinoma
NSE (+)
CK 7 (-); CK 20 (+) Colorectal carcinoma
ER, PR (+) Breast carcinoma
Her-2-neu (+)
CK 7 (+), CK 20 (-)
Gross cystic fluid protein 15 (+)
Epithelial stains (+)
NSE, chromogranin, Neuroendocrine carcinoma
synaptophysin (+)
Epithelial stains (+)
HCG, AFP (+) Germ cell tumor
Placental alkaline phosphatase (+)
Epithelial stains (+)
PSA (+), rare false (-) and (+) Prostate carcinoma
Epithelial stains (+)
CK 7 (-), CK 20 (-) Thyroid carcinoma
Thyroglobulin (+), TTF-1 (+) Follicular/papillary
Calcitonin (+) Medullary

Sarcoma
Vimentin (+) Mesenchymal
Epithelial stains usually (-)
Desmin (+) Rhabdomyosarcoma
Factor VIII antigen (+) Angiosarcoma
CD117 (C-kit) (+) Gastrointestinal stromal tumor
S-100, vimentin, HMB-45 (+) Melanoma
NSE often (+)
Synaptophysin (-)
Epithelial stains (-)
CLA (+), rare false (-) Lymphoma
EMA occasionally (+)
All other stains (-)

+, positive result; -, negative result; AFP, alpha-fetoprotein; CK, cytokeratin;
CLA, common leukocyte antigen; EMA, epithelial membrane antigen; ER,
estrogen receptor; HCG, human chorionic gonadotropin; NSE, neuron-specific
enolase; PR, progesterone receptor; PSA, prostate-specific antigen; TTF-1,
thyroid transcription factor-1.



Genetic analysis (identification of chromosomal abnor-
malities and specific genetic changes) is becoming important.
Tumor-specific chromosomal abnormalities in diagnosis is
still limited but will likely become more important in the
future.

The majority of B-cell non-Hodgkin’s lymphomas 
are associated with tumor-specific immunoglobulin gene
rearrangements, and specific chromosomal changes have
been identified in some B-cell and T-cell lymphomas and in
Hodgkin’s disease.27,28 If the diagnosis of lymphoma cannot be
definitively established with either immunoperoxidase stain-
ing or electron microscopy, detection of chromosomal
translocations t(14:18); t(8:14); t(11:14) and others or the 
presence of an immunoglobulin gene rearrangement can be
diagnostic.

Other nonrandom chromosomal rearrangements associ-
ated with nonlymphoid tumors have been identified but are
unusual. Translocation of 11:22 (t11:22) has been found in
peripheral neuroepitheliomas, desmoplastic small round cell
tumors and in Ewing’s tumor.29–31 An isochromosome of the
short arm of chromosome 12 (i12p) and other chromosome 12
abnormalities are frequently found in germ cell tumors.32–34

Other nonrandom cytogenetic abnormalities found in tumors
include t(2:13) in alveolar rhabdomyosarcoma; 3p deletion in
small cell lung cancer; 1p deletion in neuroblastoma; t(X:18)
in synovial sarcoma; and 11p deletion in Wilm’s tumor.
Epstein–Barr viral genome found in tumor cells of patients
with cervical lymph node metastases of unknown primary
site suggests nasopharyngeal primaries.35,36

DNA microarrays are being evaluated in several neo-
plasms37 and hold promise as a method to classify neoplasms
based upon gene expression profiling, perhaps identifying 
specific genetic patterns independent of previous histologic
and biologic knowledge. This technique and others may 
eventually identify more specific tumor lineages or primary
tumor types. Molecular classification of unknown primary
carcinoma by gene expression is ongoing and is likely to
provide more useful diagnostic and therapeutic information
in unknown primary cancers.

Poorly Differentiated Carcinoma, with 
or Without Features of Adenocarcinoma, 
of Unknown Primary Site

Various subsets of patients with poorly differentiated carci-
noma have been identified in the past 15 years. Specialized
pathology has continued to improve and when used with 
clinical features has resulted in the recognition of several
favorable subsets of patients with specific therapeutic 
implications. Poorly differentiated carcinoma account for
about 30% of carcinoma of unknown primary sites, and about
33% have some features of adenocarcinomatous differentia-
tion (poorly differentiated adenocarcinoma). Some patients
have extremely responsive neoplasms, and therefore careful
clinical and pathologic evaluation is necessary in patients
with poorly differentiated carcinoma.

Clinical Characteristics

The clinical characteristics of these patients appear to differ
with considerable overlap from the characteristics of patients

with well-differentiated adenocarcinoma. When consider-
ing the whole group as compared to well-differentiated 
adenocarcinoma (see subsequent section), the median age is
younger and the symptom interval is shorter. Metastasis pre-
dominantly involve peripheral lymph nodes, mediastinum,
and retroperitoneum.

Pathologic Evaluation

Chemotherapy-responsive tumors cannot be identified by
light microscopic features. Immunoperoxidase staining is
essential, and for selected tumors electron microscopy and
genetic analysis is indicated. Rarely, lymphoma is diagnosed,
even though the light microscopic features are more typical
of carcinoma. Immunoperoxidase staining is helpful in the
routine evaluation of metastatic poorly differentiated carci-
noma. Occasionally, it may suggest the lineage of the tumor
and have specific therapeutic implications.38–40

Electron microscopy can also be useful for a minority 
of these carcinomas. Electron microscopy should be done 
for those tumors not diagnosed by immunoperoxidase 
stains. Lymphoma can be diagnosed reliably, and sarcoma,
melanoma, mesothelioma, and neuroendocrine tumors occa-
sionally are defined by subcellular features.

Chromosomal or genetic analysis is continuing to evolve
as an important diagnostic method. Several neoplasms have
specific abnormalities. Motzer and associates performed
genetic analysis on tumors in 40 poorly differentiated carci-
noma patients with the extragonadal germ cell syndrome or
“midline carcinomas of uncertain histogenesis.”41 In 12 of 
the 40 patients, abnormalities of chromosome 12 (e.g., i[12p];
del [12p]; multiple copies of 12p) were diagnostic of germ 
cell tumor. Other abnormalities diagnostic of melanoma (2
patients), lymphoma (1 patient), peripheral neuroepithelioma
(1 patient), and desmoplastic small cell tumor (1 patient) were
also seen. Of the germinal neoplasms diagnosed on the basis
of genetic analysis, 5 achieved a complete response to cis-
platin-based chemotherapy. These data confirmed our previ-
ously formulated hypothesis that some of these patients have
histologically atypical germ cell tumors.42,43 Additional spe-
cific genetic abnormalities or gene expression profiling in
solid tumors almost certainly will improve our ability to
establish tumor lineage or biology and perhaps also identify
specific targets to improve therapy.

In the limited necropsy data available that we have accu-
mulated, it appears that primary sites are found in only a
minority of these patients (about 40%). These observations
are contrary to those for well-differentiated adenocarcinoma
of unknown primary site, in which an occult primary site is
found in most patients (about 75%) at autopsy.44,45

Diagnostic Evaluation

A history, physical examination, and routine laboratory
testing, including a chest radiograph, should be done in each
patient. Any abnormalities are followed with appropriate
diagnostic testing. Computed tomography (CT) scans of the
chest and abdomen should be performed because of the fre-
quency of mediastinal and retroperitoneal involvement.
Serum levels of HCG and alpha fetoprotein (AFP) should be
measured. Elevations of these markers suggest the diagnosis
of germ cell tumor. Serum tumor markers, such as carci-
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noembryonic antigen (CEA), CA 125, CA 19-9, and CA 15-3
can help in monitoring response to chemotherapy but are not
specific enough to be useful in diagnosis. Positron emission
tomography (PET) scanning appears to have a role in sug-
gesting the primary cancer in about 20% to 30% of
patients.46–54

Treatment

Appropriate therapy can be given when additional pathologic
studies identify a specific neoplasm (e.g., lymphoma,
sarcoma). Patients with clinical features highly suggestive of
extragonadal germ cell tumor (e.g., mediastinal or retroperi-
toneal mass and elevated serum levels of HCG or AFP) should
be treated with chemotherapy effective for germ cell tumors.
Despite specialized pathologic study, most patients have mul-
tiple metastases and are left with the nonspecific diagnoses
of poorly differentiated carcinoma or poorly differentiated
adenocarcinoma. A small subset of these patients have highly
responsive tumors.43,55–57 These patients were usually young
men with mediastinal tumors; serum levels of HCG or AFP
were frequently elevated. These patients were thought to
have histologically atypical extragonadal germ cell tumors.
Other tumor types have also subsequently been identified in
some of these patients (i.e., thymoma, neuroendocrine
tumors, sarcomas, lymphomas), but many others have not
been precisely classified. Further evidence for the respon-
siveness of many other tumors in patients with poorly 
differentiated carcinoma of unknown primary site has 
accumulated since 1978.38,29,42,58–60

An update of our initial prospective study in 220 of
patients treated with cisplatin-based chemotherapy shows
the following: 12% of the entire group have remained alive
and free of tumor at a minimum follow-up of 6 years with a
range of 6–17 years; the median survival for all patients was
20 months (3 years for complete responders); of the 58 com-
plete responders, 22 patients remain relapse free (38%), rep-
resenting 10% of the entire group. These results supported
the notion that some of this poorly differentiated histology
represents more sensitive tumors than well-differentiated
adenocarcinoma, and prolongation of life was possible for
some of these patients with the expectation of cure for a small
minority. In those relatively rare patients with features of an
extragonadal germ cell tumor, a standard regimen for the
treatment of testicular or extragonadal germ cell tumors
should be administered.

We now know that a large number of the 220 patients in
the initial study had favorable subsets, each with a relatively
good prognosis: these included (a) patients with poorly dif-
ferentiated neoplasms otherwise not specified; (b) patients
with the extragonadal germ cell syndrome; (c) patients with
anaplastic lymphoma diagnosed as carcinoma; (d) patients
with primary peritoneal carcinoma; (e) patients with poorly
differentiated neuroendocrine carcinoma; and (f) patients
with predominant sites of tumor involving the retro-
peritoneum, mediastinum, and peripheral lymph nodes. The
nature of many of the other carcinomas remains obscure.
Others have also reported the responsiveness of selected
poorly differentiated carcinomas.61–66 Complete responses
were seen in 10% to 20% of these patients, and 5% to 10%
were long-term disease-free survivors. These results were
usually seen with platinum-based chemotherapy.

Our more-recent experience has excluded or stratified
these more-favorable subsets of patients in our clinical 
trials, with the remaining patients having more unfavorable
features and poor prognoses. These patients with unfavorable
features have a similar prognosis to the large majority of the
well-differentiated adenocarcinoma group (discussed later),
and thus we now include all these patients in new clinical
trials.

The Minnie Pearl Cancer Research Network has treated
396 patients since 1995 on five sequential prospective Phase
II clinical trials incorporating several newer drugs (paclitaxel,
docetaxel, gemcitabine, irinotecan). Patients with favorable
prognostic features were excluded from these trials. As 
discussed later, the long-term survival seen in these patients
suggests a major improvement in survival with these 
newer therapies.

Neuroendocrine Carcinoma of Unknown
Primary Site

These neoplasms have been more readily recognized in recent
years with the development of improved pathologic 
techniques. Well-differentiated or low-grade neuroendocrine
tumors such as typical carcinoid or islet cell tumors 
occasionally present with metastases, without a clinically
detectable primary site. These tumors usually have an indo-
lent natural history. Carcinoid tumors of unknown primary
have been appreciated for years.1 There are also two groups of
neuroendocrine tumors that are poorly differentiated by light
microscopy. The first group of tumors have neuroendocrine
light microscopic features (typical small cell, atypical carci-
noid, or poorly differentiated neuroendocrine carcinoma) and
act aggressively. The second group of neuroendocrine tumors,
recently recognized, has high-grade biology and usually no
neuroendocrine features by light microscopy. In this group,
the diagnosis by light microscopy is poorly differentiated car-
cinoma, and neuroendocrine features are only recognized
when immunoperoxidase staining or electron microscopy is
performed.

Low-Grade Neuroendocrine Carcinoma

In these tumors, the metastatic sites usually involves the
liver and/or bone, and these are sometimes associated with
clinical syndromes produced by the secretion of bioactive
substances (e.g., carcinoid syndrome, insulin production,
glucogonoma syndrome, vipomas [vasointestinal peptide pro-
ducing tumors], Zollinger–Ellison syndrome). Primary sites
should be sought in the small intestine (particularly the
ileum), rectum, pancreas, or bronchus.

These tumors usually exhibit an indolent biology, and
slow progression over years is typical. These patients should
be managed the same as those with metastatic carcinoid or
islet cell tumors from known primary sites. Intensive sys-
temic chemotherapy with cisplatin-based chemotherapy 
is not useful for most patients as the response rates are 
low.67 Appropriate management may include local therapy
(resection of isolated metastasis, hepatic artery ligation/
embolization, cryotherapy, radiofrequency ablation), treat-
ment with somatostatin analogues, streptozocin, doxoru-
bicin, 5-fluorouracil-based systemic therapy, or symptomatic
management.
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Small Cell Carcinoma

A lung primary should be suspected, but when no primary 
is identified, patients with small cell carcinoma should be
treated with combination chemotherapy as recommended for
small cell lung cancer. Paclitaxel, carboplatin, and oral etopo-
side is a very active therapy for these patients, and we have
continued to evaluate this regimen. Most of these tumors are
initially very sensitive to chemotherapy, and major palliative
benefit can be derived from treatment. Some patients will
enjoy long-term benefit. Rarely these tumors present as a
single metastatic site, and the addition of radiation therapy
and/or resection to combination chemotherapy should be
considered.

Poorly Differentiated Neuroendocrine Carcinoma

In a small minority of poorly differentiated carcinomas, elec-
tron microscopy reveals neurosecretory granules, a finding
diagnostic of neuroendocrine carcinoma. In the past, these
tumors have been called: poorly differentiated neuroen-
docrine tumors, atypical carcinoids, or primitive neuroecto-
dermal tumors. Electron microscopy is the most definitive
diagnostic technique, but most of the tumors also have typical
immunoperoxidase staining patterns with positive staining for
neuron-specific enolase, chromogranin, or synaptophysin.

We reported 29 patients with poorly differentiated 
neuroendocrine tumors of unknown primary site58 and later
updated our experience to include a total 51 of patients.68

These patients had clinical evidence of high-grade tumor, 
and the majority had metastases in multiple sites; 77% of
these patients responded to chemotherapy with a cisplatin-
based combination regimen, 13 patients (26%) had complete
responses, and 8 patients have remained continuously disease
free.

Currently, we are evaluating the combination of pacli-
taxel, carboplatin, and oral etoposide in patients with poorly
differentiated neuroendocrine tumors of unknown primary
site.69 Since 2000, 32 patients have been treated. The major-
ity of these patients had several sites of metastasis, with pre-
dominant tumor in the liver (18 patients), nodes (6 patients),
and mediastinum (2 patients). These patients also responded
well, with 4 complete responders and 12 partial responders.
Ten patients remain alive from 12 to 35 months later, and 4
remain progression free.

The origin(s) of these poorly differentiated neuroendocrine
tumors remain obscure. Genetic studies may be helpful if an
11:22 translocation (peripheral neuroepithelioma, soft tissue
Ewing’s sarcoma, or desmoplastic small round cell tumor) or
i(12p) abnormality (germ cell tumor) is identified. All these
patients without a specific diagnosis should be treated with a
trial of combination chemotherapy. Patients with a single site
of tumor involvement may be curable with local treatment
modalities alone; however, adjuvant chemotherapy should
also be administered in these patients if clinically feasible.

Adenocarcinoma of Unknown Primary Site

Clinical Characteristics

Well-differentiated and moderately well differentiated adeno-
carcinoma represent the most frequent light microscopic

diagnoses (60% of patients). Many physicians associate these
patients with the entity of unknown primary cancer. The
majority are elderly and have metastatic tumors at multiple
sites. The sites of tumor often determine the clinical presen-
tation. Common metastatic sites include liver, lung, bone,
and lymph nodes.

The primary tumor surfaces in only 15% to 20% of
patients during life.70 However, at autopsy an occult primary
site is detected in about 70% to 80% of patients. The most
common primaries identified at necropsy are the pancreas and
lung (about 40%).44 Adenocarcinomas from a wide variety of
other primary sites are also encountered, but infrequently. An
unexpected metastatic pattern is also observed for several of
these tumors. Occult pancreatic primaries more frequently
involve bone rather than liver, and occult lung and prostate
cancer less often involve bone. The clinical course and
response to various therapies of occult primary cancers may
also differ from that of known primaries.

Patients with metastatic adenocarcinoma of unknown
primary site have had a very poor prognosis, with a median
survival of only 3 to 4 months. Several patients have wide-
spread metastases and poor performance status at the time of
diagnosis. However, within this large group are subsets of
patients with more-favorable prognoses, as discussed later.
Furthermore, chemotherapy has improved in the past few
years, and many patients now are candidates for chemother-
apy with an expectation of clinical benefit and improved 
survival.

Pathology

The light microscopic diagnosis of well-differentiated or 
moderately well differentiated adenocarcinoma is based on
the recognition of glandular structures formed by neoplastic
cells. The site of the primary tumor cannot be determined 
by histologic examination. Certain histologic features typi-
cally are associated with some carcinomas, such as signet-
ring cells with gastric cancer and papillary features with
ovarian cancer, but are not specific enough to be diagnostic.
Immunoperoxidase stains and electron microscopy are not
helpful in providing additional information in most well-dif-
ferentiated or moderately well differentiated adenocarcino-
mas. Prostate-specific antigen stain (PSA) is an exception as
it is relatively specific for prostate cancer. Positive immunos-
taining for estrogen or progesterone receptors, gross cystic
fluid protein 15, or Her-2-neu suggests metastatic breast
cancer. Neuroendocrine stains [e.g., neuron-specific enolase
(NSE), chromogranin, synaptophysin] can occasionally iden-
tify an unsuspected neuroendocrine neoplasm. Several other
stains or batteries of stains have been evaluated71–76 and may
suggest the primary (see Table 61.1), but none are specific
enough to reliably diagnose the primary site. The diagnosis
of poorly differentiated adenocarcinoma should be viewed the
same as poorly differentiated carcinoma (see previous
section).

Diagnostic Evaluation

These patients should be evaluated similarly to that described
for patients with poorly differentiated carcinoma. An exhaus-
tive search for the primary site should not be done. Suspicious
clinical symptoms or signs and the extent of metastatic
disease should be evaluated. A thorough history and physical
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examination, standard laboratory screening tests (i.e., com-
plete blood count, liver function tests, serum creatinine, 
urinalysis), and chest radiography are indicated. All women
should undergo mammography and all men should have a
serum PSA determination. CT scans of the abdomen can
identify a primary site in about 20% of patients and fre-
quently are useful in identifying additional sites of metasta-
tic disease.77,78 Other symptoms, signs, or abnormal physical
and laboratory findings should be investigated with appropri-
ate diagnostic studies. An exhaustive evaluation looking for
the primary site is rarely useful, is expensive, and often
results in false-positive results. A consideration of gastroin-
testinal endoscopy is appropriate because several of these
primary tumor types are now more treatable than before.

PET scanning is an important addition for the evaluation
of potential primary sites. Various tumor markers (CEA, CA
15-3, CA 19-9, CA 125, B-HCG, AFP) have not proven to be
useful (except in rare instances) for diagnosis or prognosis but
can be used to follow the response to therapy.79,80

Treatment

This group of patients contains several clinically defined
subsets for which useful specific therapy is indicated. Most
tumors within these clinically defined subgroups are well- or
moderately differentiated adenocarcinomas, but a minority
are poorly differentiated carcinomas. Chemotherapy can now
be considered, with expectations for good palliation and
improved survival for the other patients (discussed later) who
do not fit into any of the subsets listed below.

Peritoneal Carcinomatosis in Women

Diffuse peritoneal carcinomatosis is typical of ovarian carci-
noma, although carcinomas from the gastrointestinal tract,
lung, or breast can occasionally produce this clinical picture.
It is now accepted that many of these women have a pri-
mary peritoneal carcinoma. Anecdotal case reports from the
1980s documented excellent responses to cisplatin-based
chemotherapy in women with this syndrome.81–84 Similar to
ovarian carcinoma, the incidence of primary peritoneal carci-
noma is increased in women with BRCA1 mutations.85

The clinical features are similar to ovarian carcinoma.
Most patients have elevated serum levels of CA-125 antigen.
An occasional patient presents with pleural effusion only, but
metastases outside the peritoneal cavity are not common.
The histologic features are usually similar to ovarian carci-
noma. Most of these patients should undergo laparotomy
with surgical cytoreduction followed by combination
chemotherapy. These patients are now treated as in ovarian
cancer and are considered clinically and biologically similar.
The overall results from therapy are similar to ovarian cancer.
Carboplatin plus paclitaxel or similar regimens considered
optimal for the treatment of advanced ovarian cancer would
seem a reasonable choice for initial chemotherapy.

Papillary peritoneal carcinomatosis or primary peritoneal
carcinoma has also been seen in men.86 It is difficult to confirm
the precise biology, and some of these tumors may be metasta-
tic from an occult primary from elsewhere. The study of gene
expression patterns in these patients may solve this dilemma
in the future. A trial of chemotherapy should be administered
in good performance status patients regardless of gender.

Women with Axillary Lymph Node Metastases

Axillary adenocarcinoma should be considered as arising from
an occult primary breast cancer in women. The histology 
is occasionally poorly differentiated carcinoma. Men with
occult breast cancer are very rare. The presence of estrogen
and/or progesterone receptors highly suggests the diagnosis of
breast cancer.87 These patients may have stage II breast cancer
with an occult primary, which is potentially curable with
appropriate therapy. Magnetic resonance imaging (MRI) and
PET are superior to mammography in identifying a breast
primary.88–90 In the past, modified radical mastectomy was
recommended. A clinically occult breast primary has been
identified after mastectomy in about 60% of patients.91–93

Prognosis is similar to that of other patients with stage II
breast cancer.91–95 Primary radiotherapy to the breast after
axillary lymph node dissection is a reasonable alternative
therapy. Either neoadjuvant or adjuvant chemotherapy should
be administered in this setting, similar to standard therapy
for stage II breast cancer.

Women who present with multiple metastatic sites
including the axillary lymph nodes may have metastatic
breast cancer. They should be considered for therapy for
metastatic breast cancer, particularly if serum levels of CA
15-3 or CA 27-29 are elevated and/or estrogen and proges-
terone receptor and/or Her-2-neu is positive in their tumor.

Prostate Carcinoma

Prostate-specific antigen levels should be measured in men
with adenocarcinoma of unknown primary site. In some
patients the clinical features (i.e., metastatic pattern) do not
suggest prostate cancer, but a positive prostate-specific
antigen (serum or tumor stain) is reason for a trial of hor-
monal therapy.96,97

Squamous Carcinoma of Unkown Primary Site

Squamous Carcinoma Involving Cervical and
Supraclavicular Lymph Nodes

Cervical lymph nodes are involved more often. These patients
are often elderly, and frequently they have abused alcohol or
tobacco. When the middle or upper cervical lymph nodes are
involved, a primary tumor in the head and neck region should
be suspected. These patients should have an examination 
of the oropharynx, hypopharynx, nasopharynx, larynx, and
upper esophagus by direct endoscopy, with biopsy of any sus-
picious areas. CT of the neck and PET are indicated as these
may also identify primary sites.50–54,98 Epstein–Barr virus
genome detected in the tumor tissue suggests a nasopharyn-
geal primary site.35,36 When the lower supraclavicular or 
cervical lymph nodes are involved, lung cancer should be 
suspected. Fiberoptic bronchoscopy should be performed,
because a lung primary is frequently found.99

Local treatment should be given to the involved neck
when no primary is found. Results in more than 1,400
patients using a variety of treatment modalities have been
reviewed.100–122 About 30% to 40% of patients achieved long-
term disease-free survival after local treatment modalities.
The results obtained using high-dose radiation therapy,
radical neck dissection, or a combination of these therapies
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have been similar. When resection alone is used in these
patients, a primary tumor in the head and neck eventually
becomes apparent in 20% to 40%. Radiation therapy 
techniques should be similar to those used in patients with
primary head and neck cancer,111 and the nasopharynx,
oropharynx, and hypopharynx may be included in the irradi-
ated field. Patients with involvement of supraclavicular nodes
and low cervical nodes do not do as well (10%–15% long-term
survival rates), probably because lung cancer is a frequent
occult primary site. Chemotherapy should also be considered,
but its role remains controversial, even though it is now clear
that combined chemotherapy and radiotherapy are superior
to radiotherapy alone in most locally advanced head and neck
squamous cancer.

Squamous Carcinoma Involving Inguinal 
Lymph Nodes

Primary sites in the genital or anorectal areas should be
sought. Identification of a primary site is important because
curative therapy is available for carcinomas of the vulva,
vagina, cervix, and anus, even after spread to regional lymph
nodes. About one-half of these patients with inguinal pre-
sentations have poorly differentiated carcinoma. In those
without identified primary tumors, surgical resection with or
without radiation therapy to the inguinal area sometimes
results in long-term survival. Neoadjuvant or adjuvant
chemotherapy should also be considered.

Squamous Carcinoma Metastatic to Other Sites

Metastatic squamous carcinoma in other areas usually repre-
sents metastasis from an occult primary lung cancer, and 
an appropriate evaluation is indicated. In good performance
status patients, chemotherapy with regimens employed in the
treatment of non-small cell lung cancer may be considered.
Other rare presentations include primaries from the head and
neck, esophagus, anus, and skin.

Poorly differentiated squamous carcinoma should be eval-
uated carefully. Occasionally, breast carcinoma undergo squa-
mous differentiation at metastatic sites. As is the case with
poorly differentiated adenocarcinoma, the diagnosis of poorly
differentiated squamous cell carcinoma is sometimes based
on minimal histologic findings. Specialized pathologic evalu-

ation with immunoperoxidase stains, electron microscopy,
and molecular studies should be considered. If the diagnosis
remains unclear, these patients should be considered for a
trial of therapy for poorly differentiated carcinoma (see pre-
vious section).

Chemotherapy for Metastatic Carcinoma of
Unknown Primary Site

Most patients with well-differentiated or moderately differen-
tiated adenocarcinoma and poorly differentiated carcinoma 
do not fit in one of the several favorable prognostic clinical 
subgroups. Chemotherapy of various types, in the past, has
produced low response rates, very few complete responses, 
and very few long-term survivals.2,68,122,123 The results of
chemotherapy in several reported prospective clinical trial
series in 1,515 patients from 1964–2002 have been reviewed.2,68

The overall response rates from these prospective clinical
studies varied from 8% to 39% (mean, 20%); complete respon-
ders were less than 1%, median survival 4–15 months (mean,
6 months), survival beyond 2 years was rarely reported, and
disease-free survival beyond 3 years was not reported.

We have also reviewed several retrospective reports of sur-
vival for 31,419 patients with unknown primary cancer1,124–131

(Table 61.2) to better define the natural history of this syn-
drome. Treatment was variable, and some patients received
no systemic therapy. These series contained patients now
known to fit into specific treatable or favorable subsets. The
median survival was 5 months with a 1-year survival of 22%
and 5-year survival of 5%. Survival at 1 year and beyond 
is likely represented by subsets of patients with a more-
favorable prognosis who received local therapy (squamous
cell carcinoma) or those with very indolent tumors (such as
carcinoids). Data in Table 61.3 support this assertion. Squa-
mous (epidermoid) carcinoma and well-differentiated neu-
roendocrine carcinoma (carcinoid, islet cell type histology)
reported in 2,971 patients from some of these series had
median, 1-year, and 5-year survival rates of 20 months and
66% and 30%, respectively. All the other patients in these
series (total of 26,029 patients) had median, 1-year, and 5-year
survival rates of 6 months and 20%, and 5%, respectively.

These historical control data need to be viewed with
several factors in mind. Some of the prospective series 

TABLE 61.2. Unknown primary cancer survival.a

Median survival One-year Five-year survival
Study No. of patients (months) survival (%) (%)

Charity Hospital127 453 4 13.9 3.3
John’s Hopkins128 245 3 18 2
Mayo Clinic129 150 4 12 0.7
Yale University124 1,268 5 23 6
M.D. Anderson125 1,000 11 43 11
University of Kansas126 686 6 21.5 5.1
SEER1 26,050 NR NR 5
Switzerland131 543 4 15 NR
Southeast Netherlands130 1,024 2.75 15 NR
Total 31,419 5 22 5

SEER, Surveillance, Epidemiology and End Results registries; NR, not reported.
a Includes treated and untreated patient groups, all histologies and clinical presentations.
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are small, and large randomized comparisons are lacking. In
addition, patients with all histologic types were included in
these series. The patients were not standardly evaluated or
compared in reference to sites of metastasis (nodal versus 
visceral), performance status, sex, age, or other known 
prognostic factors.

The chemotherapy for patients with adenocarcinoma and
poorly differentiated carcinoma who do not fit or conform to
a specific “treatable” or favorable subset has recently
improved. Several new drugs have been introduced into clin-
ical practice (taxanes, gemcitabine, vinorelbine, and topote-
can) with a rather broad spectrum of activity and are changing

the standard treatment for patients with several common
epithelial cancers.

The Minnie Pearl Cancer Research Network has com-
pleted five sequential prospective Phase II trials since 1995 in
396 patients incorporating paclitaxel,132,133 docetaxel,133,134

gemcitabine,135 and irinotecan136 into first-line therapy.
Except for a few exceptions (8 patients in the first two trials),
all these patients were considered to have poor prognostic fea-
tures (i.e., patients with known favorable prognostic features
were excluded). The chemotherapy regimens, patient charac-
teristics, response rates, and survivals are summarized in
Tables 61.4 and 61.5. The total response rate in the five clin-

TABLE 61.3. Survival of patients with well-differentiated neuroendocrine carcinoma and squamous
cell carcinoma.a

No. Median survival One-year Five-year 
Study (N) (months) survival (%) survival (%)

Well differentiated neuroendocrine 
carcinoma:

M.D. Anderson 43 26 75 34
Squamous cell carcinoma: 62 38 85 43
M.D. Anderson167

All other patients: M.D. Anderson 895 9 35 8
Squamous cell carcinoma: Yale166 148 9 39 15
All other patients: Yale 1,120 5 21 5
Epidermoid carcinoma: SEER1 2,670 NR NR 30
All other patients: SEER 23,380 NR NR 5
Squamous cell carcinoma: 48 10.1 NR NR
Switzerland173

All other patients: Switzerland 495 4 15% NR
Total Squamous/neuroendocrine 2,971 20b 66b,c 30c

All other patients 25,890 6b 20b 5c

SEER, Surveillance, Epidemiology, and End Results registries; NR, not reported.
a = Includes treated and untreated patients.
b SEER data not included in calculation (not reported).
c Switzerland data not included in calculation (not reported).

TABLE 61.4. Chemotherapy regimens and patient characteristics of five consecutive prospective Phase II studies in 396 patients from 1995
to 2002.

Study 5
Paclitaxel

Carboplatin
Study 1 Study 4 Etoposide

Paclitaxel Study 2 Study 3 Paclitaxel followed by
Carboplatin Docetaxel Docetaxel Carboplatin Gemcitabine

Etoposide Cisplatin Carboplatin Gemcitabine Irinotecan Total

Characteristics:
Number of patients 71 26 47 120 132 396
Male/female 35/36 13/13 25/22 64/56 67/65 203/193
Age, years

Median 72 60 56 58 59 62
Range 31–82 34–74 23–76 21–85 29–83 21–85

ECOG performance status -0 9 (13%) 10 (38%) 9 (19%) 27 (27%) 24 (18%) 79 (20%)
1 50 (70%) 10 (38%) 26 (55%) 77 (64%) 97 (73%) 260 (66%)
2 12 (17%) 6 (24%) 12 (26%) 16 (14%) 11 (9%) 57 (14%)

Histology
Adenocarcinoma (well differentiated) 34 (48%) 13 (50%) 18 (38%) 63 (53%) 59 (44%) 187 (47%)
PDC or PDA 30 (42%) 11 (43%) 28 (60%) 56 (46%) 72 (55%) 197 (50%)
Neuroendocrine carcinoma 6 (9%) 2 (7%) 0 (0%) 0 (0%) 0 (0%) 8 (2%)

(poorly differentiated)
Squamous carcinoma 1 (1%) 0 (0%) 1 (2%) 1 (1%) 1 (1%) 4 (1%)

Number of organ sites involved-1 28 (39%) 7 (27%) 15 (32%) 42 (35%) 41 (31%) 133 (34%)
≥2 43 (61%) 19 (73%) 32 (68%) 78 (65%) 91 (69%) 263 (66%)

PDC, poorly differentiated carcinoma; PDA, poorly differentiated adenocarcinoma; ECOG, Eastern Cooperative Oncology Group.
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ical trials was 30% (107 of 353 evaluable patients), with 85
(94%) partial responders and 22 (6%) complete responders.
The median survival is 9.1 months, and the 1-, 2-, 3-, 5-, and
8-year survivals are 38%, 19%, 12%, 8%, and 6%, respec-
tively (minimum follow-up, 1 year, maximum 8 years). The
median progression-free survival is 5 months, and the 1-, 2-,
3-, 5-, and 8-year progression-free survivals are 17%, 7%, 5%,
4%, and 3%, respectively. There have been no significant 
differences in survival when comparing the survival curves 
of all five Phase II studies. There was moderate toxicity, 
primarily myelosuppression, and 8 (2%) treatment-related
deaths.

Trials recently reported by others2,62,137–140 have confirmed
the activity of the newer cytotoxic agents, but long-term
follow-up has not yet been reported. The standard therapy 
for good performance status patients with carcinoma of
unknown primary site is with one of the newer cytotoxic
combinations as reported in the 396 patients in this chapter,
or as reported by others.137–140

The more-common patients with unknown primary ade-
nocarcinoma or poorly differentiated carcinoma who do not
fit or conform to any previously defined “treatable” or favor-
able subsets now have the opportunity to attain clinical
benefit from the new cytotoxic drug combinations. Random-
ized trials of treatment versus no treatment have not been
done, but the median survival as well as 1-, 2-, 3-, and 5-year
survival results are superior to the survivals recorded from
the past. The survival for patients with unknown primary car-
cinoma is now similar to the survival of several other groups
of advanced carcinoma patients receiving various types of
chemotherapy, such as advanced-stage non-small cell lung
cancer.

The Changing Role of Prognostic Factors

The prognoses of the various subsets of patients with poorly
differentiated neoplasm (otherwise not classified), poorly dif-
ferentiated carcinoma, well-differentiated adenocarcinoma,
squamous cell carcinoma, neuroendocrine carcinoma, and
those with a single small site of metastasis are relatively
good. Some other patients with poorly differentiated carci-
noma have chemotherapy-responsive tumors, and complete
responses and long-term survival have been documented for
a minority of these patients. Subsets of patients with a more-
favorable prognosis or other “favorable” prognostic factors
have been recognized. Many of these patients are managed

with specific therapies and have a better prognosis than the
group as a whole. Others have features associated with a
better prognosis when treated with chemotherapy. Both
pathologic and clinical factors can now define several patients
with a better prognosis (Table 61.6). For the most part, the
larger group of patients with well differentiated adenocarci-
noma have had relatively resistant tumors, with virtually 
no complete responses to chemotherapy, and no long-term
survivals in the past. This situation is now changing, as 
discussed previously.

Most patients who do not fit into a favorable subset have
a poor prognosis, regardless of their initial light microscopic
diagnosis (well-differentiated adenocarcinoma or poorly 
differentiated carcinoma). Recently, these patients have been
treated with several of the newer cytotoxic combinations
(taxanes, gemcitabine, and irinotecan), and modest improve-
ments in the response rate (with some complete responses)
and survival have been documented. In addition, the newer
cytotoxic combinations appear more effective with less 
toxicity than cisplatin-based chemotherapy, even for those
patients within favorable prognostic subsets who otherwise
require chemotherapy. For those rare patients with the extra-
gonadal germ cell syndrome, cisplatin-based therapy remains

TABLE 61.5. Responses and survival.

Study 1 Study 2 Study 3 Study 4 Study 5 Total

No. of patients 71 26 47 120 132 396
Partial response/ 48%/15% 22%/4% 22%/0% 21%/4% 23%/6% 30%/6%
complete response
1-year survival 48% 40% 33% 42% 35% 38%
2-year survival 20% 28% 28% 23% 16% 19%
3-year survival 14% 16% 15% 14% Too early 12%
5-year survival 12% 13% 10% Too early Too early 10%
8-year survival 8% Too early Too early Too early Too early 8%
Range of follow-up (years) 6.7–8 6–6.7 4.8–5.8 3–4.6 1–2 1–8
Minimum follow-up (years) 6.7 6 4.8 3 1 1

TABLE 61.6. Favorable prognostic factors in cancer of unknown
primary site.

1. Poorly differentiated malignant neoplasm (otherwise not
classified) (60% = lymphomas)

2. Extragonadal germ cell syndrome (PDA or PDC)
3. Retroperitoneal, mediastinal, and/or peripheral lymph node

involvement (PDA, PDC, WDA)
4. Squamous cell carcinomas (head/neck or inguinal area)
5. Isolated axillary adenopathy: women, rare in men (WDA, PDC,

PDA)
6. Peritoneal carcinoma: women, rare in men (WDA, PDC, PDA)
7. Blastic bone metastases or increased PSA in serum or tumor:

men (WDA, PDA, PDC)
8. Neuroendocrine carcinoma: high-grade or poorly differentiated

(small cell and others)
9. Neuroendocrine carcinoma: low-grade or well-differentiated

(carcinoid/islet cell type)
10. Single site of metastasis (WDA, PDC, PDA)
11. Performance status 0, 1 (with otherwise favorable features)
12. Normal serum LDH (with otherwise favorable features)

PDC, poorly differentiated carcinoma; PDA, poorly differentiated adenocarci-
noma; WDA, well-differentiated adenocarcinoma; LDH, lactic dehydrogenase.
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the treatment of choice. Additional study of the patients 
with poor prognoses is important to build on the progress 
seen with newer cytotoxic agent-based combination
chemotherapies.

Conclusion

The recognition of subsets of patients with more treatable
cancers within the large heterogeneous population of cancers
of unknown primary site represents an improvement in the
management of these patients. These patients with more-
responsive tumors can often be identified by clinical and
pathologic evaluation (Table 61.7). The outcome for patients
with cancers of unknown primary site is likely to improve as
the therapy for various other cancers improves. Several com-
bination chemotherapy regimens using newer agents have
recently found to be useful in previously “unresponsive”
patients (i.e., non-small cell lung cancer, colorectal cancer).
Recent data, as reported here, also support the benefit of
chemotherapy for many unknown primary cancer patients.
Improved therapy will likely be developed after a more 
thorough understanding of the basic biology of these and
other cancers is appreciated. Until then, empiric approaches
to better manage and treat these patients should continue.
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Solid Tumors of
Childhood

Crawford J. Strunk and Sarah W. Alexander

ancer in children, as compared with adults, is rare.
From 1993 to 2000, the incidence of cancer in chil-
dren and adolescents aged 0 to 19 years was approxi-

mately 160 cases per 1 million.1 Despite the relative rarity of
the disease and the progress made in therapy, cancer remains
the leading cause of disease-related death in children ages 1
to 19 years2 (Figure 62.1).

The most common forms of cancer are the acute
leukemias and central nervous system tumors. As a group,
solid tumors make up approximately one-third of all cancer
diagnoses in children. The incidence and types of solid
tumors vary by age1 (Figure 62.2). In general, African-
Americans and Asian/Pacific Islanders are less likely to
develop cancer than children who are Caucasian.1 Boys have
a higher incidence of cancer than do girls and also have
slightly lower overall cure rates.1

Screening and Family History

The childhood cancer that has undergone significant study
regarding utility of screening is neuroblastoma. Despite
extensive efforts, these screening programs have not been
shown to decrease disease-related mortality.3–6 There are,
however, children who are at increased risk of developing
cancer for whom screening is indicated.7 For example,
patients with Beckwith–Wiedemann syndrome benefit from
routine surveillance for Wilm’s tumor.8

For most children with cancer the disease is a sporadic
event; however, for a small fraction the disease is related to
a familial cancer syndrome. Certain clinical features should
make the clinician consider a familial cancer syndrome,
including cancer occurring at an unusually young age (com-
pared with the usual age of presentation for the type of
cancer), multifocal development of cancer in a single organ or
bilateral development of cancer in paired organs, develop-
ment of more than one primary tumor of any type in a single
individual, family history of cancer of the same type in a close
relative, high rate of cancer within a family, and occurrence
of cancer in an individual or a family exhibiting congenital
anomalies or birth defects.7

Environmental Factors

Environmental factors contribute to an increased risk of
cancer in children. Exposure to ionizing radiation increases
the risk of leukemia, thyroid cancer, and osteosarcoma.9–12

The risk of ionizing radiation associated with radiographic
procedures such as repeated X-rays and computed tomogra-
phy (CT) has led to considerations of more judicious use of
imaging studies in children.13 There is no measurable
increased risk associated with exposure to electromagnetic
pulses associated with underground transformers or high-
energy electrical stations.14

There are an increasing number of childhood cancer sur-
vivors who are at risk for secondary malignancies related to
the therapy of their primary cancer, such as chemotherapy-
related malignancies, most notably topoisomerase and 
alkylator-related leukemia, and radiation-related secondary
neoplasms, including sarcomas, skin cancers, and brain
tumors.15,16

Clinical Presentation

Persistent low-grade fevers, weight loss, and night sweats are
frequent presenting symptoms. Bony tumors often are diag-
nosed weeks to months after treatment of relatively minor
trauma whose symptoms fail to resolve.17 Most often,
however, a lump or mass, with or without pain, first noted
by either the parent or the child is usually the first present-
ing symptom in the child with a solid tumor.17

Principles of Therapy

Treatment of solid tumors in pediatrics involves the combi-
nation of chemotherapy, surgery, and radiation. In general,
clildren tolerate more intensive therapy than their adult
counterparts. Special considerations in children include
appropriate dosing of drugs (often based on limited pharma-
ceutical data); ability to comply with prescribed therapy (for
example, the need for anesthesia for radiation), and special
concerns for long-term toxicities of therapy.

Late Effects of Therapy

One in 900 adults are survivors of childhood cancer.18 These
individuals are at risk for significant long-term sequelae,
including growth impairment, infertility, endocrinopathies,
cardiac and pulmonary disease, hearing and visual deficien-
cies, and orthopedic problems as well as secondary malig-
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nancies.19 In addition, issues of school function and the psy-
chosocial impact of therapy often remain significant years
after the completion of therapy. Awareness and surveillance
of late effects has improved, and long-term follow-up guide-
lines for the care of patients who are survivors of childhood
cancer have been developed.20

Neuroblastoma

Epidemiology

Neuroblastoma (NB) is the most common extracranial solid
tumor in children, with a reported incidence of 8 
per 1 million children ages 0 to 19 years, which equates 
to approximately 600 new cases of NB diagnosed in the
United States every year.1 The peak age of incidence is in the
1- to 3-year-old age group. Most cases of NB are considered
sporadic; however, approximately 1% to 2% of all cases are
familial.21

Biology and Histology

Neuroblastoma cells are derived from primitive sympathetic
chain cells, and a portion of these tumors have amplification
of the n-myc oncogene, which resides on the distal end of the
short arm of chromosome 2.22 Some tumors have double
minute chromatid bodies in which the region containing the
n-myc oncogene has become amplified as an extrachromoso-
mal component.23 Transgenic mice that have targeted expres-
sion of n-myc develop neuroblastoma-like tumors.24 Other
genetic abnormalities associated with neuroblastoma cells
include the chromosome 1p deletions, gain of 17q, and abnor-
mal expression of Trk-A, a member of the neurotrophin recep-
tor family important in the regulation of cell survival and
growth.25–27 Histologically, neuroblastomas are small uni-
formly sized cells with associated neuropil. The presence of
Homer Wright pseudorosettes is a common diagnostic
feature.

Clinical Presentation

Children with localized neuroblastoma may present only
with a painless mass that may be found incidentally by
imaging done for unrelated reasons.17 An advanced disease
may present with persistent fevers, bone pain, signs of spinal
cord compression, or “raccoon eyes” with disease metastatic
to the orbits.28 Children can present with catecholamine-

mediated signs or symptoms, such as hypertension or, rarely,
vasoactive intestinal polypeptide(VIP)-induced diarrhea,28 and
rarely paraneoplastic symptoms, including opsoclonus
myoclonus.

Diagnosis and Staging

Any patient suspected of having neuroblastoma requires
complete staging evaluation including CT of the chest,
abdomen, and pelvis, bilateral bone marrow aspirates and
biopsies, bone scan and metaiodobenzylguanidine (MIBG)
scan, and urine specimens for catecholamines and
homovanillic acid (HVA) and vanillylmandelic acid (VMA).29

Fluorodeoxyglucose-positron emission tomography (FDG-
PET) scanning of patients with neuroblastoma is evolving for
staging and treatment response.30–32 Diagnosis is usually by
light microscopic evaluation of a biopsy, although some
patients with widely disseminated disease are diagnosed 
by bone marrow evidence of disease and elevated urine 
catecholamines.

Anatomic staging of neuroblastoma is based on the 
International Neuroblastoma Staging System (Table 62.1).29

Special consideration must be made with regard to stage 4S,
or “special” disease. Patients with 4S disease are those under
1 year of age who present with tumor that may be metasta-
tic but is limited only to liver, skin, and bone marrow (with
less than 10% involvement).33

Prognostic Factors

Age (with younger children having a better outcomes) and
stage of disease remain critical prognostic determinants. Bio-
logic factors that have been validated to be associated with a
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FIGURE 62.1. Leading causes of death in children ages 1 to 14 years.

Retinoblastoma 4

Germ cell
tumors 4.7

Neuroblastoma
and other sympathetic
nervous system tumors
10.5

Soft tissue sarcoma 10

Bone tumors 6.5

Wilms’ tumor and other
renal tumors 8.6

Hepatoblastoma and other
liver tumors 1.9

Other 6.3

FIGURE 62.2. Incidence rates of solid tumors in children less than
15 years of age.

TABLE 62.1. International neuroblastoma staging system.

Stage Definition

1 Localized tumor with gross total resection
2a Localized tumor with incomplete resection
2b Localized tumor with or without incomplete resection 

with ipsilateral positive nodes
3 Tumor that has spread across midline by either direct 

extension or by lymph node metastasis 
4 Disseminated disease with distant metastasis
4s See text for full description of this stage

Source: Adapted from Brodeur et al.,29 by permission of Journal of Clinical
Oncology.



less-favorable prognosis include amplification of the n-myc
oncogene, hypodiploid cells, and 1p LOH (loss of heterozy-
gosity).34–38 The staging system developed by Shimada, which
includes data regarding patient age, stage, and histopathologic
information, has been shown to be a valid prognostic tool.39

Current Principles of Therapy

Surgery, radiation, and chemotherapy are all important tools
in the therapy of children with neuroblastoma. The Chil-
dren’s Oncology Group (COG) neuroblastoma trial used a
risk-based treatment plan (Table 62.2). Age of the patient,
stage of the disease, n-myc status, Shimada histology of 

the tumor, and DNA index determine these risk groups.
Patients with low-risk disease have an excellent event-free
survival and overall survival rate with tumor resection 
alone, including those who do not have a gross total resection
(Table 62.3). In addition, those patients who do relapse 
are highly likely to be cured with salvage surgery and
chemotherapy.40,41

Patients with intermediate-risk neuroblastoma also have
a very good prognosis, although they require significantly
more intensive therapy (see Table 62.3). They are treated with
multiagent chemotherapy, most often including cyclophos-
phamide, doxorubicin, cisplatinum, or carboplatinum and
etoposide. Surgery is often done after initial induction
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TABLE 62.2. Risk group schema for neuroblastoma.

INSS stage Age MYCN status Shimada histology DNA ploidy Risk group

1 0–21 years Any Any Any Low
2A/2B <365 days Any Any Any Low

≥365 days–21 years Nonamplified Any — Low
≥365 days–21 years Amplified Favorable — Low
≥365 days–21 years Amplified Unfavorable — High

3 <365 days Nonamplified Any Any Intermediate
<365 days Amplified Any Any High
≥365 days–21 years Nonamplified Favorable — Intermediate
≥365 days–21 years Nonamplified Unfavorable — High
≥365 days–21 years Amplified Any — High

4 <365 days Nonamplified Any Any Intermediate
<365 days Amplified Any Any High
≥365 days–21 years Any Any — High

4s <365 days Nonamplified Favorable >1 Low
<365 days Nonamplified Any = 1 Intermediate
<365 days Nonamplified Unfavorable Any Intermediate
<365 days Amplified Any Any High

Source: By permission of the Children’s Oncology Groups INSS, individual neuroblastoma staging system; MYCN,
status of the N-MYC oncogene.

TABLE 62.3. Selected clinical trials for therapy of low- or intermediate-risk neuroblastoma.

Group/date of Intervention/chemotherapeutic 
study closure Stage regimen N EFS/OS/ median F/U Reference

CCG 3881 1995 1 Surgery alone 374 93%/99% at 4 years for stage 1 Perez 200041

81%/98% at 4 years for stage 2
POG 9047 1998 1 Surgery alone 329 91%/96% at 5 years Alvarado 200040

POG 8742/9244 2B/3 Complete resection vs. 49 85% EFS with complete Strother 1997274

1994 incomplete resection with both resection at 2 years
groups treated with either 70% EFS with incomplete
VCR/CDDP/VP16/CPM (8742) resection at 2 years
or VCR/CARBO/VP16/CPM 
(9244) with second look surgery 
± XRT

CCG 3891 1995 3 Stage 3 patients stratified by age 143 lower Biologically favorable any age Matthay 1998275

and biologic features risk 100%/100% at 4 years
Lower-risk patients treated with 85 higher Biologically unfavorable age 

less-intensive therapy per risk <1 90%/93%
(CDDP, CPM, DOXO, ETOP) Biologically unfavorable age 

Higher-risk patients treated with >1 54%/65%
dose-intensive therapy and 
randomized to ABMT vs. 
chemotherapy

ABMT, autologous bone marrow transplant; CARBO, carboplatin; CDDP, cisplatin; CPM, cyclophosphamide; DOXO, doxorubicin; CCG, Children’s Cancer Group;
EFS, event-free survival; OS, overall survival; F/U, follow-up; POG, Pediatric Oncology Group; VCR, vincristine; VP16/ETOP, etoposide; XRT, radiotherapy.
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TABLE 62.4. Selected clinical trials of the treatment of high-risk neuroblastoma.

Group/date Intervention/chemotherapeutic 
study closed Stage regimen N Outcomes/comments Reference

Study Group 4 Comparison of 3 induction 301 EFS 23%–36%, OS 32%–42% at 5 years, Kaneko 2002276

of Japan regimens: CDDP, CPM, VCR, worse outcomes in those with amplified
1999 DOXO vs. CPPD, CPM, ETOP, n-myc, improved outcomes for those with

DOXO vs. dose intensive intensified chemotherapy, of note not all
CDDP, CPM, ETOP, DOXO patients underwent SCT
with SCT

EBMT STR 4 Nonrandomized megatherapy 110 26% EFS at 5 years, those patients with Ladenstein 199843

1992 with SCT after induction evidence of disease in bone or bone 
chemotherapy and surgery marrow at time of SCT fared worse

CCG 1996 3/4 Induction chemotherapy followed 539 Outcomes for those undergoing SCT Matthay 199942

by SCT vs. continued superior to those treated with chemo alone
chemotherapy, followed by (EFS at 3 years 34% vs. 22%, respectively)
CRA vs. no CRA Outcomes for those treated with CRA 

superior to those with no further therapy 
(EFS at 3 years 46% vs. 29%

DFCI/CHOP/ 3/4 Single arm induction therapy  39 58% EFS at 3 years (estimated) Grupp 200044

Emory/Utah followed by tandem SCT
1998

Chicago Pilot 4 Single arm induction therapy + 26 57% EFS at 3 years Kletzel 200246

II Study 2000 triple SCT

SCT, stem cell transplant; CDDP, cisplatin; CPM, cyclophosphamide; CRA, cis-retinoic acid; DOXO, doxorubicin; CCG, Children’s Cancer Group; VCR, vin-
cristine; ETOP, etoposide; DFCI, Dana-Farber Cancer Institute; CHOP, Children’s Hospital of Philadelphia; EBMT STR, European Bone Marrow Transplantation
Group Solid Tumor Registry.

TABLE 62.5. Selected clinical trials of the treatment of infants with neuroblastoma.

Group/date
study closed Stage Intervention/regimen N EFS/OS/median F/U/comments Reference

POG— 4/4s Stage 4 treated with CPM/DOXO. Stage 4: 62 Stage 4: 40%/60% at 5 years (est) Strother 1995277

infant second-look surgery
1987 Stage 4s treated with stage 4 Stage 4s: 51 Stage 4s: therapy group: 75%/88%, vs.

regimen vs. observation observation group: 50%/92%
POG 1996 4s Determine prognostic relevance 110 85% EFS at 3 years Katzenstein 199849

of age and tumor biology in No significant difference in those who 
addition to impact of therapy received therapy vs. observation alone;

those with unfavorable biology had a
significantly worse outcome

CCG 1995 4s Supportive care or low-dose 80 86%/92% for all patients at 5 years Nickerson 200048

therapy in symptomatic patients

CPM, cyclophosphamide; DOXO, doxorubicin; CCG, Children’s Cancer Group; POG, Pediatric Oncology Group.

chemotherapy. Radiation therapy is used to treat postsurgical
residual disease.

Improvement of therapy for patients with high-risk neu-
roblastomas has been modest, with an overall survival of 30%
or less.42 Treatment usually involves multiagent induction
chemotherapy, surgical resection of the primary site of
disease, and radiation of residual disease followed by autolo-
gous stem cell transplantation (Table 62.4). Autologous stem
cell transplant has been shown to have a measurable impact
on overall survival.42–47 In addition, in this high-risk group the
use of isotretinoin posttransplantation, which is thought to
induce differentiation of neuroblastoma cells, has been shown
to be of benefit.42

Unique to neuroblastoma is the therapy of stage 4s
disease. Despite widely disseminated disease, so long as the
biology of the tumor is favorable, infants treated with surgery
of the primary tumor site and little if any subsequent
chemotherapy have an excellent prognosis (Table 62.5).48,49

Late Effects of Therapy

Late effects of treatment for neuroblastoma are dependent on
the therapy required. Patients with high-risk disease are at
greatest risk of significant long-term morbidity, including
cardiac and renal dysfunction, short stature, hearing loss, and
secondary malignancies.50,51



Wilms’ Tumor and Other Renal Tumors

Epidemiology

Wilms’ tumor is the most common renal cancer in children,
with an incidence of 7.6 per million children less than 15
years of age per year.1 The mean age of presentation is 3 years
for unilateral disease and 2 years for bilateral disease.52

Wilms’ tumor is associated with several congenital 
syndromes, including WAGR (Wilms’ tumor, aniridia, 
genitourinary malformations, and mental retardation), 
Beckwith–Wiedeman, sporadic hemihypertrophy, and
Denys–Drash syndromes.53,54 These patients often present at
younger ages and have a higher incidence of bilateral disease
but have excellent prognosis with modern treatment 
regimens.55,56

Biology and Histology

Wilms’ tumor is associated with the loss of function of
certain tumor suppressor genes, including Wilms’ tumor sup-
pressor genes 1 and 2 (WT1 and WT2), as well as the familial
loci FWTI and FWT2.57 In addition, the loss of heterozygos-
ity of 16q as well as 1p is found in Wilms’ tumor patients and
may be associated with poor outcome.58 The histology of
Wilms’ tumor classically includes three distinct cell types:
the blastema, stromal, and epithelial. Anaplasia in Wilms’
tumor is described as the presence of cells within the tumor
sample with very enlarged polypoid nuclei.59

Clinical Presentation

Wilms’ tumors most commonly present with parent-detected
abdominal distension or an abdominal mass or abdominal
pain, gross hematuria, or hypertension.60

Diagnosis and Staging

The initial evaluation of a child suspected of having Wilms’
tumor should include CT of the chest, abdomen, and pelvis
and a renal ultrasound (with evaluation for intravascular
tumor spread). Rare perioperative sudden death has been
reported from pulmonary emboli from intravascular tumors.61

Primary nephrectomy is the initial therapy for most children
treated in North America, and therefore initial biopsy for
diagnosis is usually not undertaken. Patients with clear cell
sarcoma and rhabdoid tumors of the kidney should also have
radionucleotide bone imaging in addition to magnetic reso-
nance imaging (MRI) evaluation of the brain. The National
Wilms Tumor Study Group (NWTSG) has long-standing
staging criteria that are used for all pediatric renal tumors,
irrespective of histology (Table 62.6).62

Prognostic Factors

Tumor stage is an important factor in prognosis, along with
tumor histology, with those with anaplastic disease having
worse outcomes than others.59,63 Biologic factors that are asso-
ciated with worse outcomes include loss of heterozygosity at
arms 16q and 1p.58

Current Principles of Therapy

Patients with stage 1 favorable histology (FH) (no anaplasia)
WT have an excellent prognosis with primary nephrectomy
and short-duration chemotherapy with vincristine and actin-
omycin and possibly with vincristine alone.64–67 Small tumors
(less than 550g) and age less than 24 months at diagnosis have
been shown to be favorable prognostic factors,68 prompting
the evaluation of nephrectomy alone in this population. This
strategy was evaluated in the NWTS-V study. The study was
closed when the strict stopping rules were met with excess
relapse rate in the group who did not receive adjuvant
therapy; however, the overall survival (OS) at 2 years in both
groups remains 100%.69

Patients with stage II or III favorable histology Wilms’
tumor have an OS between 80% and 90%.70 The recent group
studies have focused on minimizing long-term risks of
therapy, primarily the risks of cardiomyopathy from adri-
amycin and the risks of second malignant neoplasms and
effects on growth and fertility from radiation therapy. For
patients with stage II FH WT, neither the addition of adri-
amycin to actinomycin and vincristine nor the addition of
abdominal radiation improved OS.66,67 For patients with stage
III disease, the addition of adriamycin and abdominal radia-
tion both lead to statistically significant although modest
improvements in OS, with some protocols using neoadjuvant
chemotherapy.67,71,72

Patients with stage IV Wilms’ tumor (WT) metastatic to
lung also have a very good OS of approximately 80%. In
NWTS-3, patients received vincristine, actinomycin, and
adriamycin in addition to whole-lung irradiation, with
abdominal radiation only for those with stage III abdominal
disease.67,70 In an attempt to avoid the acute and chronic 
toxicities of pulmonary radiation, the International Society 
of Paediatric Oncology (SIOP) investigated the use of
prenephrectomy chemotherapy. Those who obtained a com-
plete response (CR) in terms of their pulmonary disease after
6 weeks of therapy did not receive pulmonary radiation
therapy, with a relapse-free survival (RFS) and OS of 83%.73

Patients with stage V disease (bilateral disease) provide
unique challenges in terms of providing effective cancer
therapy while at the same time allowing for the preservation
of adequate renal function. For those patients with favorable
histology, the use of “nephron-sparing” surgery, with resec-
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TABLE 62.6. Staging system for renal tumors according to the
National Wilms Tumor Study Group.

Stage Description

I Tumor confined to the kidney and completely resected.
II Tumor extends beyond the kidney but is completely 

resected. Includes at least one of the following: 
penetration of the renal capsule, invasion of the renal 
sinus vessels, biopsy of the tumor prior to removal, local 
tumor spill.

III Gross or residual microscopic tumor postoperatively, 
including inoperable tumor, positive surgical margins, 
tumor spillage involving peritoneal surfaces, regional 
lymph node metastases, or transected tumor thrombus.

IV Hematogenous or lymphatic metastasis outside the 
abdomen (e.g., lung, liver, bone, brain)

V Bilateral renal tumors at onset

Source: From Beckwith,62 by permission of Pediatric and Developmental
Pathology.



tion of tumor masses, as opposed to nephrectomy in addition
to neoadjuvant chemotherapy, has led to overall survival rates
approaching 70%, with 80% of survivors having normal renal
function in long-term follow-up.74,75

The Use of Neoadjuvant Therapy

The use of prenephrectomy chemotherapy has been a source
of much controversy, with North American institutions tra-
ditionally not pursuing neoadjuvant therapy whereas it is the
standard of care in many European centers.76 A series of
studies done by SIOP has investigated various durations of
preoperative chemotherapy with the goal of decreasing the
need for abdominal irradiation by making more tumors
amenable to complete surgical removal and decreasing the
rate of intraoperative tumor rupture or spill.77,78 This strategy
has not been followed by the NWTSG because of concerns of
misdiagnosis by reliance on initial biopsy alone, difficulty in
interpreting histologic information in pretreated tumors, and
loss of upfront staging information.70

Therapy for Relapsed Disease

Patients with recurrent Wilms’ tumor who have not previ-
ously received doxorubicin, who have an abdominal recur-
rence only and did not receive prior abdominal radiation
therapy, and those who relapse more than 12 months after
completions of primary therapy have a relatively favorable
prognosis.79 Chemotherapeutic agents used in this group
include carboplatinum, etoposide, ifosfamide, and cyclophos-
phamide. The use of stem cell transplant for patients with
less-favorable characteristics has been explored, but there are
no data to date that reveal superiority of this modality.80,81

Late Effects of Therapy

Renal failure posttherapy for Wilms’ tumor is relatively rare
(less than 1%) and is most often caused by either bilateral
nephrectomy done as therapy of bilateral disease, secondary
to underlying renal disease (Denys–Drash syndrome), or by
radiation nephritis.82 Other significant late effects include
risk of cardiac dysfunction (primarily related to adriamycin),
pulmonary disease and infertility (primarily related to radia-
tion), and second malignant neoplasms.83–85

Other Renal Tumors

Clear Cell Sarcoma of the Kidney

Clear cell sarcoma of the kidney is the second most common
renal neoplasm in children. Mean age of diagnosis is 36
months with a 2:1 male to female preponderance.86 These
tumors metastasize to bone in addition to lung, brain, and
other soft tissues.87 The outcome of patients with clear cell
sarcoma is inferior to that for those with a favorable histol-
ogy Wilms’ tumor. Use of doxorubicin in the therapy for
patients with clear cell sarcoma appears to be important.86

Rhabdoid Tumor

Rhabdoid tumor of the kidney is an extremely aggressive
renal neoplasm that usually presents in infancy. The tumor

is extremely rare in those over the age of 5 years, with 85%
of patients presenting before the age of 2 years.88 The clinical
presentation of children with rhabdoid tumor differs some-
what from those with Wilms’ tumor in that they are more
likely to have gross or microscopic hematuria, fever, and
hypercalcemia.89

Rhabdoid tumors, whose cellular origin is unknown, were
initially described as a distinct entity in 197890 and contain a
unique deletion of 22 q11-12, localized to the hSNF5/INII
gene, which occasionally is a germ-line mutation.91

Patients with rhabdoid tumors (majority in stage III or IV)
have a dismal prognosis, with 80% of children dead of 
progressive disease within 1 year of diagnosis88,92 despite
aggressive chemotherapy, surgery, and radiation therapy.93 A
unique association with rhabdoid tumor is the finding of asso-
ciated brain tumors that may be either from metastatic
disease or from synchronous tumors in a susceptible host.
Staging at the time of diagnosis must include an MRI of the
brain.

Renal Cell Carcinoma

Renal cell carcinoma is extremely rare in children. When it
does occur, evaluation and therapy are based on data from
adult studies. There are two unique forms of renal cell carci-
noma that rarely occur in children. The first is associated
with a translocation of Xp11.2.94,95 The second is renal
medullary carcinoma, primarily associated with individuals
with sickle cell trait.96

Osteosarcoma

Epidemiology

Osteosarcoma is the most common primary bone tumor of
children, with an incidence of 5 per 1 million children, with
an increased incidence in late adolescence.1 Osteosarcomas
have been reported in patients as old as the sixth decade, but
the peak age of incidence is in the second and third decades
of life.97 Boys and African-Americans have a higher predilec-
tion for development of osteosarcoma. Ionizing radiation has
been associated with an increased risk of developing osteosar-
coma.98 In addition, germ-line defects in the RB1 gene and
those patients with Li–Fraumeni syndrome have an increased
incidence of osteosarcoma.7

Biology and Histology

Osteosarcomas arise from primitive mesenchymal stem cells.
Histologically, osteosarcoma, unlike chondrosarcomas and
fibrosarcomas, appears as a malignant sarcomatous stroma
with evidence of production of osteoid.

The underlying biology of osteosarcoma is not well under-
stood. There is an association with hereditary retinoblastoma
syndrome and Li–Fraumeni syndrome. Cytogenetic analysis
has shown not only loss of heterozygosity (LOH) at the 
13q region (RB gene) and 17p region (p53), but also at the 
3q and 18q regions, areas that may harbor additional tumor
suppressor genes.99,100 In approximately 20% of osteosarco-
mas, the 12q13-14 region, the area that codes for MDM2, is
amplified,101 suggesting increased activity of MDM2 in
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osteosarcoma. MDM2 is an intracellular protein that inter-
acts with, and renders inactive, the p53 tumor suppressor
gene.97

Clinical Presentation

Osteosarcoma generally presents as pain or swelling of a bone
or joint with or without a soft tissue mass. The usual time
from onset of symptoms to time of diagnosis often is pro-
longed, ranging from 3 to 6 months or longer.17 Often a sports-
related injury is recalled with the initial onset of symptoms.
Relatively rarely, osteosarcoma can present secondary to a
pathologic fracture. Signs of systemic disease such as weight
loss and fevers are rarely noted. The most common site of pre-
sentation is in the metaphyses of long bones. The most fre-
quent sites are the distal femur, proximal tibia, and proximal
humerus.102

Diagnosis and Staging

Plain film examination of the affected area provides clues to
the diagnosis. Some osteosarcomas are most often lytic
lesions, with a starburst pattern, that may have characteris-
tic findings including Codman’s triangle. MRI and CT are
used to further define the anatomy of the primary site of
disease.

Approximately 15% to 20% of patients with osteosar-
coma are noted to have metastases at diagnosis.102 About 80%
of those with metastases have pulmonary metastases.102,103

The majority of the remaining 20% of metastases are bone
lesions.102,103 Because metastatic disease at diagnosis affects
not only therapy but also prognosis, all patients should
undergo staging evaluation before beginning therapy, includ-
ing CT of the chest and radionuclide bone scan. Diagnosis of
osteosarcoma is made based on histopathologic review of
biopsy of the primary lesion.

Prognostic Factors

The single most significant prognostic factor in patients with
osteosarcoma remains extent of disease at presentation, with
those with metastatic disease at diagnosis continuing to have
a poor overall survival.104 Tumors of the axial skeleton are
more difficult to eradicate than those of the extremities,
partly related to feasibility of complete surgical resection.105

Large tumors and those occurring in children less than 10

years old are also associated with poorer outcomes. Biologic
factors that may predispose to worse outcomes include LOH
of the RB gene locus, overexpression of HER-2, and hyper-
diploidy.106–108 Last, response to neoadjuvant chemotherapy is
a powerful prognostic factor with those individuals with less
than 10% of residual tumor visible in the resection specimen
faring better than those with a larger percentage of viable
disease.109,110

Current Principles of Therapy

Before 1970, patients with osteosarcoma had a very poor prog-
nosis, with a 5-year event-free survival (EFS) of only 20%.111

Historically, most patients died of relapsed disease after
amputation of the primary tumor. Current principles of
therapy include neoadjuvant chemotherapy, surgery for local
control, and postsurgical adjuvant chemotherapy; approxi-
mately 70% of all patients with nonmetastatic disease at
diagnosis can be cured.102 Radiotherapy remains part of local
control measures when tumors are located in sites not
amenable to surgery.112

Three drugs, methotrexate, cisplatinum, and doxorubicin,
are the backbone to chemotherapeutic treatment of osteosar-
coma (Table 62.7).113 Somewhat more recently the addition of
ifosfamide and etoposide as a combination regimen has been
shown to have therapeutic utility.114,115 Local control surgery
is most commonly performed after 2 to 3 months of neoad-
juvant chemotherapy. A recent Pediatric Oncology group
study reported no difference in EFS for patients given presur-
gical chemotherapy for 12 weeks compared to those who
underwent primary resection at the time of diagnosis fol-
lowed by chemotherapy.116 Advantages to neoadjuvant
chemotherapy include tumor shrinkage, facilitating possible
limb salvage procedures, and prognostic information based on
the histologic response of the excised tumor. Risks of neoad-
juvant chemotherapy include progression of disease before
surgery.

Patients with metastatic lesions at diagnosis fare poorly,
with an overall survival of 21% to 30%.117,118 Within the group
of patients with metastatic disease, favorable characteristics
include the site of metastatic disease (with lung only being
more favorable than metastatic disease to bone) and com-
pleteness of surgical resection of all tumor sites.104 To date
efforts to improve outcomes with intensified chemotherapy
have not shown substantial benefit (Table 62.8).119
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TABLE 62.7. Selected recent clinical trials for primary nonmetastatic osteosarcoma.

Group/date
study closed Intervention/chemotherapeutic regimen N EFS/OS/median F/U/comments Source

POG 1993 Presurgical chemotherapy vs. immediate 106 Presurgical chemo 61%/76% at 5 years (est) Goorin
surgery Immediate surgery 69%/79% 2003116

No statistical advantage to presurgical 
chemotherapy

Rizzoli MTX/DOXO/CDDP/IFO vs. dose-intensive 363 Standard vs. dose-intensified: 60%/74% vs. Bacci
Institute IFO/MTX/CDDP/DOXO for pre- and 65%/80% at 5 years (est) 2003278

1999 postsurgical chemotherapy No benefit shown with increased dose intensity
SSG 1997 MTX/CDDP/DOXO postsurgery in good 113 Good responders 68% EFS at 5 years (est) Smeland

responders vs. IFO/ETOP in poor responders Poor responders 53% EFS 2003279

CDDP, cisplatin; DOXO, doxorubicin; ETOP, etoposide; IFO, ifosfamide; MTX, methotrexate; POG, Pediatric Oncology Group; SSG, Scandinavian Sarcoma Study
Group.



Surgical Management

Historically, amputation was the preferred surgical
approach111; however, during the 1980s limb-sparing surgical
techniques were developed in conjunction with improved
diagnostic imaging.120 By the late 1990s, studies suggested
patients with limb salvage surgery had no more local recur-
rences than those who underwent amputation if surgical
margins were adequate, including those initially presenting
with pathologic fracture.121–124

Therapy of Recurrent Disease

Patients who have recurrent disease generally have a grave
prognosis.125,126 Lungs are the most common site of recur-
rence, although recurrence can occur locally and at distant
bony sites.127 Prognostic factors that may influence long-term
survival in these patients include the relapse-free interval,
sites of recurrent disease, number of pulmonary nodules, and
feasibility of complete surgical resection.126,128

Late Effects of Therapy

Despite surgical advances, orthopedic issues related to ampu-
tation or limb salvage procedures can give rise to lifelong
impairments. In addition, cardiomyopathy related to anthra-
cycline therapy and hearing deficits related to cisplatinum are
common among survivors.129

Ewing’s Sarcoma Family of Tumors

Epidemiology

Ewing’s sarcoma is the second most common primary malig-
nancy of bone in childhood. It is primarily a tumor of bony
origin but can also arise from soft tissues. Included in the
Ewing’s sarcoma family of tumors (ESFT) is the peripheral
primitive neuroectodemal tumor (PPNET).

The majority of individuals diagnosed with Ewing’s
sarcoma are between the ages of 10 and 20 years.130 Ewing’s
sarcoma is not associated with any known familial cancer
syndromes, nor are there known environmental causes.131

The disease is significantly more common in Caucasians 
than in African-Americans and shows a slight male 
preponderance.132

Biology and Histology

The cellular origin of Ewing’s sarcoma cells has been contro-
versial over the years, but more recently evidence has
revealed that it is most likely derived from primitive neural
crest cells. The Ewing’s sarcoma family of tumors shares a
unique pattern on cytogenetic and molecular characteristics.
Ninety percent to 95% of tumors have the EWS-FLI1
(t(11;22)(q24;q12)) translocation.133 This translocation can be
identified as type 1 (65%), type 2 (20%), and others (15%). The
second most common translocation, occurring in the remain-
ing 5% to 10% of ESFT, is EWS-ERG, which has several
known specific fusion types. Histologically the Ewing’s
family of tumors represents a spectrum from undifferentiated
Ewing’s sarcoma to the more-differentiated PPNET.

Clinical Presentation

Typical presenting symptoms in patients with Ewing’s
sarcoma include pain, palpable mass, fevers, and occasionally
pathologic fracture. Many individuals ascribe their pain to a
“strain” or recent traumatic event.134 Some patients present
with symptoms related to metastatic sites of disease, includ-
ing cough from pulmonary disease or multifocal bone pain
from extensive bone or bone marrow involvement. The mean
time from initial symptoms to diagnosis of Ewing’s sarcoma
is frequently months, with those individuals with a palpable
mass having the shortest interval.134

The primary site of disease is axial in approximately 50%
of patients and involves the extremities in the other 50%.135

At the time of diagnosis, approximately 25% of children have
metastatic disease, most commonly to lung followed by other
bony sites and bone marrow.136

Diagnosis and Staging

Early involvement of an orthopedic surgeon skilled in the care
of pediatric bone tumors is imperative. Initial biopsy tech-
niques are not only important in providing needed diagnostic
material but may have an impact on subsequent local control
measures including the possibility of limb salvage surgery.

The complete evaluation of a new patient with Ewing’s
sarcoma includes a detailed radiographic evaluation of the
primary site of disease, assessment for metastatic disease, and
a baseline assessment of organ function in anticipation of
intensive therapy. The evaluation of the primary site often
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TABLE 62.8. Selected clinical trials for treatment of primary metastatic osteosarcoma.

Group/date study closed Intervention/chemotherapeutic regimen N EFS/OS/median F/U Reference

MSKCC 1984 MTX/DOXO/BCD 62 11% survival; median survival 20 months Meyers 1993103

London Bone and Soft Tissue CDDP/DOXO/IFO + CDDP + ETOP 30 17% OS at 3 years Janinis 2002118

Tumour Service 1999 followed by IFO and SCR
Rizzoli Institute 2000 MTX/CDDP/DOXO/IFO 57 21%/55% at 2 years Bacci 2003117

POG Study closed Dose-intensified ETOP/IFO followed 43 Projected 2-year progression-free survival Goorin 2002119

by surgery and MTX/DOXO/CDDP/ for those with lung metastases only 39%
IFO/ETOP

BCD, bleomycin/cyclophosphamide/dactinomycin; CDDP, cisplatin; DOXO, doxorubicin; ETOP, etoposide; IFO, ifosfamide; MTX, methotrexate, MSKCC, Memo-
rial Sloan-Kettering Cancer Center; POG, Pediatric Oncology Group.



begins with plain radiographs, followed by MRI and CT,
depending on site of disease. The metastatic evaluation needs
to include CT scan of the chest, bilateral bone marrow aspi-
rates and biopsies, and radionucleotide bone scan.

Prognostic Factors

The most significant prognostic variable for patients with
Ewing’s sarcoma is whether the disease is localized or
metastatic at the time of diagnosis.137 Those with localized
disease have a 70% chance of disease-free survival (DFS)
whereas those with metastatic disease have a DFS of 20% to
30%. Individuals with pulmonary disease as their only site of
metastatic disease do more favorably than those with bony or
bone marrow involvement.138 Approximately 20% to 30% of
patients with localized disease with morphologically normal
bone marrow examination will have detectable disease in the
bone marrow when assayed by polymerase chain reaction
(PCR), which is associated with a worse prognosis.139

Traditionally, both site of primary disease (axial and pelvic
tumors being worse than extremity tumors) and size of the
primary tumor (tumors greater than 8cm in longest dimen-
sion or greater than 200cm3) have been important prognostic
factors.140–142 However, in several more recent cooperative
group studies these factors were no longer found to be signif-
icant, potentially related to both more-aggressive adjuvant
chemotherapy and improved local control measures.143,144

More recently, histologic response to neoadjuvant chemother-
apy has been shown to be an important prognostic tool, with
those with less viable disease after neoadjuvant chemother-
apy having better outcomes.145–147

Last, type of ESFT translocation has been shown to have
some prognostic implications. Individuals with EWS-FLI1
type 1 have been shown to have a decreased risk of develop-
ing metastatic disease compared to those with other EWS-
FLI1 type translocations.133

Current Principles of Therapy

The therapy of Ewing’s sarcoma has been developed through
the investigations performed by several large cooperative
groups, beginning in the 1970s (Table 62.9). In most current
protocols, multiagent neoadjuvant chemotherapy (most often
including adriamycin, vincristine, cyclophosphamide, etopo-

side, and ifosfamide) is given for 10 to 12 weeks, followed by
local control with either surgery, radiation, or a combination
of the two modalities followed by further chemotherapy.
Early on the addition of doxorubicin was found to be impor-
tant,148 whereas more recently the addition of etoposide and
ifosfamide to the backbone of vincristine, doxorubicin, and
cyclophosphamide was shown to improve outcome.143

Dose intensification, either by higher-dose chemotherapy
per cycle or by “interval compression,” with more frequent
chemotherapy cycles, has been investigated. Both methods
utilized granulocyte colony-stimulating factor (G-CSF)
support. Both methods have been shown to be feasible but
without improvement in outcome for those treated with the
more-intensive regimens.149,150

Historically, surgery was considered superior to radiation
therapy for local control therapy in Ewing’s sarcoma.151,152

With advances both in systemic therapy and in radiation
planning and surgical techniques, the rates of local recurrence
have declined and the difference between surgical and radia-
tion therapy outcomes has become nonsignificant.153,154 Some
studies continue to show somewhat more favorable results
with surgery, but this may be biased by risks associated with
worse outcomes for those with very large tumors that are not
approachable surgically.155

Recent attempts to improve outcome in individuals with
metastatic disease have largely focused on dose-intensifying
chemotherapy, including the evaluation of “megatherapy”
with stem cell support.156 There have been multiple single-
institution and cooperative group studies with various con-
ditioning regimens, including the use of total body irradiation
(TBI) and tandem transplantation (Table 62.10). One compo-
nent of stem cell transplant for metastatic Ewing’s that may
contribute to failure of this modality is evidence of the pres-
ence of tumor cells in the stem cell harvests.157 There con-
tinues to be some interest in the use of intensified therapy
for subgroups of high-risk patients in whom intensified
therapy may prove to have some moderate benefit.

Therapy for Relapsed Disease

Patients with recurrent disease after aggressive primary
therapy have a poor prognosis, with EFS at 5 years of 15% to
20%.158 Those with localized recurrence and those whose
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TABLE 62.9. Selected clinical studies for the therapy of nonmetastatic Ewing’s sarcoma.

Group/date of
study completion N Therapy Outcome/comments Source

Intergroup (IESS) 342 VAC 5-year DFS 60% in VACD, 44% in VAC Nesbit 1990148

1978 VAC + lung RT + lung RT, 24% in VAC
VACD

Intergroup (IESS) 214 Dose-intensive VACD vs. 5-year DFS 73% for dose intensive, 56% Burgert 1990148a

1982 “standard” VACD for “standard” dose
Cooperative (CESS) 301 Standard-risk: VACD 10-year DFS survival; no difference with Paulussen 2001145

1991 High-risk: VAID intensified therapy for high-risk patients 
(52% vs. 51%)

POG-CCG 1993 VACD vs. VACD-IE Addition of IE afforded superior 5-year Grier 2003143

DFS (68% vs. 53%)
UKCCSG/MRC 1993 201 VAID DFS at 5 years 62% Craft 1998144

POG-CCG 1998 492 VCD-IE with interval compression 5-year DFS survival no different between Granowetter 2001280

vs. “standard” VCD-IE two groups (75% vs. 76%)

V, vincristine; A, actinomycin; C, cyclophosplamide; D, doxorubicin; RT, radiation therapy; I, ifosphosplamide; E, etoposide; POG-CCG, Pediatric Oncology Group-
Children’s Cancer Group.



recurrence occurs more than 2 years after initial diagnosis
have a somewhat better outlook.158,159 The combination of
cyclophosphamide and topotecan has been shown to have sig-
nificant activity in patients with relapsed Ewing’s sarcoma160

and is often used as part of a reinduction regimen. The use of
high-dose therapy and stem cell transplant for this group of
patients has not yet shown significant improvement in
overall survival.

Late Effects of Therapy

The therapy for Ewing’s sarcoma involves intensive use of
both alkylators and topoisomerase II inhibitors (etoposide).
The intensive use of these agents has been associated with a
significant risk of therapy-related acute myelogenous
leukemia and myelodysplastic syndromes (t-AML/MDS),150,161

which may limit any potential additive efficacy of dose-
intensified regimens.

Other long-term sequelae for patients treated for Ewing’s
sarcoma include secondary malignancies related to radiation
therapy, orthopedic problems related to local control surg-
eries, and infertility or early menopause, renal dysfunction,
or cardiac dysfunction as sequelae of chemotherapy.162

Rhabdomyosarcoma and 
Undifferentiated Sarcomas

Epidemiology

Rhabdomyosarcoma (RMS) is the third most common
extracranial solid tumor in children (Surveillance, Epidemi-
ology, and End Results; SEERS). The median age of diagnosis
is 5 years, with the majority presenting by age 10. This tumor
arises in virtually all parts of the body; however, certain
groupings by age, location, and histology are common. For
example, botriod rhabdomyosarcoma tumors of the vagina
occur almost exclusively in infants, whereas head and neck
tumors with embryonal histology are more common in those
under 8 years of age and extremity tumors with alveolar his-
tology are more common in adolescents. Most cases of RMS
are sporadic; however, there is an association with neurofi-
bromatosis and with the Li–Fraumeni syndrome.163–165

Biology and Histology

Rhabdomyosarcoma is thought to arise from primitive
muscle cells. Undifferentiated sarcomas are those of mes-
enchymal origin that cannot be ascribed to any specific
lineage. The two most common histologic types of RMS are
alveolar (ARMS) and embryonal (ERMS), which have unique

genetic patterns. ARMS has a characteristic translocation of
t(2:13)(q35;q14), which juxtaposes PAX 3, a transcription reg-
ulator gene, to FKHR, a member of the forkhead family of
transcription factors.166 ERMS is associated with LOH at
11p15.167 Botriod rhabdomyosarcoma is considered a histo-
logic subtype of ERMS.

Clinical Presentation

The presentation of patients with RMS is variable given that
the tumor can involve almost any part of the body. Most often
RMS is diagnosed because of the patient presenting with a
mass (with or without a history of trauma) or with organ dys-
function related to anatomic disruption from an undetected
mass. In the Intergroup Rhabdomyosarcoma Studies (IRS) I, II
and III, 35% of the patients had disease involving the head
and neck (including parameningeal and orbital), 22% had gen-
itourinary sites of primary disease, 18% had extremity
tumors, and the remaining 25% had tumors originating at
numerous other sites.168–170

Diagnosis and Staging

The evaluation of a child with RMS, not unlike that of other
solid tumors, includes radiographic evaluation of the primary
site of disease, assessment of possible sites of metastatic
disease, and testing for organ function in anticipation of
further therapy. The site of local disease is imaged with CT
and/or MRI. Evaluation of sites of metastatic disease should
include a chest CT, bilateral bone marrow aspirates and biop-
sies, and technetium-99 bone scan.

Staging of patients with RMS often involves the use of a
combination of two systems: the TNM staging systems and
the clinical grouping (Tables 62.11, 62.12). Careful and com-
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TABLE 62.10. Selected studies of intensified chemotherapy for metastatic or poor-risk Ewing’s sarcoma.

Source N Patient characteristics Therapy Outcome/comments Reference

POG-CCG 123 All patients with VACD vs. VACD + IE DFS 20% at 5 years, no benefit Miser
metastatic disease of addition of IE 2004115

Meta-EICESS 54 Bone/BM metastases Induction chemotherapy, EFS of 22% and 29% for single Burdach
or early relapse local control, and single and tandem SCT, respectively, 2003281

or tandem SCT at 5 years
Single 32 Bone/BM metastases Induction chemotherapy, 20% for all eligible patients Meyers

institution (23 received local control, followed 24% for those who underwent 2001282

SCT) by SCT SCT at 2 years

POG-CCG, Pediatric Oncology Group-Children’s Cancer Group; V, vincristine; A, actinomycin; C, cyclophosphamide; D, doxorubicin; I, ifosphosphamide; E, etopo-
side; BM, bone marrow; SCT, stem cell transplantation.

TABLE 62.11. Clinical group staging of rhabdomyosarcoma as
defined by Intergroup Rhabdomyosarcoma Studies (IRS) V.

Clinical group Extent of disease

I A. Completely resected localized disease confined
to the muscle or organ of origin

B. Completely resected localized disease with
infiltration outside the muscle or organ of origin

II A. Gross total resection with microscopic residual
B. Regional disease with involved nodes, with gross

total resection and no microscopic residual
C. Regional disease with involved nodes, with gross

total resection with microscopic residual 
III A. Incomplete resection after biopsy only

B. Incomplete resection after major resection
IV Distant metastatic disease



plete staging evaluations are critical in that they determine
appropriate risk-adapted therapeutic plans.

Prognostic Factors

Several important factors have been identified as useful tools
in predicting outcome in patients with RMS: site of primary
disease (with the orbit being the most favorable site), surgi-
cal resectability (clinical group), extent of disease spread (clin-
ical stage), histology (with embryonal histology associated
with a better prognosis that alveolar), and patient age.170–172 In
the IRS-V study, these factors are used to allocate patients
into risk categories with risk-adapted therapy.

Current Principles of Therapy

Surgery

Primary surgical resection with regional nodal sampling,
when appropriate, is a critical component of the therapy of
RMS. Complete initial surgical resection has been shown 
in multiple studies to be associated with improved
outcome.168–170 For certain disease sites, such as the bladder,
the orbit, or biliary tract, aggressive surgical therapy is not
reasonable, and biopsy done only to confirm diagnosis is the
appropriate surgical approach. Several clinical trials have
evaluated the utility of “second-look surgery” following adju-
vant chemotherapy for patients with incomplete resections
after initial surgery.168–170,173 The data supporting this approach
are mixed, and the question is again being evaluated in IRS-
V. In addition, the use of biopsy only at disease outset fol-
lowed by chemotherapy with no further local control for
those with a radiographic complete response was evaluated
in an International Society of Pediatric Oncology protocol and
was shown to be associated with a higher rate of local disease
relapse.174

Radiation Therapy

Radiation therapy is an important tool in the therapy of chil-
dren with RMS. Doses of 50.4 to 54.0Gy for gross disease and
41.4 to 45.0Gy for microscopic residual disease are usually

employed. There is clear evidence that the use of radiation in
patients with alveolar histology, even with complete resec-
tion, provides improvement in local control. The timing of
radiation therapy in the multimodality therapy of patients
with RMS has varied over time but most often occurs 9 to 12
weeks after the initiation of adjuvant chemotherapy, except
for those with invasive parameningeal tumors, for whom
therapy usually begins immediately. For young children, the
long-term sequelae of radiation therapy, particularly the
potential for morbid growth deformities, can make treatment
decision difficult.

Chemotherapy

Pioneering studies by Wilbur et al. were the first to show
benefit of multiagent chemotherapy in patients with RMS.175

Many agents have been shown to have activity in treating
RMS, including vincristine, actinomycin, cyclophosphamide,
doxorubicin, ifosfamide, etoposide, and cisplatinum. More
recently, the camptothecin analogues topotecan and irinote-
can have shown activity in this disease.176,177

Formed in 1972, the Intergroup Rhabdomyosarcoma
Studies Group (IRSG) has allowed for well-designed studies of
this rare pediatric cancer. The results of IRS studies I–V are
summarized in Table 62.13. Despite the improvement in out-
comes in each sequential IRS study, progress in treating those
with metastatic disease has been marginal, with survival of
approximately 30%.170,178 Patients with embryonal histology
who are less than 10 years of age and have pulmonary
metastatic disease only are a unique group with a more-favor-
able prognosis.170,178 The use of autologous transplant in
attempts to intensify therapy and improve outcome in those
with clinical group IV disease has not been shown to provide
clinical benefit to date.179–181

Therapy for Relapsed Disease

The therapy for patients with relapsed RMS is problematic
and the outcome poor; 95% of all relapses of RMS occur
within 3 years of diagnosis.182 The median survival time from
first relapse is 0.8 years, with 20% of the patients alive at 5
years. Adverse prognostic factors include rapidity of relapse
and extent of disease at the time of relapse. Patients with
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TABLE 62.12. TNM staging for rhabdomyosarcoma as used for IRS IV.

Invasiveness Size of tumor Metastasis
Stage Site of tumor (T) (T) Nodes (N) (M)

1 Orbit T1 or T2 A or B N0 or N1 or Nx M0
Head and neck
Genitourinary

2 Bladder/prostate T1 or T2 A N0 or Nx M0
Extremity
Parameningeal
Other

3 Bladder/prostate T1 or T2 A N1 M0
Extremity T1 or T2 B N0 or N1 or Nx
Parameningeal
Other

4 All T1 or T2 A or B N0 or N1 or Nx M1

T (tumor): T1, confined to anatomic site of origin; T2, extension; A, less than 5cm in diameter; B, more than 5cm in
diameter; N (regional nodes): N0, not clinically involved; N1, clinically involved; Nx, unknown; M (metastases): M0,
no distant metastases; M1, distant metastases present.

Source: From Lawrence W Jr, Anderson AR, Gehan EA, et al. Cancer (Phila) 1997;80:1165, with permission.



ERMS with localized recurrence have a more-favorable prog-
nosis, with a 5-year OS of 50% with aggressive multimodal-
ity therapy.182

Late Effects of Therapy

Chemotherapy-related long-term sequelae include infertility
or early menopause, renal tubular dysfunction, and secondary
leukemias. The increasing role of risk-adapted therapy in
RMS is an important strategy in attempting to minimize late
effects of therapy.

Hepatoblastoma and Other Liver Tumors

Epidemiology

Primary malignant tumors of the liver in pediatrics are
uncommon. According to the SEER program of the National
Cancer Institute, liver cancers account for approximately 1%
of all pediatric cancers, with hepatoblastoma accounting for
79% of that total, resulting in about 100 new cases of hepa-
toblastoma per year.1 The incidence is highest in infants, with
most cases occurring before age 5 and males being more com-
monly affected than females. The incidence of hepatoblas-
toma has increased during the past 30 years, with incidence
in the United States increasing from 0.6 per million
(1973–1977) to 1.2 per million (1993–1997).183

The incidence of hepatoblastoma is higher in individuals
with Beckwith–Wiedemann syndrome (BWS), hemihypertro-

phy (HH), and familial adenomatous polyposis (FAP). Three
percent of patients with BWS or HH develop hepatoblas-
toma.184,185 In this group of patients, screening with serial
abdominal ultrasounds and alpha fetoprotein (AFP) measure-
ments has been shown to be of benefit.186

Recent analysis of the cancer registry in Japan indicates
that the incidence of hepatoblastoma is increasing in patients
with very low birth weight.187 Recent analysis of data from
both SEER and state registries as well as the unexpectedly
high percentage of very low birth weight infants diagnosed
with hepatoblastoma on a Children’s Cancer Group (CCG)
trial appear to confirm those results.188,189 Of note, the
increase in survival of very low birth weight infants has
occurred over the same length of time, leading some investi-
gators to conclude that the overall increased incidence of
hepatoblastoma is not simply by chance.190,191

Biology and Histology

Cytogenetic studies of hepatoblastoma have revealed extra
copies of chromosomes 1q, 2q, 7q, 8, 17q, and 20.192 In addi-
tion, loss of heterozygosity (LOH) at the 11p15 site has been
observed in one-third of patients with hepatoblastoma.193

Genes thought to be potentially significant genes on 11p15
include insulin-like growth factor (IGF)-2 and the tumor sup-
pressor genes p57 (KIP2) and H19.194 The histology of hepato-
blastoma ranges from undifferentiated small cells to cells
resembling those during embryonal and fetal development.
Most tumors have a mixed histologic pattern.
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TABLE 62.13. Sequential IRS studies of the therapy of rhabdomyosarcoma.

IRS study, dates Primary study questions N Outcomes/comments Reference

I 1972–1978 (1) Group I: VAC vs. VAC + XRT 686 (1) For groups I + II: no difference between regimens, Maurer
(2) Group II: VA + XRT vs. VAC + XRT OS at 5 years 86% and 72%, respectively 1988168

(3) Groups III and IV: VAC + XRT ± adria (2) No measurable benefit of addition of adria, OS 
group III 52%, OS group IV 20%

(3) Combined OS all patients 63%
II 1978–1984 (1) Group I (except EA) had VAC vs. VA 999 (1) No benefit of VAC vs. VA for group I disease Maurer

(2) Group II (except EA) XRT + intensive (OS 85% vs. 84%, P = 0.73) 1993169

VA vs. XRT + VAC (2) No difference between regimens for group II 
(3) Group III and IV: VAC vs. Vadr C/VAC disease (OS 88% vs. 79%, P = 0.17)

(3) No difference in regimens, OS 66% for group III,
26% for group IV

(4) Combined OS all patients 71%
III 1984–1991 Risk-stratified therapy based on group, 1,062 (1) No benefit of VAC over VA for group I disease Crist

histology, and site of disease (2) Improved outcomes for group III patients with 1995170

more intensive regimen
(3) No improvement in outcomes for patients with 

group IV disease with more complex therapy
IV 1991–1997 (1) VAC vs. VIE vs. VAI 1,056 (1) No significant difference in FFS among three Crist 2001283

(2) Evaluation of hyperfractionated XRT chemotherapy regimens, with FFS at 3 years Donaldson
for group 3 patients 75%, 77%, and 77% 2001284

(3) “Window” of VAC/IE vs. VM/VAC for (2) No difference in OS or FFS for HFRT vs. CFRT Breneman
patients with metastatic disease (3) 3-year OS and FFS for metastatic disease, 39% 2003178

and 25%
V 1997–ongoing (1) VA vs. VAC + RT in low-risk ERMS NA Data not yet available NA

(2) VAC vs. VAC/VTC in intermediate-
risk RMS

(3) Irinotecan/V window in patients with
group 4 disease

VAI, vincristine, actinomycin, ifosfamide; VIE, vincristine, ifosfamide, etoposide; VAC, vincristine, actinomycin, cyclophosphamide; HFRT, hyperfractionated 
radiation therapy; CRFT, conventionally fractionated radiation therapy; EA, extremity alveolar.



Clinical Presentation

Most patients present with an enlarging abdominal mass,
often brought to medical attention by the child’s parents’
concern over a protuberant or firm abdomen. Systemic symp-
toms such as weight loss or anorexia are rarely seen. Some
boys can present with precocious puberty.195

Diagnosis and Staging

On detection of any intraabdominal mass, abdominal ultra-
sound should be performed to characterize the location and
approximate size of the lesion. Doppler flow during ultra-
sonography can aid in determining the proximity of the
tumor to the portal vein. CT scan of the abdomen and pelvis
or MRI scan should be undertaken to delineate more accu-
rately the size of the tumor, location, and proximity to the
portal vein and inferior vena cava (IVC). The right lobe of the
liver is more often involved than the left lobe.188 The lungs
are the most common site of metastatic disease, present in
approximately 10% of patients at diagnosis188; therefore, CT
scan of the chest should also be preformed. Serum AFP levels
should be obtained as well as these are elevated in 90% of
cases.196 There is a correlation between AFP level and extent
of disease in all stages.197

Prognostic Factors

The single most significant prognostic factor for children
with hepatoblastoma is feasibility of complete surgical resec-
tion. Biologic features that have prognostic implications
include histologic subtype (with fetal histology having better
outcome than embryonal) and degree of mitotic activity.198

Patients whose tumors become resectable after neoadjuvant

chemotherapy and those whose AFP levels fall quickly have
also been shown to have more-favorable outcomes.199

Current Principles of Therapy

Historically, surgery was the only curative therapy for hepa-
toblastoma; however, only about 30% of tumors are consid-
ered resectable at diagnosis.200,201 The staging system
commonly employed is based on the surgical removal of the
tumor, such that stage I is complete resection, stage II is
microscopic disease after surgery, stage III is unresectable
disease or macroscopic disease after surgery, and stage IV is
metastatic disease.188 However, there is no universally
accepted staging system for hepatoblastoma.202

The utility of chemotherapy in the treatment of hepato-
blastoma was first realized in the 1970s.188 Results of recent
group studies are summarized in Table 62.14. Chemotherapy
has been shown to increase the overall survival of patients
with hepatoblastoma as well as to increase the number of
patients with resectable tumors.203 Early studies documented
the benefit of adjuvant therapy with cisplatinum and dox-
orubicin.204,205 More recently it has been shown that the use
of cisplatinum, 5-fluorouracil, and vincristine was equally
effective but less toxic than cisplatinum and doxorubicin.206

Other chemotherapeutic agents that have been shown 
to be of utility include carboplatinum, ifosfamide, and 
etoposide.207–209

Therapy of Patients with Unresectable Disease

Orthotopic liver transplantation for patients with unre-
sectable hepatoblastoma has been shown to be an effective
therapeutic modality in multiple case series (Table
62.15).210–212 In these studies, presurgical chemotherapy was
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TABLE 62.14. Selected clinical trials of primary hepatoblastoma.

Group/date
study closed Intervention/chemotherapeutic regimen N DFS/OS/median F/U/comments Reference

CCSG 1989 CDDP + CI-DOXO 33 67% OS at 2 years (est) Ortega 1991197

POG 1989 CDDP + VCR + 5-FU 46 I-II 80%–90% DFS at 3 years (est) Douglass 1993285

III 67% DFS
IV 12.5% DFS
Outcome largely dependent on stage

CCG/POG Stage I-FH four cycles of DOXO 182 I-FH 100%/100% at 5 years Ortega 2000206

1992 monotherapy I-UH 91%/98%
Stage I-UH-IV A (CDDP, 5-FU, VCR ¥ 4) II 100%/100%

vs. B (CDDP, CI-DOXO ¥ 4) III 64%/69%
IV 25%/37%
No difference between regimen A vs. B

POG 1995 CARBO then CARBO/5-FU/VCR ¥ 3 III 22 All patients 48%/57% at 5 years Katzenstein
followed by surgery; resectable IV 11 Stage III 59%/73% 2002213

tumors were removed followed by Stage IV 27%/27%
CARBO/VCR/5-FU; if not resectable
or progressed received HDDP/ETOP

SIOPEL 1 Preoperative chemo with CDDP/ 154 All patients 66%/75% at 5 years Schnater 2002203

1994 CI-DOXO followed by surgery; some Pritchard 2000286

patients were treated with primary
surgery

SIOPEL 2 Standard risk: CDDP monotherapy 75 SR SR 89%/91% at 3 years Perilongo 2004287

1998 High risk: CDDP/CARBO/DOXO 58 HR HR 48%/53%

5-FU, 5-fluorouracil; CARBO, carboplatin; CDDP, cisplatin; HDDP, high-dose cisplatin; CI-DOXO, continuous infusion doxorubicin; VCR, vincristine; ETOP, etopo-
side; CCG, Children’s Cancer Group; CCSG, Children’s Cancer Study Group; POG, Pediatric Oncology Group; SIOPEL, International Pediatric Oncology Society
Liver Tumor Study Group.



given to reduce the size of the primary tumor. Postoperative
chemotherapy or radiotherapy was also performed to consol-
idate local control. Patients with disease documented to be
more responsive to neoadjuvant chemotherapy have a supe-
rior overall survival.

Therapy of Patients with Metastatic or
Recurrent Disease

The therapy for children with metastatic disease or recurrent
disease remains challenging. Intensification of the chemo-
therapeutic regimen with high-dose cisplatinum and etopo-
side has shown to be of potential benefit,207,213 as has surgical
removal of isolated pulmonary metastases.214,215 Several case
reports and small case series have reported successful use of
high-dose therapy and autologous stem cell rescue for poor-
risk patients.213,216

Hepatocellular Carcinoma

Although rare, primary liver tumors in children over 3 years
of age are more likely to be hepatocellular carcinoma (HCC)
than hepatoblastoma.183 Risk factors for HCC in children
include Byler’s disease, Wilson’s disease, and hepatorenal
tyrosinemia.183 Because of the rarity of this disease in chil-
dren, studies evaluating the therapy of HCC in pediatric
patients have been limited, and most children are treated
according to adult therapeutic guidelines. As for adult
patients, the primary therapy is surgery, with chemotherapy
having limited efficacy.217,218

Retinoblastoma

Epidemiology

Retinoblastoma, the most common intraocular tumor in chil-
dren, is a tumor of developing retinal cells. This tumor has
an annual incidence of 11 new cases per million population
less than 5 years of age.1 It occurs as a sporadic and familial
tumor, with the former the more common presentation. The
majority of children with retinoblastoma present by the age
of 2 years, and 95% of cases occur by age 5.219 Approximately
one-quarter of retinoblastomas are bilateral1: these are all
almost all hereditary, associated with germ-line mutations in
the RB1 gene. Another 15% of retinoblastomas are unilateral
but hereditary. The remaining 60% are unilateral and nonfa-
milial.220 A small number of children present with bilateral

retinoblastomas in addition to a pineal blastoma, a combina-
tion known as trilateral retinoblastoma.221

Biology and Histology

Forty percent of retinoblastomas are hereditary and associated
with a germ-line mutation. The epidemiology of the disease
prompted the development of the “two hit hypothesis.”222

The specific gene involved is now known as RB1, a tumor
suppressor gene located on chromosome 13q14.223 The defec-
tive RB protein leads to a lack of control over cell-cycle 
regulation.

Histologically, retinoblastoma appears as basophilic cells
with scant cytoplasm and having a high mitotic index.224

Flexner–Winstersteiner rosettes are characteristic, represent-
ing a specific orientation of photoreceptor cells.225

Clinical Presentation

Children with retinoblastoma most often present with
leukokoria. The second most common presentation is stra-
bismus.226,227 Less-common presentations include decreased
vision, ocular inflammation, and family history of the
disease.226

Diagnosis and Staging

Diagnosis of retinoblastoma is based on direct ophthalmo-
scopic evaluation. The characteristic finding of the tumor 
is a chalky, whitish-gray retinal mass with soft, friable 
consistency.228 CT scan of the head and orbits may demon-
strate a solid intraocular tumor with intratumoral calcifica-
tions.229 Differential diagnosis includes persistent
hyperplastic primary vitreous, Coats’ disease, and ocular 
toxoplasmosis.230

Staging of retinoblastoma is based most commonly on the
Reese–Ellsworth (RE) classification system developed in the
1960s. With more-modern treatment techniques, this system
is not clearly prognostic for the ability to save either vision
or life; however, it remains the most common staging system
in use worldwide. Other staging systems have been devel-
oped.231,232 Metastatic retinoblastoma at the time of initial
tumor diagnosis is relatively rare. When metastasis does
occur, the disease can spread by direct extension (through the
optic nerve or by choroidal invasion), by contamination of the
subarachnoid space and dissemination through the cere-
brospinal fluid, by hematogenous spread (most commonly to
lung, bone, bone marrow, and brain), or by lymphatic spread
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TABLE 62.15. Clinical trials for unresectable hepatoblastoma.

Intervention/chemotherapeutic
Group regimen N Comments Reference

Children’s Medical Transplantation for unresectable 9 6/9 alive; 1/6 with recurrence of disease Molmenti 2002212

Center at Dallas hepatoblastoma
Kings College Hospital, Transplantation for unresectable 13 11/13 alive with NED Srinivasan 2002210

London hepatoblastoma
Birmingham Children’s Transplantation vs. surgical 34 29/34 (85%) alive with NED Pimpalwar 2002211

Hospital, Birmingham resection for extensive 95% OS with hepatectomy
England hepatoblastoma 79% OS with transplantation

NED, no evidence of disease.



to the conjunctivae and lids.228 When metastases are sus-
pected, formal staging evaluation, including bone marrow
aspirate and biopsy, lumbar puncture, and radionuclide bone
scan should be done.

Prognostic Factors

Prognosis for children with retinoblastoma has improved dra-
matically over the past decades, with approximately 90% of
all children diagnosed being cured of their disease. Patients
with overt metastatic disease at the time of diagnosis con-
tinue to have a very poor prognosis. Risk factors for develop-
ment of metastatic disease include extension of the tumor in
the optic nerve beyond the lamina cribosa and extrascleral
extension into the orbit.233,234

Current Principles of Therapy

Traditionally, retinoblastoma was treated with enucleation or
with external-beam radiation (EBRT). Recent treatment regi-
mens have tried both to avoid enucleation in attempts to save
vision as well as to avoid using external-beam radiation
because of the risk of secondary cancers, endocrinopathies,
and facial hypoplasia.235 Low-stage tumors can often be
managed with local therapy alone. Local treatment 
modalities that avoid the need for enucleation include
cryotherapy, laser photocoagulation, plaque radiotherapy, and
thermotherapy.

Retinoblastoma is a chemotherapy-sensitive tumor, with
the active agents currently employed including vincristine,
carboplatinum, etoposide, adriamycin, and cyclophos-
phamide.236–243 The use of systemic chemotherapy in con-
junction with local therapy, without enucleation or EBRT, in
the treatment of patients with lower-stage disease has been
successful.237,239,244

For patients who have RE stage V disease at diagnosis,
enucleation remains the standard of care.237–239,243,245,246 The
role of adjuvant chemotherapy for those with poor prognos-
tic features to prevent metastatic disease is generally recom-
mended, although this idea has not undergone rigorous
randomized controlled study.246 There currently are no spe-
cific criteria for which patients with intraocular retino-
blastoma with extraretinal extension should receive
chemotherapy.

Patients with metastatic disease have a grim prognosis,
with an average survival of 6 months.247 For individuals with
disseminated disease, the use of myeloablative therapy and
autologous stem cell rescue may have some role.247–250

Patients with trilateral retinoblastoma also fare extremely
poorly despite aggressive therapy. Interestingly, those patients
with bilateral retinoblastoma who have received neoadjuvant
chemotherapy may be protected from developing pineal 
blastoma.251

Late Effects of Therapy

The long-term sequelae of therapy for retinoblastoma include
blindness or impaired vision related to extent of initial
disease and local control therapies employed. Radiation
therapy of the orbit in young children is associated with sig-
nificant morbidity, including orbital growth abnormalities,
endocrinopathies, and risks of secondary tumors. With the

increasing use of adjuvant chemotherapy in high-risk patients
with retinoblastoma, long-term sequelae of these medications
will also become problematic.

Patients with germ-line mutations in the RB1 gene are at
increased risk of developing second primary tumors.223,252,253

Over the course of 50 years after their initial diagnosis, the
risk of second primary tumors in those patients with herita-
ble forms of retinoblastoma is 50%.254 Most commonly, the
second tumor is osteogenic sarcoma, followed by other soft
tissue sarcomas and malignant melanoma.223,252,253

Germ Cell Tumors

Epidemiology

Germ cell tumors (GCT) represent approximately 3% of pedi-
atric malignancies, equaling about 250 new cases per year in
the United States.1 GCT can occur in both gonadal and extrag-
onadal sites. Extragonadal tumors occur more frequently in
patients younger than 3 years of age; gonadal tumors occur
more often during and after puberty.255

Phenotypically, female patients with part or all of the Y
chromosome (such as those with gonadal dygenesis, androgen
resistance syndromes, or some patients with Turner’s syn-
drome) are at increased risk of developing gonadoblastoma, a
benign germ cell tumor found in dysgenetic gonads.256,257 In
addition, males with undescended testes have an increased
risk of developing GCTs, with the risk lessened but still ele-
vated in those who undergo orchiopexy.258–260

Biology and Histology

Germ cell tumors include a diverse group of neoplasms with
a presumed common cell of origin, the primordial germ cell.
Extragonadal tumors are thought to arise from aberrancy 
from the complex migration pattern of germ cells during
embryogenesis.

Cytogenetic findings in children with GCTs vary by site,
age, and sex of the patient. Abnormalities in l(12p) are very
common in adolescent boys with testicular tumors, less
common in girls with malignant ovarian GCTs, and rare in
younger children with extragonadal GCTs.261

The histology of GCTs is diverse and complex and
includes teratomas and gonadoblastomas, which most 
often are benign and malignant GCTs, including yolk 
sac tumors, germinomas, embryonal carcinomas, and 
choriocarcinomas.262

Clinical Presentation

The clinical presentation of children with germ cell tumors
varies by age, sex, and site of the tumor. Boys with testicular
tumors most often present with a palpable or visible mass.
Girls with ovarian tumors often present with abdominal 
pain, sometimes mimicking an acute abdomen. The clinical
signs associated with extragonadal tumors vary with site of
disease, with the most common sites involved including the
sacrococcygeal area, the mediastinum, the central nervous
system, or the retroperitoneum. Infants with sacrococcy-
geal tumors are often diagnosed prenatally by routine 
ultrasonography.
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Diagnosis and Staging

Staging evaluation for malignant GCT should include abdom-
inal, pelvic, and chest CT, bone scan, and measurements of
beta-human chorionic gonadotropin (b-HCG) and AFP.263 In
the evaluation of infants with GCTs, normative values for
AFP must be taken into consideration, with baseline levels
falling to adult levels by 8 months of age.264

Prognostic Factors

Overall outcomes for children with GCTs are very favorable.
In two sequential Intergroup studies that included 515
patients, including 79 with immature teratomas and 436 with
malignant CGTs, the OS at 8 years was 92%.265–267 Adverse
prognostic factors include AFP greater than 10,000kU/L,
higher-stage disease, and extragonadal sites.

Current Principles of Therapy

Surgery is the therapy for choice for benign GCTs. For malig-
nant GCTs, surgical resection remains important; however,
given the effectiveness of chemotherapy, aggressive primary
surgeries are not necessarily warranted. Chemotherapeutic
agents known to be active in the therapy of GCTs include
actinomycin, bleomycin, doxorubicin, cisplatinum, carbo-
platinum, and etoposide. The use of combination regimens
has been shown to increase the chance of cure. The most
common regimen currently employed, developed initially in
adults and studied subsequently in children, includes
bleomycin, etoposide, and cisplatinum.268,269

Recent Children’s Cancer Group–Pediatric Oncology
Group (CCG-POG) studies have used a risk-based approach
to therapeutic decisions. In these studies, patients with stage
I testicular malignant tumors and those with immature ter-
atomas are considered low-risk and are treated initially with
surgery alone. With this strategy, those with stage I testicu-
lar disease had an EFS of 79% and an OS of 100%270; those
with immature teratomas had an EFS of 95% and OS of
98.7%.265,266

Intermediate-risk patients have been defined as those
with stage II testicular or stage I or II ovarian malignant
GCTs. These patients were treated with surgery and four or
six cycles of a modified Einhorn regimen. Patients with stage
I ovarian tumors had an EFS and OS of 95% and those with
stage II ovarian tumors had EFS and OS of 87% and 93%,
respectively; those with stage II testicular tumors had an EFS
and OS of 100%.265,266 Given the data regarding favorable
outcome of patients with stage I ovarian tumors treated with
surgery, only these patients will be considered low risk in
future studies.271–273

High-risk patients have been those with stage III or IV
gonadal tumors and all stages of extragonadal extracranial
malignant GCTs.255 These patients have been treated with
surgery followed by four or six cycles of cisplatinum, etopo-
side, and bleomycin. The use of higher-dose cisplatinum
improves EFS but does not improve OS and is associated with
significant toxicity.267 In addition, the data suggested that
those patients with stage III–IV testicular, stage III ovarian,
and stage I–II extragonadal GCTs had excellent responses,
with EFS 83% to 100% for the various subgroups.267 In future
Intergroup studies, only those with stage IV ovarian and

stages III and IV extragonadal GCTs will be considered high
risk.

Late Effects of Therapy

The chemotherapy for GCTs is associated with long-term
risks of pulmonary toxicity, secondary leukemias, and
hearing loss. Risk stratification done in an attempt to mini-
mize exposure to individuals with lower-risk disease with
these agents, while preserving excellent cure rates, remains
an important focus of the management of children with
GCTs.
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Acute Myeloid 
Leukemia and 

the Myelodysplastic
Syndromes

Jonathan E. Kolitz

Epidemiology and Etiology of Acute 
Myeloid Leukemia

The incidence of acute myeloid leukemia (AML) in the
United States is about 2.5 per 100,000, with a strong associ-
ation with increasing age.1 Males are predominantly affected.
There is a predilection for Caucasians in North America and
Australasia.2 The incidence of acute promyelocytic leukemia
(APL) is increased in Hispanics and may be associated with a
breakpoint in the PML-RARa gene pathognmonic of that
disease.3

The etiology of most cases of AML is unknown. The
Hiroshima and Nagasaki atomic bombings4 and the Cher-
nobyl nuclear plant disaster5 have been directly linked with
causing AML. Therapeutic radiation alone has been shown to
cause a fivefold-increased risk of AML in patients treated for
ankylosing spondylitis6 and has been implicated in causing
AML with favorable karyotypes.7

Cigarette smoking contributes to inducing AML, espe-
cially acute erythroleukemia.8 Pharmacogenomic studies
have associated mutations in enzymes involved in the 
detoxification of tobacco-derived carcinogens with leukemia
risk.9,10

Leukemia in identical twins may have a shared clonal
derivation, with leukemic progenitors migrating hematoge-
nously within a monochorionic placenta from one twin to the
other.11 Genetic predispositions to developing AML have been
documented in hereditary and sporadic diseases associated
with numerical abnormalities in chromosome number, insta-
bilities in DNA and chromatin structure, and defects in DNA
repair mechanisms.12–14 Down syndrome has been linked to
the development of acute megakaryoblastic leukemia.12 AML
can arise as an end stage in multiple myeloma15 and myelo-
proliferative disorders.

Treatment with alkylating agents and topoisomerase II
inhibitors can cause AML.16–19 Among the antimetabolites,
hydoxurea induces AML, often harboring 17p mutations, in
3.5% of patients with essential thrombocythemia,20 whereas
methotrexate is probably not leukemogenic in patients
treated for rheumatoid arthritis.21

Combining radiotherapy and chemotherapy markedly
increases the risk of leukemia. The MOPP regimen
(mechlorethamine, vincristine, procarbazine, and prednisone)
plus radiotherapy for treating Hodgkin’s disease is associated
with a 2.3% to 13% risk of secondary leukemia at 15 years
depending on the extent of the radiation.22

Myeloablative treatments have been linked to develop-
ment of myelodysplastic syndrome (MDS) and AML. A 5%
to 10% incidence of secondary MDS/AML has been observed
following autologous transplantation for non-Hodgkin’s 
lymphoma.23,24

Major differences exist between therapy-related AML due
to alkylating agents and those induced by inhibitors of topoi-
somerase II (anthracyclines, epidophyllotoxins). Alkylating
agent-induced AML often has a myelodysplastic phase, a
latency period of 3 to 9 years, a strong association with chro-
mosomal deletions, particularly involving chromosomes 5
and/or 7, and a tendency to be chemotherapy resistant. Topo-
isomerase II-related AML, which was initially observed as a
therapy-related complication of childhood ALL,25 usually pre-
sents without a myelodysplastic phase, tends not to display
dysplastic changes in the diagnostic marrow, has a short
latency period (usually less than 3 years), is often associated
with balanced chromosomal translocations involving 11q23,
and displays variable chemosensitivity.26

Poor-risk secondary AML caused by alkylating agents is
associated with deletions of chromosomes 5 and 7.27,28 Chro-
mosome 5 abnormalities related to alkylating agent exposure
are often associated with loss of heterozygosity for the tumor
suppressor gene p53.29 The balanced translocations that occur
following exposure to topoisomerase II inhibitors frequently
involve the MLL gene in chromosome 11q2330 and multiple
partner chromosomes.31

Balanced translocations can create fusion proteins that
lead to impaired gene transcription and cellular differentia-
tion; these have been categorized as class II mutations, dis-
tinct from class I mutations, which lead to the synthesis of
proteins able to stimulate proliferation and/or impede cell
death.32 Figure 63.1 illustrates these two major mutation 
categories. Class II mutations occur in favorable risk cases of
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AML, including APL and the core-binding factor (CBF)
leukemias marked by t(8;21), inv(16), or t(16;16).

An internal tandem duplication and activation loop muta-
tions in FLT3 (fms-like tyrosine kinase 3) are class I muta-
tions that occur in up to 30% of patients with AML and are
often associated with normal cytogenetics and inferior out-
comes.32 Absence of the wild-type FLT3 allele particularly
correlates with poor response to therapy.33 Activating class I
mutations also occur in the Ras family of oncoproteins,
which transmit downstream signals stimulating cell prolifer-
ation after undergoing farnesylation.34 Ras mutations have a
high prevalence (20%–40%) in AML and may strongly con-
tribute to the expansion and myeloid differentiation of early
progenitor cells.35 The Ras pathway has been shown to be
stimulated by mutations in SHP-2, a cytoplasmic tyrosine
phosphatase.36 An important common pathway leading to cell
proliferation, differentiation, and survival involves signal
transducer and activator of transcription (STAT) factors.37

Mutated FLT3 and other tyrosine kinases can directly phos-
phorylate and activate STAT molecules.

Survival signals that inhibit programmed cell death, or
apoptosis, also contribute to the growth advantage of myeloid
leukemia cells.38 Activation of caspases, enzymes that are
final common mediators of cell death following stimulation
by proapoptotic signals, is commonly impaired in myeloid
leukemic cells, with the degree of dysregulation also corre-
lating with clinical outcomes.39 NF-kappa B is an antiapo-
ptotic and proliferative stimulus present in leukemic 
progenitors but not in quiescent, normal pluripotent stem
cells.40 Among proapoptotic mediators, mutations in p53
occur in a minority of patients with AML, most often in 
the setting of 17p deletions,41 whereas mutations in the
retinoblastoma 1 gene occur in 19% to 55% of cases of AML.42

p53 mutations have an adverse prognostic impact43 whereas
the clinical impact of Rb-1 mutations is unclear.42

Diagnosis and Classification

The use of molecular techniques has helped reclassify the
myeloid leukemias using prognostically important clinical
and cytogenetic findings. Unlike the French-American-

British classification of AML,44 which depends on morphol-
ogy and histochemistry, the World Health Organization
(WHO) classification (Table 63.1)45 establishes categories of
AML with distinct cytogenetics and more uniform clinical
behavior.

The presence of 20% or more marrow blasts is required
to diagnose AML because the FAB category of refractory
anemia with excess blasts in transformation, which includes
20% to 29% blasts, behaves in a fashion identical to frank
AML.46 Frequently, therapy-related AML presents with dys-
plastic features reminiscent of RAEB-t, whereas AML with
MLD will arise as a de novo disease with similar morphologic
features. Of note, AML with MLD and therapy-related AML
frequently share similar cytogenetic abnormalities, particu-
larly, deletions of chromosomes 5 and 7 associated with 
alkylating agent exposure. Such dysplastic features affect
prognosis.47 The analysis of blast populations in bone marrow
and peripheral blood smears and marrow biopsies continues
to rely on immunohistochemical and flow cytometric 
techniques.48 Specific antigen staining patterns characterize
erythroleukemia49 and megakaryoblastic leukemia.50 Immuno-
phenotyping, rather than morphologic and histochemical
findings, is needed to diagnose AML with minimal differen-
tiation (M0).51 Fluorescence in situ hybridization (FISH)52 and
reverse transcriptase polymerase chain reaction (RT-PCR)53

are occasionally helpful in identifying distinct subtypes of
AML missed by cytogenetics. Spectral karyotyping permits
simultaneous visualization of all chromosomes and can also
complement classic cytogenetics.54

Response criteria for the treatment of AML have been
updated to recognize the methodologies available to identify
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FIGURE 63.1. Class I and II mutations and the origin of acute
myeloid leukemia (AML). Class I mutations induce proliferation and
enhance survival of leukemic cells whereas class II mutations impede
differentiation. Both may be needed to induce acute leukemia. (From
Gilliland DG, Griffin JD. Blood 2002;100:1532–1542.)

TABLE 63.1. The World Health Organization (WHO) classification
of acute myeloid leukemia.

I. Acute myeloid leukemia with recurrent genetic abnormalities
i. Acute myeloid leukemia with t(8;21)(q22;q22), (AML1/ETO)

ii. Acute myeloid leukemia with abnormal bone marrow
eosinophils and inv(16)(p13q22) or t(16;16)(p13;q22),
(CBFb/MYH11)

iii. Acute promyelocytic leukemia with t(15;17)(q22;q12),
(PML/RARa) and variants

iv. Acute myeloid leukemia with 11q23 (MLL) abnormalities
II. Acute myeloid leukemia and myelodysplastic syndromes,

therapy related
i. Following myelodysplastic syndrome or MDS/MPD

ii. Without antecedent myelodysplastic syndrome or
MDS/MPD, but with dysplasia in at least 50% of cells in
two or more myeloid lineages

iii. Alkylating agent/radiation-related type
iv. Topoisomerase II inhibitor-related type (some may be

lymphoid)
v. Others

III. Acute myeloid leukemia, not otherwise categorized
i. Acute myeloid leukemia, minimally differentiated

ii. Acute myeloid leukemia without maturation
iii. Acute myeloid leukemia with maturation
iv. Acute myelomonocytic leukemia
v. Acute monoblastic/acute monocytic leukemia

vi. Acute erythroid leukemia (erythroid/myeloid and pure 
erythroleukemia)

vii. Acute megakaryoblastic leukemia
viii. Acute basophilic leukemia

ix. Acute panmyelosis with myelofibrosis
x. Myeloid sarcoma



MRD.55 In addition to morphologic CR, cytogenetic and mo-
lecular CRs are also recognized. Detection of blast popula-
tions with the same immunophenotype as the presenting
myeloid leukemia puts a patient’s remission status in doubt.
Persistence of pretreatment cytogenetic abnormalities in an
otherwise remission marrow portends very poorly for disease-
free survival (DFS).56 Note is also made of the category of CRi,
that is, CR with incomplete peripheral blood count recovery.

Prognostic Factors in AML

Advanced age correlates negatively with outcomes in AML
because of the decreased ability of the elderly to withstand
intensive chemotherapy and because of an increased preva-
lence of poor-risk cytogenetics. Furthermore, AML in the
elderly has increased expression of multidrug resistance pro-
teins, such as p-glycoprotein (Pgp).57

The major factor predictive of CR, disease-free survival,
and overall survival in AML, is the cytogenetics at time of
diagnosis.58–60 Analysis of 1,213 patients treated on Cancer
and Leukemia Group B (CALGB) trials segregates patients
into favorable (CBF leukemias), adverse (including complex
karyotypes with three or more abnormalities), and interme-
diate [normal, t(9;11), among others] risk groups.60 The cumu-
lative incidence of relapse observed in that analysis is shown
in Figure 63.2.

The poor outcomes associated with therapy-related AML
are due largely to adverse cytogenetics, with 76% of patients
in one large series having abnormalities of chromosomes 5
and/or 7.18 Secondary AML displaying favorable karyotypes,
such as inv(16) and t(15;17) have outcomes similar to de novo
AML.7

Different series have found that isolated trisomies of chro-
mosomes 8 and 21 have poor61 and intermediate58 outcomes
in de novo AML. Abnormalities of 3q have inferior responses
to induction therapy and poor survival.58,60 Additional cyto-
genetic abnormalities, even those that are regarded as prog-
nostically negative, do not alter the favorable risk associated

with CBF and APL karyotypes.58,60 Cytogenetic abnormalities
involving 11q23 have been associated with monocytic
leukemias and very poor outcomes.31 An exception may be
t(9;11) when treated with intensive postremission therapy.62

Partial tandem duplication (PTD) of the MLL gene occurs
in up to 11% of patients with AML and normal cytogenetics
and is associated with inferior DFS.63,64 MLL PTD is generally
not present in patients with CBF leukemias.64

FLT3 is the most frequently constitutively activated
kinase in human leukemia.65 Most such mutations occur in
patients with normal karyotypes: they occur in 30% or more
of patients with APL without prognostic impact66–68 and in
less than 10% of patients with CBF leukemias.67,69

Higher levels of Wilms’ tumor 1 (WT1) protein gene
expression correlate with inferior outcomes among patients
with normal or good-risk cytogenetics.70 Expression of mRNA
for c-mpl, the thrombopoietin receptor, predicts for poor 
outcomes despite intensive chemotherapy.71 An example 
of a loss-of-function mutation associated with improved 
outcomes occurs in the myeloid transcription factor
CCAAT/enhancer binding protein alpha-(C/EBPa).72

The in vitro growth of leukemic cells in the absence of
exogenous growth factors has prognostic import. Three-year
survival was 39% in patients with blasts with a low prolifer-
ative capacity, as contrasted with a 3% survival in patients
with blasts with the highest proliferative rate.73

The presence of dysplastic changes in the presenting bone
marrow has no additional negative implications beyond those
related to the diagnostic karyotype.74 Also significantly affect-
ing overall survival (OS) is the presence of residual blasts in
bone marrow early after induction chemotherapy,75 the time
taken to attain CR,76 and persistent cytogenetic abnormali-
ties following treatment.56

Once remission is achieved, detection and quantitation of
MRD has prognostic significance. Detection by RT-PCR of
the PML-RARa transcript associated with the t(15;17) of APL
generally presages clinical relapse.77 On the other hand, pro-
longed clinical DFS has been seen in patients with AML and
t(8;21) despite the presence of the associated AML1-ETO tran-
script.78 Studies using real-time RT-PCR for CBFa/MYH11
suggest that there are thresholds above and below which
relapse and continued DFS occur in patients with AML and
inv(16). Similarly, increased copies of mRNA for WT1 corre-
lates with increasing risk of relapse.70

Ultimately, unique gene expression profiles as measured
using microarrays may provide more powerful prognostic
findings. Early data show that patients with favorable cyto-
genetics have unique gene expression profiles.79

Therapy of AML

The treatment of AML is usually initiated with an induction
phase, aimed at eradicating the leukemic population with
cytotoxic agents, with or without the use of myeloid growth
factors. Once remission is achieved, treatment is directed 
at eradicating MRD, using moderate- to high-intensity con-
solidation chemotherapy. Increasing use of myeloablative 
regimens is occurring in suitable younger patients, while 
the role of postremission chemotherapy in older patients is
unclear.
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FIGURE 63.2. Cumulative incidence of relapse in 1,213 patients
with de novo AML according to cytogenetic risk. (From Byrd et al.,60

by permission of Blood.)



The Role of Anthracyclines in Induction Therapy
of AML

The establishment of the importance of anthracycline-based
induction chemotherapy for AML dates back more than 20
years.80 Doxorubicin caused excess gastrointestinal toxicity
as compared with daunorubicin, leading to its abandonment
as part of most remission induction therapies.81

Multiple agents with similar structural and pharmacody-
namic (intracellular topoisomerase II inhibition) properties,
but distinct pharmacokinetic and toxicity profiles, are avail-
able and have been tested in Phase III trials. As outlined in
Table 63.2, several large Phase III trials have pitted newer
anthracyclines against daunorubicin in induction regimens
for patients with untreated AML. All tested regimens incor-
porate a course of ara-c given by c.i.v. (continuous IV) for 7
days. Although trends favoring idarubicin have been noted
with respect to CR incidence, only one trial has shown a sur-
vival advantage.82 None of these studies took into account a
possible dose–response effect attributable to each anthracy-
cline, nor were attempts made to establish comparable dose-
limiting toxicities.

High-Dose Cytarabine Therapy

Attempts to overcome drug resistance in blast populations by
giving higher than conventional doses of ara-c (high-dose
cytarabine, HiDAC) have been evaluated in induction and
postremission regimens. With respect to conventional ara-c
dosing regimens, a Phase III comparison of two c.i.v. doses
showed little difference in outcomes, except in patients less
than 60 years of age, where a survival advantage was sug-
gested for patients receiving the higher ara-c dose.83 A Phase
II trial in which 3 days of HiDAC were added to a 7 and 3
induction led to a high (89%) CR incidence and an OS of 55%
at 5 years.84 Patients were consolidated with an autologous or
allogeneic transplant. Phase III trials of HiDAC have not
shown major improvements in CR rates in patients with de
novo AML. A Southwest Oncology Group (SWOG) random-
ized trial of daunorubicin plus HiDAC, or standard cytarabine
and more conventional postremission therapy, showed no dif-

ference in CR rates or in OS, although a trend favoring
HiDAC with respect to prolongation of DFS was noted.85

Adding HiDAC to etoposide and daunorubicin led to a
modest increase in OS and a far more striking increase in DFS
in patients 15 to 60 years of age as compared with conven-
tional doses of cytarabine.86

HiDAC given during induction can be toxic and impede
the timely delivery of postremission therapy, as seen in the
SWOG trial in which more than twice as many patients were
unable to receive postremission therapy after a HiDAC in-
duction as compared with a standard dose ara-c induction.85

HiDAC can cause significant neurotoxicity, especially irre-
versible cerebellar ataxia, the risk of which is considerably
increased by patient age, and adverse renal and hepatic func-
tion,87 as well as cumulative ara-c dose.88

Hematopoietic Growth Factors During
Induction Therapy

Table 63.3 summarizes results of the major Phase III trials
that have evaluated the effect of myeloid growth factors 
following completion of induction chemotherapy. Modest
benefits have been observed, mostly with respect to time in
hospital and duration of neutropenia. Although trends favor-
ing growth factor use have been variably noted, only one large
Phase III trial showed a strongly significant impact on CR
incidence in patients receiving granulocyte colony-stimulat-
ing factor (G-CSF).89 One trial that evaluated marrow response
status before starting growth factor also demonstrated an
improvement in therapy-related mortality.90 That trial also
described a favorable impact on medical costs using granulo-
cyte-macrophage colony stimulating factor (GM-CSF),91 while
another study showed no such benefit.92 It can be concluded
that use of myeloid growth factors following induction
chemotherapy may cause modest reductions in febrile com-
plications and length of hospitalization without stimulating
regrowth of leukemic cells.

Two large European studies have shown that reduced
probabilities of relapse and increased OS occurs when
myeloid growth factors are used concurrently with induction
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TABLE 63.2. Results of phase III randomized studies of anthracyclines in induction therapy of AML.

Survival 
CR duration duration or

Reference N Year Age (years) Drug CR (%) or DFS OS Comment

251 200 1990 60 M 63 240 days 328 days
D 53 198 days 247 days

252 180 1991 £65 A 66* 37% 29% Similar hematologic toxicities
D 50 33% 20%

253 120 1991 16–60 I 80** 19.5 months* No difference in myelosuppression. I overcomes
D 58 13.5 months adverse effect of initial WBC.

254 214 1992 >15 I 70 12.9 months* CR for I (88%) > D (70%) in patients 18–50 years
D 59 8.7 months (P = 0.035). ≠ myelosuppression with I. I 

overcomes adverse effect of initial WBC.
255 220 1996 15–75 I 68 CR for I (83%) > D (58%)** 0.007 in patients 

D 61 55–65 years old. Trend favoring I for EFS.
143 489 1998 >60 M 47 8% 6% Ø chemoresistance with M (32% vs. 47%)**

D 38 8% 9%

A, aclacinamycin; D, daunorubicin; I, idarubicin; M, mitoxantrone; DFS, disease-free survival; EFS, event-free survival; OS, overall survival.

*P < 0.05; **P < 0.01.



chemotherapy.93,94 Such “priming” studies aim at increasing
the susceptibility of blast cells to cytotoxic agents by increas-
ing the percentage of blast cells in S phase. A U.S. Phase III
trial showed no benefit for priming.95

Postremission Therapy

An important refinement in the use of postremission therapy
has been the recognition that outcomes may differ greatly as
a function of the cytogenetics detected in the diagnostic bone
marrow. An important example is the susceptibility of the
CBF leukemias to HiDAC-based regimens.

There appears to be less therapy-related toxicity when
HiDAC is used during postremission as compared with induc-
tion therapy, partly because patients enter such therapy with
intact cellular barriers against infection and bleeding, and
partly because post-CR HiDAC therapy has often been given
alone, without an anthracycline. In a three-arm Phase III trial
comparing standard (100mg/m2), intermediate (400mg/m2)
ara-c and HiDAC as postremission therapy for patients with
de novo AML, patients treated with HiDAC had a 4-year DFS
of 44%, versus 29% and 24% for patients treated with inter-
mediate and standard ara-c doses, respectively (P = 0.002).96

Analysis according to cytogenetic risk indicated that patients
with the CBF leukemias especially benefited from HiDAC
therapy, with a cure fraction well in excess of 50%.97 Fur-
thermore, the number of courses of HiDAC given during
remission correlates with DFS among patients with t(8;21).98

The large French experience with 271 patients with CBF
leukemia suggests that outcomes using diverse postremis-
sion therapies, including HiDAC, IDAC, or myeloablative
approaches, may be significantly affected by age in patients
with inv(16) and t(16;16)99 and the WBC count among patients
with t(8;21).100

Among patients not stratified by cytogenetic risk, a ran-
domized comparison of four versus eight courses of intensive
consolidation therapy showed no benefit for the more 
prolonged treatment arm.101 On the other hand, a large ran-
domized trial concluded that intensive induction and 
consolidation chemotherapy incorporating daunorubicin,

mitoxantrone, conventional dose, and HiDAC, followed by
either dose-reduced monthly maintenance or an additional
course of intensive consolidation, led to a DFS advantage in
patients with poor-risk prognostic features and an overall
trend toward improved survival.102

Whether the use of sequential, putatively noncross-
resistant, significantly myelosuppressive chemotherapy regi-
mens improves outcomes following attainment of CR was
evaluated in an early Phase II trial in which HiDAC/asparag-
inase and amsacrine/etoposide were intercalated between
three courses of conventional daunorubicin/cytarabine.103

Although DFS may have exceeded that seen in historical con-
trols at that time, an 18% incidence of therapy-related mor-
tality in patients in CR proved prohibitive. The EORTC and
CALGB have also evaluated noncross-resistant chemotherapy
regimens following CR without demonstrating improve-
ments in outcome.104,105

The Role of Transplantation in Acute 
Myeloid Leukemia

Whether transplants using autologous or allogeneic marrow
or peripheral blood stem cells (PSC) improve outcomes in
AML in first CR continues to be debated even after the com-
pletion of several large Phase III trials. A meta-analysis of pub-
lished trials evaluating autologous transplantation for AML
in first CR concluded that DFS is significantly prolonged 
(P = 0.006) but not OS.106 Such analyses do not weigh vari-
ables such as cytogenetic risk, time to transplant, use of
marrow rather than PSC, and the chemotherapy used before
stem cell harvesting. Studies using an intent-to-treat analysis
evaluating transplantation versus chemotherapy have not
fully addressed the different risks of relapse among distinct
cytogenetic risk groups after initial CR is achieved. Allo-
geneic transplantation is not easily amenable to randomized
analysis: our understanding of the relative benefits of allo-
geneic transplantation relies on retrospective analyses of out-
comes among patients undergoing “genetic randomization”
who are assigned allografts if they had a matched sibling
donor.
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TABLE 63.3. Phase III trials of myeloid growth factors after induction chemotherapy.

Induction
Reference N Year Age (years) therapya Growth factor CRb Comment

256 388 1995 ≥60 7 + 3 GM-CSF 51% Ø days of neutropenia (15 vs. 17) with GM-CSF (P = 0.02); no 
Placebo 54% effect on TRM. Nonglycosylated GM-CSF used. No marrow

done before starting GM-CSF.
90 124 1995 55–70 7 + 3 GM-CSF 60% Doubling of median survival with GM-CSF (P = 0.048), with

Placebo 44% significant Ø TRM. Glycosylated GM-CSF used. Marrow
examined before GM-CSF started.

89 233 1995 ≥65 7 + 4 G-CSF 70% Glycoslyated G-CSF (lenograstim) used. No effect on OS or 
Placebo 47% TRM. Ø duration of neutropenia with G-CSF (P < 0.001).

257 521 1997 ≥16 5 + 3 + G-CSF 69% No difference in DFS or OS. Ø days of neutropenia, 
etoposide Placebo 68% hospitalization, antibiotics (all P £ 0.0001) and number of

patients needing antifungal therapy (P = 0.04) with G-CSF.
258 234 1998 ≥55 7 + 3 G-CSF 50% Incidence of infection, time in hospital, overall survival same.

Placebo 41% 15% Ø in time to neutrophil recovery (P = 0.014) and 
duration of infection with G-CSF.

a Induction regimens consisted of 5–7 days of cytarabine 100–200mg/m2 c.i.v. + daunorubicin 45mg/m2 i.v. ¥ 3 or 4 days, as indicated. Etoposide 100mg/m2 i.v. 
¥ 5 was given concurrently in Ref. 257.
b CR differences did not reach P £ 0.05 except in Ref. 89 (P = 0.002). A trend favoring GM-CSF was noted in Ref. 90 (P = 0.08).



Outcomes from the four large Phase III trials that have
compared autologous and allogeneic transplantation and non-
myeloablative chemotherapy are summarized in Tables 63.4
and 63.5. Important differences between the studies include
the number and intensity of post-CR consolidation regimens
before randomization between chemotherapy and transplant,
the length of time between achieving CR and randomization,
the transplant conditioning regimens, and therapy-related
mortality. Only one study utilized ex vivo purged autologous
marrow.107 Two trials showed a DFS advantage favoring autol-
ogous transplant, which did not translate into improved OS
because of effective salvage therapies.108,109 When analyzed
according to cytogenetic risk, a DFS and OS benefit was noted
in patients with intermediate-risk cytogenetics.110 The DFS
associated with chemotherapy alone was unusually low in
one of the trials.108 On the other hand, therapy-related 
mortality significantly affected transplant outcome in
another trial in which patients who were randomized to
receive chemotherapy had significantly improved OS.107

In the absence of readily available and reliable method-
ologies to purge leukemic cells ex vivo, increasing emphasis
has been placed on the concept of in vivo purging, for
example, utilizing either repeated courses or higher doses of
chemotherapy to effect a reduction in the leukemia cell
burden below a critical threshold that may result in fewer
relapses.

Multiple, sequential courses of moderately intensive
therapy were used in the MRC AML 10 trial, leading to a sig-

nificant improvement in DFS in the relatively small number
of patients who completed three courses of postremission
therapy before transplant.109 A single, highly myelosuppres-
sive regimen of HiDAC and high-dose infusional etoposide
has been used in patients in first CR for in vivo purging and
stem cell mobilization and collection in a Phase II trial.111 Fol-
lowing an etoposide and busulfan autotransplant, 55% of 128
patients reached 5 years disease free. Whether such brief dura-
tion, high-intensity approaches will improve outcomes in a
larger cohort of patients uniformly categorized according to
cytogenetic risk is undergoing evaluation by the CALGB.

A direct comparison between allogeneic and autologous
transplantation in patients 45 years of age or younger in first
CR showed that patients with donors had improved DFS and
reduced RR, with the benefit confined to patients with
adverse risk cytogenetics.112 These findings are in keeping
with disappointing results of high-dose in vivo purging in
patients with poor-risk cytogenetics.111 Data from an inter-
group trial show that favorable risk cytogenetics patients
benefit from autologous and allogeneic transplantation more
so than chemotherapy, whereas poor-risk karyotypes respond
best to allografting.113 Whether outcomes for autotransplant
can be improved upon if the approach is limited to patients
with minimal tumor burdens remains unclear. DFS has been
shown to be inversely related to levels of MRD before 
autotransplant.114

Not surprisingly, tumor burden before allogeneic trans-
plantation is less critical, largely in part of the graft-versus-
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TABLE 63.4. Phase III trials of autotransplantation versus chemotherapy in AML in first CR.

Received
DFS OS

Induction post-CR Received 
Reference Year N CR, % therapy autotransplantationa Auto Chemo Auto Chemo

108 1995 990 66% 92% 42%b 48%c 30% 56% 46%
259 1997 535 73% 62% 51%d 44 40 50 55
109 1998 1966 77% 89% 11%e 53f 40 57 45
107 1998 808 70% 67% 54% 35 35 43 52g

a Of all CR patients, excluding those assigned to allografts.
b Estimate based on 623 patients in CR, 168 assigned to allograft, leaving 455 patients in CR who could have been 
randomized to autologous transplant vs. chemotherapy: 95 underwent autotransplants.
c P = 0.05.
d Estimate based on 367 CRs minus 73 allografts = 294 patients potentially eligible to be randomized to autograft of
whom 75 were autografted patients.
e An additional 7% elected to undergo autotransplant and were not randomized.
f P = 0.04; 381 patients randomized among 1,131 eligible.
g P = 0.05.

TABLE 63.5. Phase III trials of “genetic randomization” comparing allogeneic transplant versus chemotherapy in previously untreated
AML.

DFS OS

Reference Year Allo Chemo Allo Chemo Comment

108 1995 46 33 48 40 Age £45. Cy-TBI1 or Bu-Cy2.
259 1997 44 38 53 53 Age £50. Cy-TBI or other-TBI or Bu-Cy.
107 1998 43 36 46 523 Age £55. Bu-Cy.
110 2002 47 40 53 45 Age <55. Cy-TBI. ≠ DFS in intermediate cytogenetic risk (50% vs. 39%, P = 0.02).
a Cyclophosphamide and total body irradiation (TBI) conditioning regimen.
b Busulfan and cyclophosphamide conditioning regimen.
c P = 0.04.



leukemia effect exerted by the allograft.115 Outcomes follow-
ing allogeneic transplant performed in patients in early
relapse are comparable to those seen in patients in first CR.116

Furthermore, results following allografts in patients in CR are
not improved by administering one course of HiDAC before
transplant.117

Nonmyeloablative or reduced-intensity (RI) allografts
exploit the graft-versus-leukemia effect mediated by donor
lymphocytes that occurs after the achievement of partial or
full engraftment.118 Cytotoxic agents are used mainly to
inhibit host immune responses before infusion of donor stem
cells rather than to exert an antileukemic effect. Immuno-
suppressive regimens are critically important to modulate
what can be severe graft-versus-host disease (GVHD). The
degree to which chimerism develops correlates both with
antileukemic effects and morbidity and mortality, which may
be substantial, from GVHD.119 Becuase the antileukemic
effect mediated by the graft may be aborted by rapidly pro-
gressive disease, outcomes are likely to be improved if
patients are transplanted in remission.120 Older patients who
may not be candidates for a full allograft could be considered
for RI transplantation.

Induction Regimens for Relapsed and
Refractory Acute Myeloid Leukemia

HiDAC-Based Regimens

As is the case in untreated AML, cytogenetic abnormalities
are predictive of outcome following salvage therapy of
patients in relapse or with refractory disease.121,122 An addi-
tional important prognostic factor is the duration of first CR:
multivariate analyses point to a 6-month cutoff as being 
significant,122,123 whereas a univariate analysis suggests that
cytogenetics are particularly important when the CR dura-
tion is less than 1 year.121 Patients who have initial remis-
sions lasting beyond 2 years may have an outlook comparable
to that of previously untreated patients.121 Other prognostic
markers include the WBC, blast percentage in blood and/or
marrow, serum lactate dehydrogenase (LDH), and bilirubin
levels.

HiDAC-containing regimens were first evaluated in
relapsed and refractory AML, where CR incidences between
40% and 60% have been reported when given alone or in
combination with an anthracycline or etoposide. Representa-
tive studies are outlined in Table 63.6.

Multiple salvage regimens for relapsed and refractory
AML have been published using intermediate (IDAC) to 
high doses of cytarabine. Examples include the FLAG and
FLAG-Ida regimens,124–126 and the MEC regimen, which 
consists of mitoxantrone, etoposide, and IDAC.127 High-dose
mitoxantrone and HiDAC attempts to exploit the potential
for a dose response associated with single high doses 
of mitoxantrone (80mg/m2).128 Topotecan has been combined
with IDAC and studied with129 and without130,131 cyclophos-
phamide. A liposomal preparation of daunorubicin (DaunoX-
ome) has gone through a dose-escalation evaluation in
combination with IDAC.132 Although remissions can be
achieved with any of these regimens, durable responses 
occur only for patients undergoing stem cell transplantation.
The FLAG and topotecan/cytarabine regimens can occa-
sionally be helpful in older patients who either cannot 
receive an investigational agent or are precluded from 
receiving an anthracycline-based reinduction because of 
comorbidities.

A critical consideration is the lack of tabulation of many
earlier trials treating relapsed/refractory AML according to
cytogenetic risk. Extrapolating from outcomes seen in pre-
viously untreated patients with RAEB, and what is now
described as AML with MLD, and poor-risk cytogenetics
treated with FLAG or FLAG-Ida,46 brief remissions and
adverse karyotypes are the strongest predictors of poor
outcome to conventional salvage regimens. Ideally, therefore,
patients with such adverse findings at relapse should be con-
sidered for investigational therapies.

Non-HiDAC-Containing Salvage Therapies

Multiple Phase I and II trials have explored the use of alter-
native induction regimens that do not include HiDAC or, in
some instance, dispense with ara-c entirely. Examples of such
regimens are outlined in Table 63.7. Regimens using single
agents have generally been associated with poor outcomes.
Demonstration of antileukemic effects, including achieve-
ment of transient marrow aplasia, using these agents may
justify further evaluation in combination regimens and in less
heavily pretreated patients. Liposomal daunorubicin appears
to have single-agent activity and has been combined with
IDAC with moderate efficacy in a Phase I–II dose-escalation
study.132 A larger Phase II or III evaluation using the recom-
mended dose of DaunoXome (135mg/m2 q d ¥ 3 days) has yet
to be performed.
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TABLE 63.6. Trials of high-dose cytarabine (HIDAC)-containing regimens in relapsed/refractory AML.

Total Ara-C Additional
Reference Year Phase N dose agents CR DFS OS Comment

260 1985 II 76 36 DNR or DOXa 53% 5 months ≠ response in refractory patients and
≠ DFS with DNR/DOX

261 1998 III 186 36/12 Mitoxb 52%/45% 5.3/3.3c ≠ refractoriness to lower-dose 
12/4 48%/45% 4.5 regimens partially offset by ≠ early

deaths in higher-dose regimens
262 1999 III 162 36 Mitoxb 44% 11 daysd 6 ≠ CR with mitox/HiDAC significant 

32% 8 8 by multivariate analysis
263 2000 II 47 6 Mitoxb 4 months 4 months CR in 19/25 patients >60 years



Treatment of Acute Myeloid Leukemia in 
the Elderly

Because the median age of AML in the United States is 
63 years, a major proportion of clinical decision making
involves a patient population with frequently significant
comorbidities. Furthermore, older patients are more likely
than younger patients to present with adverse prognostic fea-
tures, especially unfavorable cytogenetics, antecedent
myelodysplastic syndrome, AML with multilineage dyspla-
sia,133 and Pgp expression.57

Multiple trials have compared the option of best support-
ive care with that of induction chemotherapy for older
patients with AML. A retrospective multivariate analysis of
conventional chemotherapy versus best supportive care indi-
cated that chemotherapy administration and LDH less than
400 were significantly associated with prolonged survival.134

Prospective studies, all nonrandomized, show trends toward
better OS with therapy as compared with best supportive
care.135 The very elderly (age 80 or more), on the other hand,
may not benefit from chemotherapy as compared with
patients who are just 10 years younger.136

Once a decision is made to treat an elderly patient with
AML, scant evidence exists pointing to the superiority of one
regimen over another. Among randomized studies, SWOG
has shown that using mitoxantrone and etoposide instead of
standard daunorubicin and cytarabine in untreated elderly
patients offers no meaningful advantages and may be inferior
with respect to OS.137 The MRC randomized 1,314 older
patients between three anthracycline- and cytarabine-
containing regimens and showed a significantly higher CR
rate for daunorubicin + 6-thioguanine (DAT) but no effect on
OS.138 A small Phase III trial comparing high-dose versus 
standard-dose mitoxantrone, each in combination with
cytarabine, showed no differences with respect to CR inci-
dence, DFS, and OS.139 Among nonanthracycline-containing
regimens, FLAG has been used extensively by hematologists

in older patients with untreated and relapsed AML. A Phase
III trial that compared Ara-C and G-CSF with and without
fludarabine showed that although Ara-CTP incorporation
into the DNA of leukemic blast cells is enhanced by fludara-
bine, no significant differences in CR incidence, DFS, and OS
were noted.140

Attempts at reversing multidrug resistance using drugs
that inhibit Pgp are reviewed above. Gemtuzumab ozogam-
icin has been used with and without interleukin (IL)-11 in this
patient population, with retrospective data indicating that
outcomes cannot justify using the regimen in place of con-
ventional idarubicin and cytarabine.141 The CALGB is plan-
ning to study the effect of the bcl-2 antisense inhibitor
G3139142 when combined with daunorubicin and cytarabine
in a Phase III trial in untreated elderly patients.

Whether elderly patients in CR should receive postre-
mission therapy is unsettled. Unmaintained remissions of 6
to 9 months have been noted following standard- or high-dose
mitoxantrone plus cytarabine induction regimens, results
comparable to those seen when postremission therapy is
given.139 The EORTC and ECOG demonstrated a trend toward
improved DFS but not OS using courses of low-dose SC ara-
c as compared with observation in older patients in CR.143,144

More intensive consolidations using mitoxantrone and an
IDAC variant145 or HiDAC96,146 have not improved outcomes
in this patient population.

Acute Promyelocytic Leukemia

Acute promyelocytic leukemia (APL) is the most curable of
AML subtypes. It is characterized by a pathognmonic translo-
cation, t(15;17), and an associated fusion protein (PML-RARa)
that underlies the disease’s pathogenesis. PML-RARa pro-
motes histone deacetylation, thereby inhibiting gene tran-
scription, an effect that is reversed by all-trans retinoic acid
(ATRA).147
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TABLE 63.7. Salvage regimens for relapsed/refractory AML.

Reference Year Phase Regimen N CR DFS Comment

264 1988 II Mitoxantrone and etoposide1 61 42.6% 4.7 months Severe myelosuppression: median time to 
CR = 49 days

265 1990 I–II High-dose cyclophosphamide 40 42% MTD 50mg/kg CTX days 1–4, E 4.2g/m2 civ over 
(CTX) + etoposide (E) 29–69hr. CR in 6/20 HiDAC-resistant patients.

266 1994 I–II Cladribine 36 8% 2 3 CRs at ≥15mg/m2/d civ days 1–5. Delayed 
sensorimotor peripheral neuropathy in 6/9 
patients at ≥19mg/m2/day. MTD = 17mg/m2/day.

267 1998 II Carboplatin, etoposide, 25 12% Tolerable; 3 CRs were in very poor risk patients.
cyclophosphamide, and 
cytarabine

268 2000 II Cladribine 15 0 Marrow aplasia in 8. No >grade 1 GI toxicity and 
no neurotoxicity.

269 2002 I Temozolomide 16 19% 11 MTD = 200mg/m2 po qd ¥ 7 days; DLT =
prolonged aplasia.

270 2002 I/II Liposomal daunorubicin 28 46% 6 MTD = 150mg/m2 days 1–3; 2 deaths from 
cardiotoxicity.

271 2002 II Gemcitabine + mitoxantrone 26 19% 2.5 Recommended dose of G = 10mg/m2/hr ¥ 12hr.
272 2002 I Gemcitabine 18 0 10mg/10mg/m2/hr ¥ 12hr ¥ 18hr well tolerated.
273 2003 I Gemcitabine (G) + 18 16.7% MTD for G = 9,000mg/m2 by civ/15hr; severe 

fludarabine (F) esophagitis, stomatitis, febrile neutropenia



The efficacy of oral administration of ATRA in inducing
CR in APL when used as a single agent is well established.148

Among large Phase III trials comparing ATRA monotherapy
and combination chemotherapy inductions, the North 
American Intergroup study showed that ATRA improved 
DFS but not CR incidence whether given before or after
chemotherapy.149 That study also suggested a dose response on
the part of APL to anthracycline therapy, a finding consistent
with the fact that APL has low expression of p-
glycoprotein.150 Phase II data exist supporting the efficacy of
an ATRA and idarubicin induction regimen for APL that omits
cytarabine,151 as well as an ATRA plus arsenic trioxide (ATO)
regimen, which dispenses with chemotherapy altogether.152

Current practice generally involves concurrent adminis-
tration of ATRA with anthracycline-based induction therapy
on the basis of Phase III trials that have found a superior DFS
when ATRA and chemotherapy are given concurrently. A sig-
nificant improvement in CR incidence (87% versus 70%) for
concurrent versus sequential ATRA plus chemotherapy has
been seen,153 whereas a second trial in which a formal ATRA
monotherapy induction was followed by chemotherapy and
compared with concurrent ATRA/chemotherapy noted no
difference in CR rates but found that EFS survival was sig-
nificantly improved at 2 years (86% versus 75%).154 The inci-
dence of the ATRA syndrome, a major, potentially lethal
complication of ATRA therapy,155 has been markedly reduced
when chemotherapy and ATRA are given together.156

In relapsed APL, ATO induced CR in 84% of 41
patients,157 and the humanized anti-CD33 monoclonal anti-
body Hum195 effected molecular CR in 11 of 22 relapsed
patients reinduced into clinical CR with ATRA.158 More than
80% of patients attained undetectable levels of the PMR-
RARa transcript by RT-PCR following ATO induction and
consolidation therapy.157 The current North American Inter-
group study is assessing the effect of ATO consolidation
therapy in APL patients in first CR when given before con-
solidation chemotherapy.

Another question being addressed in the North American
Phase III trial is the relative benefit of two forms of mainte-
nance chemotherapy: ATRA given intermittently for 1 year
with or without concurrent daily low-dose oral chemother-
apy with daily purinethol and weekly methotrexate. The pos-
sible benefit of ATRA maintenance has been previously
described when given alone159 and in combination with low-
dose chemotherapy.154

The studies cited previously indicate that long-term DFS
in 80% or so of patients with untreated APL is being realized.
In event of relapse, encouraging data demonstrate that 
autologous transplantation in patients with APL in second
remission, who have achieved molecular eradication of the
PML-RARa transcript, an outcome often achievable with
ATO-based salvage treatment, enjoy prolonged second 
remissions.160

New Agents for the Treatment of Acute
Myelogenous Leukemia

Immunotherapy of AML

Monoclonal antibodies can be used to potentiate the effects
of combination chemotherapy in the treatment of bulk
leukemia, or can serve as a means of eradicating MRD.

Although, in principle, unlabeled antibodies can be combined
with chemotherapy with little additive toxicity, only one
large Phase III has been conducted: patients with relapsed
AML over age 60 were randomized to receive salvage
chemotherapy with or without Hum195, a humanized anti-
CD33 antibody.161 No definite advantage was seen in the anti-
body-containing arm.

M195, whether labeled or unlabeled, can cause at least
transient antileukemic effects with acceptable toxicity. The
replacement of b-emitting radiolabels, such as yttrium and
iodine-131 with the pure a-emitter bismuth-214, allows for
the retention of significant antileukemic effects with a
reduced incidence of myelosuppression.162

Gemtuzumab ozogamicin (GO) is a murine anti-CD33
antibody construct that is linked to calicheamycin. Modest
single-agent activity for this antibody has been documented
in Phase II trials, with the largest overview of its efficacy
being a report of 157 older patients in first relapse.163 Relapsed
patients whose first CR lasted more than 1 year had a 35%
CR rate, with the probability of CR falling to 9% in patients
with first CR durations less than 6 months. In general, the
incidence of febrile complications following GO therapy is
comparable to that seen with cytotoxic therapy, whereas the
incidence of mucositis appears lower and that of hepatotoxic-
ity, including a low but troublesome incidence of venooc-
clusive disease (VOD), is higher. The likelihood of developing
VOD is increased substantially in patients who receive allo-
geneic transplants within 4 months of treatment with GO.164

A Phase II study of GO with or without the thrombopoi-
etic agent interleukin 11 led to CR incidences and remission
durations in poor-risk AML and MDS patients that were infe-
rior to those achieved at the same institution using conven-
tional chemotherapy with idarubicin and cytarabine.141

GO has been combined with several chemotherapy regi-
mens for treating relapsed and refractory165,166 as well as pre-
viously untreated AML.167,168 To date, these early data have
only demonstrated the feasibility of such combination 
therapies.

Other monoclonal radiolabeled antibodies which have
been used for treating AML, either as salvage therapy or as
part of a myeloablative transplantation regimen, include 131I169

and 214Bi162 conjugates of M195, 131I-anti CD45,170 and 188Re-
anti CD66.171

Interleukin 2 (IL-2), which can induce immune responses
on the part of cytotoxic T cells and NK (natural killer) cells
against autologous blasts in vitro, and that has exerted
antileukemic effects in poor-risk patients, has shown an
acceptable safety profile when used as a postremission
therapy.172,173 Evaluations of the effectiveness of IL-2 as a
postremission adjuvant therapy for AML are ongoing. A con-
struct of GM-CSF linked to diphtheria toxin has shown
modest activity in heavily pretreated, chemotherapy-refrac-
tory patients.174 A noteworthy development has been the
observation of significant anti-AML effects following vacci-
nation of AML patients with an HLA-A2-restricted peptide.175

Multidrug Resistance (MDR) Modulation

Chemotherapy resistance is partly mediated by P-glycoprotein
(Pgp), a cell membrane drug efflux pump encoded by the
MDR1 gene. Significant expression of Pgp is age related, with
Pgp positivity noted in close to three-quarters of patients over
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age 55.57 Multivariate analyses have shown that only Pgp
expression and cytogenetics are independent predictors of
complete remission (CR) and overall survival (OS) in de novo
AML.176–178

Favorable effects on CR incidence occurred in patients
receiving quinine, a Pgp inhibitor, with idarabucin and ara-c
induction therapy who also demonstrated in vitro efflux of
the Pgp substrate rhodamine-123.179 No overall survival
advantage was seen, however. Attempts to pharmacologically
reverse Pgp activity have centered on the use of cyclosporin
A (CsA) and its nonimmunosuppressive analogue, PSC-833
(Valspodar; Novartis). Both drugs competitively inhibit Pgp
function and diminish drug efflux in vitro.180–183 Promising
results favoring the use of CsA as a Pgp modulator with infu-
sional daunorubicin and HiDAC in a Phase III trial in poor-
risk AML conducted by the Southwest Oncology Group184

have yet to be duplicated using PSC-833. Three Phase III
studies evaluating PSC-833 have been terminated, however.
Toxicity concerns halted a trial in older patients with de 
novo AML,185 whereas a Phase II trial in relapsed/refractory
patients ended because of lack of benefit in the experimental
arm.186 A recent Phase III trial in untreated AML in pa-
tients more than 60 years of age conducted by the Medical
Research Council (MRC) demonstrated early excess mortal-
ity from PSC-833-containing daunorubicin, cytarabine, and 6-
thioguanine induction therapy, which became inapparent
with further follow-up.187 On the other hand, nonrandomized
Phase I/II data in patients less than 60 years of age with
untreated AML suggest a favorable effect on DFS and OS, par-
ticularly in patients less than 45 years of age.188

New Cytotoxics and Signal Transduction Inhibitors

Among new nucleoside analogues, Clofarabine exerts signif-
icant antileukemic effects when used as a single agent in
relapsed AML, with toxicity consisting of moderate liver
function abnormalities.189 The l-nucleoside analogue troxa-

citabine has in vitro antileukemic activity that is comple-
mentary to that mediated by ara-c.190 Disappointingly, trox-
acitabine when combined with ara-c or with idarubicin, was
found highly likely to be inferior to idarubicin and ara-c in
the treatment of older patients with AML and poor-risk kary-
otypes.191 These studies have shown that the major non-
hematologic toxicities of troxacitabine are mucositis and
hand–foot syndrome.

A host of interesting new agents that target protein
kinases, mediators of angiogenesis, farnesyl transferase, DNA
methylation, histone acetylation, and the proteasome are
undergoing clinical investigation for the treatment of AML.
A representative listing of these agents is found in Table 63.8,
along with their targets and early clinical findings. Of great
interest will be the determination of optimal means of using
these agents and how best to sequence or combine them with
chemotherapy.192

The Myelodysplastic Syndromes

The myelodysplastic syndromes (MDS) encompass diseases
marked by variable abnormalities in hematopoiesis, involv-
ing one or more lineages, usually accompanied by dysplastic
marrow morphology involving two or three lineages. Marrow
cellularity can vary markedly in these diseases, with an
important overlap noted between some forms of hypocellular
MDS, aplastic anemia, and paroxysmal nocturnal hemoglo-
binuria.193 Increasing evidence supports the likelihood that
many cases of MDS arise from a mutated hematopoietic stem
cell.194

MDS is predominantly a disease of the elderly, with 80%
of patients diagnosed over age 60 years. Although the etiol-
ogy of MDS is unknown in most cases, prior chemotherapy
is a well-recognized cause. Factors involved in the pathobiol-
ogy of MDS include abnormalities in apoptotic and growth
signals, interactions with bone marrow stromal and vascular
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TABLE 63.8. New agents for the treatment of AML.

Reference Agent Target Toxicity Results Comment

243, 274, R11577 (Tipifarnib, Farnesyl DLT = neurotoxicity in About 20% CR in untreated Response associated with 
275 Zarnestra) transferase phase I; minimal toxicity patients; very low CR in inhibition of farnesylation 

in phase II previously treated patients in vivo
276 CEP-701 FLT3 DLT not identified Transient blast clearance  Response correlates with 

documented in PB and BM inhibition of FLT3 
autophosphorylation

277 SU11248 FLT3 50mg po qd well tolerated; 4/4 brief PR in mutated FLT3; In vivo inhibition of 
grade 4 cardiac, fatigue, 2/10 in wild type phosphorylation of 
hypertension at 75mg po qd tyrosine kinases (c-kit, 

FLT3, VEGF)
278 PKC412 FLT3 75mg po tid well tolerated; 7/20 > 2log reduction in blasts, FLT3 autophosphorylation 

2 fatal pulmonary events of median 13 weeks inhibited in vivo
unclear etiology

234 SU5416 VEGF-R 1, 2 Grade 3/4 in 7%–14%: 3/33 refractory/relapsed AML Marked apoptosis and 
headaches, infusion-related PR necrosis in marrows of 
reactions, dyspnea, some patients with AML
thrombotic episodes between days 7 and 14

after beginning therapy
279 Bortezomib (PS-341, Proteasome DLT ≥3 syncope, orthostatic Transient decreases in 44%–63% nonsustained 

Velcade) hypotension, edema, blasts noted proteasome inhibition 
noncardiac chest pain documented

142 Oblimersen (G3139, BCL-2 Combined with FLAG; no 5/17 CR 75% had BCL-2 mRNA 
Genasense) clear DLT downregulated in vivo



endothelial cells, and, in some cases, T- and NK cell-
mediated autoimmune mechanisms. Strategies aimed at
interruption of such mechanisms are reviewed next.

Table 63.9 depicts the WHO classification of MDS.
Chronic myelomonocytic leukemia (CMML), which shares
characteristics of MDS and myeloproliferative diseases and
has a variable clinical course,195 has been placed in a separate
category of myelodysplastic/myeloproliferative disorders. To
improve the analysis of outcomes following treatment in each
of these diseases, the International Prognostic Scoring System
(IPSS) has gained acceptance because of its reliance on readily
available clinical parameters and reasonable correspondence
with prognosis.196 The IPSS segregates patients into low, inter-
mediate-1 and -2 (INT-1 and INT-2), and high-risk groups
(Table 63.10). Figure 63.3 depicts the relationship between the
IPSS categories, survival and probability of development of
AML observed in 816 patients with MDS.

Standardized response criteria to be used to assess clini-
cal trials in MDS patients have been agreed upon.197 These
criteria emphasize the importance of stratifying patients

according to the IPSS and looking at endpoints such as pro-
gression-free and disease-free survival.

Role of Hematopoietic Growth Factors in MDS

Erythropoietin (epo) has been shown to benefit a significant
minority of patients with MDS. Patients with low marrow
blast percentages and serum erythropoietin levels, and
without red cell transfusion dependence, are more likely to
respond to treatment with epo.198 Prolonged administration of
epo may be needed to effect a response.199 Of interest is the
observation that erythroid progenitors that have normal kary-
otypes by FISH analysis preferentially undergo expansion in
response to epo.200

Several studies have utilized G- or GM-CSF in combina-
tion with epo, attempting to exploit a possible synergy
between these agents with respect to stimulating erythro-
poiesis while also aiming to expand neutrophil numbers in
neutropenic patients. Although not conclusive, the data
suggest that the combination of G-CSF and epo may be more
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TABLE 63.9. The World Health Organization classification of the myelodysplastic syndromes.

Disease Blood findings Bone marrow findings

Refractory anemia (RA) Anemia Erythroid dysplasia only
No or rare blasts <5% blasts

<15% blasts
Refractory anemia with ringed Anemia >15% ringed sideroblasts
sideroblasts (RARS) No blasts Erythroid dysplasia only

<5% blasts
Refractory cytopenia with Bi- or pancytopenias Dysplasia in ≥10% of cells of >2 lineages
multilineage dysplasia No or rare blasts <5% blasts
(RCMD) No Auer rods No Auer rods

<1 ¥ 109/L monocytes <15% ringed sideroblasts
Refractory cytopenia with Bi- or pancytopenias Dysplasia in ≥10% of cells of ≥2 lineages
multilineage dysplasia and No or rare blasts <5% blasts
ringed sideroblasts (RCMD-RS) No Auer rods No Auer rods

<1 ¥ 109/L monocytes ≥15% ringed sideroblasts
Refractory anemia with excess Cytopenias ≥1 lineage dysplasia
blasts 1 (RAEB-1) <5% blasts 5%–9% blasts

No Auer rods No Auer rods
<1 ¥ 109/L monocytes

Refractory anemia with excess Cytopenias ≥1 lineage dysplasia
blasts 2 (RAEB-2) 5%–19% blasts 10%–19% blasts

Auer rods ± Auer rods ±
<1 ¥ 109/L monocytes

Myelodysplastic syndrome— Cytopenias Unilineage dysplasia
unclassified (MDS-U) No or rare blasts <5% blasts

No Auer rods No Auer rods
MDS associated with isolated Anemia Normal to increased megakaryocytes with
del(5q) Usually normal or increased platelet counts hypolobulated nuclei

<5% blasts <5% blasts
Isolated del(5q)
No Auer rods

Source: Adapted from Vardiman et al.,45 by permission of Blood.

TABLE 63.10. International prognostic scoring system for myelodysplastic syndromes.

Score value

Prognostic variable 0 0.5 1.0 1.5 2.0

BM blasts (%) <5 5–10 — 11–0 21–3
Karyotypea Good Intermediate Poor — —
Cytopenias 0–1 2–3 — — —

Scores for risk groups: low, 0; INT-1, 0.5–1.0; INT-2, 1.5–2.0; high, ≥2.5.
a Good: normal, -Y, del(5q), del(20q); poor: complex (≥3 abnormalities) or chromosome 7 anomalies; intermediate: other
abnormalities.

Source: Adapted from Greenberg et al.,196 by permission of Blood.



effective than epo alone in stimulating erythropoiesis, par-
ticularly in patients in more favorable risk groups.201,202 Trans-
fusion-dependent patients unresponsive to epo do not benefit
from the addition of myeloid growth factors.203 With respect
to neutrophil stimulation, one trial has shown that GM-CSF,
with or without epo, can increase neutrophil counts by a
median of fourfold without inducing an excess risk of con-
version to acute leukemia.204

Attempts to stimulate thrombopoiesis in MDS and AML
have included the use of IL-11, which appears to have modest
platelet-stimulating properties,205 and thrombopoietin, which
has not been shown to enhance platelet recovery following
induction chemotherapy of AML and about which concerns
have been raised regarding potential adverse effects on the
biology of myeloid malignancies.206

Chemotherapy for High-Risk MDS

Selected patients with MDS with adverse cytogenetics and/or
increased blasts who are younger, or who are at unacceptably
high risk of infection because of neutropenia or who have an
impaired quality of life because of platelet and/or red blood
cell transfusion requirements, irrespective of age, may benefit
from induction chemotherapy as used for treatment of AML.

In general, the benefit is limited, and the toxicity of induc-
tion therapy can be prohibitive in older patients.

Topotecan has been used to treat symptomatic patients
with MDS either as a single agent207 or in combination with
HiDAC.208 Although higher CR rates (56% versus 37%) were
noted in Phase II trials using the combination as compared 
to single-agent topotecan, a subsequent large retrospective
analysis comparing topotecan and HiDAC and FLAG regi-
mens with standard idarubicin and cytarabine, showed that
the newer regimens are likely inferior with respect to CR inci-
dence, DFS, and OS.209 When adjusted for age, induction
therapy of high-risk MDS yields an incidence of CR, and even
cytogenetic CR, not very different from that seen in de novo
AML. Remission durations, however, tend to be brief.210

Pgp-reversal agents have been evaluated in high-risk MDS.
Phase III trials comparing anthracycline and ara-c combina-
tions with and without cyclosporine A211 or quinine,212 sug-
gested response and DFS benefits in the experimental arms.

An analysis of outcomes following intensive therapies in
selected patients with MDS, in some instances incorporating
transplantation, and categorized according to the IPSS, 
indicates patients with intermediate-1, intermediate-2, and
high-risk disease had survivals of 2.6, 3.4, and 0.9 years,
respectively.213 A pilot evaluation of myeloablative therapies
in patients with MDS demonstrated a 12-month median DFS,
with 29% of patients disease free at 4 years214; 110 patients
who underwent allografts from HLA-matched related or unre-
lated donors showed a 5-year survival ranging between 8%
and 30%, with poor outcomes associated with TBI-contain-
ing preparative regimens and the use of cyclophosphamide
and targeted blood levels of busulfan without TBI leading to
better results.215 Reduced-intensity allogeneic transplant reg-
imens are being investigated to reduced the toxicity and
expand the applicability of transplantation for patients with
poor-risk MDS. An innovative and preliminarily effective
example of this approach used photopheresis, pentostatin,
and TBI as the preparative regimen in patients with MDS
(median age, 54), who then received either matched related or
unrelated allografts.216

Immunosuppressive Therapy for MDS

CsA and antithymocyte globulin (ATG) have been studied 
in patients with MDS using as a rationale the possible con-
tribution of cytotoxic T-cell-mediated marrow suppression 
to cytopenias. Oligoclonal expansions of T cells have been
linked to the pathogenesis of MDS,217 with clinical responses
to immunosuppressive therapies accompanying suppression
of such clonal populations.218 Combined treatment with ATG
and CsA has induced major responses in patients with aplas-
tic anemia who clinically overlap with cases of hypoplastic
MDS on the basis of having typical MDS clonal cytogenetic
abnormalities.219 Using either horse or rabbit ATG, significant
responses were seen in 10 of 35 patients with MDS, with all
responses occurring in patients with refractory anemia (RA),
particularly in those with brief disease duration.220 Ten of 20
patients with MDS and less than 10% marrow blasts (8 of 13
responders had RA) developed transfusion independence fol-
lowing treatment with equine ATG.221 Durable CRs follow-
ing ATG therapy were seen in 4 of 18 patients with RA and
RARS. Limited efficacy and significant toxicity were observed
in another trial of ATG in unselected patients with MDS.222
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International MDS Risk Classification
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Five of nine patients with hypoplastic RA developed red
cell and/or platelet responses to treatment with CsA.223 A
multicenter study of CsA in MDS showed significant 
erythroid responses irrespective of marrow cellularity that
was confined to patients with RA, particularly those positive
for HLA-DR15 and without adverse cytogenetics.224 A higher
probability of response to ATG or CsA can be predicted
among younger patients who are HLA DR15 positive and
have had short periods of red cell transfusion dependence.225

Antioangiogenic, Cytokine, and Signal
Transduction Modulatory Therapies

As observed in trials of patients with MDS using immunosup-
pressive therapies, responses to treatments aimed at inhibiting
angiogenic mediators are most likely to occur in patients with
low-risk MDS and to consist mainly of increments in the
hemoglobin. Thalidomide induced such responses in 19% of
83 registered patients, only 51 of whom completed 12 weeks
of therapy and were considered evaluable.226

CC5013 (Revlimid) is a derivative of thalidomide that has
more potent antiangiogenic effects while inducing less neu-
rotoxicity and more myelosuppression. Early data using this
orally available agent suggest that tolerable doses can induce
major clinical and cytogenetic responses in patients with low
and Int-1 MDS.227 Larger Phase II trials in MDS and in MDS
with isolated del(5q) are in progress.

Both thalidomide and Revlimid inhibit angiogenesis
while also suppressing the activity of tumor necrosis factor
(TNF)-a, death signals such as Fas ligand (CD95) and its recep-
tor,228,229 and other proapoptotic mediators such as tumor
necrosis factor (TNF)-related apoptosis-inducing ligand
(TRAIL).230 Attempts to downregulate such pathways have
included small trials of the TNF receptor antagonists Remi-
cade, given as a single agent,231 and Etanercept, given with
low-dose thalidomide.232 Modest, mostly erythroid responses
occurred in a minority of low-risk patients.

Direct inhibition of vascular endothelial growth factor
(VEGF) receptors and related tyrosine kinases has been
studied using PTK787, an orally available agent. In a trial that
included 12 patients with high-risk MDS, a suggestion of
slowing of disease progression was noted.233 Another VEGF
receptor family inhibitor that also targets mutant FLT3 and
is available only parenterally is SU5416, which induced a PR
in 1 of 22 patients with poor-risk MDS.234

Amifostine has been used to promote hematopoiesis in
MDS, acting through a mechanism that may entail inhibition
of p53-mediated apoptosis.235 Fifteen of 18 patients treated
with a twice-weekly IV schedule of this agent developed
responses in at least one lineage. Doses above 200mg/m2 were
associated with fatigue, nausea, and vomiting. All 10 patients
treated with amifostine and epo, some of whom also were
treated with G-CSF, developed brief responses.236

Another therapy that putatively inhibits proapoptotic
cytokines is the combination of pentoxyphylline, cipro-
floxacin, and dexamethasone, which has induced modest
bilineage responses in 9 of 18 patients237 and transfusion inde-
pendence in 4 of 17.238

Arsenic trioxide (ATO) is an agent that may promote
apoptosis of leukemic progenitors while inhibiting produc-
tion of VEGF-A and the growth of vascular endothelium
while promoting nonterminal differentiation of hematopoi-

etic precursors.239 Six of 25 patients in a Phase II trial
responded to APO, some with trilineage responses despite
high-risk disease.240 Eleven had stable disease lasting 2 to 6
months. Moderately severe toxicity was seen, with more than
40% of patients developing febrile neutropenia, thrombocy-
topenia, and gastrointestinal side effects. Early findings 
from another Phase II trial of ATO, combined with low-dose
thalidomide, showed trilineage responses in a minority of
patients, 2 of whom had inv(3)(q21q26.2).241

Signaling pathways induced by members of the Ras family
of oncogenic proteins have been implicated in the pathogen-
esis of MDS and CMML and have been targeted using agents
that inhibit farnesyl transferase (FT), an enzyme which is
crucial to the activation of Ras proteins.242 R11577 (tipifarnib)
is an orally available FT inhibitor that was studied in 21
patients with MDS, with 6 responses (3 hematologic improve-
ment, 2 PR, 1 CR). Although the agent proved myelosup-
pressive, the DLT consisted of fatigue and confusion.
Significant activity (33% major response) was seen in another
Phase II trial of tipifarnib in poor-risk AML and MDS.243 Lon-
afarnib is another orally available FT inhibitor. In a Phase II
trial of 32 patients with advanced MDS and 35 with CMML,
half of whom had Int-2 or high-risk disease, there were 2 CR
(1 MDS, 1 CMML) and 10 hematologic improvements (3
MDS, 7 CMML). Therapy was discontinued by 26% of
patients because of fatigue, nausea, vomiting, and anorexia.244

Continuous treatment with lonafarnib at a dose of 200mg po
bid was well tolerated; hematologic improvement occurred in
3 of 15 patients with MDS and normalization of monocyte
counts in 6 of 12 patients with CMML.245

Epigenetic Modulatory Therapies

Transcription of genes important for differentiation and pro-
liferation is affected by the extent of methylation in pro-
moters as well as by the level of acetylation of histones that,
in the unacetylated state, entwine DNA into transcription-
ally silent euchromatin. These pathways are illustrated in
Figure 63.4. Agents that target enzymes involved in these epi-
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genetic modifications of DNA structure and function have
entered clinical trials.

Table 63.11 outlines findings of studies in MDS using
agents that target either DNA methylation or histone acety-
lation. 5-Azacitidine has gained U.S. Food and Drug Admin-
istration (FDA) approval for treatment of MDS, largely on 
the basis of a randomized Phase II trial that demonstrated
meaningful benefits with respect to overall survival, time 
to leukemic transformation,246 and quality of life.247 Other
agents undergoing investigation include depsipeptide,248

suberoylanilide hydroxamic acid (SAHA),249 and valproic
acid.250

Many interesting compounds are in the process of being
studied alone and in combination with chemotherapy in ther-
apies for MDS and AML. The further development of these
agents requires well-designed and -conducted clinical trials.
Advances in treatment outcomes, it is hoped, will follow.
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TABLE 63.11. Epigenetic modulatory therapies of myelodysplastic syndrome (MDS).
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Acute Lymphoblastic
Leukemia
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Laura C. Michaelis, 
and Wendy Stock

cute lymphoblastic leukemia (ALL) is a malignant
hematologic disease characterized by the accumula-
tion of immature cells within the marrow space that

are arrested at the lymphoblast stage of development, with
consequent suppression of normal hematopoiesis. ALL is not
a biologically uniform disease; rather, it is a collection of 
heterogeneous entities characterized by distinct phenotypic,
cytogenetic, and molecular–genetic profiles. The characteri-
zation and study of these subtypes has led to a risk-adapted
approach to therapy, an approach pioneered by clinicians
involved with the study of ALL in children, which has now
been extended to the diagnosis and treatment of adult ALL.
Much progress has been made over the years, particularly in
pediatric ALL where cure rates are now in the 80% range. In
contrast, for adults with ALL, only approximately one-third
of patients achieve long-term disease-free survival. Utiliza-
tion of newer molecular techniques, such as gene expression
profiling, will lead to an improved understanding of the
biology of the disease, as well as identification of new drug
targets and unique drug susceptibility and resistance profiles.
Ultimately, these insights will lead to a more refined and 
targeted approach to therapy with subsequent significant
improvement in the cure rates for adults afflicted with this
disease.

Etiology and Epidemiology

Incidence

The estimated number of new cases of ALL in the year 2003
in the United States was 3,600. There is a slight male pre-
ponderance, with 2,100 of these cases occurring in males.1

ALL is the most common malignancy diagnosed in children
and constitutes 25% of childhood malignancies and more
than 70% of all childhood leukemia diagnoses.2

ALL is a relatively rare disease in adults; 30% of ALL cases
occur in adults, and it represents about 20% of adult acute
leukemias. There is a bimodal distribution to the incidence
of the disease, with an initial peak in early childhood, which
then declines during the adolescence and young adulthood
years, and a second smaller peak that occurs in patients older

than 50.2 The age-adjusted incidence is 1.6 in 100,000 in
adults (i.e., 16 cases per 1 million people).3

Etiology

ALL is largely an acquired disease and, similar to most other
malignancies, is a progressive clonal disorder driven by
genetic mutations. The inciting event or etiologic agent
remains obscure in almost every instance.4 Various factors
have been implicated including hereditary factors, viruses,
and environmental factors, such as ionizing radiation. It is
likely that a complex interplay of genetic and environmental
factors may underlie the development of most cases of 
ALL.

Congenital Disorders and Heredity

Several inherited genetic syndromes have been associated
with an increased predisposition to acute leukemia. Overall,
these account for about 5% of acute leukemias (both lym-
phoid and myeloid) and often involve genes encoding proteins
whose functions relate to DNA repair and genomic stability.

One of the best known examples of an inherited predis-
posing genetic syndrome is Down’s syndrome (DS). The inci-
dence of acute leukemia is 10- to 20-fold higher in children
with DS when compared with children without DS. Gene
dosage, altered folate metabolism, mutations of genes, or
disomy of a leukemia predisposition gene on chromosome 21
are among the presumed mechanisms of leukemogenesis in
DS patients.5,6 There are no distinct acquired genetic muta-
tions to date that have been associated with the patho-
genesis of ALL occurring in Down’s syndrome patients. 
Klinefelter’s syndrome and inherited syndromes associated
with excessive chromosomal fragility, such as Fanconi’s
anemia, Bloom’s syndrome, and ataxia-telangiectasia have
also been associated with an excess risk of ALL.7–9

Apart from congenital inherited predisposition syn-
dromes, other genetic factors, including prenatal factors, may
contribute to the development of acute leukemia. Important
insight into the prenatal origin of acute leukemia has been
gathered from observations regarding the concordance rates
of acute leukemia occurring in monozygotic twin pairs. In
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general, the concordance rate in monozygotic twin pairs aged
from birth to 15 years has been reported in a number of
surveys to be between 5% and 25%. However, when infant
leukemias (less than 1 year of age) are separated from other
cases occurring later in childhood, the concordance rate for
infant leukemias approaches 100%, in contrast to the con-
cordance rate for childhood ALL, which remains around 10%.
Analysis of archived neonatal blood spots (Guthrie cards)
demonstrates identical clonal origin of the leukemia in the
majority of cases of acute leukemia occurring in monozygotic
twin pairs in infants and children and provides crucial evi-
dence supporting the in utero initiation of leukemogenesis.10

Concordant leukemia has been reported only rarely in
adults.11

In infant leukemias, the majority of which are character-
ized by chromosomal rearrangements involving the MLL
gene, it is probable that by the time the infants are born, the
process of leukemogenesis is almost complete. This hypoth-
esis is supported by the very short latency period and almost
synchronous diagnosis of leukemia in identical twin infants.
Maternal exposure to natural or medicinal topoisomerase 
II substances, including dietary bioflavinoids, has been 
implicated as possible etiologic agents in these infant
leukemias, particularly, because therapy-related leukemias
following prior chemotherapeutic exposure to topoisom-
erase II inhibitors have also been associated with MLL
rearrangements.10,12

Childhood ALL (more than 1 year of age) occurring in twin
pairs may be characterized by chromosomal rearrangements
involving the TEL-AML1 fusion gene and a longer period of
postnatal latency, suggesting that additional postnatal genetic
mutations or events are necessary for leukemogenesis.10 The
finding on analysis of Guthrie cards that nontwinned children
with ALL had detectable clonotypic TEL-AML1 or rearranged
IGH sequences at birth supports the concept of prenatal ini-
tiation of leukemia in most cases of pediatric ALL.13,14 In addi-
tion, a recent survey of normal cord blood samples revealed
the incidence of the TEL-AML1 fusion transcript to be about
1% (a frequency that is 100 times the incidence of overt ALL
involving this fusion transcript), lending further credence to
the hypothesis that additional “hits” are required postnatally
for the generation of overt acute leukemia in childhood ALL.15

Viruses

Epstein–Barr virus (EBV), a human herpesvirus that is the eti-
ologic agent for infectious mononucleosis, is also associated
with Burkitt’s lymphoma and mature B-cell ALL, as well as
lymphomas arising in immunosuppressed patients [such as
acquired immunodeficiency syndrome (AIDS)-related and
posttransplant lymphoproliferative disorders].16 EBV effi-
ciently transforms B lymphocytes in vitro, and its role in the
pathogenesis of lymphoproliferative disorders in immuno-
suppressed individuals may occur via aberrant signal trans-
duction mediated by EBV-associated membrane proteins.17

This virus is not a known etiologic agent for typical (precur-
sor B/precursor T) ALL.

Environmental Factors

Various environmental factors have been postulated as con-
tributing to the development of ALL, but in most cases there

is a paucity of direct evidence linking these factors to leuke-
mogenesis. For example, in children of higher socioeconomic
status, an increased incidence of ALL has been observed and
has been associated with a delayed exposure to common
childhood infections as a result of improvements in hygiene,
altered patterns of social contacts, and minimal or lack of
exposure to breastfeeding. These observations have led to the
hypothesis that a rare abnormal response following exposure
to common infectious agents may be an important etiologic
factor, especially in those cases of childhood ALL occurring
in the 2- to 4-year-old age group.18

There is a definite relationship between exposure to ion-
izing radiation and the development of ALL. High acute doses
of ionizing radiation, such as occurred in survivors of the
atomic bomb explosions in Hiroshima and Nagasaki are more
causally linked to leukemogenesis than chronic low-level
exposure.19,20

Previously, exposure to nonionizing radiation in the form
of low-energy electromagnetic fields as occurs with residen-
tial high-voltage power lines has been implicated; recently,
however, this form of exposure has been largely excluded as
an etiologic factor.21

Cigarette smoking in adults has been investigated in a
case-control study conducted by the Cancer and Leukemia
Group B (CALGB). An increased risk of developing ALL was
observed in smokers over the age of 60 years (odds ratio, 3.40;
95% confidence interval, 0.97–11.9).22

Secondary ALL

Secondary acute leukemias can occur following chemother-
apy or radiation therapy for other malignancies. Most of these
leukemias are myeloid and occur after prior treatment with
alkylating agents or topoisomerase II inhibitors. An increas-
ing number of ALL cases are being reported following expo-
sure to chemotherapy with topoisomerase II inhibitors. These
therapy-related ALL cases have been associated with the chro-
mosomal rearrangements involving the MLL gene and 
typically occur within 2 years of initial exposure to the
chemotherapeutic agent(s).23

Pathology and Pathogenesis

The integrated application of cytochemical stains,
immunophenotyping, and cytogenetic and molecular genetic
studies, in conjunction with the morphologic evaluation of
ALL blasts, has led to a more definitive characterization of
the various biologic subtypes of ALL. This comprehensive
approach to the classification of ALL has impact on signifi-
cantly risk group assignment, prognosis, and approach to
therapy.

Morphology

FAB Classification

Acute lymphoblastic leukemia cells have historically been
subclassified on the basis of the differences in their appear-
ance under the light microscope. The French–American–
British (FAB) group described three categories of lymphoblasts
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TABLE 64.1. Immunophenotype in acute lymphoblastic leukemia (ALL).

World Health
Organization
(WHO) category Lineage Phenotype

Precursor B-cell B-lineage
lymphoblastic Pro-B ALL TdT+, HLA-DR+, CD19/22/79A+, CD10-, cm-, sIg-
leukemia cALL TdT+, HLA-DR+, CD19/22/79A+, CD10+, cm-, sIg-

Pre-B ALL TdT+, HLA-DR+, CD19/22/79A+, CD10+, cm+, sIg-
Burkitt’s leukemia Burkitt TdT-, HLA-DR+, CD19/22/79A+, CD10+, sIg+
Precursor T-cell acute T-lineage ALL
lymphoblastic Pro-T ALL TdT+, HLA-DR±, cCD3+
leukemia Pro-T ALL TdT+, HLA-DR±, cCD3+, CD2/CD5±, CD7+

Cortical T ALL TdT+, HLA-DR-, cCD3+, CD2/5/7+, CD4+/CD8+, CD1a+
Mature T ALL TdT±, CD3+, CD2/5/7+, CD4+ or CD8+, CD1a-

TdT, terminal deoxynucleotidyl transferase.

based on cell size, nuclear cytoplasmic ratio, prominence 
of nucleoli, degree of cytoplasmic basophilia, and 
vacuolation.24,25

L1 lymphoblasts are small and homogeneous with high
nuclear to cytoplasmic ratio, inconspicuous nucleoli, and
scant pale blue cytoplasm (Figure 64.1). When compared with
normal lymphocytes in the peripheral blood or bone marrow
aspirate smears, the L1 lymphoblasts are larger, approxi-
mately double in size, and the nuclear chromatin is more
homogeneous and less condensed. L2 lymphoblasts are larger
and pleomorphic with more abundant cytoplasm and promi-
nent nucleoli. There is frequently a combination of these
more variable “L2” lymphoblasts in addition to the typical
“L1” lymphoblasts. Approximately two-thirds of adults are
classified as having L2 ALL.

The distinction between L1 and L2 lymphoblasts does not
define specific disease entities because L1 and L2 ALL show
no consistent correlation with specific phenotypic or cytoge-
netic features. These terms (L1 and L2) are now largely
descriptive and have not been adopted in the current World
Health Organization (WHO) classification of ALL, which is
based on immunophenotype and genotype.26 In contrast, L3
lymphoblasts are quite distinctive. The blasts are large and
more homogeneous with deeply basophilic cytoplasm that
typically contains well-defined vacuoles. The nuclei are large,
with prominent nucleoli and a finely stippled chromatin.

These lymphoblasts are characteristic of Burkitt leukemia/
lymphoma and have unique immunophenotypic and geno-
typic features.

WHO Classification26

In an attempt to arrive at a classification system that would
be more relevant and informative to clinicians, the WHO
developed new diagnostic guidelines for malignant diseases of
hematopoietic and solid tumors. The WHO has proposed that
a 20% or greater number of lymphoblasts is sufficient for a
diagnosis of ALL. In addition, the WHO classification scheme
has abandoned the distinction between L1 and L2 morpholo-
gies (Table 64.1) because of the lack of correlation of these
subtypes with specific immunophenotypic, genetic, or clini-
cal characteristics.

Cytochemistry and Immunohistochemistry

Cytochemical stains are a useful adjunct to the phenotypic
evaluation of the blast population and facilitate the evalua-
tion of various cytoplasmic constituents.

Myeloperoxidase (MPO) activity is specific for myeloid
differentiation and helps to distinguish AML from ALL.

The periodic acid–Schiff (PAS) reaction may be positive in
lymphoblasts; usually this staining is localized and the nuclei
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FIGURE 64.1. Cytomorphology of lymphoblasts (Wright-stained
bone marrow aspirate smears). (A) Small uniform blasts, previously
called “L1” according to French–American–British (FAB) morpho-
logic classification. (B) Lymphoblasts are varied in size with several
large blasts with prominent nucleoli, referred to as “L2” according to

FAB morphologic classification. (C) Burkitt leukemia cells, previ-
ously characterized as “L3” blasts according to FAB morphologic 
criteria. Blasts are large, with deeply basophilic cytoplasm and 
prominent vacuoles.



may be partially encircled by a rim of PAS reactivity. In con-
trast, myeloblasts are usually PAS negative, although block
PAS staining may be seen in some cases of AML.27

Terminal deoxynucleotidyl transferase (TdT), a nuclear
DNA polymerase that inserts nucleotide sequences at splice
sites required for recombination of immunoglobulin and 
T-cell receptor genes, is positive in 95% of L1/L2 lym-
phoblasts but may also be positive in some cases of AML.28

Therefore, although no single cytochemical stain is by itself
specific, the use of cytochemistry is an important component
and integral to the workup that helps to distinguish ALL from
AML.

Immunophenotype

Immunophenotypic analysis involves the use of specific 
monoclonal antibodies to recognize distinct epitopes of
surface and intracellular antigens that define stages of matu-
ration of lymphoid and myeloid cells. This technique has sig-
nificantly improved the classification of acute leukemias.29

Immunophenotyping may be performed by flow cytometry or
by immunohistochemistry and has a central role in confirm-
ing a morphologic diagnosis of ALL and in the separation of
B- and T-cell ALL.

Immunophenotyping provides information about lineage
(myeloid versus lymphoid, B-lineage versus T-lineage),
defines the degree of cell maturation, and has contributed to
a prognostically relevant view of the leukemic blasts in
ALL.30 Specific immunophenotypic profiles identified at diag-
nosis may also be useful for the subsequent evaluation of
minimal residual disease.31,32

B-Lineage Disease

A significant majority of cases of ALL (approximately 70% to
80%) are of B-lineage.33,34 B-lineage ALL can be further sub-
classified into subtypes that correspond to different levels of
maturation in B-cell development. The WHO classification
scheme (see Table 64.1) recognizes the broad categories 
“precursor B” and “precursor T ALL,” because of the lack 
of conformity and questionable significance of further 
subclassifying these two groups.26

Precursor B ALL includes pre-pre-B ALL (pro-B ALL),
common ALL (c-ALL, common precursor-B ALL), and pre-B
ALL. Immunophenotypic characteristics are summarized in
Table 64.1. The most common subtype of B-lineage ALL is 
c-ALL, occurring in about 50%, and is positive for CD10
(common ALL antigen, CALLA), B-cell markers (CD19,
CD22), TdT, and cytoplasmic CD79A, but lacks cytoplasmic
IgM (m) and surface immunoglobulin (sIg) expression. Pro-B
ALL is less common, lacks CALLA expression, is at an earlier
level of maturation, and has been associated with a worse
prognosis. Pre-B ALL is more mature and is characterized by
expression of cytoplasmic m and lack of expression of sIg.

Burkitt’s leukemia (mature B-cell ALL) is characterized by
a “mature B” phenotype with surface immunoglobulin (sIg)
expression and FAB L3 morphology. This subtype of ALL is
also associated with specific cytogenetic changes that are
described in more detail next.35

T-Lineage Disease

T-lineage ALL accounts for 15% to 25% of adult ALL and can
also be further subdivided based on the stage of thymocyte

maturation (see Table 64.1).36 Again, because of the variabil-
ity in marker expression and lack of conformity of these 
subdivisions, the WHO recognizes only the “precursor T-
group” without further immunophenotypic categorization
(Table 64.1).26

The most common subtype of T-lineage ALL is cortical
T-ALL, which corresponds to an intermediate or cortical
thymic stage of development. Cortical T-ALL is characterized
by expression of pan-T-cell markers: CD2, cytoplasmic CD3
(cCD3), CD7, CD5, coexpression of CD4 and CD8, and
expression of CD1a. More-primitive subtypes of T-ALL
include pro-T ALL and pre-T ALL. A subtype that is more
mature than cortical T-ALL is the mature T-ALL (see Table
64.1).37,38 T-ALL typically occurs in young male patients with
a high white blood cell (WBC) count and a mediastinal mass.39

ALL with Myeloid Antigen Expression

Coexpression of myeloid markers is relatively common in
ALL, occurring in about 15% to 50% of adults with the
disease, and does not necessarily indicate bilineage involve-
ment. The myeloid markers CD13 and CD33 are the most
frequently expressed, but these cases are characteristically
myeloperoxidase negative.26,40 Recently, more uniform
grading systems have been instituted with stricter criteria to
help define the biphenotypic entity.41

Cytogenetics and Molecular Genetics

Recurring nonrandom chromosomal rearrangements occur in
the majority (60% to 85%) of ALL cases and confer important
prognostic information.42 In addition, these chromosomal
aberrations provide us with a unique insight into the patho-
biology of the disease, unraveling critical molecular events,
such as the role of oncogenic fusion genes that arise from
chromosomal translocations, or tumor suppressor genes that
are lost in chromosomal deletions. Cytogenetic analysis is
therefore a critical component of the evaluation of any patient
with ALL and will often facilitate diagnosis and subtype 
classification while simultaneously providing prognostic
information for treatment planning.

The nonrandom chromosomal aberrations in ALL include
both numerical and structural abnormalities. The incidence
of common structural abnormalities and the associated 
molecular correlates are depicted in Table 64.2.

Numerical Abnormalities

Hyperdiploidy is the gain of additional chromosomes so that
the total number of chromosomes per cell exceeds the normal
complement of 46. In general, hyperdiploidy is more common
in pediatric ALL, occurring in about 28% of cases, in contrast
to adult ALL, where the incidence is in the 5% range.43 The
good prognosis seen in association with hyperdiploidy (espe-
cially in cases with more than 50 chromosomes) in childhood
ALL is less obvious in adult ALL with hyperdiploidy. The less
favorable prognosis in adult ALL may be explained in part 
by the presence of associated poor-prognosis structural
rearrangements, such as the Philadelphia chromosome.44

Hypodiploidy, which occurs when chromosomes are lost,
is associated with a poor prognosis. Hypodiploidy is seen in
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2% to 8% of ALL, and has been demonstrated to have prog-
nostic significance independent of other presenting variables,
such as age and presenting WBC count.42,44

Structural Abnormalities

In adult ALL, the most common structural abnormalities are
chromosomal translocations that involve the exchange of
material between two or more chromosomes. Many of the
genes located at translocation breakpoints are known or puta-
tive transcription factors or protein kinases. The molecular
consequence of several of these translocations is the creation
of a chimeric fusion gene that may lead to a block in cellular
differentiation and/or aberrant cellular proliferation by dis-
rupting the normal function of the affected transcription
factors or by causing aberrant growth factor signaling through
constitutively activated protein kinases.45 Chromosome
translocations in ALL may also result in the regulatory
element of a gene, such as the immunoglobulin gene (in B-
lineage ALL) or the T-cell receptor gene (in T-lineage ALL)
being fused to a structurally intact proto-oncogene (such as
the MYC proto-oncogene in the t(8;14) in mature B cell ALL),
resulting in deregulated expression of the latter gene.46 In the
following section, some of the more common structural
abnormalities are reviewed.

Chimeric Fusion Genes

t(9;22)(q34;q11) AND BCR/ABL
The t(9;22) or the Philadelphia (Ph) chromosome is the most
common recurring chromosomal aberration in adult ALL,
occurring in 25% to 30% of cases.42,47 It is rare in childhood
ALL, occurring in only about 5% of cases. This translocation,
which was initially identified in chronic myelogenous
leukemia (CML),48 results in the fusion of the 3’-region of the
ABL gene on chromosome 9 to the 5’-region of the BCR gene

on chromosome 22. In CML and approximately 20% of
Philadelphia chromosome positive (Ph+) ALL cases, the
breakpoint in the BCR gene is within a 5.8-kb major break-
point cluster region (M-bcr) and results in a 210-kDa fusion
protein (p210). In contrast, in the majority of patients with
Ph+ ALL, the breakpoint in the BCR gene is upstream of the
M-bcr region and a smaller 190-kDa protein (p190) is pro-
duced; this fusion rarely occurs in CML.49 A less common
fusion transcript involving a significantly larger portion of the
BCR gene and encoding for a 230-kDa (p230) protein has also
been described.50

The incidence of the Ph chromosome may be under-
estimated by conventional cytogenetic analysis, and the
BCR/ABL fusion has been detected in up to 40% of newly
diagnosed adult ALL patients in some studies utilizing more
sensitive PCR techniques.51 The presence of the Philadelphia
chromosome or BCR/ABL fusion in ALL portends a poor
prognosis and is associated with a higher WBC count, older
age, FAB-L2 morphology, and B-lineage phenotype. Expres-
sion of CD19, CD10, and CD34 and coexpression of myeloid
markers, such as CD13 or CD33 is common.39

The fusion protein results in the constitutive activation
of the ABL tyrosine kinase with subsequent deregulatory
effects on downstream signaling pathways, such as the RAS
pathway, and the PI-3 kinase/Akt pathway leading to ab-
normal cellular proliferation and inhibition of apoptosis.52

Persuasive evidence that the p210 and p190 proteins are the
cause of the phenotypic abnormalities seen in CML and ALL
has been obtained from experiments in transgenic mice or
mice transduced with the fusion protein by retroviral trans-
fer, which develop myeloproliferative disease and ALL.53,54 A
highly potent and relatively specific inhibitor of the ABL tyro-
sine kinase, imatinib mesylate (STI-571), has been developed
that has emerged as a standard therapy for CML55 and is now
being integrated into clinical trials and treatment regimens
in patients with Philadelphia chromosome positive (Ph+)
ALL, as discussed next.

11q23 TRANSLOCATIONS AND MLL
The human chromosome band 11q23 is associated with an
astonishing number of recurrent chromosomal abnormalities
including translocations, insertions, and deletions. It is
involved in more than 20% of acute leukemias. In ALL, the
most common translocation involving chromosome band
11q23 is the t(4;11)(q21;q23), which is present in approxi-
mately 60% of infant ALL and 10% of adult cases.56 The
cloning of the 11q23 breakpoint region revealed the MLL
(myeloid-lymphoid leukemia or mixed-lineage leukemia)
gene, named for its involvement in both myeloid and 
lymphoid leukemias.57 MLL is also involved in the my-
elodysplastic syndrome, biphenotypic leukemias, and in
therapy-induced AML and ALL (particularly following 
treatment with topoisomerase II inhibitors).58 In general,
leukemias involving the MLL gene have a poor prognosis.

This gene (also known as ALL1, HRX, and HtrX-1) spans
100kb and encodes a large and complex protein with several
regions of homology to the Drosophila trithorax (trx)
protein.59 Developmental studies using animal models
demonstrate that MLL positively regulates HOX gene expres-
sion. HOX genes, in general, are important determinants of
the mammalian body plan, and are also differentially
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TABLE 64.2. Molecular and immunophenotypic correlates of
common chromosomal translocations in adult ALL.

Frequency
Phenotype Karyotype Genes involved (%)

Pro-B t(4;11)(q21;q23) MLL-AF4 3–6
Pro-B t(11;19)(q23;p13) MLL-ENL <1
Pre-B t(1;19)(q23;p13) E2A-PBX1 3
B-lineage t(17;19)(q22;p13) E2A-HLF 0.5–1
B-lineage t(9;22)(q34;q11) BCR-ABL 25–30
B-lineage t(12;21)(p13;q22) TEL-AML1 1–3
Mature B (sIg+) t(8;14)(q24;q32) IGH-MYC 5
Mature B (sIg+) t(2;8)(p12;q24) IGK-MYC 1
Mature B (sIg+) t(8;22)(q24;q11) IGL-MYC <1
T-lineage t(10;14)(q24;q11) TCRA-HOX11 8
T-lineage t(7;10)(q35;q34) TCRB-HOX11 <1
T-lineage t(1;14)(p32;q11) TCRD-TAL1 1
T-lineage t(11;14)(p15;q11) TCRA-LMO1 1
T-lineage t(11;14)(p13;q11) TCRA-LMO2 1



expressed in subsets of hematopoietic cells. More recent
studies suggest that MLL is required for normal generation of
hematopoietic stem cells in the embryo.60

MLL is involved in translocations of at least 50 different
partner genes, several of which have now been cloned. In spite
of the large size of the gene, the translocation breakpoints in
MLL cluster around an 8.3-kb region in the 5’-region of the
gene. The clustering of the breaks makes it possible to detect
virtually all MLL rearangements with a 0.74-kb cDNA probe
on Southern blot analysis.61 The fusion genes that result
consist of 5’ MLL and 3’ partner gene. Several of the proteins
encoded for by these partner genes have transcriptional-
effector domains, suggesting that transcriptional dysregula-
tion by these chimeric fusion proteins may be a common
pathway facilitating MLL-mediated leukemogenesis.62

t(12;21)(p13;q22) AND TEL/AML1
The t(12;21)(p13;q22), which results in the TEL/AML1 fusion
transcript, is the most common gene rearrangement in child-
hood ALL, occurring in about 27% of cases.63,64 This cryptic
translocation between TEL, a member of the ets family of
transcription factors, and AML1, a member of the core-
binding factor (CBF) transcription complex, is detected only
rarely by standard cytogenetics because the translocation
does not substantially affect the banding pattern of the chro-
mosomes involved. It is easily detectable by molecular tech-
niques, such as fluorescence in situ hybridization (FISH) and
reverse transcriptase-polymerase chain reaction (RT-PCR).
Leukemic cells exhibit a precursor B-cell phenotype, and 
the presence of this fusion transcript is associated with a 
good prognosis in childhood ALL.64–66 In adult ALL, the TEL/
AML1 transcript is much less prevalent and was found in 
only 3% of cases, and little is known about its prognostic 
significance.42,67

19p13 TRANSLOCATIONS AND E2A
Chromosome band 19p13 is involved in two known translo-
cations in ALL: these include the t(1;19)(q23;p13), which
results in the fusion of the E2A gene, located on chromosome
19 to the PBX1 gene located on chromosome 1, and a 
less common variant, the t(17;19)(q21;p13), which results in
the E2A-HLF chimeric fusion gene. The t(1;19)(q23;p13) 
has been identified in 5% of childhood ALL overall, but is 
relatively uncommon in adults, with an incidence of about
3%.45 There is a strong association with the pre-B ALL 
phenotype (cytoplasmic Ig positive), with the incidence 
being 25% to 30% in this subgroup of patients with child-
hood ALL.68 This fusion gene (E2A-PBX1) encodes a potent
transcription factor containing the transactivator domains of
E2A and the DNA-binding homeodomain of PBX1, and
induces lymphoid malignancies in transgenic mouse
models.69

The 17;19 translocation that involves E2A and HLF
(hepatic leukemia factor), a basic leucine zipper transcription
factor on chromosome 17, is relatively rare, occurring in
about 0.5% of ALL patients, but has distinct clinical and
immunophenotypic correlates. Patients have a pro-B
immunophenotype and often present with hypercalcemia and
disseminated intravascular coagulation (DIC). Prognosis is
poor.

Dysregulated Expression of Structurally
Intact Genes

8q24 TRANSLOCATIONS AND MYC
The translocation t(8;14)(q24;q32) and its less common vari-
ants, t(2;8)(p12;q24) and t(8;22)(q24;q11), result in juxtaposi-
tion of the MYC locus on chromosome band 8q24 to the
immunoglobulin gene (Ig) regulatory sequences on chromo-
some bands 14q32 (IgH), 2p12 (IgL), and 22q11 (IgK), respec-
tively.70,71 MYC translocations are associated with virtually
all cases of Burkitt’s leukemia and lymphoma, and have an
overall incidence of less than 5% in both pediatric and adult
ALL. The disease has a mature B-cell phenotype and FAB L 3
morphology, and patients frequently present with central
nervous system (CNS) involvement and extramedullary
disease.42,72 These translocations bring the translocated MYC
gene under the control of the transcription regulatory
sequences in the proximity of the Ig loci, resulting in the dys-
regulation and constitutive activation of the intact MYC
proto-oncogene. The normal allele of MYC remains silent.
MYC is frequently associated with human cancers and plays
a critical role in regulating cell proliferation, growth, apopto-
sis, and differentiation. Overexpression or inappropriate
expression of the MYC protein, a basic loop-helix-loop (bHLH)
protein that acts in the nucleus, results in maturation block
and abnormal cellular proliferation. Transgenic mice carrying
the MYC oncogene fused to the Ig gene enhancer, develop B-
lineage lymphoid malignancies, thus underscoring the central
role of MYC overexpression in the pathogenesis of these
malignancies.73 The critical genes that are responsible for
MYC-mediated malignant transformation are poorly defined
and remain the subject of ongoing studies.74

TRANSLOCATIONS INVOLVING THE T-Cell RECEPTOR LOCI

In T-lineage ALL, several recurring chromosomal rearrange-
ments have been described that involve the T-cell receptor
alpha (TCR-a) and delta (TCR-d) locus on chromosome 14q11,
the T-cell receptor beta (TCR-b) locus on 7q32–36, and 
rarely, the T-cell receptor gamma (TCR-g) locus on 7p15.
These translocations result in the juxtaposition of the
enhancer elements of these T-cell receptor genes to one of 
a variety of transcription factors, resulting in dysregula-
tion or aberrant expression of the latter genes. The genes
involved in these reciprocal rearrangements include MYC
(8q24), TAL1/SCL (1p32), TAL2 (9q32), LYL1 (19p13),
LMO1/RBTN1(11p15), LMO2/RBTN2 (11p13), and HOX11
(10q24).

The t(10;14)(q24;q11) involving the HOX 11 gene on
10q24 and the TCR-a locus on chromosome 14q11 occurs in
4% to 7% of childhood cases and up to 14% of adults, and
has been associated with a favorable prognosis.75,76 The
variant translocation t(7;10)(q35;q34) juxtaposes the HOX 11
gene to the TCR-b.42

TAL1, TAL2, LYL1, and MYC all encode for transcription
factors with a characteristic bHLH motif that allows for
protein–protein interaction. These genes are expressed at very
low levels in normal thymocytes but at high levels in
leukemic cells that have undergone translocations involving
these genes. Therefore, it is postulated that inappropriate
expression of these genes in a thymocyte triggers leukemic
transformation.77,78 These submicroscopic rearrangements are
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not detectable by routine cytogenetics but are readily
detected using Southern blot or PCR techniques. The TAL1
gene rearrangements occur in 25% to 30% of pediatric ALL
but are very uncommon in adult ALL.42,79

Another class of transcription factors involved in chro-
mosomal rearrangements in T-ALL includes LMO1/RBTN1
and LMO2/RBTN2, which belong to the rhombotin gene
family. The proteins encoded by these genes contain cysteine-
rich regions called LIM domains that are able to bind to
nucleic acids or other proteins. LMO2 and TAL1 dimerize and
interact in erythroid cells and T-cell leukemias and may act
synergistically to induce T-cell leukemias.80,81 Both genes play
a critical role in normal hematopoiesis, and severe defects in
erythropoiesis occur in mice that are deficient in either
gene.82

More recently, dysregulation of the Notch signaling
pathway has emerged as an important mechanism of leuke-
mogenesis in patients with T-ALL. Notch genes encode trans-
membrane receptors that are activated by ligand-mediated
proteolysis, leading to a cascade of downstream signaling
events which regulate differentiation, proliferation, and apo-
ptosis in several tissues.83 The exact mechanism by which
activation of the Notch signaling pathway leads to neoplas-
tic transformation is unknown. Overexpression of the Notch
3 gene has been demonstrated in all T-ALL patients exam-
ined, and is significantly reduced or absent in remission and
in other types of ALL.83,84 Notch-3 expression in T-ALL is
associated with the expression of its target gene HES1 and of
pTa (the invariant chain of the pre-T-cell-receptor, TCR), sug-
gesting that a signaling defect at the pre-TCR checkpoint may
be responsible for T-cell leukemogenesis.83

Tumor Suppressor Genes and Abnormalities of
Chromosome 9p

The protein products encoded for by tumor suppression genes
normally suppress tumor formation in differentiating cells;
therefore, inactivation of such genes would lead to malignant
transformation. Loss of the expression of tumor suppressor
genes through chromosomal deletions (allelic loss), muta-
tions, or epigenetic changes, such as DNA hypermethylation
of promoter regions of such genes is an important patho-
genetic mechanism in ALL. Abnormalities of chromosome
band 9p, including deletions, unbalanced translocations,
mutations, or loss of the entire chromosome, have been
reported in 7% to 13% of ALL cases.42,85 Two candidate tumor
suppressor genes, p16INK4A and p15INK4B, have been localized to
9p21. These genes encode for proteins that inhibit cyclin-
dependent kinases (CDK) 4 or 6 and play a critical role in reg-
ulating the cell cycle.

Inactivation of the p16INK4A and p15INK4B genes by deletions
or by epigenetic silencing occurs in almost all cases of child-
hood T-lineage ALL and in a small number of cases of B-
lineage ALL.45,86 Other cell-cycle regulators, such as the CDK
inhibitor p57KIP2, have also been implicated in ALL patho-
genesis. Inactivation of p57KIP2 via DNA hypermethylation
has been reported in approximately half of newly diagnosed
and relapsed adult ALL cases, and in combination with other
critical cell-cycle regulators such as p73 and p15INK4B is
correlated with a worse overall survival.87

RB AND TP53 TUMOR SUPPRESSOR GENES

The RB gene, located on chromosome 13q14, controls entry
into the cell cycle. Hypophosphorylated RB inhibits the
ability of the E2F family of transcription factors to transcribe
genes necessary for entry into the S phase. In contrast, hyper-
phosphorylation of RB, which occurs via the action of CDKs,
drives the cell cycle forward, leading to cellular proliferation.
Mutations of the RB gene that have been described in 50% to
60% of adult ALL cases cause inactivation of the RB pathway
and facilitate malignant transformation.88,89 In addition, 
inactivation of the RB pathway can also occur via the 
loss of expression of p16INK4A and p15INK4B (CDK inhibitors
described above), providing an additional mechanism for
leukemogenesis.45

The TP53 gene, a prototypic tumor suppressor gene
located on chromosome 17p13, encodes the p53 transcription
factor. p53 becomes activated in response to DNA damage,
hypoxia, or aberrant cellular proliferation, and triggers 
cell-cycle arrest or apoptosis. Aberrant expression of p53,
indicative of mutations in the gene, has been described in
approximately one-quarter of patients with adult ALL.88,89 In
addition, components of the p53 pathway such as HDM2 and
p14ARF are frequently mutated.45

Cooperative Mutations

ALL probably arises as a result of complex and progressive
genetic alterations. The genetic abnormalities arising from
chromosomal abnormalities, including translocations have
already been described. These genetic aberrations, which
impair differentiation, may cooperate with other genetic
alterations that confer a proliferative or survival advantage to
facilitate leukemogenesis. These cooperating genetic events
may include abnormalities in tumor suppressor genes, which
have also been discussed, or mutations in receptor tyrosine
kinases, such as the FLT-3 mutations, which are described
briefly next.45

FLT-3 MUTATIONS

FLT-3 is a receptor tyrosine kinase that plays an important
role in hematopoietic stem cell development. Constitutive
activation of this receptor (via activating mutations or
autocrine secretion of the FLT3 ligand) contributes to aber-
rant signaling and uncontrolled cellular proliferation.90 FLT-3
overexpression has been described in ALL occurring in infants
with MLL rearrangements or hyperdiploidy (more than 50
chromosomes), suggesting that overexpression of the receptor
may facilitate the development of leukemia in patients with
those chromosomal rearrangements.91,92

Gene Expression Profiling

Gene expression profiling utilizing DNA microarrays is a rel-
atively new technique that allows for the simultaneous analy-
sis of thousands of genes within a given specimen and has
emerged as a powerful tool for the biologic subclassification
of ALL. DNA microarrays can accurately identify known
genetic profiles and also provide unique insights into the
biology of specific ALL subtypes. For example, using microar-
ray analysis, it was possible to accurately distinguish AML
and ALL and also B-lineage versus T-lineage ALL. Distinct
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gene expression profiles or signatures were associated with
specific subsets of ALL and correlated with the presence of
specific molecular–genetic aberrations, such as TEL-AML1,
BCR-ABL, E2A-PBX1, and MLL.92 Indeed, gene expression
profiling demonstrated that leukemias involving the MLL
gene are characterized by a unique profile of coexpression of
early lymphoid- and myeloid-specific genes, suggesting
immortalization of an early multipotent progenitor cell.91 In
childhood T-ALL, microchip analysis could identify previ-
ously unrecognized molecular subtypes, and the association
of activation of particular oncogenes to defined stages of 
thymocyte development could be made.93

Clinical Evaluation

Presenting Features and 
Diagnostic Evaluation

The accumulation of large numbers of abnormal, immature
lymphoid cells in the bone marrow and the subsequent 
suppression of the normal hematopoietic progenitor cells
account for many of the nonspecific symptoms and signs in
the adult presenting with acute lymphocytic leukemia (ALL).
Most patients present after less than 3 months of symptoms.
Symptoms may include, but are not limited to, pallor,
dyspnea, fatigue or malaise, bone pains, myalgias, and
anorexia. Hepatomegaly and splenomegaly due to leukemic
infiltration are present in 40% to 60% of patients with ALL
and may lead to complaints of abdominal fullness or early
satiety.94 Lymphadenopathy is more common in ALL than
acute myeloid leukemia (AML) but does not typically precede
bone marrow or peripheral blood involvement. Fatigue and
malaise have multiple overlapping causes, with cytokine
release, hypermetabolic demand, and anemia all playing 
variable roles. Bone pain and myalgias may be due to the
increased cell mass in the marrow space.

Objective signs of disease may include petechiae, easy
bruising, or mucosal bleeding, all manifestations of throm-
bocytopenia. Pallor and dyspnea are also commonly seen.
Both anemia and thrombocytopenia may be the consequence
of redistribution of space and resources in the bone marrow
favoring the malignant cell line or because of peripheral blood
events, including hemolysis, disseminated intravascular
coagulation (DIC), or sequestration in enlarged splenic ven-
uoles. Fever, which occurs in 40% to 50% of adult patients
with ALL,94 may be caused by cytokine release in the setting
of accelerated cell turnover, or, more ominously, by infection
in the setting of neutropenia. Elevated white blood cell (WBC)
counts may be present, but the risk of leukostasis and sec-
ondary cerebral and pulmonary complications is somewhat
less than it is in AML because of the smaller size and cell-
surface characteristics of the lymphoblasts, which render
them less “sticky” than myeloblasts.

The heterogeneity of the disease subtypes can also, occa-
sionally, be manifest in the initial clinical presentation. For
example, the clinical presentation of mature B-ALL is char-
acterized by a high degree of CNS (12%) and organ (32%)
involvement.95 Adults with B-cell ALL are more often older
and the majority are male. In T-cell ALL, the typical patient
is a male in his twenties or thirties with an anterior medi-
astinal mass and leukocytosis. Philadelphia chromosome 

positive, precursor B-ALL in adults also favors older males,
whereas the cytogenetic abnormality of t(4:11) is seen in a
younger population. ALL can present at any age in either
gender, so a full diagnostic evaluation is imperative whenever
leukemia is considered in the differential diagnosis.

The complete evaluation of ALL in the adult requires a
full history and physical, focusing, in particular, on physical
evidence of occult infection, bleeding disorders, and neuro-
logic dysfunction. Cranial nerves III through VII are the most
commonly involved in meningeal leukemia.94 Full laboratory
studies should be performed, including a peripheral blood
smear, electrolytes, and a panel of tumor lysis parameters
(lactate dehydrogenase, uric acid, phosphorus, and calcium),
as well as a search for evidence of possible DIC. All patients
should have a chest radiograph and a bone marrow biopsy and
aspirate. In the case of patients in the high-risk categories,
HLA haplotyping of all siblings should be initiated as soon 
as feasible. Because ALL treatment is tailored to risk 
groups, it is vital that accurate cytogenetic, immunohisto-
chemical, immunophenotypic, and molecular studies are 
performed on the bone marrow aspirate, and bone marrow
morphology should be evaluated by an experienced
hematopathologist.

Among the initial diagnostic challenges is to exclude non-
neoplastic lymphoid proliferative syndromes. On occasion,
infectious mononucleosis caused by either Epstein–Barr (EBV)
or cytomegalovirus (CMV) can be similar in presentation to
ALL. The reactive T cells in EBV can resemble blast cells and,
therefore, require adequate stains to exclude the possibility of
ALL.

Prognostic Factors and Risk Stratification

ALL is a heterogeneous disease defined by distinct biologic
and clinical features that affect the prognosis. The ability to
identify groups of ALL patients with differing prognoses based
on these features has improved the outcome in childhood
ALL96 and is beginning to translate into risk-adapted therapy
in adult ALL. Table 64.3 summarizes both low- and high-risk
features that have been identified from a variety of clinical
studies in adult ALL. It is important to note that prognostic
features may vary according to treatment; for example,
mature B-cell ALL (Burkitt’s type), once considered a very
poor risk subset, is now a curable disease in a significant per-
centage of patients with the introduction of new therapies
that were successfully piloted in children with this disease
subset.95,97,98

Consistently recognized prognostic factors in adult ALL
are discussed briefly next. These prognostic factors can be
used to provide a general risk assessment for prognosis and
for treatment planning. As many as 75% of adults with ALL
can be considered relatively “high risk” with an expected
disease-free survival of only 25% to 35%. Only approximately
25% of patients can be considered “standard risk” with antic-
ipated survival rates of more than 50%.

Age at Diagnosis

Most clinical trials34,99–101 have noted a marked difference in
both complete remission (CR) rate and disease-free survival
(DFS) in ALL patients, depending on patient age. This is well
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illustrated by a combined analysis of the pediatric and adult
Medical Research Council (MRC) trials,102 which demon-
strated a progressive decline in CR rate and remission-free
survival with increasing age. Older adolescents and young
adults fare less well than children ages 2 to 10 years, and with
increasing age, survival decreases continuously. Both comor-
bid medical conditions resulting in increased toxicity of
induction and postremission therapy and the presence of
higher-risk biologic features contribute to the adverse prog-
nosis of older adults with ALL, for whom disease-free survival
is consistently less than 20% in patients over age 60. A higher
level of multidrug resistance has been reported in older adults
with ALL, which may contribute to lower CR rates. Shorter
remission duration in older adults is also a consequence of
the higher frequency of adverse cytogenetic features, includ-
ing the t(9;22)(q34;q11), or Philadelphia chromosome, which
may occur in as many as 40% of adults over the age of 50.103,104

In addition, precursor-T-cell ALL, currently associated with a
more favorable prognosis in adult ALL, is less common in
older patients.105

Leukocyte Count at Presentation

The majority of clinical studies have identified a high pre-
senting WBC count as an adverse prognostic factor that influ-
ences both CR rate and duration.34,106–108 From these studies,
the absolute stratification number varies, ranging from more
than 15,000 to 30,000/mL, and retains its significance in mul-
tivariate analyses in patients with precursor-B ALL. Despite
intensification of recent regimens, lower remission durations
in this subset of patients persist, particularly in those with
WBC counts higher than 100,000/mL.109 The same degree of
hyperleukocytosis has not been as clearly associated with an
adverse prognosis in precursor-T ALL, where patients rou-
tinely present with higher WBC counts. A cutoff point of
more than 100,000/mL has been associated with higher relapse
rates in earlier, but not in all, recent adult series.34,110

Failure to Attain a Complete Remission in Less
Than 4 to 5 Weeks

Several clinical studies have identified the importance of time
required to attain first remission as a significant prognostic
factor in adult ALL.101,111 Early clearance of blasts is an impor-

tant predictor of survival in pediatric ALL; response to
chemotherapy is now evaluated as early as 7 days after initi-
ation of treatment as an important prognosticator,112 and early
treatment response to prednisone has been shown to be of
importance in adult ALL as well.113

Immunophenotype

As treatments have evolved, the prognostic value of specific
immunophenotypes has changed. Immunophenotypic classi-
fication is an essential component of the diagnostic workup
in ALL. As previously noted, the outcome for mature B-cell
ALL (surface immunoglobulin+) has improved substantially
with specific short-course high-intensity therapies that are
described in detail in the risk-adapted treatment section fol-
lowing. Similarly, the addition of cytarabine and cyclophos-
phamide to adult treatment regimens has produced better
outcome for patients with precursor T-ALL.101,114,115 From
childhood ALL studies, it has been suggested that high-dose
methotrexate and asparaginase may also be beneficial for
postremission therapy in precursor T-ALL.116,117 However,
even this relatively favorable prognostic group can be further
subdivided. In a Cancer and Leukemia Group B (CALGB)
study, it was demonstrated that the number of T-cell antigens
coexpressed by the lymphoblasts correlated with DFS.
Patients with coexpression of six or more T-cell markers (indi-
cating a higher degree of lymphoid maturation) on their
leukemia cells enjoyed 86% DFS and overall survival (OS) at
3 years in comparison to DFS and OS of only 17% and 30%,
respectively, for T-ALLs with expression of only one to three
markers (immature or early T-ALL).39 Similarly, the German
study group, German Multicenter Study Group for the Treat-
ment of ALL (GMALL), found that the most relevant prog-
nostic marker in T-ALL was immunologic subtype, with
inferior survival noted for patients with early T-ALL charac-
terized by absence of CD2, CD1a, and surface CD3 on the
lymphoblasts.118 In precursor B-lineage ALL, immunopheno-
typic subset analysis has revealed an inferior DFS for patients
with pro-B ALL (TdT+, CD19/22/79a+, CD10-) compared 
to patients with common precursor B ALL (TdT+,
CD19/22/79a+, CD10+).119–121 Finally, with the advent of 
multiagent chemotherapy programs, coexpression of myeloid
antigens, which occurs in as many as 35% of adult ALL cases

acute  lymphoblastic  leukemia 1 1 8 1

TABLE 64.3. Prognostic factors in adult ALL identify risk groups for treatment: stratification.

Prognostic factor Good risk Standard risk Poor risk

Clinical <30 years 30–60 years old 60 years >30,000/mL (Precursor B) CR > 2–4 weeks
Age <30,000/mL <30,000/mL
Presenting WBC CR < 2–4wks CR, 2–4wks
Time to complete

remission (CR)
Immunophenotype Mature B-Burkitt type Precursor B Pro B Early T (only 1–3 T-cell markers)

Precursor T
Molecular/cytogenetics High hyperdiploid Normal t(9;22)/BCR-ABL

t(8;14), t(2;8) or t(8;22) Karyotype t(4;11)/MLL-AF4 +(8)
del(7)

Minimal residual diseasea <10–4 after induction >10-3 after induction
<10–4 or negative during first years — >10-4 or increasing during first year of therapy

a Remains to be validated in a large, prospective series.



and was previously associated with a poor prognosis, is no
longer considered an adverse prognostic feature.34,39,122

Cytogenetics/Molecular Genetics

Cytogenetic abnormalities occur in about 60% to 70% of
adults with ALL and are among the most important prog-
nostic factors in adult ALL.76,108 The CALGB stratified
patients into three prognostic groups based on cytogenetics:
poor (including t(9;22), t(4;11), -7 and +8), normal diploid, and
miscellaneous (all other structural aberrations) with DFS of
11%, 38%, and 52%, respectively.47 In this series, a higher fre-
quency (35%) of patients with precursor T-ALL had a normal
karyotype. In particular, all larger series have identified 
that the presence of the Philadelphia chromosome,
t(9;22)(q34;q11), and translocations involving the MLL gene
on chromosome 11q23, the most common of which is the
t(4;11)(q21;q23), are independently associated with short CR
duration and survival.42,44,76 The Philadelphia chromosome is
the most commonly recurring abnormality (overall, 25% to
30%) in adult ALL and increases in frequency with age. Allo-
geneic stem cell transplantation in first remission is advo-
cated for these high-risk patients and is discussed next. In
contrast, patients with precursor T-ALL and the t(10;14)
appear to have durable remissions.34 Other abnormalities that
have been associated with favorable outcomes in pediatric
ALL, the TEL-AML1 fusion gene (1% to 3%), resulting from
a cryptic translocation, t(12;21)(p13;q22), and a hyperdiploid
karyotype (2% to 5%), occur rarely in adult ALL.123,124 Fur-
thermore, from the limited data available, it is not clear that
adults with a hyperdiploid karyotype have the same excellent
prognosis as children.47 In earlier pediatric and adult studies,
an adverse prognosis was associated with translocations
involving the E2A gene on chromosome 19, the
t(1;19)(q23;p13), and a rarer variant, the t(17;19)(q21;p13);
however, with more intensive chemotherapy combinations,
these patients appear to be faring considerably better and are
no longer considered in the poor-risk category.42,125

During the past several years, insights into the molecular
pathogenesis of ALL are beginning to translate into prognos-
tic information that may be useful for treatment stratifica-
tion in the future. For example, abnormalities of cell-cycle
regulatory genes, including the tumor suppressor genes p16,
p53, and Rb, occur frequently in adult ALL and have been
associated with a poor prognosis (median survival, 8 months)
when at least two of these genes are mutated or deleted in
leukemic stem cells. In contrast, patients with zero or one of
these genes affected had a median survival time of 25
months.89 More recently, gene expression array studies have
identified a small set of novel genes that confer good or poor
outcome in studies of pediatric ALL.92,93 These studies require
further confirmation and must be extended to adult patients,
but hold great promise to identify patients at high risk for
relapse in whom novel therapies or more intensive con-
solidation, such as allogeneic stem cell transplant in first
remission, may be appropriate.

Minimal Residual Disease Studies

Polymerase chain reaction (PCR) and flow cytometric tech-
niques have recently been used to monitor the persistence of

the leukemic clone during treatment in an attempt to iden-
tify patients who are in morphologic and cytogenetic remis-
sion, but in whom there is persistence of subclinical disease,
or minimal residual disease (MRD), and who may be at
increased risk for relapse. These sensitive techniques rely on
the ability to identify a unique marker of the leukemia cells;
for PCR techniques, monitoring of a recurring fusion gene
(e.g., BCR-ABL) or a clone-specific rearrangement of the
immunoglobulin heavy chain or T-cell receptor genes, have
been used.32 For flow cytometric MRD monitoring, an aber-
rant immunophenotype of the leukemic blasts (e.g., presence
of myeloid antigens on a lymphoid progenitor cell) can be
identified at diagnosis and used for MRD monitoring. These
molecular techniques have far greater sensitivity than stan-
dard cytogenetic techniques and may detect from 1 in 10,000
to 1 leukemia cell in a background of 1 million normal cells.
Using both semiquantitative and more precise quantitative
techniques, a number of studies in both pediatric and adult
ALL have now provided preliminary evidence that MRD
detection at specific time points following achievement of
remission is an independent prognostic factor that may
predict early relapse.126–130

Although the prognostic value of MRD detection is 
still under evaluation, improvements in standardization 
of MRD techniques131 will provide a better means of 
comparing MRD data. The goal of MRD monitoring is 
to design treatment trials where prospective MRD 
quantification at specific treatment time points can be 
used to stratify postremission therapy. To date, there is 
quite convincing evidence in both pediatric and adult 
ALL studies of MRD that a high level of MRD at the end of
induction therapy is associated with a higher relapse
rate.126,127,130 Furthermore, the continuous detection of high
levels of MRD during consolidation and maintenance
therapy, or the reemergence or increase in MRD, appears to
herald relapse. In contrast, declining or negative MRD results
are associated with a favorable prognosis.129 Importantly,
MRD levels have been confirmed as an independent prog-
nostic variable in a number of recently published pediatric
and adult analyses.129–132 Therefore, it seems reasonable that
quantitative MRD analysis may be incorporated as a prog-
nostic variable considered during risk assessment of postre-
mission treatment options.133

Two general strategies for clinical intervention based on
MRD monitoring have been proposed and are being piloted in
several pediatric and adult ALL trials: intensification of
postremission treatment (e.g., allogeneic stem cell transplant
in first remission) for patients with high levels of MRD,134 or
decreased duration or intensity of treatment for patients with
low or undetectable levels of MRD.135 For example, the
GMALL group has begun a prospective study with MRD-
based treatment decisions after 1 year of chemotherapy in
patients considered standard risk according to conventional
risk factors described previously (Table 64.4). For MRD low-
risk patients, defined as MRD levels less than 10-4 at all
postremission time points, treatment will be stopped after 1
year and maintenance therapy will be omitted, whereas MRD
high-risk patients, defined as patients with MRD greater 
than 10-4 at any postremission time point, will have 
treatment intensification, focusing on allogeneic stem cell
transplantation.135
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Treatment Strategies in Adult Acute
Lymphoblastic Anemia

Treatment programs in adult ALL incorporate multiple active
agents into complex regimen-specific sequences that have
evolved from the successful strategies employed in pediatric
ALL. The goal of these dose-intensive regimens is rapid
cytoreduction with restoration of normal hematopoiesis, pre-
vention of the emergence of drug-resistant subclones, pro-
phylaxis of sanctuary sites such as the CNS, and eradication
of persistent MRD with prolonged maintenance chemother-
apy. Therapy is generally divided into several phases: induc-
tion, postremission consolidation or intensification, CNS
prophylaxis, and maintenance therapy.

Chemotherapy

Induction Therapy

The combination of prednisone, vincristine, and l-asparagi-
nase, taken directly from pediatric regimens, formed the
backbone of early trials in adult ALL. The three-drug combi-
nation resulted in CR rates of 40% to 65%, but remission
duration was only 3 to 7 months. The addition of an anthra-
cycline, daunorubicin or doxorubicin, increased the CR rate
to between 72% and 92% and the median remission duration
to approximately 18 months.99,136–139 In a subsequent study
performed by the CALGB, two different anthracyclines,
daunorubicin and mitoxantrone, were compared during
induction therapy.140 CR rates in both arms were similar, sug-
gesting that anthracycline choice did not result in a signifi-
cant therapeutic advantage. More recent Phase II studies have
suggested that intensification of the daunorubicin dose during
induction may improve CR rates and DFS141,142 and is the
focus of an ongoing trial in the CALGB.143

The choice of glucocorticoid may also be important.
Several studies from the pediatric groups suggest substitution
of dexamethasone for prednisone may provide better
antileukemic activity, in part through the achievement of
higher drug levels in the cerebrospinal fluid.144–146 The M.D.
Anderson adult ALL trials have utilized dexamethasone
during induction and postremission therapy as part of their
“HYPER-CVAD” regimen,147 and the CALGB is exploring the
substitution of dexamethasone for prednisone during induc-
tion and postremission therapy in their ongoing study for 
previously untreated adult ALL, CALGB 10102.

The contribution of Casparaginase to adult ALL regimens
is somewhat controversial, particularly, because significant
toxicities, including hepatotoxicity, pancreatitis, and coagu-
lopathy occur with increasing frequency in older adults with
ALL. A randomized Japanese study, albeit using a somewhat
unconventional dose of l-asparaginase, failed to demonstrate
an improvement in CR rate or survival for patients receiving
l-asparaginase, vincristine, doxorubicin, and prednisone in
comparison to those receiving the latter three drugs without
l-asparaginase.148 A retrospective analysis performed by the
CALGB demonstrated a marginal benefit in DFS for adults
who received all prescribed doses of l-asparaginase in com-
parison to those who failed to receive all recommended
doses.149 Recently, optimization of l-asparaginase pharmaco-
kinetics with prolonged asparagine depletion has been studied
by the CALGB, utilizing the polyethylene glycol (PEG) con-

jugate of this agent; however, final analysis of toxicity and
efficacy has not yet been reported.

Given the high CR rates of up to 75% to 95% (see Table
64.4) that are now routinely achieved using a four-drug
regimen (usually an anthracycline, a glucocorticoid, vin-
cristine, and l-asparaginase), it has been difficult to demon-
strate further improvement with additional drugs during
induction in the large, heterogeneous groups of adult ALL
patients who are enrolled in clinical trials. During the past
decade, the German Multicenter ALL cooperative group
(GMALL) has also utilized a 5- to 7-day “pro-phase” with
prednisone and cyclophosphamide that is given before initia-
tion of standard induction therapy as an effective, gentle
method of cytoreduction that decreases the risk of tumor lysis
syndrome following initiation of standard induction
chemotherapy in this often rapidly proliferating disease.110

Randomized studies examining the addition of other active
agents, such as cyclophosphamide or cytarabine during 
induction and/or early consolidation, have not documented
improved overall response rates.150,151 Nevertheless, the addi-
tion of these agents to specific subsets of ALL may have a 
positive impact on outcome. For example, the inclusion of
cyclophosphamide to the four-drug induction employed by
the CALGB, induced a CR rate of 96% in patients with T-
ALL and improved DFS as compared to historical studies.114

A similar result was noted by the German multicenter ALL
group (GMALL) with improved outcome of T-ALL with early
utilization of cyclophosphamide and cytarabine.107,152,153

An effective alternative approach to induction therapy 
of adult ALL that has been studied at the Memorial Sloan-
Kettering Cancer Center avoiding exposure to the toxicities
of l-asparaginase, steroids, and vincristine employs high-dose
cytarabine and mitoxantrone with 84% of patients achieving
CR.154 Fractionated doses of cyclophosphamide and high
doses of methotrexate (without exposure to l-asparaginase)
have also been employed successfully with high CR rates of
more than 90% by investigators at M.D. Anderson.147

Consolidation/Intensification

Despite excellent CR rates of more than 90% in many series
of adult ALL, the long-term DFS over the past decade remains
relatively low compared to children with ALL, ranging from
25% to 50%. Postremission therapy in adult ALL has
employed numerous drugs and schedules, including modifi-
cation of the standard induction regimens, rotational multi-
agent consolidation cycles, and intensification of treatment
with autologous or allogeneic stem cell transplantation. In
addition to the drugs employed for induction, postremis-
sion regimens have incorporated numerous active agents,
including cytarabine, etoposide, VM26, methotrexate, 6-
mercaptopurine (6-MP), and 6-thioguanine (6-TG). Because of
the complexity of schedules and heterogeneity of drugs
employed, it is difficult to assess the value of any individual
treatment component, and further elucidation will undoubt-
edly require the incorporation of a more biologically defined
risk-oriented approach to postremission therapy. Given the
relative infrequency and heterogeneity of adult ALL, these
advances may only be made in large cooperative group clini-
cal trials.

This discussion focuses on the outcome of postremission
consolidation therapy in selective, large prospective studies
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(summarized in Table 64.4), and the role of stem cell trans-
plantation in first remission is considered below in a separate
section.110,114,141,147,151,155–158 Several recent adult ALL trials have
addressed a postremission dose-intensity question. As with
induction therapy schema, these chemotherapy regimens
have evolved from pediatric ALL studies that have demon-
strated improved DFS for high-risk patients159 when inten-
sive, myelosuppressive treatment modules are incorporated
into postremission therapy. In a large Phase II study from the
CALGB, patients received both early and late intensification
courses of treatment with eight drugs followed by mainte-
nance chemotherapy for 2 years after diagnosis.114 Compared
to previous CALGB trials where less intensive postremission
therapy was administered, the median remission duration and
survival improved to 29 and 36 months, respectively. Inves-
tigators at M.D. Anderson have also explored dose intensifi-
cation in their “HYPER-CVAD” regimen where eight courses
of chemotherapy are given, with alternating cycles composed
of fractionated cyclophosphamide, doxorubicin, vincristine,
and dexamethasone in cycles 1, 3, 5, and 7 with high-dose
methotrexate and high-dose cytarabine in cycles 2, 4, 6, and
8. Using this approach, the median survival for 204 patients
treated between 1992 and 1998 was 35 months with a 5-year
survival of 39%.160

The Italian multicenter group, GIMEMA, addressed the
potential benefit of intensive postremission therapy by 
randomizing 388 patients to receive either postremission
intensification followed by maintenance chemotherapy (187
patients) or early progression to maintenance chemotherapy
(201 patients).151 With follow-up of 8 years, there was no dif-
ference between the two groups, with 36% DFS in patients
receiving consolidation therapy followed by maintenance and
37% DFS in patients randomized to maintenance therapy
alone. This outcome may have been influenced by the fact
that only 35% of patients randomized to the consolida-
tion/maintenance arm completed therapy according to the
recommended schedule because of lack of compliance and
treatment-related toxicity. In the Medical Research Council
(MRC) UKALL XA, a postremission dose-intensity question
was also evaluated. Patients were randomized to receive early
combination chemotherapy intensification with cytarabine,
etoposide, daunorubicin, and 6-TG at 5 weeks, at 20 weeks,
at both time-points, or to no intensification chemother-
apy.155,161 The early block of intensive treatment appeared to
prevent disease recurrence; however, the overall improve-
ment in 5-year DFS for patients who received intensification
therapy was estimated at only 2%.

Successive German multicenter trials have been evaluat-
ing the effect of subset-specific dose intensification during
postremission therapy. Recently, patients with standard-risk
B-lineage ALL received high-dose methotrexate, T-ALL
patients received postremission cyclophosphamide and
cytarabine, and high-risk B-lineage patients received both
high-dose methotrexate and high-dose cytarabine.153 The
median remission duration was 57 months for standard-risk
patients with a 5-year survival of 55%. However, this
approach did not appear to improve the outcome of high-risk
patients, except for those with pro-B ALL who achieved a con-
tinuous CR rate of 41% in contrast to only 19% for other
high-risk patients. The outcome for high-risk patients with
stem cell transplantation in first complete remission (CR1)
has been explored by other groups and is discussed next.

CNS Prophylaxis

Only 2% to 10% of adults with ALL present with CNS
involvement at the time of diagnosis114,162; however, CNS
relapse may be expected in 50% to 75% of patients at 1 year
in the absence of CNS-directed therapy.163,164 The diagnosis of
CNS leukemia requires the presence of more than five leuko-
cytes per microliter in the cerebrospinal fluid (CSF) and the
identification of lymphoblasts in the CSF differential.165

Patients with CSF involvement may be asymptomatic or
present with headache, meningismus, malaise, fever, or
cranial nerve palsies. False-negative CSF results may occur in
patients with predominantly cranial nerve involvement. Risk
factors for CNS leukemia in children include an age of 1 year
or younger, extreme leukocytosis (more than 100,000/mL),
T-lineage and mature B-cell immunophenotypes, lymph-
adenopathy, and organomegaly.166,167 Mature B-cell ALL, high
serum lactate dehydrogenase levels, and high proliferative
index (more than 14% of lymphoblasts in the G2M/S phase
of the cell cycle at diagnosis) have been associated with a
higher risk of CNS disease in adult ALL.162

CNS prophylaxis using intrathecal (IT) methotrexate and
2400cGy cranial irradiation, widely employed in early pedi-
atric ALL studies, clearly reduced the incidence of CNS
disease and was subsequently introduced into early adult ALL
treatment studies with demonstration of a decrease in CNS
relapses.168 More recent studies have reduced the radiation
dose to 1,800cGy.106,169 Combinations of these approaches can
reduce CNS relapse rates to less than 5% to 10% and also
may decrease the rate of bone marrow relapse.159 However,
long-term follow-up of survivors of pediatric ALL has demon-
strated that combined irradiation and IT therapy results in
neuropsychiatric sequelae, including seizures, premature
dementia, cognitive dysfunction, and growth retardation;
however, its long-term effects on adults remain uncertain.170

In adult ALL, the concomitant use of cranial irradiation
and IT therapy is often quite toxic and may result in delays
in delivery of postremission intensification therapy. These
toxicities have prompted both the pediatric and adult co-
operative groups to evaluate alternative strategies for CNS
prophylaxis. Alternative strategies have included triple IT
therapy with methotrexate, cytarabine, and a corticosteroid
without cranial irradiation,171 or IT therapy combined with
high-dose systemic therapy with CSF-penetrating drugs,
including methotrexate, cytarabine, and l-asparaginase and
corticosteroids. Systemic administration of dexamethasone
achieves higher CSF levels than prednisone and has a longer
half-life in the CSF than prednisone172; as discussed previ-
ously, in a randomized pediatric trial, dexamethasone
resulted in a lower incidence of CNS disease compared to 
prednisone.144

Recent studies suggest that effective CNS prophylaxis
with CNS relapse rates less than 5% can be achieved in adults
with ALL using combination IT and high-dose systemic
chemotherapy without cranial irradiation, even in patients at
high risk for developing CNS disease.147,162,173 Other investi-
gators have reported that the use of high-dose cytarabine
without any other CNS therapy resulted in only a 4% inci-
dence of CNS relapse in adult ALL.174 In contrast, in the
GMALL studies, attempts to omit or postpone CNS irradia-
tion led to higher CNS relapse rates.175 Therefore, although
several effective strategies for CNS prophylaxis have been

acute  lymphoblastic  leukemia 1 1 8 5



described, no single “best” approach for CNS prophylaxis 
in adult ALL currently exists. Future trials may explore a 
risk-oriented approach to CNS prophylaxis with the goals of
minimizing toxicity and optimizing efficacy. Table 64.5 
summarizes CNS prophylaxis regimens and outcome in
recent adult ALL clinical trials.

Maintenance Chemotherapy

The use of maintenance therapy in adult ALL, as with all
components of therapy discussed thus far, is based upon its
efficacy in children with this disease. The theoretical basis
for employing maintenance therapy is that prolonged expo-
sure to antimetabolites may kill slowly dividing and poten-
tially drug-resistant subclones that remain after induction
and consolidation therapy. In addition, these agents might
have a favorable therapeutic index on the leukemic as com-
pared to normal stem cells, thus allowing selective growth of
normal marrow with eventual senescence of remaining
leukemia cells. Unlike other components of therapy already
described, there have been no randomized studies justifying
the use of maintenance therapy in adult ALL.

The backbone of maintenance therapy consists of daily 6-
MP and weekly methotrexate for 18 to 36 months, often with
the addition of periodic “pulses” of vincristine and pred-
nisone or dexamethasone. Only one study has randomized
patients between conventional and a dose-intensive mainte-
nance therapy schedule109; this study failed to demonstrate
any improvement in outcome. However, attempts at omit-
ting maintenance therapy in several different adult ALL
studies have yielded unchanged or inferior results.140,174,176

These studies suggest that maintenance therapy should be
included in the treatment plan of patients with ALL.
However, the role of maintenance therapy in particular
subsets such as T-ALL is uncertain, and there appears to be
no benefit to prolonged maintenance therapy for patients
with mature B-cell ALL who respond well to short-term dose-
intensive regimens (described in a separate section following)
and rarely relapse beyond the first year of treatment.

Stem Cell Transplantation

Allogeneic Stem Cell Transplantation in
First Remission

As described earlier, the best postremission therapy for adults
with ALL is still unclear. For younger patients under the age
of 60, allogeneic stem cell transplantation (allo-SCT) has been
the treatment of choice for high-risk patients with adverse
cytogenetics, including those with a t(9;22) and t(4;11), as dis-
cussed next. However, for other adults with ALL, the optimal
treatment strategy and indications for allo-SCT in CR1 are
being explored in a number of studies.

Survival for adult ALL patients following matched sibling
allo-SCT in first remission is approximately 50% (range,
20%–80%).177 Several studies have tried to compare the
outcome of allo-SCT versus chemotherapy in first remission
(Table 64.6); however, this comparison has been problematic
because of selection bias and lack of available matched sibling
donors for as many as 70% of patients. The International Bone
Marrow Transplant Registry (IBMTR) compared 251 patients
who received intensive postremission chemotherapy with
484 patients who received matched sibling allo-SCT.178

Adjustments were made for differences in disease character-
istics and time to treatment. The 9-year DFS rates were
similar, 32% for chemotherapy and 34% for allo-SCT.
However, the causes of treatment failure differed with a
higher recurrence rate of 66% for chemotherapy patients
versus 30% for those receiving allo-SCT. Treatment-related
mortality was the main cause of failure in patients who
received allo-SCT.

A large French multicenter trial (LALA 87) compared allo-
SCT with chemotherapy or autologous stem cell transplan-
tation (auto-SCT) in first remission.179 After exclusions, 572
patients were analyzed, and 10-year follow-up results were
recently published.158 At 10 years, based on an intent-to-treat
analysis, survival was 46% for those receiving allo-SCT com-
pared to 31% for those receiving consolidation chemotherapy
alone (P = 0.04). In the allo-SCT arm, 92 of 116 patients 
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TABLE 64.5. Central nervous system (CNS) prophylaxis in large trials.

CNS prophylaxis No. (%) CNS relapse

Initiation of High-dose With
No. of CNS Rx Intrathecal systemic Radiotherapy Isolated marrow

Trial Reference Year patients (timing) therapy therapy (Gy) relapse

SWOG 136 1989 168 Inductiona Mtx — — 2 (3) 3 (5)
GIMEMA 109 1996 358 Induction Mtx Mtx — 25 (8) ?
MDACC 147 2000 204 Induction Mtx, ara-C Mtx, ara-C, — 1 (1) 4 (2)

Dex
UKALLIX 169 1993 266 Postinduction Mtx — 18 12 (5) 8 (3)
CALGB 8811 34 1995 197 Postinduction Mtx — 24 18 (11) 7 (4)
GMALL 101 1988 368 Postinduction Mtx — 24 17 (6) 4 (1)
Mature B-Cell ALL 
MDACC 167 1999 21 Induction Mtx, ara-C Mtx, ara-C, — 0 (0) ?

Dex
GMALL 97 1996 24 Induction Mtx — 24 3 (20) 1 (7)
CALGB 194 2004 35 Induction TIT* Mtx, Dex 24 0 (0) 1 (4)

Therapy initiated during induction and continues throughout maintenance.

Mtx, methotrexate; Dex, dexamethasone; ara-C, cytarabine.
a TIT, triple intrathecal therapy (methotrexate, Dex, ara-C).



actually received transplantation with a median time of 63
days between achievement of CR and transplantation. The
value of allo-SCT appeared clearly after patients were classi-
fied into standard-risk and high-risk groups. High risk was
defined as having one or more of the following factors: pres-
ence of the Ph chromosome, null ALL, age more than 35
years, WBC count more than 30 ¥ 109, time to complete
remission more than 4 weeks. In the high-risk group, the
overall survival at 10 years was 44% versus only 11% for the
control arm (P = 0.009). In the standard-risk group, there did
not appear to be a distinct survival advantage for allo-SCT
over chemotherapy; here, survival rates were 49% and 39%,
respectively (P = 0.6). These results support the value of allo-
SCT in first CR for high-risk patients.

The MRC UKALL12/ECOG 2993 study is the largest
prospective randomized trial designed to evaluate the role of
allo-SCT as postremission therapy in adult ALL, and accrual
is ongoing.180 All patients received two phases of induction
therapy and were assigned in first remission to receive allo-
SCT if they had a histocompatible sibling donor, whereas
those without a related donor are randomized to auto-SCT
versus consolidation and maintenance chemotherapy. To
date, more than 1,300 patients have been recruited, and the
results reported so far have focused on the Ph+ patients (n =
875). An intention-to-treat analysis showed a significantly
reduced relapse rate of 24% in Ph- patients assigned to allo-

graft (I = 190) in comparison to 60% for those randomized to
auto-SCT or chemotherapy (P = 0.0001). There was a tendency
for improved 5-year event-free survival (EFS) in patients
assigned to allo-SCT, 52%, versus 36% for the randomized
group (P = 0.05) that was most noticeable for patients classi-
fied as standard risk (5-year EFS of 64% for allo-SCT versus
46%; P = 0.05). These data are very preliminary and require
further follow-up; however, in contrast to the LALA study,
there appears to be a trend toward a beneficial effect for allo-
SCT for younger adult ALL patients (age less than 50) in first
remission, regardless of risk group.

Autologous Stem Cell Transplantation

Autologous SCT (auto-SCT) has been explored in adult ALL;
however, the prospective, randomized studies described
above demonstrate that relapse-free survival has been inferior
when compared to allo-SCT. Moreover, no advantage in sur-
vival has been demonstrated with auto-SCT compared with
continued postremission chemotherapy alone.99,181 Disease-
free survival at 3 years following auto-SCT in first remission
in two of the largest trials reported was only 28% and 39%,
respectively,158,182,183 which is not better than survival rates
reported in recent chemotherapy trials of adult ALL.

Because relapse remains the main cause of failure follow-
ing auto-SCT, several approaches to eradicate MRD have been
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TABLE 64.6. Studies comparing allogeneic-stem cell transplantation (allo-SCT) SCT with chemotherapy/autologous stem cell
transplantation (auto-SCT) in CR1.

Treatment-related
No. of Age mortality Relapse Five-year

Trial/Year Reference patients (years) (TRM) (%) rate (%) DFS (%) P Comments

IBMTR: 1991
Allo-SCT 178 234 15–14 39 26 44 — High-risk features of non-T
Chemo 404 4 59 36 lineage, WBC predicted poor

outcome in both groups
BGMT: 1995
Allo-SCT 182 43 15–55 12 12 68 <0.0001 No benefit of IL-2

(3 years) maintenance therapy
Auto-CT 77 2 62 26 

(3 years)
LALA 87: 2000
Allo-SCT 158 116 15–40 16 34 46 0.04 Allo-SCT significantly better

(10 years) 0.009 than chemo or auto-SCT only
High risk 41 44 NS for high-risk patients in CRI
Standard risk 75 49
Chemo or auto-SCT 141 3 60
High risk 55 15–50 31

(10 years)
Standard risk 86 11

43

Japan Adult Leukemia Study Group/IBMTR: 1998
Allo 254 127 <30 32 22 53 — Lower relapse rates in allo-SCT

87 >30 57 37 30 patients but high TRM in
Chemo 38 <30 3 69 30 patients >30

38 >30 13 70 26

MRC UKALL 12/ECOG 2993: 2001
Allo-CT 157 190 15–50 NA 24 52 P = 0.05 Preliminary analysis: survival
Auto-CT + Chem 253 15–50 NA 60 36 benefit for allo-SCT in CRI in

both standard + high-risk
groups



explored. One approach to MRD modulation following auto-
SCT has been the addition of conventional postremission
chemotherapy to auto-SCT programs. Seventy-seven patients
in first remission received auto-SCT followed by a mainte-
nance chemotherapy program consisting of pulsed methotrex-
ate, 6-mercaptopurine, vincristine, and prednisone.184 The
10-year DFS and OS were 50% and 53%, respectively. These
results were associated with a better outcome than with his-
torical control patients receiving an auto-SCT, but these data
have not been confirmed by other groups.185 An alternative
approach to MRD modulation that has been explored is ex
vivo “purging” of the collected autologous stem cells using
chemotherapy and/or immunotherapy with monoclonal anti-
bodies directed against the lymphoblast. Although detection
of less than 5% leukemia in the autograft has been associated
with significantly improved outcome after auto-SCT for
ALL,186 the clinical benefit of ex vivo treatment of the autol-
ogous stem cells has not been clearly established and should
only be investigated in the context of prospective clinical
trials.187

Transplantation Beyond First Remission

There are no convincing data suggesting that durable remis-
sions can be achieved with standard chemotherapy for adults
with ALL in or beyond CR2 (Table 64.7). It appears that allo-
SCT for adults in or beyond CR2 is superior to chemother-
apy, with long-term DFS rates of 14% to 43% reported in a
number of report studies.188,189 The outcome of auto-SCT has
been compared to matched unrelated donor allo-SCT for ALL
for patients in second or later remission.189 The DFS rate was
superior for matched unrelated donor SCT (42% ± 11% versus
20% ± 9%) owing to a significantly higher relapse rate with
auto-SCT, suggesting that the graft-versus-leukemia effect of
allo-SCT may reduce the incidence of relapse. The outcome
of matched unrelated donor allo-SCT for patients with active
ALL at the time of transplant was not significantly different

from that of patients with unrelated allo-SCT in third or later
remission and was 16% ± 8%. In contrast, there were no long-
term survivors in patients receiving an auto-SCT in third or
later remission. Therefore, at the time of relapse, allo-SCT
should be recommended as the treatment of choice for appro-
priate patients.

Risk-Adapted Therapy

Mature B-Cell ALL

The evolution of treatment for mature B-cell ALL (FAB L3),
characterized by the presence of surface immunoglobulin and
overexpression of the MYC oncogene resulting from chromo-
somal translocation, illustrates a fundamental paradigm for
acute leukemia in general; that is, that the proper assessment
of risk, based on immunophenotype and cytogenetics, early
response to therapy, and comorbidities, should dictate the
choice of treatment regimen. This risk-adapted treatment
strategy evolved from the experience in treatment of pediatric
leukemias. The adaptation of successful pediatric regimens
for mature B-cell ALL to the adult population has dramati-
cally improved the outcome for adults with this aggressive
form of ALL.

Mature B-cell ALL is rare in both children and adults. It
comprises only 2% to 4% of all cases of adult ALL and 1%
to 2% of childhood cases and had been associated with a
dismal outcome with very few long-term survivors.167 But, as
was noted as early as 1975, the clinical entity resembles
Burkitt’s lymphoma, a disease of much higher prevalence in
children where several important observations about disease
biology prompted the development of a novel treatment
approach that capitalized on the rapid growth rate of these
cells.167,190,191 Investigators at St. Jude Children’s Hospital pos-
tulated that (1) the 48- to 72-hour cell cycle that character-
izes Burkitt’s growth pattern might be better targeted by a
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TABLE 64.7. Outcome of allo-SCT in CR2 or beyond.

Risk of
No. Conditioning Transplant-related Relapse

Study Reference of patients Median/age Donor source regimen DFS (years) mortality (%) (%)

CR2 or later CR
International Bone 255
Marrow Transplant 208 NR Matched, related Multiple 22 (5) NR 56
Registry (IBMTR) 97 NR Matched, related Multiple 36 (4) NR 49

High risk
Standard risk

Barret 256 391a 19 Matched, related TBI + Cy ± other 26 (5) 25 52
drugs

Mortimer 257 921 NR Matched, related Multiple 42 (NR) NR NR
Weisdorf 189 106 NR Matched, related TBI + Cy ± other 42 (5) 48 17

drugs
Doney 258 48 23 Matched, related TBI + Cy ± other 15 (5) 36 64

drugs

Active disease
IBMTR 281 NR Matched sib. Multiple 13 (4) NR 71
Weisdorf 189 83 NR Matched, unrelated TBI + Cy ± other 16 (5) 63 60

drugs
Grigg 259 67 28 Matched, unrelated TBI + Cy ± other <10 (5) NR NR

+ Matched related drugs

CR2, second complete remission.
a Remains to be validated in large, prospective series



fractionated dosing schedule and (2) the use of a synergistic
alternating regimen might prevent emergence of a resistant
subclone.192 The approach employed fractionated high-dose
cyclophosphamide, followed by doxorubicin, vincristine, and
intensive CNS-directed therapy using combined IT metho-
trexate, high-dose systemic methotrexate with leucovorin
rescue, and cytarabine with alternating cycles given for 24
weeks. Notably, patients did not receive maintenance
therapy. Results showed that 93% (27 of 29) achieved a com-
plete remission. Although 81% of patients with stage III
Burkitt’s lymphoma were disease free for 2 years, only 2 of 10
patients with initial involvement of CNS and/or marrow who
achieved a remission were apparently cured of their disease.192

The addition of high-dose methotrexate and cyclophos-
phamide or ifosfamide to subsequent regimens improved the
CR rate in the pediatric population to approximately 90%,
and the leukemia-free survival improved to between 50% and
87%.97

This approach was subsequently applied to the adult pop-
ulation, and a series of studies followed that are summarized
in Table 64.8. The French SFOP (Societe Francaise d’Oncolo-
gie Pediatrique)95 and German multicenter studies97

employed a similar strategy to the pediatric approach with
the addition of an initial cytoreductive “pre-phase” of treat-
ment, usually consisting of a steroid and cyclophosphamide
to minimize the risk of the metabolic complications of tumor
lysis syndrome. The schedules did not include the more 
traditional ALL reinduction or maintenance therapy. Com-
pared to the historical controls treated with more traditional
ALL regimens, the adult patients had higher complete remis-

sion rates, 63% and 74% versus 44%, and a higher overall sur-
vival rate, 49% and 51% versus 0%.

In 1999, researchers at the M.D. Anderson published their
experience of using the Hyper-CVAD regimen in adults with
mature B-ALL.167 The median age was 58, much older 
than previously published trials in adults. The therapeutic
protocol consisted of eight courses of alternating intensive
chemotherapy using Hyper-CVAD as described previously (in
the postremission treatment section): courses 1, 3, 5, and 7
entailed hyperfractionated cyclophosphamide, and dexa-
methasone with vincristine and doxorubicin in the latter half
of the treatment cycle. Even-numbered courses included
methotrexate and cytarabine with leucovorin rescue. Pro-
phylactic granulocyte colony-stimulating factor (G-CSF) was
administered with the goal of completion of all eight courses
within 5 to 6 months of diagnosis. Intrathecal therapy
included methotrexate and cytarabine. The Hyper-CVAD pro-
tocol produced CR in 21 in 26 patients, or 81%. Female sex,
a decreased performance status, albumin less than 3g/dL, and
hepatosplenomegaly were all associated with a lower likeli-
hood of achieving CR. This treatment regimen resulted in a
3-year OS rate of 49%. Survival was much better among
patients younger than 60 years: 77% versus 17%. The authors
concluded that the addition of hyperfractionated cyclophos-
phamide and high-dose methotrexate had a superior 3-year
survival for patients in comparison to their usual ALL treat-
ment protocol (49% versus 21%; P = 0.07). The M.D. Ander-
son trial was the first to include a high percentage of older
patients, and the authors speculated that the poor survival
rate in this subset resulted from poor tolerance of the dose
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TABLE 64.8. Studies of mature B-cell ALL and small noncleaved cell lymphoma (SNCL).

Cooperative Early
group/institution Patients Design mortality CR Relapse DFS OS Conclusion

Societe Francaise Untreated adults  Retrospective 4% 89% 12% 71% 74% Pediatric protocols 
d’Oncologie with SNCL  Treated with 3 years 3 years can be used in 
Pediatrique (n = 41) or  one of three  adults with 
(SFOP)95 mature B-cell SFOP efficacy and 

ALL (n = 24) pediatric tolerable
regimens toxicities

German Multicenter Untreated Two prospective 8%–9% 63%–74% 23%–47% 50%–71% 49%–51% Compared to 
Study Group adults with studies 4–8 years 4–8 years historical 
for the mature regimens, new 
Treatment B-cell ALL High-dose, short- protocols adopted 
of ALL (n = 68) duration from pediatric 
(GMALL)97 regimens vs. literature improve 

historical CR, DFS, and OS
treatment

M.D. Anderson Untreated adults Prospective, 19% 81% 43% 61% 49% Highly significant 
(MDACC)167 mature B-cell nonrandomized 3 years 3 years association between 

ALL (n = 26) Hyper-CVAD older age and poor
prognosis

Cancer and Untreated adults Prospective, 7% 75%–83% 28%–38% 52% 46%–57% Long-term, disease-
Leukemia with SNCL nonrandomized  5 years 5 years free survival 
Group B (n = 30) or High-intensity, possible in about 
(CALGB)193,194 mature short duration 50% of patients; 

B-cell ALL Alternating prophylactic CNS 
(n = 24) courses of radiation is 

chemo unacceptably toxic 
With and and does not 

without provide added 
prophylactic benefit
CNS RT



intensity, requiring subsequent delays and decreases in dose
intensity, or a biologically different disease.

A prospective trial of patients with both small noncleaved
non-Hodgkin’s lymphoma and mature B-cell ALL conducted
by the CALGB, has recently been updated.193,194 A total of 75
patients were enrolled, with a median age of 44 years (range,
18–71 years). The treatment regimen included a “pre-phase,”
similar to the French and German studies. Subjects then
received two alternating treatment regimens at 3-week inter-
vals for a total of seven courses. IT chemotherapy with
methotrexate, cytarabine, and hydrocortisone was adminis-
tered, initially during each treatment cycle. The protocol also
initially employed CNS irradiation for all patients, although
this was eliminated (and reserved only for patients with
active CNS disease at presentation) after interim analysis
showed severe neurotoxicity, including transverse myelitis.
The CR rate was 80%, and 45% of the mature B-cell ALL
patients were long-term survivors. Few relapses occurred
more than 1 year after completion of treatment. The
CALGB194 concluded that the individuals who had received
CNS irradiation as well as aggressive IT chemotherapy expe-
rienced higher degrees of neurotoxicity without a significant
DFS advantage and suggested that omission of the cranial
radiation was reasonable for patients without overt CNS
disease.

The conclusions of the cumulative experience to date
argues for the following treatment principles. (1) Mature B-
cell ALL should be identified at diagnosis to allow entry into
treatment studies that capitalize on this disease’s rapid cell
cycling and subsequent sensitivity to fractionated cyclophos-
phamide and high-dose methotrexate. (2) Intensive high-dose
methotrexate and aggressive intrathecal chemotherapy can
eliminate the need for prophylactic cranial irradiation. (3) Pro-
longed maintenance therapy does not appear to be necessary.
(4) Older age is a consistently poor prognostic indicator.

The addition of hematopoietic growth factor support (e.g.,
G-CSF) to current trials may decrease toxicity and allow more
patients to complete the aggressive treatment that is recom-
mended. Because mature B-cell ALL is strongly CD20+, the
use of rituximab (anti-CD20) is a rational addition to treat-
ment that is being explored in ongoing trials in an attempt to
improve DFS. The role of autologous or allogeneic SCT as
initial consolidation or salvage therapy for high-risk patients
(many of them elderly) has not been well defined and requires
further study. Those patients with relapse often have rapidly
progressive disease that is not amenable to successful tumor
reduction necessary for consolidation with auto- or allo-SCT.

Philadelphia Chromosome Positive (Ph+) ALL

Patients with Ph+ ALL pose a great therapeutic challenge to
clinicians because the t(9; 22) occurs in 20% to 30% of adult
ALL and is not considered curable with standard chemother-
apy. The remission rate for these patients is approximately
60% to 80% with intensive induction therapy regimens, but
the long-term survival with standard postremission therapy
is less than 10%.47,195 Therefore, attempts to improve
outcome in Ph+ ALL have focused on dose intensification
with allo-SCT.

Allo-SCT is recommended for patients with Ph+ ALL in
first remission. In a preliminary report from the MRC UKALL
X11/ECOG E2993 study, the event-free survival (EFS) at 3
years for 35 patients with Ph+ ALL in CR1 was 38%; in com-

parison, 3-year EFS was only 5% for those patients who
received postremission chemotherapy or auto-SCT in CR1.157

Other studies report survival rates between 30% and
60%.196–199 It is difficult to draw conclusions from these small
series, which vary considerably with respect to median age of
the patients, stage of disease (CR1 or beyond), type of trans-
plant preparative regimen, choice of graft-versus-host disease
(GVHD) prophylaxis, and supportive care. However, from all
these series, it appears that patients fare best when trans-
planted in first remission. The efficacy of HLA-matched unre-
lated donor (MUD) transplants has also been explored to
allow more patients to undergo this potentially curative treat-
ment. In one small series of 18 young patients (median age,
only 25 years) with Ph+ ALL who underwent a MUD allo-
SCT, the DFS at 2 years was 49% in this selected group,
which is similar to rates reported for HLA-matched sibling
transplants.200 With improvements in GVHD prophylaxis,
MUD transplants are also being explored in older patients
with Ph+ ALL in CR1.

The most exciting recent development in the treatment
of Ph+ ALL has been the intriguing early results observed
with imatinib mesylate (STI571, Gleevec; Novartis, East
Hanover, NJ). Imatinib is a potent and selective inhibitor of
BCR-ABL tyrosine kinase.201 In a study of 56 patients with
recurrent and refractory Ph+ ALL, imatinib at 400 or 600mg
was given once daily.202 The CR rate was 29%; however,
responses were not durable, with only 6% of patients sus-
taining a response of at least 4 weeks. Nevertheless, the rapid-
ity of response in these refractory patients and the relatively
high CR rate has prompted the exploration of the efficacy of
this agent in frontline therapy of Ph+ ALL. Imatinib is being
combined with standard chemotherapy,203 where initial
reports suggest that CR rates may be higher than with
chemotherapy alone, and is also being tested for its ability to
reduce disease burden before and after auto- or allo-SCT.
Potentially, the most important application of imatinib mesy-
late will be for older Ph+ patients for whom allo-SCT may not
be feasible. The GMALL have initiated a randomized multi-
center Phase II study to determine the safety and efficacy of
imatinib in Ph+ ALL patients more than 55 years of age as
first-line single-agent induction therapy and with concurrent
administration of postremission consolidative chemotherapy
for a duration of up to 1 year.204

ALL with 11q23 (MLL) Abnormalities

The t(4;11)(q21;q23) is the most common recurring abnor-
mality involving the MLL gene on chromosome 11q23 and
occurs in 5% to 10% of adult ALL cases.61,205,206 These cases
are characterized by an early (pro-B) immunophenotype, with
expression of CD19, CD22, CD24, and cytoplasmic CD79a
and coexpression of myeloid antigens, whereas CD10 is neg-
ative. Patients often present with high leukocyte counts,
hepatosplenomegaly, and CNS involvement. With standard
induction and consolidation chemotherapy, survival for these
patients is poor, with less than 15% probability of DFS at 5
years.47 The GMALL has reported that these patients fare con-
siderably better when an allo-SCT is performed in CR1, with
reports of more than 50% of patients achieving long-term
DFS.120 In the GMALL series, the t(4;11) patients had superior
outcomes to other high-risk patients receiving allo-SCT in
CR1, perhaps as a result of the additional benefit that these
patients may have obtained from receiving high-dose cytara-
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bine and mitoxantrone before undergoing allo-SCT. Based on
these data, the current recommendation is to identify a donor
for allo-SCT early in CR1 for patients with MLL gene
rearrangements. In addition, they may benefit from intensive
cytoreduction with a high-dose cytarabine-based regimen that
may be given as early consolidative therapy while a suitable
donor is being identified.

Supportive Care

Improvements in outcome of patients with ALL are, in part,
attributable to advances in supportive care of these high-risk
patients. Among these advances are new agents for the pre-
vention and treatment of neutropenic infection and its atten-
dant complications, the use of hematopoietic growth factors,
and careful prophylaxis against tumor lysis syndrome.

Infectious disease complications secondary to neutro-
penia are the primary cause of treatment-related morbidity
and mortality in acute leukemia, and the risks seem to be
especially high in patients over age 60.114 As such, preventing
prolonged neutropenia with prophylactic use of granulocyte-
stimulating growth factors has been the target of multiple
investigations and clinical practice guidelines.207–210 Several of
these studies have focused on adults with ALL.114,210 Two
sequential studies of G-CSF use during induction therapy per-
formed by the German ALL cooperative group, the GMALL,
demonstrated a reduction in the duration of neutropenia, a
reduction in the number of nonviral infections, and less 
frequent interruptions in chemotherapy schedules. These
benefits, however, did not translate into improved disease-
free or overall survival.211

In 1998, the CALGB published results of its large, prospec-
tive, randomized trial of G-CSF given during induction and
consolidation chemotherapy.114 Subjects who received G-CSF
required fewer days to neutrophil recovery following induc-
tion chemotherapy for ALL. Subjects in the G-CSF group also
had a shorter hospitalization time, and both a higher CR rate
(87% versus 77%) and fewer induction deaths (5% versus
11%) However, G-CSF did not allow for a compressed course
of chemotherapy or shorten the overall time required to
undergo induction and consolidation. The overall toxicity
was not lessened, infectious complications were no different,
and there was no significant difference in OS or DFS between
individuals who had received the G-CSF and those who had
received placebo. Notably, in patients older than age 60, the
CR rate for patients receiving G-CSF was 81% compared with
55% in the placebo arm. Induction deaths were also
decreased, thus allowing more patients to progress to postre-
mission therapy. In conclusion, the use of G-CSF during
intensive treatment of ALL appears reasonable; however,
none of the studies has demonstrated improvement in DFS or
OS when hematopoietic growth factors are employed during
treatment of ALL.212

Treatment of Relapse

Currently, more than half of adult patients with ALL will
relapse despite the use of intensive combination chemother-
apy programs. Most relapse within the first 2 years.213 More
than 80% of relapses occur first in the bone marrow, while
the remainder occur in extramedullary sites, primarily the

CNS. Relapses in other sites such as lymph nodes, skin, or
testes occur much less frequently. Patients with an isolated
extramedullary relapse have a very high risk for subsequent
bone marrow relapse and should receive systemic chemother-
apy following local treatment.

Treatment of Central Nervous System Leukemia

Patients with CNS leukemia at the time of diagnosis usually
receive more intensive IT therapy, with or without cranial
irradiation and continue planned induction therapy. Fre-
quently, these patients are treated with twice-weekly IT
therapy until the CSF is cleared of lymphoblasts, followed by
four weekly treatments while continuing with the standard
protocol prophylaxis therapy. Thereafter, these patients
receive once-monthly injections of intrathecal therapy for 1
year.147,214 CNS irradiation may be deferred until completion
of induction therapy unless patients have evidence of cranial
nerve root involvement. With appropriate CNS-directed
therapy, patients presenting with CNS involvement can
expect a similar outcome compared to patients lacking this
complication.113

Patients who have an isolated CNS relapse require a dif-
ferent approach. From the pediatric literature, children with
a CNS relapse have a dismal prognosis, with fewer than 20%
achieving long-term survival.215 It appears that the poor
outcome of these patients is primarily the result of hemato-
logic relapse rather than resistant CNS disease.216 Therefore,
the current approach to CNS relapse in children is to treat
with systemic reinduction chemotherapy together with IT
chemotherapy, followed by cranial irradiation. Using this
approach, the Pediatric Oncology Group treated 83 children
with isolated CNS relapses with 6 months of reinduction
chemotherapy and consolidation therapy, followed by cra-
niospinal irradiation and maintenance chemotherapy for 2
years from the time of relapse.217 The EFS at 4 years was 71%
for all patients, which approaches the results observed overall
for children with newly diagnosed ALL. Insufficient data exist
concerning the management of isolated CNS leukemia in
adults, but a similar approach may be reasonable. An alter-
native approach for patients who do not respond to conven-
tional CNS therapy may be the use of depo-cytarabine, a
slow-release formulation of cytarabine that may be given
every 3 weeks.218,219

Although stem cell transplantation is a reasonable
approach for adults with CNS relapse, it may not always be
an effective means of management of CNS leukemia. In one
study, the probability of CNS relapse was 52% for patients
with a history of or active CNS disease at the time of trans-
plant.220 The probability of CNS relapse in this study was less,
17%, for patients who received IT methotrexate after BMT,
although the risk of leukoencephalopathy in these patients
was significantly higher.

General Strategy for Systemic Relapse of ALL

A variety of treatment protocols have been employed in
relapsed or refractory patients. However, in almost every
instance, the median remission duration has been less than 6
months, and only a small fraction of these patients become
long-term survivors. The best results for such patients have
been obtained with allo-SCT in second remission, reviewed
earlier in the section on stem cell transplantation, where
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studies report DFS rates of 14% to 59%. Therefore, when 
feasible, the goal of salvage therapy is to obtain a second (or
subsequent) remission and proceed to allo-SCT.

Chemotherapy Options

The choice of optimal chemotherapy to obtain a second
remission is influenced by the initial induction/consolidation
regimen, the duration of first remission, features of the
disease at relapse, and the availability of a suitable allogeneic
donor. Single agents that have been utilized include nu-
cleoside analogues (usually cytarabine), anthracyclines,
nonanthracycline intercalators (mitoxantrone), epipodophyl-
lotoxins, alkylating agents (ifosphamide), and antifolates
(usually high-dose methotrexate).221–225 The divergent CR
rates range from 0% to 73% and are influenced by the het-
erogeneity of the patients, as noted earlier. In general,
however, combination chemotherapy has been more effective
at inducing subsequent remissions and is most successful 
in patients with prolonged first remissions of more than 
1 year. In these cases, reinduction using a regimen identical,
or similar, to the initial successful treatment plan can be 
considered. High-dose cytarabine-containing regimens 
may be the most successful for achievement of CR, with 
rates of 38% to 80%. The drug has been combined with
mitoxantrone,188,226,227 with an anthracycline,228 and with 
l-asparaginase,229 or an epipodophyllotoxin.230,231

New Drugs in Clinical Trials

Relapse, particularly in older adults (age more than 60 years)
with ALL and for those with short CR1 (less than 1 year), is
associated with a very poor outcome with median survival of
2 to 4 months160; therefore, these poor-risk patients should be
encouraged to participate in Phase I/II trials of investigation
agents and novel therapeutic approaches.

A unique nucleoside analogue, clofarabine, has been
demonstrated to have efficacy in relapsed pediatric and adult
ALL, with response rates in the 17% to 32% range as a single
agent.232–234 Its mechanisms of action include the inhibition
of ribonucleotide reductase and of DNA polymerase. Combi-
nation studies of clofarabine with cytarabine have also
demonstrated efficacy in heavily pretreated patients.235 Based
on its efficacy in relapsed pediatric ALL, an application to the
Federal Drug Administration is pending, and this may be the
first new drug approved for use in relapsed ALL in many years.

Recently, therapy targeted to specific biologic risk groups
has been exploited with some success and may be the focus
of future novel therapeutics in ALL. Nelarabine (GW506U78)
is an analogue of deoxyguanosine. Previous studies have
demonstrated that immature T lymphocytes are extremely
sensitive to the cytotoxic effects of deoxyguanosine. The 
toxicity of deoxyguanosine to T cells is related to the ac-
cumulation of deoxyguanosine triphosphate (dGTP), with
subsequent inhibition of ribonucleotide reductase, inhibition
of DNA synthesis, and resultant cell death. Prior Phase I
studies determined a maximum tolerated dose of 40
mg/kg/day for 5 days in adult patients.236,237 The dose-limit-
ing toxicity was neurologic, consisting of seizures, obtunda-
tion, and ascending paralysis. As predicted by preclinical
studies, the highest response rates were observed in patients
with relapsed T-cell ALL and lymphoblastic lymphoma (LBL).

To decrease the risk of neurologic toxicities, a dosing regimen
of 1.5g/m2 given IV once per day on an alternate-day sched-
ule (days 1, 3, 5) was recently tested in an intergroup study
carried out by the CALGB and the Southwest Oncology
Group (SWOG) in adults with relapsed/refractory T-cell ALL
or LBL.238 The overall response rate (CR + PR) for the 38 evalu-
able patients was 32% (95% CI, 18%–49%). The 1-year OS
was 32% (95% CI, 16%–47%) and the 1-year DFS was 40%
(95% CI, 10%–70%). These results suggest that nelarabine is
well tolerated and has significant antitumor activity in
patients with relapsed or refractory T-cell lymphoblastic
leukemia/lymphoma, prompting consideration to incorporate
nelarabine into frontline therapy for patients with T-lineage
ALL.

A similar subset-specific approach is being explored using
imatinib mesylate, the BCR-ABL tyrosine kinase inhibitor, in
adults with Ph+ ALL in CR1, as described earlier (see section
on Ph+ ALL). Although its greatest potential for improving
DFS is likely to be in CR1 patients, imatinib as a single agent
may induce transient responses in patients with relapsed or
refractory disease, allowing such patients to proceed with an
allo-SCT in second or subsequent remission. In vitro studies
have demonstrated either additive (daunorubicin, interferon-
alpha) or synergistic effects (cytarabine)239; therefore, combi-
nation therapy with imatinib should be tested for patients
with relapsed Ph+ ALL. Another tyrosine kinase inhibitor
that is directed against CD-19, B-43-Genistein, was shown to
demonstrate activity in a Phase I trial of 15 heavily pretreated
ALL patients. The CD19 receptor is expressed at high levels
on leukemic cells of most ALL patients, is absent on
hematopoietic stem cells, and is physically associated with
the Src family of protein tyrosine kinases to form a trans-
membrane tyrosine kinase receptor with important signal
transducing properties.240

Monoclonal antibodies targeted to epitopes present on the
lymphoblasts are also being evaluated. Campath-1H is a 
monoclonal humanized form of a rat antibody active against
CD52, an antigen present on nearly all normal B and T lym-
phocytes that may be present on the surface of most cases of
ALL.241,242 Although the experience with this antibody in
relapsed, refractory ALL has been limited, Campath has been
shown to clear blasts from the peripheral blood after failure
of traditional chemotherapy.242,243 The CALGB has recently
begun testing the feasibility of incorporating Campath-1H
into the initial treatment of adult ALL in an attempt to erad-
icate MRD in early CR1 (CALGB 10102). Rituximab, a
chimeric humanized mouse antibody directed against CD20,
which is expressed in approximately 20% of ALL cases, is also
being explored as an adjunct to standard chemotherapy in
frontline and salvage therapy. Initial reports from the M.D.
Anderson suggest that its addition may improve response
rates244; longer follow-up is needed to determine its potential
to improve DFS. Based on decreases in tumor size that were
demonstrated using an immunotoxin, anti-B4 blocked ricin
(anti-B4-bR); this immunotoxin, which is directed against the
surface epitope, CD19, has also been tested in relapsed and
frontline ALL.245,246 Although this approach was feasible as
intensification therapy in CR1, there did not appear to be a
DFS benefit compared to previous studies. A new generation
of conjugated antibodies is being developed, and one of these
agents (toxin-conjugated anti-CD22; Wyeth) may soon enter
clinical trials in advanced ALL.
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The Future: Targeted Agents

Rationale for the use of other novel agents that may target
specific pathogenetic pathways in ALL exists. Potential can-
didates for future study include drugs that target P-glycopro-
tein, encoded by the multidrug resistance (MDR1) gene,
which may be overexpressed in drug-resistant ALL.247,248 A
number of these agents are currently in development and
have entered clinical trials in AML but remain to be tested
in ALL. Oblimersen (formerly G3139), an antisense oligonu-
cleotide directed against bcl-2, which is frequently overex-
pressed in ALL,248 may be combined with standard agents in
an attempt to overcome drug resistance and facilitate
chemotherapy-induced apoptotic cell death.249 There is also
good rationale for testing the efficacy of hypomethylating
agents, such as 5-azacytidine or 2-deoxy 5-azacytidine,
because hypermethylation has been associated with drug
resistance and is reported in 10% to 50% of de novo and
nearly all cases of relapsed or refractory ALL.160 Overexpres-
sion of FLT-3, a receptor tyrosine kinase, occurs in cases of
infant ALL with either MLL gene rearrangements or hyper-
diploidy.91 Continuous signaling by the receptor contributes
to the abnormal growth of leukemia cells, which can be
blocked by a small molecule tyrosine kinase inhibitor of FLT-
3 in vitro in primary leukemia cells containing MLL gene
rearrangements.91 Thus, the rationale exists for clinical trials
of FLT-3 receptor tyrosine kinase inhibitors250 in these subsets
of ALL. In preclinical studies, induction of apoptosis in ALL
cell lines has recently been demonstrated after treatment
with a histone deacetylase inhibitor.251,252

Conclusions

The majority of adults receiving treatment for ALL will
achieve remission; however, despite improvements in
selected patient subsets, fewer than half of adult ALL patients
are long-term survivors. Future advances for this relatively
rare group of diseases will require the insights gained from
participation in well-designed cooperative group clinical
trials. Rapidly emerging insights into the molecular patho-
genesis and monitoring of these heterogeneous disorders will
improve prognostic ability, aid in risk stratification and treat-
ment choice, and guide new molecularly targeted drug devel-
opment. Using a risk-adapted approach based on patient
characteristics and molecular–cytogenetic features of the
disease, as outlined here, will facilitate the development of
more individualized and successful treatments to improve
outcome for adults with ALL.
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Chronic Lymphocytic
Leukemia and Related

Chronic Leukemias
Thomas S. Lin and John C. Byrd

he treatment of chronic lymphocytic leukemia (CLL)
and related chronic leukemias remains palliative,
although long-term survival has been achieved for the

subset of patients with hairy cell leukemia. Despite this, the
past decade has seen tremendous advancements in the under-
standing and treatment of these diseases, with the advent of
purine analogues, such as fludarabine and monoclonal anti-
bodies, such as rituximab and alemtuzumab. This chapter
focuses on recent developments in identifying prognostic
factors in CLL, as well as advances in the treatment of these
diseases. Particular emphasis is given to the expanding role
of monoclonal antibody therapies in these diseases.1–3

Chronic Lymphocytic Leukemia

The Disease

Chronic lymphocytic leukemia (CLL) is the most common
adult leukemia in the Western world, accounting for a third
of newly diagnosed adult leukemia patients; approximately
7,000 patients are diagnosed annually in the United States.4

The vast majority (95%) of patients present with B-CLL, but
a small percentage have T-CLL that, by the current World
Health Organization (WHO) classification, would be accorded
the title T-cell prolymphocytic leukemia. The optimal treat-
ment for newly diagnosed CLL remains undefined. Although
most patients with CLL respond to initial therapy, treatment
is not curative, and several large randomized studies failed to
show a survival advantage for early treatment of asympto-
matic, early-stage patients.5–7 Despite the advent of new ther-
apeutic agents, such as fludarabine, which have resulted in
improved complete response (CR) rates and progression-free
survival (PFS), overall survival (OS) has not improved to
date.8–10 The inherent resistance of CLL to cytotoxic therapy
is largely the result of defective apoptosis. In contrast to acute
leukemias, which are characterized by uncontrolled prolifer-
ation, CLL arises from cellular defects in programmed cell
death.

CLL is a disease of the elderly with a median age at diag-
nosis of approximately 65 years; most patients are 50 or
older.4 The male-to-female ratio is approximately 1.7, and
men have a poorer prognosis than women. An increasing

number of younger patients are being diagnosed at an earlier
stage of the disease; however, it is unclear whether this
reflects a change in the natural history of the disease or
merely a change in surveillance practices. Despite its indo-
lent nature, the impact of CLL on survival in both young 
and elderly patients is substantial. Median expected life
expectancy in patients diagnosed before age 50 is 12.3 years,
compared to 31.2 years in the age-matched control group.11

Although CLL reduces the life expectancy of younger
patients, the poorest survival following diagnosis is observed
in elderly patients.

Establishing the initial diagnosis of CLL, as defined by the
NCI (National Cancer Institute) Working Group, requires an
absolute lymphocytosis of more than 5,000/mL.4 Morpholog-
ically, the lymphocytes must appear mature with less than
55% prolymphocytes. The bone marrow aspirate smear must
show more than 30% of all nucleated cells to be lymphoid,
or the bone marrow core biopsy must show lymphoid infil-
trates compatible with marrow involvement by CLL. The
overall cellularity must be normocellular or hypercellular.
Immunophenotyping must reveal a predominant B-cell 
monoclonal population sharing a B-cell marker (CD19, CD20,
CD22, CD79b) with the CD5 antigen, in the absence of other
pan-T-cell markers. Surface immunoglobulin (Ig) density is
generally low; CLL cells can rarely have bright-surface Ig
expression but almost always express CD23 without overex-
pression of cyclin D1. The WHO classification includes small
lymphocytic lymphoma (SLL) with CLL, as SLL and CLL rep-
resent similar immunophenotypic and genetic diseases.

Staging Systems

Patients with CLL are staged utilizing either the Rai or Binet
system.4 Both systems stage patients by the sites of disease
and/or degree of cytopenias induced by marrow replacement.
Patients can be categorized into three groups. In the modified
Rai system, patients in the low-risk group (stage 0) exhibit
lymphocytosis alone, intermediate-risk patients also have
lymphadenopathy (stage I) and/or splenomegaly (stage II), 
and high-risk patients have anemia (hemoglobin less than
11.0g/dL, stage III) and/or thrombocytopenia (platelets fewer
than 100 ¥ 109/L, stage IV). The Binet system stages patients
by the number of sites involved for low- and intermediate-
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risk (stage A less than three lymphatic regions, stage B three
or more lymphatic regions); advanced-stage C patients have
anemia (hemoglobin less than 10.0g/dL) or thrombocytopenia
(platelets fewer than 100 ¥ 109/L). A prospective comparison
of these two staging systems by the French Cooperative
Group on CLL demonstrated the Binet system to be more
effective at discriminating outcome among early-stage
patients. Subsequent studies identified a group of patients
with smoldering CLL, whose risk of progression to sympto-
matic CLL was 14% to 17% at 5 years, and whose clinical
outcome matched age-matched control population. However,
both clinical staging systems fail to discriminate adequately
the expected clinical outcome for a large subset of early-stage
CLL patients. Improved prognostic discriminating tests are
needed to improve our ability to predict clinical outcome and
allow adoption of risk-adaptive strategies in this diverse
disease.

New Genetic Markers That Identify High-Risk
Prognostic Features in CLL

A rapidly evolving area of CLL research is the identification
of negative prognostic factors that predict for early progres-
sion, poor response to therapy, and inferior survival. CLL is a
heterogeneous disease, with a widely varied natural history.
New molecular techniques have identified several factors
that predict how quickly patients will require therapy or will
relapse after treatment. Interphase cytogenetic analysis, using
fluorescence in situ hybridization (FISH) probes, is one such
useful tool and allows detection of chromosomal abnormali-
ties that may not be seen by traditional metaphase analysis.
Interphase FISH analysis of 325 CLL patients detected chro-
mosomal abnormalities in 82% of patients.12 The most
common findings were deletion of 13q14 (55% of patients),
trisomy 12 (16%), translocation or deletion of 17p13 (7%), and
deletion of 11q22–23 (18%). Deletion of 13q14 leads to loss
of a presumed tumor suppressor gene at the D13S25 locus.
Deletion of the 13q14 locus predicts a favorable prognosis,
with a median survival of 133 months (compared to 111
months for normal karyotype) and a median treatment-free
interval of 92 months. Trisomy 12 is often seen in patients
with advanced disease and is associated with a higher per-
centage of prolymphocytes and atypical immunophenotype;
however, median survival (114 months) was identical to that
of patients with normal karyotype. Deletion of 17p13 results
in loss of the p53 tumor suppressor gene at 17p13.1 and pre-
dicts for the worst outcome among CLL patients, with poor
response to standard alkylator and fludarabine therapy.
Median survival was only 32 months, with a treatment-free
interval of 9 months. Deletion of 11q22–23 is associated with
extensive lymphadenopathy and poor prognosis; median sur-
vival was 79 months and treatment-free interval 13 months.12

As in other hematologic malignancies, complex karyotype,
with two or more cytogenetic abnormalities, is associated
with a poor prognosis.

VH Gene Mutations

Studies to date have not shown a uniform correlation
between cytogenetic abnormalities and the presence or
absence of mutated variable Ig heavy chains (IgVH) in CLL.
However, several publications have demonstrated that unmu-

tated IgVH correlates with an increased likelihood of requir-
ing early treatment, poorer response to therapy, and inferior
survival.13–20 IgVH genes of 84 CLL patients were sequenced;
38 patients (45%) had unmutated IgVH, whereas 46 patients
(55%) had mutated IgVH. Median survival of Binet stage A
patients with unmutated IgVH was 95 months, compared to
293 months for patients with mutated IgVH; survival was sim-
ilarly poorer for Binet stage B and C patients with unmutated
IgVH.13 Correlation between the absence of mutated IgVH

chains and CD38 expression of CD38 has been noted in some
studies, but CD38 expression itself is an independent predic-
tor of response to therapy.14,15,21 Both the intensity of and per-
centage of CLL cells with CD38 expression (20%–30% or
more of total CLL cells) are predictors of survival.14–17,22,23

CD38 expression has been used as a surrogate marker for
unmutated IgVH, but 28% of CLL patients have discordant
CD38 expression and IgVH mutational status.16 Median sur-
vival was significantly worse in patients with unmutated
IgVH and CD38 expression (8 years) than in patients with
mutated IgVH and absent or low CD38 expression (26 years).
The same investigators reported a median survival of 310
months for patients with mutated IgVH, compared with 119
months for unmutated IgVH. However, the correlation with
CD38 expression and VH mutation status has not been
observed by other groups. By comparison, loss or mutation of
p53 in the same group of 205 CLL patients was associated
with a median survival of only 47 months.24

ZAP-70

Recently, expression of zeta-associated protein 70 (ZAP-70),
which is normally expressed in T lymphocytes, has been iden-
tified as a surrogate marker of IgVH mutation status. This
expression was initially identified in genomic profile studies,
and differential expression was subsequently verified at the
mRNA and protein levels.25 CLL cells with unmutated IgVH

expressed detectable levels of ZAP-70, whereas ZAP-70 could
not be detected in CLL cells with mutated IgVH. Ligation of
the B-cell receptor complex resulted in tyrosine phosphoryla-
tion of ZAP-70, association of ZAP-70 with the surface Ig, and
increased tyrosine phosphorylation of cytosolic proteins,
including p72syk.26 Analysis of 56 CLL patients showed that
all 32 patients expressing ZAP-70 on 20% or more of CLL
cells had unmutated IgVH, whereas 21 of 24 patients express-
ing ZAP-70 on less than 20% of leukemic cells, had mutated
IgVH. ZAP-70 expression did not change over, time and was
correlated with rapid progression and inferior survival in
Binet stage A patients.27 A similar analysis of 107 CLL
patients demonstrated a 93% correlation between ZAP-70
expression and IgVH mutation status. CLL cells with unmu-
tated IgVH had 5.5-fold-higher expression of ZAP-70 than did
patients with mutated IgVH.25 Thus, ZAP-70 appears to be the
gene whose expression best predicts IgVH mutation status.

p53 and ATM

p53 gene inactivation is a highly predictive marker for drug
resistance and inferior survival in patients with CLL.28–30

Mutations of the p53 tumor suppressor gene are seen in 10%
to 20% of patients with untreated CLL, become more fre-
quent with disease progression, and predict for poor response
to alkylator or purine analogue therapy.29–32 Deletion of
17p13.1 results in loss of the p53 gene and predicts for the
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worst outcome among CLL patients. Median survival with
alkylator or fludarabine therapy was only 32 months, with a
treatment-free interval of 9 months.12 A similar study showed
that loss or mutation of p53 was associated with a median
survival of 47 months.24

p53 can be inactivated by mutations of the ATM (ataxia
telangiectasia mutated) gene, another potential common
high-risk molecular feature of CLL that has been less well
characterized. ATM phosphorylates p53, allowing p53 to ini-
tiate DNA repair,33–35 and ATM-deficient cells have increased
sensitivity to both X-ray- and free-oxygen-radical-induced
DNA damage.36,37 Diminished or absent ATM protein expres-
sion, usually associated with loss or mutation of the ATM
gene, negatively affects survival in CLL.38–41 In one series 
of 43 CLL patients, tumor cells from all 13 patients with p53
(n = 6) or ATM (n = 7) mutations failed to undergo apoptosis
following ex vivo irradiation.42 Tumor cells from patients
with ATM mutations showed diminished DNA repair and did
not undergo apoptosis in response to in vitro radiation, com-
pared to CLL cells with intact ATM and normal stimulated
B lymphocytes. Thus, CLL cells with primary or secondary
p53 dysfunction are predisposed to increased chromosomal
damage with therapy, which leads to additional genetic insta-
bility and tumor cell resistance. Identifying therapies that 
circumvent dysfunctional p53 function is, therefore, a high 
priority.

Treatment of CLL

When to Treat

In the absence of symptoms, observation is the current prac-
tice employed for newly diagnosed patients, based upon
several studies demonstrating no improvement in overall 
survival for asymptomatic CLL patients receiving early 
therapeutic intervention with chlorambucil therapy.7 A meta-
analysis that included data involving 2,048 patients in six
trials demonstrated a slightly higher death rate (42.6%)
among those treated early versus those randomized to
deferred therapy (41.6%), although this difference was not sig-
nificant.7 It must be noted that each of these studies included
a large proportion of patients with smoldering or early-stage
disease. For this population of patients, therapeutic benefit
would require an improvement in overall survival in excess
of that observed in the age-matched control population
without CLL. Furthermore, each of these studies employed
chlorambucil, an agent that yields a low CR rate. With more
effective therapies and use of risk stratification with new
molecular techniques, reconsideration of this approach in
well-designed trials seems quite prudent; this is further sub-
stantiated by the now-recognized genetic clonal evolution of
CLL that occurs over time from initial diagnosis. This clonal
evolution coincides with increasing resistance to apoptosis.
Efforts within the German CLL Study Group and several U.S.
groups are under way to examine this question with newer
CLL therapies.

Determining what constitutes sufficient symptomatology
to initiate treatment in CLL is subjective and confounds com-
parison of clinical trials. To assure uniform study entrance
criteria, an NCI-sponsored Working Group on CLL estab-
lished guidelines for initiation of treatment.43 These indica-
tions include the presence of nonautoimmune cytopenias 

(Rai stage III and IV), symptomatic lymphadenopathy or
hepatosplenomegaly, disease-related B symptoms or fatigue,
extreme lymphocytosis (greater than 150–300 ¥ 109/L), and
autoimmune hemolytic anemia or thrombocytopenia not
controlled with steroids. It is imperative to determine if a
patient’s symptoms are caused by CLL or a comorbid medical
condition. The decision of when to start therapy remains one
of the most challenging issues physicians caring for patients
with CLL must make.

Alkylator Therapy

Chlorambucil and other alkylating agents served as first-line
therapy for CLL for many decades.4 Chlorambucil is generally
administered as pulse therapy (40mg/m2 orally every 28 days).
Although a high-dose (15mg/day) continuous dosing schedule
has been used in several large European studies and has
obtained results superior to those of pulse therapy, high-dose
therapy is associated with greater myelosuppression and fre-
quently requires dose reduction. Although high-dose therapy
may be more effective if maximal cytoreduction is desired,
the less intensive pulse dosing schedule should generally be
used outside the setting of a clinical study.

Fludarabine Therapy

Fludarabine-based regimens have shown significant clinical
efficacy in relapsed and previously untreated CLL.44–51 The
introduction of purine analogues has led to more effective
therapies for CLL, as evidenced by improved CR rates and
PFS; however, no advantage in OS has been observed to date.
Although fludarabine was initially approved for alkylator-
refractory CLL, the drug has since become standard therapy
for previously untreated CLL, based on several large random-
ized studies showing improved CR and PFS rates compared
to alkylator-based regimens.8–10 These studies are summarized
in Table 65.1. A multicenter European study of 196 evaluable
patients randomized to fludarabine or CAP showed a higher
overall response rate (ORR) in favor of fludarabine (60%
versus 44%). This advantage was true in both previously
treated (n = 96, 48% versus 27%) and untreated (n = 100, 71%
versus 60%) patients, although the difference was not statis-
tically significant in the untreated group. Fludarabine
achieved a longer median duration of response than did CAP,
with a tendency toward longer OS in previously untreated
patients.8 A randomized, multicenter American study con-
firmed these findings in 509 previously untreated CLL
patients, who were randomly assigned to receive fludarabine
25mg/m2 IV daily for 5 days every 28 days, chlorambucil 
40mg/m2 PO every 28 days, or fludarabine 20mg/m2 daily for
5 days and chlorambucil 20mg/m2 PO every 28 days, for up
to 12 cycles. The combination arm was closed for reasons of
excessive toxicity. Fludarabine achieved superior CR, ORR,
median duration of remission, and median PFS (20%, 63%,
25 months, 20 months, respectively) than did chlorambucil
(4%, 37%, 14 months, 14 months, respectively). However,
there was no statistically significant difference in OS (66
versus 56 months), although the study employed a cross-over
design.9 Finally, a multicenter French study randomized 938
patients with previously untreated Binet stage B and C CLL
to fludarabine, CHOP, or CAP. Although CHOP and fludara-
bine achieved better response rates than CAP, overall survival
(67–70 months) was identical in all three treatment groups.10
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Thus, although large randomized studies demonstrated supe-
rior response rates and durations with fludarabine, compared
to alkylator-based regimens, no survival advantage was seen
with single-agent fludarabine (see Table 65.1).

Fludarabine Combination Regimens

To improve response rates over those seen with single-agent
fludarabine, the purine analogue has been combined with
cyclophosphamide (Flu/Cy). A large single-institution study
administered fludarabine 30mg/m2 IV and cyclophosphamide
300–500mg/m2 IV daily for 3 days for up to six cycles to 128
patients with CLL (see Table 65.1). Because of myelosuppres-
sion, the dose of cyclophosphamide was decreased from 500
mg/m2 (n = 11) to 300mg/m2 (n = 91). The ORR was 80% in
patients naïve or sensitive to fludarabine but only 38% in 
fludarabine-refractory patients. This regimen achieved a 35%
CR rate in previously untreated patients, similar to that
expected with single-agent fludarabine. However, only 8% 
of patients achieving CR had minimal residual disease
detectable by flow cytometry, and the median time to pro-
gression was not reached despite a median follow-up of 41
months.51 Retrospective comparison of this result to a previ-
ous study of fludarabine and prednisone at this same institu-
tion demonstrated Flu/cy to be significantly better. Based in
part upon this observation, a large study by the German CLL
Study Group randomized 375 previously untreated patients
to standard fludarabine versus Flu/Cy (fludarabine 30mg/m2

IV and cyclophosphamide 250mg/m2 IV daily for 3 days) every
28 days for six cycles. The ORR (94% versus 86%), CR (20%
versus 9%), and median PFS (28.2 versus 22.8 months) were
better in the Flu/Cy arm,52 although toxicity was significantly
worse in the combination arm. However, it must be noted
that the fludarabine arm did poorly in this study, and that the
CR rate obtained in the combination arm was less than the
35% rate reported by the M.D. Anderson group.51 A slightly
different regimen (fludarabine 20mg/m2 IV days 1–5 and

cyclophosphamide 600mg/m2 IV day 1 every 28 days for six
cycles) was administered to 37 patients with non-Hodgkin’s
lymphoma (NHL) and 17 patients with CLL. Patients were
given granulocyte colony-stimulating factor (G-CSF) support
beginning on day 8 of each cycle. The ORR and CR rates were
92% and 51%, respectively; the ORR and CR rates in the 17
CLL patients were 100% and 47%, respectively.50 This second
regimen is currently being tested as part of a large random-
ized Phase III U.S. Intergroup effort. The choice of fludarabine
or Flu/Cy as the backbone upon which to add the monoclonal
anti-CD20 antibody rituximab or other monoclonal antibody
therapies, depends upon whether one believes that the
current data support the contention that Flu/Cy is superior
to fludarabine. At the present time, these authors prefer the
use of fludarabine alone for such combination approaches.

Monoclonal Antibodies

Monoclonal antibodies offer the potential of targeted therapy
with minimal toxicity to normal cells, and clinical studies
over the past decade have demonstrated the feasibility, safety,
and clinical efficacy of these agents in many solid and hema-
tologic cancers. Monoclonal antibodies are now used to treat
diseases as diverse as acute myeloid leukemia (AML), diffuse
large B-cell NHL, mycosis fungoides, and CLL.53–59 Recombi-
nant DNA technology has allowed the generation of chi-
meric and “humanized” murine monoclonal IgG antibodies.
Murine sequences are replaced with the human Fc fragment,
resulting in humanized IgG molecules whose Fab portions
contain only the murine sequences required to recognize the
target antigen. These humanized antibodies are significantly
less immunogenic and produce less infusion toxicity.60–62 The
human Fc fragment also allows chimeric antibodies to induce
antibody-dependent cellular cytotoxicity (ADCC) and com-
plement-dependent cytotoxicity (CDC). Thus, humanized
monoclonal antibodies are better tolerated and more 
effective.
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TABLE 65.1. Selected clinical trial results with fludarabine in previously untreated chronic lymphocytic leukemia (CLL) patients.

No. of Mean PFS Mean OS
Referemce Regimen Phase patients CR ORR (months) (months)

8 Flu III 52 23 71 NR NR
CAP 48 17 60 7 54

9 Flu III 170 20 63 20 66
CLB 181 4 37 14 56
Flu + CLB 123 20 61 Not Rep 55

10 Flu III 341 40 71 32 69
CHOP 357 30 72 30 67
CAP 237 15 58 28 70

50 Flu + Cy II 17 51 92 Not Rep Not Rep
51 Flu + Cy II 34 35 88 NR NR

191 Flu + Cy II 36 42 64 Not Rep Not Rep
192 Flu + Cy II 59 47 78 Not Rep Not Rep
52 Flu III 105 9 86 23 NR

Flu + Cy 104 20 94 28 NR
93 Flu + Ritux Ran II 51 47 90 NR NR

Flu then Ritux 53 28 77 NR NR
97 Flu + Cy + Ritux II 202 68 90 NR NR

Flu, fludarabine; CAP, cyclophosphamide, adriamycin, prednisone; CLB, chlorambucil; CHOP, cyclophosphamide, adriamycin, vincristine, prednisone; Cy,
cyclophosphamide; Ritux, rituximab; CR, complete response rate; ORR, overall response rate; PFS, progression-free survival; OS, overall survival; NR, not reached;
Not Rep, not reported.



ROLE OF MONOCLONAL ANTIBODIES IN CLL
The failure of traditional cytotoxic agents to cure CLL may
result from the disease’s indolent nature, as well as intrinsic
resistance mechanisms to chemotherapy. Only a small frac-
tion of CLL cells undergo growth and division at a time. Cyto-
toxic agents often act only against dividing cells undergoing
transcription and DNA replication and thus are ineffective
against resting cells. Fludarabine, which acts against both
dividing and nondividing cells, is an exception to this rule.
The inherent resistance of CLL to chemotherapy is the result
of defective apoptosis. Antiapoptotic proteins, such as Bcl-2,
Mcl-1, and XIAP are overexpressed, and high levels of Mcl-1
are associated with failure to achieve CR to fludarabine.63

ADCC and CDC are observed after antibody therapy,64,65 but
monoclonal antibodies may exert their effects in CLL pri-
marily by inducing apoptosis.66,67 Thus, monoclonal antibod-
ies act directly against the cellular defects in apoptosis that
give rise to CLL. Table 65.2 summarizes the major mono-
clonal antibodies in current clinical use or clinical studies in
CLL.

RITUXIMAB

Preclinical Studies Rituximab (Rituxan, IDEC-C2B8), a
chimeric murine monoclonal antibody that recognizes the
CD20 antigen on the surface of normal and malignant B cells,
is the best studied and most widely used monoclonal anti-
body in lymphoid malignancies. CD20, a calcium channel
that interacts with the B-cell receptor complex, is an excel-
lent target; it is expressed in 90% to 100% of CLL and B-cell
NHL and is not internalized or shed. However, significant
levels of soluble CD20 have been detected in the sera of
patients with CLL by one group, and increased circulating
CD20 levels correlated with beta-2-microglobulin levels and
advanced-stage disease.68 Circulating CD20 levels correlated
with poor survival, and the prognostic value was independent
of Rai stage.69

Rituximab induces ADCC and CDC, activates caspase 3,
and induces apoptosis.64–67 Rituximab induces apoptosis in
vitro within 4 hours; this induction is independent of com-
plement but requires cross-linking with anti-Fcg antibody.
The ratio of the antiapoptotic protein Mcl-1 to the proapo-
ptotic protein Bax was significantly elevated in CLL patients
who did not respond to rituximab, compared with respon-
ders.70 Complement activation may be important, as
increased expression of complement inhibitors CD55 and
CD59 resulted in resistance to rituximab in NHL cell lines
and CLL cells.65,71 Blocking CD55 and CD59 resulted in a 
fivefold increase in rituximab-induced cell lysis of poorly

responding CLL samples, although CD55 and CD59 levels did
not predict complement susceptibility.71 However, baseline
expression of CD55 and CD59 was not associated with 
clinical response to rituximab in 21 treated patients.70 Thus,
although rituximab may act through more than one mecha-
nism, induction of apoptosis appears to be a major contribu-
tor to the elimination of CLL cells.

Clinical Studies: Single-Agent Weekly Rituximab Phase
I clinical studies in indolent B-cell NHL established a dose of
375mg/m2 IV weekly for four doses, although the length of
treatment was empirically established. In the pivotal Phase II
trial in 166 patients with relapsed or refractory indolent B-
cell NHL or CLL, an ORR of 48% was seen (CR 6%) with a
median response duration of 12 months.58 Patients with indo-
lent follicle center B-cell NHL had an ORR of 60%, whereas
only 4 of 30 patients with small lymphocytic lymphoma
(SLL)/CLL (13%) responded. A British study of 48 patients
using the same schedule achieved only 1 partial response (PR)
in 10 patients with relapsed or refractory SLL/CLL (10%),
although the ORR was only 27% in patients with follicular
NHL.72 A similar study observed only 1 PR in 9 evaluable
patients with fludarabine-refractory CLL (11%), although 7
patients had stable disease.73 A study of 7 patients with refrac-
tory or relapsed CLL observed a striking, but transient, reduc-
tion (median, 93%) in peripheral lymphocyte count, but nodal
disease was not affected.74 The German CLL Study Group
administered weekly rituximab to 28 patients with previ-
ously treated CLL; 7 patients (25%) achieved PR with a
median duration of 20 weeks. Forty-five percent of patients
experienced at least 50% reduction of peripheral lymphocyte
count lasting 4 weeks or longer.57 Finally, a Nordic multi-
center study observed an ORR of 35% in 24 heavily pretreated
CLL patients, with a median duration of response of only 12.5
weeks. Interestingly, 17 of 20 patients (85%) with adenopa-
thy experienced greater than 50% reduction in nodal disease,
whereas only 2 of 18 patients (11%) had reduction of marrow
disease.75

Thus, weekly rituximab has limited activity in CLL
(Table 65.3). Rituximab effectively reduces peripheral blood
lymphocytosis but is less effective at reducing bone marrow
or nodal disease. The preferential response of peripheral 
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TABLE 65.2. Summary of monoclonal antibodies available in
CLL.

Antibody Antigen Description Clinical status

IDEC-C2B8 CD20 Chimeric FDA approved
(Rituximab)
Campath-1H CD52 Humanized FDA approved
(Alemtuzumab)
Hu1D10 1D10 Humanized Clinical trials
(Apolizumab, (HLA-DR b)
Remitogen)
IDEC-152 CD23 Primatized Clinical trials
(Lumiliximab)

TABLE 65.3. Selected Phase II trials of weekly rituximab in CLL
and small lymphocytic lymphoma (SLL).

Prior Evaluable Response
Reference Doses therapy patients rate (ORR)

McLaughlin 4 Yes 30 13%
et al., 199858

Nguyen 4 Yes 10 10%
et al., 199972

Winkler 4 Yes 9 11%
et al., 199973

Ladetto 4 Yes 7 0%
et al., 200074

Huhn 4 Yes 28 25%
et al., 200157

Hainsworth 4 No 44 58%
et al., 200377

Thomas 8 No 21 90%
et al., 200178



lymphocyte count may be caused by increased CD20 expres-
sion on circulating CLL cells compared to bone marrow cells.
In quantitative flow cytometric studies, circulating CLL cells
bound an average of 9,050 anti-CD20 molecules compared
with only 4,070 molecules for bone marrow CLL cells and
3,950 molecules for lymph node CLL cells.76 In addition,
stromal cells in bone marrow and lymph nodes may provide
a survival advantage to CLL cells in these environments over
circulating CLL cells.

Initial CLL Therapy with Rituximab Weekly rituximab
may be more effective in previously untreated SLL/CLL (see
Table 65.3). Forty-four previously untreated patients with
SLL/CLL received four weekly doses of rituximab 375mg/m2;
the ORR after the first course of rituximab was 51% (CR 4%).
Twenty-eight patients with stable or responsive disease
received additional maintenance therapy with 4-week courses
of rituximab every 6 months for up to four cycles, with an
increase in the ORR to 58% (CR 9%). However, the median
PFS of 19 months was shorter than the 36- to 40-month
median PFS obtained by the same group using an identical
regimen in previously untreated patients with follicle center
NHL.77 Nonetheless, this response duration was similar to
that noted in the intergroup study with fludarabine, suggest-
ing rituximab does have significant efficacy in the treatment
of CLL. A second study of eight weekly doses of rituximab
375mg/m2 in 31 untreated, early-stage, asymptomatic CLL
patients (21 evaluable) not meeting criteria for treatment by
the NCI 96 criteria, with a beta-2-microglobulin level of 
2.0mg/dL or more, showed an ORR of 90% (CR, 19%; nodular
PR, 19%).78 The majority of patients achieved only PR, with
few patients attaining CR. Toxicity in both studies was
minimal except for initial infusion toxicity. Thus, although
quite effective and nontoxic as a palliative regimen, ritux-
imab as a single agent is unlikely to significantly alter long-
term survival in CLL.

Limitations of Weekly Rituximab in CLL Several theo-
ries may explain the inferior efficacy of weekly rituximab in
CLL, compared to its activity in indolent follicle center NHL.
First, CLL/SLL cells express lower CD20 density than follicle
center NHL cells, decreasing the number of target antigen
sites and the amount of antibody delivered to individual
tumor cells. In an analysis of 70 patients with chronic B-cell
leukemias and 17 normal donors, normal B lymphocytes
expressed 94,000 CD20 molecules per cell. Although other
chronic B-cell leukemias, such as mantle cell lymphoma and
hairy cell leukemia expressed between 123,000 and 312,000
CD20 molecules per cell, CLL cells expressed only 65,000
CD20 molecules per cell.79 However, an analysis of 10
patients with CLL did not identify a correlation between
CD20 expression and clinical response to rituximab.80 A more
plausible explanation is that the large intravascular burden 
of circulating CLL cells may alter the pharmacokinetics of
rituximab and result in accelerated clearance of antibody
from plasma. Lower trough concentrations of rituximab were
observed in CLL patients who did not respond to therapy; the
importance of serum rituximab levels was documented in 
follicle center NHL.81,82 Serum concentrations of rituximab
decrease more rapidly after treatment in CLL than in follicle
center NHL. In addition, the presence of soluble CD20 in the
sera of CLL patients suggests that free CD20, derived from
cell membrane fragments or shed antigen, may contribute 

to rapid clearance of rituximab. However, a relationship
between soluble CD20 levels and response to rituximab has
not been demonstrated.68 Finally, intrinsic mechanisms of
resistance, such as overexpression of antiapoptotic proteins
or p53 mutations may contribute to the common resistance
of CLL to rituximab and cytotoxic therapy.

Rituximab Dose Escalation: Improved Clinical Response
Investigators have taken two different strategies to overcome
these pharmacokinetic and pharmacodynamic obstacles.
Fifty patients with previously treated CLL (n = 40) or other B-
cell leukemias (n = 10) received weekly rituximab dose-esca-
lated to 2,250mg/m2.83,84 Although no CLL patient achieved
CR, the ORR was 40%, and a statistically significant dose-
response relationship was observed; 22% of patients treated
with 500 to 850mg/m2 responded, compared to 75% of
patients treated with 2,250mg/m2. The ORR was 36% for
CLL and 60% for other B-cell leukemias; median response
duration was 8 months. Eight of 12 patients (67%) at 
2,250mg/m2 developed grade 2 toxicity, primarily fatigue, 
but no grade 3 or 4 toxicity was observed.

Alternatively, 33 patients with relapsed or refractory
SLL/CLL received thrice-weekly rituximab for 4 weeks.56

Patients received 100mg over 4 hours on the first day of
therapy and 250mg/m2 (n = 3) or 375mg/m2 (n = 30) there-
after. This “stepped-up” dosing schedule was designed to
minimize infusion-related toxicity. The ORR was 45% (CR,
3%), and median response duration was 10 months. Thirteen
patients developed transient infusion-related toxicity that
appeared to be related to cytokine release [tumor necrosis
factor-alpha (TNF-a), interferon-gamma (IFN-g), interleukin 8
(IL-8), and IL-6] but resolved by the third infusion. Thus, both
dose escalation and thrice-weekly dosing improved the
response rate in SLL/CLL and established a role for rituximab
in the treatment of relapsed CLL. Both approaches produced
few complete responses, but no therapeutic agent achieves a
significant CR rate in relapsed or refractory CLL.

Toxicity Infusion-related side effects constitute the most
common toxicity of rituximab but are manageable, particu-
larly with use of a “stepped-up” dosing schedule. Patients can
develop transient hypoxemia, dyspnea, and hypotension,
which are partly caused by inflammatory cytokine release.
Although initial studies suggested that patients with high
lymphocyte counts may be at greater risk of this cytokine
release syndrome, subsequent larger studies failed to support
this finding. Tumor necrosis factor-alpha (TNF-a) and inter-
leukin-6 (IL-6) peak 90 minutes after start of infusion, and
their rise is accompanied by fever, chills, hypotension, and
nausea.73 These side effects are most severe with the first
infusion and resolve by the third infusion in the thrice-
weekly dosing schedule.56 An uncommon but potentially
severe toxicity is tumor lysis syndrome, which is generally
observed in patients with high numbers of circulating CLL
cells.85,86 Patients at risk should receive prophylactic allo-
purinol, hydration, and careful observation, and it may be
necessary to administer the first dose in an in-patient setting.
However, patients who develop tumor lysis syndrome to the
first dose of rituximab can safely receive subsequent doses,
especially after the number of circulating CLL cells is
reduced.85 Other toxicities are minimal and should not affect
administration of the antibody.
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Combination Therapy There is great interest in com-
bining monoclonal antibody therapy with cytotoxic
chemotherapy in the treatment of lymphoid malignancies,
and several studies have specifically examined rituximab.
The low CR rates to single-agent rituximab indicate that
combination with traditional cytotoxic drugs or other mono-
clonal antibodies may be necessary for rituximab to signifi-
cantly affect long-term survival in CLL. Several clinical trials
examined the use of rituximab in combination regimens
against B-cell lymphoid malignancies, including CLL.54,87–90

Rituximab was successfully combined with fludarabine in
both NHL and CLL.91,92 Concurrent administration of these
two agents to 104 previously untreated CLL patients in a ran-
domized phase II CALGB trial yielded a higher CR rate (47%)
than did sequential administration (28%).92 Patients received
standard fludarabine 25mg/m2 days 1 to 5 every 4 weeks for
six cycles (see Table 65.1). Patients were randomized to
receive concurrent rituximab 375mg/m2 on day 1 of each
cycle, with an additional day 4 dose during cycle 1, or sequen-
tial rituximab 375mg/m2 weekly for four doses beginning 2
months after completion of fludarabine. The median duration
of response was not reached at 23 months. The 104 patients
in this study experienced improved ORR (84% versus 63%),
CR (38% versus 20%), 2-year PFS (67% versus 45%), and 2-
year OS (93% versus 81%), compared to 179 previously
untreated patients who received single-agent fludarabine in a
prior CALGB trial.93

A multicenter European Phase II study of concurrent flu-
darabine and rituximab in 31 evaluable patients with CLL
achieved an ORR of 87% (CR 32%), with a median duration
of response of 75 weeks. Patients received fludarabine 
25mg/m2 days 1 to 5 every 4 weeks for four cycles, and 
rituximab 375mg/m2 every 4 weeks for four doses, beginning
on day 1 of cycle 3 of fludarabine. ORR and CR were similar
in previously treated (ORR 91%, CR 45%) and untreated
patients (ORR 85%, CR 25%). Sixteen patients developed a
total of 32 infections, and 1 patient died of cerebral hemor-
rhage caused by prolonged thrombocytopenia.94 The highest
CR rate was achieved by a single-institution study using a
combination regimen of fludarabine, cyclophosphamide, and
rituximab (FCR). One hundred two evaluable patients
received fludarabine 25mg/m2 and cyclophosphamide 
250mg/m2 on days 2 to 4 of cycle 1 and on days 1 to 3 of
cycles 2 to 6, in addition to rituximab 375mg/m2 on day 1 of
cycle 1 and 500mg/m2 on day 1 of cycles 2 to 6. The ORR
was 73% (CR 23%), and 5 of 13 patients in CR achieved mo-
lecular remission.95 The same authors administered FCR to
202 previously untreated CLL patients with symptomatic
disease requiring initiation of therapy by NCI criteria (see
Table 65.1), achieving a CR rate of 68%.96 Molecular remis-
sions were observed in 49 of 100 tested patients who achieved
CR (49%) and 9 of 27 patients who achieved nPR or PR (33%);
14 of 33 polymerase chain reaction (PCR)-negative patients
developed molecular evidence of relapse, usually within 24
months of completing treatment.97 The major toxicities of
this regimen were grade 4 neutropenia and infection, which
occurred in 20% and 17%, respectively, of treatment cycles.98

Finally, an aggressive upfront regimen incorporating 
fludarabine and rituximab has been given to 13 previously
untreated patients with CLL, as cytoreductive therapy before
autologous stem cell transplantation. Patients received flu-
darabine 25mg/m2 days 1 to 3, cyclophosphamide 200mg/m2

days 1 to 3, and mitoxantrone 10mg/m2 day 1 every 4 weeks
for four to six cycles, followed by rituximab 375mg/m2

weekly for four doses. All patients responded (ORR, 100%;
CR, 77%), and 4 patients (31%) achieved a molecular remis-
sion.99 The ability of this regimen to induce complete hema-
tologic and molecular remissions is promising, although
patients have not been followed long enough to determine if
these initial remissions will be durable.

Radioisotope Conjugates of Anti-CD20 Anti-CD20
monoclonal antibody has been conjugated to the radioiso-
topes yttrium-90 (90Y-ibritumomab; Zevalin) and iodine-131
(131I-tositumomab; Bexxar). Several published clinical trials
have demonstrated the efficacy of Zevalin and Bexxar in indo-
lent B-cell NHL, particularly indolent follicle center NHL;
the results of these trials have been extensively reviewed else-
where. There has been reluctance to use Zevalin and Bexxar
in patients with SLL/CLL because of concern about myelo-
toxicity resulting from bystander radiation to normal
hematopoietic cells in patients with significant marrow
disease. Nonetheless, results of a Phase I dose study indicated
that Bexxar is effective in previously treated patients with
advanced CLL. Eleven patients with heavily pretreated CLL
received a total body dose of 35 to 55 cGy; 3 patients (27%)
achieved PR and 6 patients (55%) had stable disease.100 As
expected, myelosuppression was the dose-limiting toxicity
and was related to the total radiation dose. A similar study of
Zevalin for minimal residual disease was conducted in 13
evaluable CLL patients who had achieved a PR (n = 12) or
nodular PR (n = 1) to prior therapy. Significant responses were
seen in 2 patients, and prolonged neutropenia (ANC less than
1,000 for median of 42 days) and thrombocytopenia (less than
100,000 for median of 42 days) were observed.101 Thus, myelo-
suppression will likely limit the clinical use of Zevalin and
Bexxar in patients with significant marrow disease. However,
radioisotope conjugates may be more effective than rituximab
in SLL/CLL patients with bulky nodal disease, due to deliv-
ery of radiation to surrounding tumor cells. Future studies of
Zevalin and Bexxar in SLL/CLL should focus on patients with
primarily bulky lymphadenopathy and limited marrow
involvement. In addition, sequential combination regimens
with agents, such as Campath-1H, which effectively reduces
blood and marrow disease but has limited activity against
nodal disease, should be investigated.

Summary Rituximab is active in CLL, although dose
intensification is needed to obtain maximal clinical benefit.
Single-agent rituximab produces few CRs and will not, by
itself, substantially improve long-term survival in CLL. The
combination of rituximab with fludarabine has improved CR
rates, and further studies are needed to determine if a higher
CR results in improved long-term survival. Although most
studies have combined rituximab with traditional cytotoxic
agents, several trials are now examining the use of rituximab
with other monoclonal antibodies, such as Campath-1H.

CAMPATH-1H

Preclinical Studies Campath-1H (Alemtuzumab) is a
humanized anti-CD52 monoclonal antibody that effectively
fixes complement and depletes normal lymphocytes and 
lymphoma cells.102–104 CD52, a 21- to 28-kDa glycopeptide
expressed on the surface of nearly all human lymphocytes,
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monocytes, and macrophages; a small subset of granulocytes;
but not erythrocytes, platelets, or bone marrow stem cells.
CD52 is expressed on all CLL cells and indolent B-cell NHL
cells.105,106 Its physiologic function remains unknown, but
cross-linking of CD52 on B-cell and T-cell lymphoma cell
lines resulted in growth inhibition.107 Antibody binding of
CD52 results in profound complement activation and ADCC.
CD52 is not shed, internalized, or modulated. Thus, CD52 
is an ideal antigen for targeted immunotherapy. However, 
the ubiquitous expression of CD52 on normal lymphocytes
and monocytes has resulted in increased hematologic 
and immune toxicity with Campath-1H, manifested by 
neutropenia, prolonged lymphopenia, and infectious 
complications.

Campath-1H acts in vivo by inducing programmed cell
death. In vivo blood samples showed 19% to 92% reduction
in expression of the antiapoptotic protein Bcl-2 in six of eight
patients undergoing Campath-1H therapy.82 In addition,
expression of the antiapoptotic proteins Mcl-1 and XIAP was
downregulated by treatment with Campath-1H. Campath-1H
induced activation of caspase 3 and cleavage of the DNA
repair enzyme poly(ADP-ribose) polymerase (PARP), indicat-
ing that apoptosis is an important mechanism of action of this
antibody.82

Clinical Trials Phase I studies established a dose of 30
mg IV three times per week for 4 to 12 weeks. Campath-1H
induced significantly more infusion toxicity than rituximab,
and a stepped-up dosing schedule was necessary to diminish
initial infusion toxicity and make the antibody tolerable. An
initial dose of 3mg was given on day 1, 10mg on day 2, and
30mg on day 3; once the full dose of 30mg was achieved,
patients were given 30mg thrice weekly. Several clinical
studies established the efficacy of Campath-1H in CLL, as
summarized in Table 65.4.59,108–111 A multicenter, European
Phase II study administered Campath-1H 30mg thrice weekly
for up to 12 weeks to 29 recurrent and refractory CLL
patients. The ORR was 42%, but only 1 patient (4%) achieved
CR.59 The antibody cleared CLL cells from the peripheral
blood in 97% of patients but was less effective at eliminating
marrow (36%) or nodal disease (7%).

The pivotal CAM211 trial administered the same
Campath-1H regimen to 93 heavily pretreated, fludarabine-
refractory CLL patients; an intent-to-treat ORR of 33% was
observed, although only 2% of patients achieved CR.110

Median time to progression for responders was 9.5 months,
with a median overall survival of 16 months for all patients
and 32 months for responders. The median peripheral blood

CLL count decreased by more than 99.9%, but the antibody
was less effective against nodal disease. Although 74% of all
patients with nodal disease responded, with 27% experienc-
ing resolution of their adenopathy, patients with bulky lymph
nodes did significantly poorer. Although 90% of patients with
lymph nodes measuring less than or equal to 2cm responded,
with 64% achieving resolution of their adenopathy, only 12%
of patients with lymph nodes greater than 5cm responded,
with no patients enjoying resolution of their adenopathy. All
patients were placed on prophylactic antibacterial and antivi-
ral agents, and toxicity was manageable. Patients with poor
performance status did markedly worse than patients with no
or minimal symptoms from their disease.

The activity of Campath-1H in CLL was confirmed by a
multiinstitutional study in 136 patients with fludarabine-
refractory B-CLL who received Campath-1H 30mg thrice
weekly for up to 12 weeks on a compassionate basis.112 The
ORR was 40% (CR 7%), and median PFS and OS of respon-
ders were 7.3 and 13.4 months, respectively. Similarly, 41
patients with relapsed B-CLL and 1 patient with T-CLL were
treated with Campath-1H 30mg IVB thrice weekly for 4
weeks in a single-institution study.113 Two patients with B-
CLL achieved CR (5%), and 9 patients achieved PR (21%), for
an ORR of 26%. Interestingly, 7 of 12 patients with B- or T-
PLL responded (3 CR, 4 PR, ORR 58%). Although Campath-
1H was more effective at eliminating disease in peripheral
blood (CR, 36%; PR, 36%) and bone marrow (CR, 41%; PR,
28%) than in lymph nodes (CR, 23%; PR, 13%), a greater
response in nodal disease was seen in this study than in pre-
vious trials using Campath-1H. A recent update of this study
showed an ORR of 35% (CR, 12%) in 78 patients with indo-
lent lymphoproliferative disorders (42 CLL), with a median
duration of response of 18 months.114 Although Campath-1H
is effective therapy in previously treated patients with CLL,
the antibody is less effective against bulky lymphadenopathy
than it is against peripheral blood or bone marrow disease. In
addition, patients with an ECOG performance status of 2 or
greater had a 0% response rate in the pivotal study, likely the
result of inability to tolerate the initial infusion toxicity and
worsening of cytopenias often observed with Campath-1H
therapy.

Upfront Therapy in Previously Untreated Patients A
Phase II clinical trial administered subcutaneous (SC)
Campath-1H to 41 previously untreated patients with CLL.
Patients received a prolonged course of Campath-1H 30mg
SC three times per week for up to 18 weeks. Except for tran-
sient grade I–II fever, first-dose reactions were minimal. The
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TABLE 65.4. Summary of Campath-1H studies in CLL.

Reference No. of patients Weeks of Rx Prior Rx % CR % PR Overall response

111 9 6–18 No 33 55 89
59 29 6 Yes 4 38 43

108 6 6–12 Yes 0 50 50
193 24 4–16 Yes 0 33 33
194 6* 4–6 Yes 83 N/A 83
195 9* 6 Yes 55 N/A 55
196 29 NR Yes 34 25 59
197 92 4–12 Yes 2 31 33



ORR was 87% in the 38 patients who received at least 2
weeks of treatment, and the intent-to-treat ORR was 81%.115

Campath-1H was most effective at clearing disease from
peripheral blood (CR 95%), but bone marrow (CR + nodular
PR, 66%) and nodal disease (ORR, 87%; CR, 29%) also
responded to therapy. Some patients who achieved CR in the
marrow required the full 18 weeks of therapy to do so, sug-
gesting that prolonged administration of Campath-1H may be
necessary to clear marrow disease. Median time to treatment
failure had not been reached at time of study report (18+
months). Thus, SC administration of Campath-1H is feasible,
and longer courses of Campath-1H may produce ORR and CR
rates similar to those observed with fludarabine. It must be
emphasized, however, that SC administration of Campath-1H
does not diminish the infectious risk of this agent.

Immunosuppression and Infectious Complications
Infections constitute the major complication of Campath-1H
therapy.102,116,117 All 50 previously treated NHL patients in a
multicenter European study developed profound lymphope-
nia. Opportunistic infections and bacterial septicemia
occurred in 14% and 18% of patients, respectively, and 6%
of patients died of infection.118 Infections occurred in 55% of
patients (27% grade 3–4), and 13% developed septicemia in
the CAM211 study.110 Although Campath-1H also inhibits B
cells, CD8+ T cells, natural killer (NK) cells, and monocytes,
the most profound effects of the antibody are on CD4+ T lym-
phocytes.119–121 Treatment with 5 to 10 daily IV infusions of
Campath-1H almost completely depleted lymphocytes, and
lymphocyte subsets recovered with varying kinetics. NK cells
and monocytes recovered to normal within 1 to 2 months,
whereas B-cell numbers returned to normal within 5 months.
CD8+ T cells returned to 50% of pretreatment levels by 2
months but did not increase further, and CD4+ T cells never
reached 20% of pretreatment levels despite 18 months follow-
up.119 In 41 CLL patients given SC Campath-1H for up to 18
weeks, NK and NK-T cells remained severely suppressed
more than 12 months afterward; however, no late infectious
complications were observed.122

Paroxysmal nocturnal hemoglobinuria (PNH)-like T cells
emerge during or immediately after Campath-1H treatment
in many patients. These PNH-like cells cannot synthesize
glycosylphosphatidylinositol (GPI) anchor glycans, lack GPI-
linked surface proteins, such as CD52, and are resistant to
CD52-mediated killing. Preliminary studies demonstrated
that, despite lacking GPI-linked proteins, these PNH-like T
cells are functional immune effector cells.123 This finding may
explain why the great majority of severe opportunistic infec-
tions that occur with Campath-1H are observed during active
Campath-1H therapy rather than after treatment.

Lymphocyte recovery may depend on the dosing sched-
ule, as the absolute CD4+ T-cell count reached a nadir of 2/mL
by week 4 but increased to 84/mL by week 12 in the CAM211
trial.110 In 42 refractory CLL patients (median CD3+ T-cell
count, 1,900/ml) treated with Campath-1H, extreme lym-
phopenia of less than 30/mL was seen in all patients after a
median of 2 weeks of therapy. At a median follow-up of 14
months, the median CD3+ T-cell count recovered to 930/mL
and the median CD4+ T-cell count to 320/mL.123 Campath-1H
depleted CD52+ myeloid peripheral blood dendritic cells,
resulting in inhibition of the stimulatory activity of periph-
eral blood mononuclear cells (PBMCs) in allogeneic mixed-

lymphocyte reactions. Depletion of CD52+ dendritic cells
also inhibited the ability of PBMCs to present antigen to puri-
fied CD4+ T lymphocytes.124 This effect may explain the low
rate of graft-versus-host disease (GVHD) in allogeneic stem
cell transplants using Campath-1H.125,126

This prolonged inhibition of T-lymphocyte and dendritic
cell function may limit the clinical use of Campath-1H, par-
ticularly in combination regimens with other immunosup-
pressive agents, such as fludarabine. Patients receiving
Campath-1H must be placed on appropriate prophylaxis for
Pneumocystis pneumoniae (PCP) and varicella zoster virus
(VZV). They should be monitored for cytomegalovirus (CMV)
reactivation during and for at least 2 to 3 months after
therapy. With these prophylactic measures, Campath-1H can
be administered safely and with acceptable toxicity.

Infusion Toxicity Infusion-related toxicity occurred in
93% of patients in the CAM211 study, although the majority
of reactions were grade 1 or 2. Rigors (90% overall, 14% grade
3), fever (85% overall, 17% grade 3, 3% grade 4) and nausea
(53%) were the most common infusion-related toxicities.110

Similar rates of rigors (71%), fevers (65%), and nausea (45%)
were reported in the multicenter study of 136 B-CLL patients,
and almost all infusion toxicities were grade 1 or 2.112 Most
toxicity was observed with the first infusion.110 This first-dose
cytokine release syndrome involves TNF-a, IFN-g, and IL-6.127

TNF-a levels increase by greater than 1,000-fold after
Campath-1H infusion, and TNF-a is a most important
cytokine in this syndrome.128,129 Ligation of the low-affinity
Fc receptor for IgG, FcgRIIIa, on NK cells results in release of
TNF-a, and may play a central role in inducing infusion 
toxicity to Campath-1H.127 These infusion side effects are
generally responsive to corticosteroid administration, when
severe.

Hematologic Toxicity Campath-1H has significant
hematologic toxicity, given the presence of CD52 on many
hematopoietic cells. The multicenter study of 136 CLL
patients noted 26% neutropenia (22% grade 3 or 4), 35%
thrombocytopenia (23% grade 3 or 4), and 21% anemia (11%
grade 3).112 Many patients who develop cytopenias develop
grade 3 or 4 toxicity, resulting in severe infectious complica-
tions. Although fever, rigors, and nausea may be bothersome
and uncomfortable to patients, cytopenias and infectious
complications constitute the medically serious toxicities 
of Campath-1H. However, these toxicities are clinically 
manageable with proper monitoring of peripheral blood
counts and appropriate antibiotic prophylaxis. Granulocyte-
macrophage colony-stimulating factor (GM-CSF) should be
avoided, as GM-CSF exacerbates infusion-related toxicity, by
inducing TNF-a, without significantly improving granulo-
cyte recovery.128

Combination Therapy Laboratory evidence from our
institution indicates that Campath-1H may synergize with
fludarabine in vivo.82 A small study of 6 CLL patients, refrac-
tory to fludarabine alone and Campath-1H alone, suggests
that such synergy exists. Fludarabine was given at a dose of
25mg/m2 IV for 3 to 5 days, and Campath-1H was given at 30
mg IV three times weekly for 8 to 16 weeks. One patient
achieved a CR (17%), and 5 patients achieved a PR, for an
ORR of 83%; flow cytometric analysis could not detect resid-
ual CLL cells in the 2 patients. Patients received prophylac-
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tic co-trimoxazole and acyclovir, and no serious adverse
events were noted.130 A larger study using fludarabine 
30mg/m2 UV and Campath-1H 30mg IV for 3 days every 28
days for 4 cycles achieved 9 CR and 3 PR in 14 evaluable
patients with relapsed CLL (ORR 86%). Of note, 1 heavily
pretreated patient died of fever of unknown origin. The use
of a lower total dose of Campath-1H in this study may dimin-
ish long-term toxicity, particularly infections.

The combination of Campath-1H and rituximab can be
given safely and may have clinical activity in patients with
relapsed CLL. Nine patients received rituximab 375mg/m2

weeks 1 and 3 to 5, in combination with Campath-1H 3, 10,
or 30mg thrice weekly, weeks 2 to 5, in a Phase I dose-esca-
lation study.131 Toxicity was acceptable, with no opportunis-
tic infections or treatment-related deaths. Eight patients
(89%) experienced significant reduction (median, 95%
decrease) in peripheral lymphocyte count, but no objective
responses by NCI criteria were seen. A second study admin-
istered rituximab, 375mg/m2 weekly for four doses, with
Campath-1H 30mg on days 3 and 5 of each week, to 48
patients with relapsed or refractory lymphoproliferative dis-
orders, including 32 patients with CLL and 9 patients with
CLL/PLL.132 The ORR was 52% (CR, 8%), with a median time
to progression of 6 months. Nearly all CLL and CLL/PLL
patients had resolution of peripheral blood lymphocytosis,
but only 11 of 33 patients had clearing of marrow disease
(33%), and 24 of 41 patients had more than 50% reduction of
nodal disease (59%). Fifty-two percent of patients developed
infections, and CMV reactivation was seen in 27% of
patients.

Summary As a result of the ubiquitous expression of
CD52 on lymphocytes and monocytes, Campath-1H causes
significantly more hematologic and immune toxicity than
does rituximab. However, infectious complications are man-
ageable with adequate antibiotic prophylaxis. The majority of
patients receiving Campath-1H experience infusion toxicity,
but toxicity is manageable with a “stepped-up” dosing sched-
ule. In addition, infusion toxicity usually diminishes as
therapy progresses. Campath-1H demonstrates greatest activ-
ity against CLL cells in peripheral blood, although prolonged
therapy may be able to achieve CR in bone marrow. The anti-
body is less effective against nodal disease; responses are
almost exclusively PR. Despite its limitations, Campath-1H
is the only approved therapy for CLL that shows activity in
relapsed patients with loss or mutation of p53. Thus, further
study of Campath-1H is needed. Given its infusion toxicity,
future trials will likely center on use of subcutaneous, rather
than intravenous, Campath-1H. Despite initial promising
results, further studies are needed to determine that subcu-
taneous administration is as effective as IV dosing in relapsed
CLL.

Investigation Agents

Hu1D10
Hu1D10 (Apolizumab, Remitogen) is a humanized murine
IgG monoclonal antibody whose antigenic epitope is a poly-
morphic determinant on the major histocompatibility (MHC)
class II HLA-DR beta chain.133 The 1D10 epitope is present
on normal and malignant B lymphocytes, dendritic cells,
macrophages, and some activated T lymphocytes. 1D10 is
expressed in 50% of acute lymphocytic leukemia, 50% of

diffuse large cell NHL, 50% to 70% of follicle center NHL,
and 80% to 90% of CLL.134 Expression is uniformly strong in
tumors that are ID10 positive. Hu1D10 induces ADCC and
CDC, as well as apoptosis, by a caspase-independent
pathway.133,134

An initial phase I study in 20 patients with NHL demon-
strated that Hu1D10 can be given safely at doses that show
potential clinical efficacy.135 Patients received weekly doses,
ranging from 0.15 to 5mg/kg, and a regimen giving the drug
on 5 consecutive days was also examined. Infusion-related
toxicity was common, but manageable, and included fever,
chills, nausea, vomiting, rash, flushing, and hypotension.
Four of 8 patients with follicle center NHL responded (1 CR,
3 PR), with a median time to response of 106 days. A Phase
II multicenter study in 21 patients with relapsed indolent B-
cell lymphoproliferative disorders, including 5 with SLL,
treated with Hu1D10 at 0.5 or 1.5mg/kg weekly for four
doses, showed good tolerance.136 Studies in CLL are
ongoing.137

ANTI-CD23
CD23 is another potential target of monoclonal antibody
therapy; similar to CD20 and CD5, CD23 is expressed on the
overwhelming majority of CLL cells. A chimeric macaque-
derived anti-CD23 antibody, p6G5G1, has been developed.138

Although these antibodies have been developed as possible
therapies for asthma and other allergic disorders, the ubiqui-
tous expression of CD23 on CLL cells indicates that preclin-
ical studies of these compounds in CLL should be pursued.
Recently, in vitro studies of a humanized anti-CD23 mono-
clonal antibody, IDEC-152 (Lumiliximab), demonstrated that
cross-linked IDEC-152 induced apoptosis in fresh CLL cells
from 5 patients. In addition, IDEC-152-induced apoptosis was
enhanced in the presence of fludarabine or rituximab.139 In a
Phase I study, 25 evaluable patients with relapsed CLL
received IDEC-152 at 125 to 500mg/m2 IV weekly for four
doses. Dose-limiting toxicity was seen in 2 of 10 patients
treated at the highest dose, but toxicity was acceptable.
Twenty-four patients (96%) achieved a decrease in peripheral
lymphocytosis, and 8 of 19 patients (42%) treated at the 375
to 500mg/m2 doses experienced more than a 50% reduction
in their disease.140

FLAVOPIRIDOL

Flavopiridol is an N-methylpiperidinyl, chlorophenyl flavone
that induces apoptosis in CLL cells by activating caspase 3.141

Caspase 3 acts distal to p53; thus, induction of apoptosis by
flavopiridol is p53 independent.142 Flavopiridol also induces
profound decreases in the levels of Mcl-1 and XIAP in CLL
cells in vitro.143

Phase I clinical studies determined a safe, tolerable dose
of 50mg/m2/day given as a continuous intravenous infusion
(CIVI) over 72 hours.142 Unfortunately, Phase II studies using
this schedule demonstrated no response, including a trial in
10 patients with recurrent or refractory mantle cell lym-
phoma.144 Despite plasma flavopiridol concentrations of 
200 to 400nM, no apoptosis was seen in peripheral blood
mononuclear cells (PBMCs) of patients who received this
CIVI schedule.145,146 This discrepancy is caused by increased
binding of flavopiridol to human serum proteins. In vitro
assays of apoptosis have used fetal calf serum (FCS) in culture
media. However, the free flavopiridol concentration

1 2 1 0 chapter 65



decreased from 63% to 100% to 5% to 8% if human plasma
was substituted for FCS, resulting in an increase in 1-hour
and 24-hour LC50 values from 670 and 120nM to 3,510 and
470nM, respectively.146,147 Thus, CIVI dosing does not achieve
pharmacologically effective drug concentrations, resulting in
lack of clinical responses.145–147 Bolus dosing achieves the nec-
essary LC50, and a Phase II study giving flavopiridol 50mg/m2

by 1 hour IVB on days 1 to 3 in 36 previously treated, mostly
fludarabine-refractory patients, demonstrated activity (14%),
with a median response duration of 8 months. Pharmacoki-
netic modeling indicates an optimal dosing schedule of 30-
minute IVB followed by 4-hour CIVI, and initial results of an
ongoing Phase I study show activity with clinical response in
p53-deficient patients and tumor lysis.148

Stem Cell Transplantation

AUTOLOGOUS STEM CELL TRANSPLANTATION

Studies of autologous stem cell transplantation (SCT) in CLL
have produced mixed results because of patient selection and
the variable use of stem cell purging. Disease-free survival
(DFS) has ranged from 25% to 69%, with similar discrepan-
cies in overall survival (OS).149–153 A British Medical Research
Council (MRC) study recently achieved 5-year DFS and OS of
78% and 52%, respectively, in 65 patients.149 Sixteen of 20
evaluable patients achieved molecular remission by PCR
examination of IgVH gene rearrangement. A retrospective
German study of 58 CLL patients (20 mutated, 38 unmutated)
showed that unmutated IgVH remained an adverse prognos-
tic factor despite autologous SCT.154 Median time to clinical
relapse was 37 months in the unmutated group, whereas only
1 mutated patient relapsed 4 years post-SCT; 2-year probabil-
ity of relapse was 19% and 0%, respectively, for unmutated
and mutated patients. Nonetheless, unmutated patients still
enjoyed a 2-year OS of 89%. A similar German study matched
44 patients who underwent autologous SCT with 44 similar
patients who received chemotherapy without SCT.155 Unmu-
tated IgVH was seen in 66% of both cohorts. Median survival
from diagnosis for unmutated patients was 139 months for
SCT, versus 73 months for chemotherapy, with a hazard ratio
(HR) of 0.31 (P = 0.02). Although patients with genetic risk
factors such as unmutated IgVH still do poorly compared to
good- or intermediate-risk patients who undergo autologous
SCT, autologous SCT still confers benefit to high-risk CLL
patients.

Despite these promising results, autologous SCT in CLL
is limited by several factors. First, patients have significant
marrow and blood involvement that may result in contami-
nation of the stem cell product despite cytoreductive
therapy.156 Second, prior fludarabine therapy may cause
myelosuppression and hamper collection of an adequate
number of autologous stem cells; peripheral stem cell mobi-
lization was unsuccessful in 33% of patients in the MRC
study.149 Third, the high-dose conditioning regimens used in
autologous SCT are associated with a significant risk of sec-
ondary MDS or AML; 8% of patients in the MRC study devel-
oped MDS/AML [149]. Finally, extensive studies in follicle
center lymphoma157 and multiple myeloma158 have not
demonstrated that autologous SCT is curative in hematologic
malignancies that are incurable with standard chemotherapy.
In particular, this last factor has damped enthusiasm for
further studies of autologous SCT for CLL, particularly for

patients who have an HLA-identical sibling donor. Given the
limitations of autologous SCT, the major focus of clinical
research in SCT for CLL has shifted to allogeneic SCT.

MYELOABLATIVE ALLOGENEIC SCT
Allogeneic SCT offers theoretical advantages over autologous
SCT in CLL. Contamination of the stem cell source and 
inadequate stem cell collection are not obstacles, and the 
use of an allogeneic donor allows for an immunologic graft-
versus-leukemia (GVL) effect. Limited data suggest that TBI-
containing conditioning regimens are superior to BuCy in
CLL. A small study of 25 patients by the Seattle group
revealed a 100-day treatment-related mortality (TRM) of 57%
for BuCy (n = 7), compared to 17% for TBI regimens (n = 18).
Five-year actuarial survival was 56% for 14 patients trans-
planted with TBI regimens during 1992–1999.159 An M.D.
Anderson study of Cy/TBI in 28 CLL patients observed a 100-
day TRM of 11%. Five-year PFS and OS were 78% and 78%,
respectively, for chemosensitive patients, compared to 26%
and 31% for refractory patients.160

A retrospective EBMT study of 135 patients showed 54%
3-year OS and 40% 100-day TRM.161 Similar findings were
reported by the IBMTR, with 45% 3-year OS and 30% 100-
day TRM in 242 patients.162 The high TRM may be explained
in part by the late stage of the disease in many of these
patients. Median time from diagnosis to SCT was 41 and 
46 months, and 37% of patients in the EBMT study were
chemorefractory entering transplant.161,162 Although there are
no randomized studies, a retrospective comparison by the
M.D. Anderson showed 3-year DFS of 57% for allogeneic
SCT, versus 24% for purged autologous SCT.163

Thus, myeloablative allogeneic SCT may offer superior
DFS in CLL, compared to autologous SCT. Although 3-year
DFS after allogeneic SCT is approximately 50%,159–163 longer
follow-up is needed to determine if disease remissions are
durable. However, the advantage in markedly decreased
relapse rates with allogeneic SCT is offset by a higher
TRM,161,162 decreasing enthusiasm for this treatment modal-
ity in CLL. Limited data indicate that Bu/Cy may be partic-
ularly toxic in this population; in contrast, TBI regimens have
acceptable TRM.159 To preserve the immunologic GVL effect
while reducing TRM, the focus of clinical SCT research in
CLL has turned to nonmyeloablative allogeneic SCT.

NONMYELOABLATIVE ALLOGENEIC SCT
Ideally, the GVL effect of allogeneic SCT can be harnessed,
while reducing TRM from acute GVHD, acute infection, and
organ toxicity associated with myeloablative SCT. Several
studies have specifically examined CLL.2,164–167 Fludarabine,
busulfan, and antithymocyte globulin (ATG) were adminis-
tered to 30 German CLL patients; the stem cell source was a
matched related (n = 15) or unrelated (n = 15) donor.164,165

Grade 2 to 4 acute GVHD was observed in 56% of patients,
whereas 75% developed chronic GVHD.165 Responses were
seen in 93% of patients, with 40% achieving CR. Of note, it
took up to 2 years for patients to achieve CR, suggesting a
GVL effect. All patients achieved a molecular CR by PCR, but
only 6 patients were in continued molecular CR after a
median follow-up of 2 years. Two-year TRM, PFS, and OS
were 15%, 67%, and 72%, respectively.165

The EBMT retrospectively examined 77 CLL patients who
received a variety of nonmyeloablative conditioning regi-
mens, following by allogeneic SCT.2 One-year TRM was 18%,
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and the 2-year probability of relapse was 31%. Two-year DFS
and OS were 56% and 72%, respectively. Nineteen patients
received donor lymphocyte infusion (DLI) for relapse or
incomplete donor chimerism, but only 7 responded to DLI
(37%). Unfortunately, this study was complicated by the het-
erogeneity of conditioning regimens and the use of ATG or
Campath-1H for T-cell depletion in 40% of patients.

A recent German study indicated that nonmyeloablative
allogeneic SCT may be superior to autologous SCT in obtain-
ing clinical and molecular remissions in high-risk CLL
patients with unmutated IgVH, due to a GVL effect. Seven of
9 patients (78%) became negative by PCR for allele-specific
IgVH after day + 100 post-SCT; attainment of molecular CR
occurred after DLI or development of chronic GVHD. In con-
trast, only 6 of 26 control CLL patients (23%) achieved a PCR-
negative state after autologous SCT.166 Thus, an immunologic
GVL effect appears to be important in CLL and may confer a
long-term survival advantage for allogeneic over autologous
SCT, given sufficient time.

Summary CLL remains incurable by standard therapies;
thus, SCT should be considered, especially for younger
patients and patients with high-risk genetic features who
likely will do poorly with chemotherapy. Nonmyeloablative
allogeneic SCT is the most promising transplant modality in
CLL and is the focus of most SCT studies in CLL. Short-term
DFS of 50% to 75% has been obtained with acceptable
TRM,2,165,166 and molecular responses have been obtained with
the onset of GVHD or the therapeutic use of DLI.165 However,
long-term follow-up is lacking, and it is unclear whether the
DFS observed at 2 years will prove durable over time. My-
eloablative allogeneic SCT should be considered for patients
with bulky or refractory disease,160 and a TBI-containing
regimen should be utilized to reduce TRM.159 Finally, autol-
ogous SCT should be considered for high-risk CLL patients
who do not have an allogeneic option. Although autologous
SCT has not proven curative in CLL, autologous SCT still
confers a survival advantage to patients with unmutated
IgVH.154,155 However, it is necessary to limit the number of
prior therapies, particularly fludarabine-based regimens,
given that insufficient stem cells are collected from a third or
more of CLL patients being considered for autologous SCT.
Several other excellent textbooks and reviews cover this topic
in greater detail.1–3

The Future: Risk-Stratified Therapy

For decades, treatment of CLL has been based upon clinical
staging systems, such as the Rai and Binet systems. However,
these staging systems cannot predict the likelihood or dura-
tion of clinical response to therapy. The growing wealth of
information about the prognostic implications of cytogenetic
abnormalities, IgVH mutations, CD38 expression, and ZAP-
70 expression in CLL is revolutionizing the clinical manage-
ment of CLL. A risk-stratified approach is at hand by which
therapy can be selected for an individual patient based upon
his or her likelihood of achieving a CR and the likely dura-
tion of that response. Patients with deletion of 13q14 or
mutated IgVH, who are likely to have an indolent course or
enjoy a long duration of response to fludarabine, can be
managed conservatively with initial observation and fludara-
bine-based therapy when treatment is indicated. Patients

with deletion of 17p13 or unmutated IgVH, who are likely to
relapse rapidly after therapy, should be treated aggressively.
Nonmyeloablative allogeneic SCT should be considered in
first remission for patients with deletion of 17p13. Thus, a
risk-stratified approach offers the promise of therapy that is
best tailored to the medical needs of the individual patient.

Prolymphocytic Leukemia (PLL)

B-PLL

B-cell prolymphocytic leukemia (B-PLL) is a rare disease. B-
PLL can be diagnosed de novo or arise by transformation from
preexisting B-CLL. A retrospective French study of 41 B-PLL
patients revealed a median age of 67 years, median OS of 5
years, and median EFS of 37 months.168 Age and anemia were
the only two factors associated with poor outcome. De novo
patients and patients who had transformed from B-CLL had
similar outcomes.168 A similar retrospective Israeli study of
35 B-PLL patients found anemia and lymphocytosis, but not
age, to be significant prognostic factors.169 A 47% PR rate and
median response duration of 32 months were observed in 17
patients treated with chlorambucil/prednisone or COP. Two
PR and 1 CR, with median response duration of 30 months,
were observed in 6 patients treated with CHOP.169 Impressive
results were achieved with 2-chlorodeoxyadenosine (2-CDA,
cladribine) in 8 B-PLL patients (4 previously untreated).
Patients received 2-CDA 0.1mg/kg/day by CIVI for 7 days,
every 28 to 35 days, for two to five cycles. Responses were
observed in all 8 patients (5 CR, 3 PR); however, median
response duration was only 14 months for patients achieving
CR and 3 months for patients achieving PR.170

T-Cell PLL

T-PLL cells are characterized by relatively open chromatin
and prominent nucleoli and typically express CD2, CD3,
CD5, and CD7. Patients with T-PLL do extremely poorly;
analysis of 78 adult T-PLL patients revealed a median survival
of only 7.5 months. Fifteen of 31 patients treated with pen-
tostatin responded (48%), with a CR rate of 10% and median
survival of 16 months in responders.171 Fifty-five T-PLL
patients received pentostatin 4mg/m2/week for 4 weeks, then
every 2 weeks until maximal response. The ORR was 45%,
with 5 patients (9%) achieving CR.172

Campath-1H

Novel therapies are desperately needed in T-PLL. Several
studies have demonstrated significant clinical activity of the
anti-CD52 monoclonal antibody Campath-1H in T-PLL.
Campath-1H was given to 15 T-PLL patients, most of whom
had failed pentostatin.173 The ORR was 73%, and 9 patients
achieved CR (60%); in addition, retreatment with Campath-
1H induced second CR in 3 patients who relapsed after initial
Campath-1H therapy. In comparison, only 3 of 25 similar T-
PLL patients (12%) at the same institution achieved CR to
pentostatin. Two patients developed severe bone marrow
aplasia, and 1 patient died of this complication. A subsequent
study by the same authors administered Campath-1H 30mg
IB thrice weekly until maximal response to 39 T-PLL, includ-
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ing 30 who had failed pentostatin.174 The ORR was 76% (CR,
60%), with a median disease-free interval of 7 months (range,
4–45 months). Finally, a retrospective report of 76 T-PLL
patients, who were given Campath-1H thrice weekly for 4 to
12 weeks, demonstrated an ORR of 51% (CR, 40%) with a
median duration of CR of 9 months.175 Median overall sur-
vival was 7.5 months, although patients who achieved CR
had a median survival of 15 months. Ten patients (13%)
developed a total of 15 infections, and severe cytopenias
occurred in 6 patients (8%). Two patients (3%) died of treat-
ment-related mortality. Thus, Campath-1H is the most active
single agent in T-PLL and, in contrast to its results in CLL, is
able to produce CR in up to 60% of patients with relapsed 
T-PLL.

Correlation of CD52 Expression with
Clinical Response

The greater activity of Campath-1H in T-PLL may be due to
increased expression of CD52 on T-PLL cells. Quantitative
flow cytometry was used to measure CD52 expression in 24
B-CLL patients, 21 T-PLL patients, and 12 normal volun-
teers.176 Interestingly, CD52 expression was significantly
higher on normal T lymphocytes than on normal B lympho-
cytes, and T-PLL cells expressed higher levels of CD52 
than did B-CLL cells. In addition, CD52 expression was
slightly higher in patients who responded to Campath-1H.
These results suggest that the likelihood of clinical response
to Campath-1H may be related to the level of CD52 
expression.

Summary

Although B-PLL is considered to have a poor prognosis, ret-
rospective multicenter studies have shown a median survival
of 5 years,168 with median response duration of 30 to 32
months, to alkylator based chemotherapy.169 Although very
high CR and OR rates were attained with 2-CDA, response
duration was surprisingly short.170 Thus, chlorambucil and
COP should be considered first-line therapy for B-PLL, and 2-
CDA should be considered for relapsed disease. In contrast to
B-PLL, T-PLL exhibits a very poor prognosis, with a median
survival of only 7.5 months.171 Campath-1H and pentostatin
are the only two therapies that have shown significant activ-
ity in large trials in T-PLL.174,175 Given the short duration of
response to therapy, patients with T-PLL should be referred
for allogeneic SCT, preferably on clinical study, in first remis-
sion. Although there have been no adequately sized studies
of SCT in T-PLL, allogeneic SCT should be considered in light
of this disease’s grim prognosis. Patients with relapsed T-PLL
who are not candidates for SCT should be considered for 
clinical trials.

Hairy Cell Leukemia

The Disease and Chemotherapy

Hairy cell leukemia (HCL) is another disease within the
family of indolent B-cell lymphoproliferative disorders. In
contrast to CLL or follicle center NHL, in which standard
chemotherapy is strictly palliative, many patients with HCL
are cured with conventional chemotherapeutic agents, such

as deoxycoformycin (pentostatin) and 2-CDA. Long-term
follow-up of 241 HCL patients treated with pentostatin as
initial therapy (n = 154) or salvage therapy after failure of
interferon-a (n = 87), showed estimated 5- and 10-year sur-
vival rates of 90% and 81%, respectively. Five- and 10-year
RFS rates were 85% and 67%, respectively, in 173 patients
who achieved CR to pentostatin.177 Analysis of 230 French
patients with HCL, two-thirds of whom had failed prior
therapy, treated with deoxycoformycin 4mg/m2/day every 2
weeks for a median of 9 cycles, demonstrated an ORR of 96%
(CR, 79%). Estimated DFS and OS were 88% and 89% at 5
years and 69% and 89% at 10 years, respectively.178 Similar
long-term follow-up of 207 assessable HCL patients treated
with 2-CDA 0.1mg/kg/day by CIVI for 7 days, revealed an
ORR of 100% (CR, 95%), with a median duration of first
response of 98 months; 37% of patients relapsed at a median
of 42 months after therapy. OS was 97% at 108 months.179 A
recent study demonstrated that 2-CDA can be given by SC
bolus at a dose of 0.14mg/kg/day for 5 consecutive days. ORR
and CR rates of 97% and 76% were seen in 62 HCL patients
(33 previously untreated), with a median time to treatment
failure of 38 months.180 Both cladribine and pentostatin,
therefore, remain acceptable therapies for patients with hairy
cell leukemia. These authors prefer the use of pentostatin
because of the longer remissions observed in multicenter
trials as compared to those results derived with cladribine. In
addition, pentostatin studies were inclusive of hairy cell
leukemia patients with active infection, whereas many of the
phase II cladribine studies excluded such patients. However,
the period of cladribine administration is shorter and is there-
fore preferred by many practicing oncologists.

Rituximab

Hairy cell leukemia that is resistant to therapy with purine
analogues has a poor prognosis, and treatment options are
limited for patients whose disease becomes refractory to pen-
tostatin and/or 2-CDA. Thus, despite the generally favorable
prognosis of this disease, monoclonal antibody therapy is a
treatment modality of significant interest in HCL. The mono-
clonal antibody that has been best studied in HCL is the 
anti-CD20 antibody rituximab. Several case reports and a few
series have demonstrated the efficacy of rituximab in this
disease. Ten patients with relapsed or progressive HCL who
had previously received treatment with 2-CDA or pento-
statin/interferon-a received four weekly doses of rituximab at
375mg/m2. The ORR was 50%, with 1 patient achieving CR
and 4 patients attaining PR. Grade 1–2 infusion toxicity
occurred during the first dose of rituximab but extinguished
with subsequent doses. Fifty percent of patients experienced
greater than 50% reduction of bone marrow involvement, 1,
3, and 6 months after completion of rituximab therapy.181 A
second study administered a similar schedule of rituximab to
8 patients with relapsed HCL and 3 patients with previously
untreated HCL. The ORR was 64%, with 6 patients achiev-
ing CR and 1 patient PR. The median duration of response
was 14 months (range, 0–34 months), and infusion-related
toxicity was minimal.182 A third study gave a similar sched-
ule to 24 HCL patients who had failed prior 2-CDA. ORR and
CR rates were 25% and 13%, respectively, and median time
to relapse had not been reached at 15 months.183 To examine
whether increase in dosage results in improved clinical
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response, 8 weekly doses of rituximab 375mg/m2 were given
to 15 patients with relapsed or primary refractory HCL.
Patients who achieved PR, but not CR, received an additional
four weekly doses of rituximab. The ORR was 80%; 8 patients
(53%) attained CR, 2 patients (13%) achieved hematologic CR
but had residual (1%–5%) marrow involvement by HCL, and
2 patients (13%) experienced PR. Median duration of response
was not reached after a median follow-up of 32 months; 5
patients relapsed after 8, 12, 18, 23, and 39 months, respec-
tively, and 7 remained in remission. Toxicity was minimal,
and no infections were noted.184

Thus, in contrast to CLL, weekly dosing of rituximab
achieves a significant response rate in HCL, although pre-
liminary data suggest that a longer course of therapy may
result in an improved CR rate. Rituximab therapy does not
appear to induce greater infusion-related toxicity in HCL than
in NHL. The efficacy of weekly rituximab therapy and
decreased infusion toxicity in HCL, compared to CLL, may
be caused by the lower circulating tumor burden in HCL and
the absence of soluble CD20 in HCL patients.

BL-22

The murine IgG 2 monoclonal antibody LL2 recognizes CD22
and has been conjugated to biologic effectors in an attempt to
target these toxins to HCL cells.185 RFB4(dsFv)-PE38 (BL22) is
a recombinant immunotoxin generated by fusion of the vari-
able Fv portion of the anti-CD22 monoclonal antibody RFB4
to a truncated form of Pseudomonas exotoxin A. Sixteen
patients with cladribine-resistant HCL received BL22 every
other day for three doses in a Phase I dose-escalation study.186

Eleven patients achieved CR (69%) and 2 patients attained PR
(13%). The 3 patients who failed to respond received low
doses of BL22 or had preexisting antibodies that neutralized
the toxin. Median follow-up was 16 months, and 3 of the 11
complete responders relapsed but then attained second CR
after retreatment with BL22. Common toxicities were tran-
sient hypoalbuminemia and transaminitis, but the most
serious toxicity was reversible hemolytic uremic syndrome
in 2 patients.

LMB-2

LMB-2 (anti-Tac(Fv)-PE38) is a recombinant immunotoxin
derived by fusion of the variable Fv portion of the anti-CD25
monoclonal antibody anti-Tac to a truncated form of
Pseudomonas exotoxin A.187 CD25 (Tac) is the beta chain of
the high-affinity IL-2 receptor and is expressed on the cell
surface of T-cell malignancies, as well as HCL.188,189 In an
initial phase I study, LMB-2 induced major responses, includ-
ing 1 CR, in 4 of 4 patients with refractory HCL who had
failed standard therapy.187 Minimal residual disease was
detectable by flow cytometry of the bone marrow aspirate of
the patient who achieved hematologic CR. This initial study
was expanded to a larger Phase I dose-escalation trial, and 
31 additional patients with refractory CD25+ lymphomas
and leukemias received LMB-2 at dose levels ranging from 2
to 63mg/kg IVB every other day for three doses.190 In contrast
to the 100% ORR (25% CR) in HCL, only 4 of the other 31
patients responded, and no other patient achieved CR. Thus,
refractory HCL is particularly amenable to therapy with
LMB-2.

Summary

Deoxycoformycin and 2-CDA remain the therapies of choice
for newly diagnosed HCL. Although 2-CDA is more com-
monly used because the schedule is more convenient, both
drugs achieve similarly excellent results and can be used to
treat HCL patients. Patients who relapse after, or are refrac-
tory to deoxycoformycin and 2-CDA, should receive ritux-
imab. SCT is rarely used in HCL, given the disease’s indolent
course and its excellent response to conventional therapies.

Conclusions

The understanding and treatment of CLL and related chronic
leukemias constitute a rapidly growing area of clinical
research. Great strides are being made toward identifying
prognostic genetic factors in CLL, with the goal of develop-
ing risk-adapted therapeutic strategies in this disease. The
advent of fludarabine and other purine analogues reinvigo-
rated clinical research in CLL and other chronic leukemias,
and ongoing trials are examining the optimal treatment regi-
mens in CLL. Monoclonal antibody therapy is perhaps the
most exciting area of translational and clinical investigation.
Although antibodies such as rituximab and Campath-1H have
shown great promise in CLL, studies have clearly demon-
strated that monoclonal antibodies as single agents will not
produce long-term survival. Thus, ongoing trials are studying
the optimal use of rituximab and Campath-1H in combina-
tion regimens in CLL. Results of initial studies combining
monoclonal antibodies with fludarabine and other cytotoxic
agents have been promising, and several trials are currently
studying monoclonal antibody combinations. Although
studies to date have been conducted primarily in CLL, mono-
clonal antibodies have also shown significant efficacy and
promise in T-PLL and HCL. Each disease must be considered
a separate entity; agents and dosing schedules that are effec-
tive in lymphoma or a particular chronic leukemia are not
necessarily active in other chronic leukemias. Each chronic
lymphoid malignancy is different, and diseases should not be
“lumped” together.
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Chronic Myeloid
Leukemia

Meir Wetzler

.T. is a 26-year-old woman with chronic myeloid
leukemia (CML) diagnosed during her annual phys-
ical examination. Her disease is in the chronic

phase, without any high-risk features.1,2 She has no signifi-
cant prior medical history. Her sister is a 6/6 HLA antigen
match and is in excellent health. Neither sister has been
pregnant. M.T. presents for consultation about whether to be
treated with imatinib or to undergo allogeneic stem cell
transplantation (SCT). She is well informed and has down-
loaded several articles from the Internet.

In attempting to apply evidence-based medicine in the
treatment of chronic myeloid leukemia (CML), it must be
acknowledged that a randomized study comparing imatinib
mesylate therapy and allogeneic stem cell transplantation
(SCT) has not been conducted. The question that will remain
at the end of this chapter is whether such a study is feasible,
or even ethical. The treatment of CML could represent a par-
adigm in oncology as well as a unique set of challenges.

Definitions and Molecular Pathogenesis

CML is a clonal expansion of a hematopoietic stem cell
resulting from a reciprocal translocation between chromo-
somes 9 and 22. This translocation results in the head-to-tail
fusion of the breakpoint cluster region (BCR) gene on chro-
mosome 22q11 with the ABL (named after the abelson
murine leukemia virus) gene located on chromosome 9q34.
Untreated, the disease is characterized by the inevitable tran-
sition from a clinically benign chronic phase, often with an
interposed accelerated phase, to blast crisis.

The cytogenetic hallmark of CML, found in 90% to 95%
of patients, is the t(9;22)(q34;q11.2). The reciprocal 9;22
translocation was originally recognized by the presence of the
resultant shortened chromosome 22 (22q-), designated as the
Philadelphia chromosome. Some patients may have complex
translocations (designated as variant translocations) involv-
ing three, four, or five chromosomes (usually including chro-
mosomes 9 and 22). However, the molecular consequences of
these changes appear similar to those resulting from the
typical t(9;22). Patients should have evidence of the translo-
cation by either cytogenetics, fluorescence in situ hybridiza-
tion (FISH), or molecular techniques to make a diagnosis of
CML.

The product of the fusion gene resulting from the t(9;22)
plays a central role in both the genesis and the treatment 
of CML. The chimeric gene is transcribed into a hybrid

BCR/ABL messenger RNA species in which exon 1 of ABL is
replaced by variable numbers of 5¢ BCR exons. The Bcr/Abl
fusion proteins that then result, p210BCR/ABL, contain NH2-
terminal domains of Bcr and COOH-terminal domains of Abl.
A rare breakpoint, occurring within the 3¢-region of the BCR
gene, yields a fusion protein of 230kDa, p230BCR/ABL. The role
of the Bcr/Abl fusion proteins in leukemogenesis has been
substantiated in several laboratory models.

The mechanism(s) by which p210BCR/ABL promotes the
transition from the benign state to the fully malignant state
is still unclear. Messenger RNA for BCR/ABL can occasion-
ally be detected in normal individuals. However, fusion of the
BCR sequences to ABL results in three critical functional
changes: (1) the Abl protein becomes constitutively active as
a tyrosine kinase enzyme and activates downstream kinases
that prevent apoptosis, (2) the DNA protein-binding activity
of Abl is attenuated, and (3) the binding of Abl to cytoskele-
tal actin microfilaments is enhanced.

The molecular events associated with transition to the
acute phase, or blast crisis, are poorly understood. Some
depend on increased activity of the oncogenic kinase [e.g., an
additional t(9;22),3 deletions adjacent to the translocation
breakpoint on the derivative 9 chromosome4], and some most
probably result from BCR/ABL-independent mechanisms
[e.g., trisomy 8, or 17p- (p53 loss),3 lack of production of the
retinoblastoma protein, alterations in RAS, or presence of an
altered MYC]. Finally, progressive de novo DNA methylation
at the BCR/ABL locus has also been shown to herald the
onset of blast crisis.5–7

Physical Findings

In most patients, the abnormal finding on physical examina-
tion at diagnosis is minimal to moderate splenomegaly; mild
hepatomegaly is found occasionally. Persistent splenomegaly
despite continued therapy is a sign of disease acceleration.
Lymphadenopathy and myeloid sarcomas are unusual except
late in the course of the disease; when they are present, the
prognosis is poor.

Hematologic Findings

Elevated white blood cell counts, with various degrees of
immaturity of the granulocytic series, are present at diagno-
sis. Usually less than 5% circulating blasts and less than 10%
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blasts and promyelocytes are noted. Cycling of the counts
may be observed in patients followed without treatment.
Platelet counts are almost always elevated at diagnosis, and
a mild degree of normochromic normocytic anemia is
present. Leukocyte alkaline phosphatase is characteristically
low in CML cells. Serum levels of vitamin B12 and vitamin
B12-binding proteins are generally elevated. Phagocytic func-
tions are usually normal at diagnosis and remain normal
during the chronic phase. Histamine production secondary to
basophilia is increased in later stages, causing pruritus, diar-
rhea, and flushing.

At diagnosis, bone marrow cellularity, primarily of the
myeloid and megakaryocytic lineages, with a greatly altered
myeloid to erythroid ratio, is increased in almost all patients
with CML. The marrow blast percentage is generally normal
or slightly elevated. Marrow or blood basophilia, eosinophilia,
and monocytosis may be present. Although collagen fibrosis
in the marrow is unusual at presentation, significant degrees
of reticulin stain-measured fibrosis are noted in about half the
patients.

Disease acceleration is defined by the development of
increasing degrees of anemia unaccounted for by bleeding or
chemotherapy, cytogenetic clonal evolution, or blood or
marrow blasts between 10% and 20%, blood or marrow
basophils 20% or greater, or platelet count less than
100,000/mL. Blast crisis is defined as acute leukemia, with
blood or marrow blasts 20% or more. Hyposegmented neu-
trophils may appear (Pelger–Huet anomaly). Blast cells can be
classified as myeloid, lymphoid, erythroid, or undifferenti-
ated, based on morphologic, cytochemical, and immunologic
features. About half the cases are myeloid, one-third lym-
phoid, 10% erythroid, and the rest are undifferentiated.

Prognostic Factors

Several prognostic models have been developed that identify
different risk groups in CML. The most commonly used
staging systems were derived from multivariate analyses of
prognostic factors. The Sokal index1 was based on chemother-
apy-treated patients and the Hasford system2 on interferon-
treated patients. Table 66.1 compares the two prognostic
systems. When applied to a data set of 272 patients treated
with interferon-alpha (IFN-a), the Hasford system predicted
survival time more accurately than the Sokal score; it iden-
tified more low-risk patients but left only a small number of
cases in the high-risk group.8 Preliminary results suggest that
the Hasford system is applicable to imatinib-treated patients,
but it has not yet been validated in patients undergoing 
transplantation.

Treatment

This chapter evaluates the treatment options for CML in
chronic phase by a computerized literature search of the
MEDLINE database for English-language manuscripts. Obser-
vational, retrospective, randomized studies and meta-analyses
were reviewed. Case reports were excluded. Survival was the
primary objective for defining treatment efficacy, but other
measures, such as hematologic, cytogenetic, and molecular
responses, were included. At present, the definition of cure 
in CML is durable, nonneoplastic, nonclonal hematopoiesis,
which entails the eradication of cells containing the BCR/ABL
transcript (Table 66.2). Only recommendations for which there
was direct evidence of improved outcome are presented.

Treatment Options

The treatment paradigm for CML is undergoing rapid evolu-
tion because of the availability of a curative treatment (allo-
geneic SCT) that has significant toxicity on the one hand, and
on the other, a new, seemingly effective treatment (imatinib)
without significant toxicity, but also without long-term
follow-up data.

Allogeneic SCT

Allogeneic SCT is currently the only curative therapy for
CML and, when feasible, may be the treatment of choice.

TABLE 66.1. Comparison of the Sokal and Hasford prognostic systems.

Sokal1 (chemotherapy-based) Hasford2 (interferon-based)

Age (years) 0.116 (age–43.4) 0.666 when age ≥50
Percentage of blasts 0.0887 (blasts–2.1) 0.0584 ¥ blasts
Spleen size 0.0345 (spleen–7.51) 0.042 ¥ spleen
Platelet count 0.188 [(platelet/700)2–0.563] 1.0956 when ≥1.5 ¥ 109/L
Percentage of eosinophils 0.0413 ¥ eosinophils
Percentage of basophils 0.20399 ¥ basophils ≥3%

TABLE 66.2. Response criteria in chronic myeloid leukemia
(CML).

Hematologic
Complete responsea White blood cell count <10,000/mLl,

normal morphology, normal 
hemoglobin and platelet counts

Incomplete response White blood cell count ≥10,000/mL
Cytogenetic Percentage of bone marrow metaphases 

with t(9;22)
Complete response 0
Partial response £35
Minor response 36–85b

No response 85–100
Molecular Presence of BCR/ABL transcript by 

RT-PCR
Complete response None
Incomplete response Any

Major response ≥3 log reduction
Minor response <3 log reduction

aComplete hematologic response requires the disappearance of splenomegaly.
bUp to 15 normal metaphases are occasionally seen at diagnosis (when 30
metaphases are analyzed).
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However, it is complicated by a high mortality rate. Outcome
of SCT depends on multiple factors associated with (1) the
patient (age, comorbidities, and phase of disease); (2) the type
of donor [syngeneic (monozygotic twins) or HLA-compatible
allogeneic, related or unrelated]; (3) the preparative 
regimen; (4) presence and severity of graft-versus-host disease
(GVHD), and (5) the ability to prevent or treat relapse after
transplantation.

The Patient

As experience has been gained and safety and efficacy of trans-
plantation have been established, it has become clear that
patients should have acceptable end-organ function, be
younger than 65 to 75 years, and have a healthy and histo-
compatible donor. Furthermore, observational studies have
demonstrated that survival after SCT in the accelerated and
blastic phases of the disease is significantly inferior because
of a very high rate of relapse.9,10 The pre-imatinib Seattle data
demonstrated that bone marrow transplantation (BMT) has a
better outcome in early chronic phase (1 to 2 years from diag-
nosis) compared to later in the course of the disease.11

Another issue in young patients, and particularly, young
female patients, is the very high likelihood of infertility fol-
lowing transplantation.

The Donor

Transplantation from a related donor who is either fully
matched or mismatched at only one HLA locus should be
considered the optimal curative treatment for CML. With
HLA-identical sibling BMT in the chronic phase, observa-
tional studies have reported 5-year disease-free survival in
40% to 70% of patients, with a 25% relapse rate.9,10,12,13 Ret-
rospective analysis revealed that male recipients with female
donors have an increased risk of developing chronic GVHD,
leading to a lower relapse rate but increased mortality.14

Moreover, for patients in chronic phase less than 1 year from
diagnosis and younger than 30 years, BMT from an HLA-
matched unrelated donor resulted in similar 5-year disease-
free survival as matched sibling donor transplantation in
comparative analyses.15–17 For all other groups, patients
receiving transplants from unrelated individuals have higher
rates of graft failure (odds ratio, 5.39) and acute (relative risk,

1.31) and chronic (relative risk, 1.48) GVHD, compared to
those who receive allogeneic transplants from related 
individuals.17

Peripheral blood is now being studied as a source of
hematopoietic progenitor cells; it may offer less risk for the
donor as well as more rapid engraftment. One randomized
study18 and two retrospective studies19,20 compared bone
marrow and peripheral blood in recipients of matched sibling
allogeneic transplants (Table 66.3). These studies demon-
strated an overall survival benefit for recipients receiving
peripheral blood stem cells (PBSC) in the randomized study,18

but similar survival in the two retrospective studies.19,20 In
unrelated donors, a retrospective study21 demonstrated no dif-
ference in incidence and severity of GVHD and improved
disease-free survival for peripheral blood compared to bone
marrow stem cell transplants (Table 66.4). No randomized
studies have been reported so far. At the present time, some
centers collect bone marrow and some collect peripheral
blood from donors for newly diagnosed CML patients. Umbil-
ical cord blood may permit mismatched SCT with notably
less GVHD; graft-versus-leukemia (GVL) effects do not appear
to be impaired.22,23 A problem with cord blood as a source is
obtaining an appropriate number of progenitor cells to recon-
stitute hematopoiesis in an adult.

Preparative Regimens

Four randomized studies compared cyclophosphamide and
total-body irradiation with busulphan and cyclophos-
phamide.24–27 Long-term follow-up in these studies28 demon-
strated (Table 66.5) no significant differences in the incidence

TABLE 66.3. Comparison of peripheral blood and bone marrow in recipients of matched sibling
allogeneic transplantation for CML.

No. of
Study Design patients Results

Couban18 Multicenter 109a Benefit in overall survival favoring PBSCb

randomized trial
Champlin19 Retrospective 346c Similar 1-year cumulative incidence of relapse, 

database cohort probability of leukemia-free survival, and risk of 
treatment failure

Elmaagacli20 Retrospective 41c Similar 3-year survival with a trend toward increased 
analysis acute GVHD in patients undergoing PBSC

transplantation

GVHD, graft-versus-host disease; PBSC, peripheral blood stem cell.
aFirst chronic-phase and more-advanced stages were presented together.
bAt 30 months.
cPatients in first chronic phase only.

TABLE 66.4. Comparison of peripheral blood and bone marrow in
recipients of unrelated allogeneic transplantation in CML.

BMT PBSC P

Number 54 37
Acute GVHD grade III–IV 13 (24) 3 (8) <0.05
DFS at 1,000 days (%) 64 91 <0.05
Overall survival at 1,000 days (%) 66 94 <0.02

BMT, bone marrow transplant; DFS, disease-free survival; GVHD, graft-versus-
host disease; PBSC, peripheral blood stem cells.

Source: Data from Elmaagacli et al.21



chronic  myeloid leukemia 1 2 2 3

of venoocclusive disease of the liver, speed of engraftment, or
the 3-year probabilities of relapse, event-free survival, or
overall survival. Significantly, more patients in the total-body
irradiation arm experienced cataracts and avascular necrosis.
However, chronic GVHD was associated with increased risk
of irreversible alopecia in patients treated with busulphan.
There was no significant association between busulphan
levels and regimen-related toxicity,29,30 but low levels were
associated with an increased risk of relapse in one study.29

Intravenous busulphan allows better control of plasma
levels.31,32 Nonmyeloblative transplants in which the prepar-

ative regimen is aimed at eliminating host lymphocytes
rather than eradicated bone marrow and maximizing GVL
effect are being tested.33,44 Reduced toxicity with preserved
antitumor efficacy is the goal. Table 66.6 summarizes the
published observational studies. Interestingly, for studies that
included only patients in chronic phase,38,40,44 overall survival
was 75%, 85%, and 87%, and disease-free survival was 63%,
85%, and 80%. However, the follow-up is relatively short and
no randomized studies have been published so far.

Chances of pregnancy after conditioning with busulfan
and cyclophosphamide are slim.45,46 Reduced-intensity trans-
plantation may prevent alopecia, but little is known about its
effects on fertility, nor are there long-term data on overall and
disease-free survival following this conditioning method.

Development and Type of GVHD

Development of grade I GVHD (mild maculopapular rash
involving less than 25% of body surface area, or less than
1000mL diarrhea/day, or bilirubin less than 3mg/dL47), as
compared to no GVHD, decreases the risk of relapse.48 A
lower relapse rate is observed also in patients with grade II
GVHD, but these patients have a substantially higher trans-
plant-related mortality rate.48 The decreased relapse rate may
be caused by a GVL effect. Depletion of T lymphocytes from
donor marrow can prevent GVHD but results in an increased
risk of relapse, exceeding the relapse rate after syngeneic SCT.
Thus, T lymphocytes from the donor marrow mediate a 
significant antileukemic, or GVL, effect, and even syngeneic
marrow49,50 may exhibit limited GVL activity in CML.

Treatment and Prevention of
Posttransplant Relapse

Further support for the existence of an immunologically
mediated GVL effect came from the observation that donor

TABLE 66.5. Long-term follow-up of four randomized studies
comparing busulphan and cylophosphamide with total body
irradiation and cyclophosphamide.

Busulphan Total body irradiation
Cyclophosphamidea Cyclophosphamidea

Projected 10-year survival 65* 63
(95% CI) 57–74 54–73
DFS 52 46
(95% CI) 43–61 36–56
5-year cumulative incidence 37 39
of clinical extensive GVHD
7-year cumulative incidence 16 47
of cataracts*
7-year cumulative incidence 15 15
of pulmonary disease
7-year cumulative incidence 3 10
of avascular osteonecrosis**

CI, confidence interval; GVHD, graft-versus-host disease.
aNumbers represent percentages.

*P = 0.0003; remained statistically significant even after adjustment for age and
acute and chronic GVHD.

**P = 0.03.

Source: Data from Socie et al.28

TABLE 66.6. Reduced-intensity conditioning for allografting in CML.

No. of Related/ Acute GVHD DFSa OSa

patients Stage of disease unrelated (>grade II; %) (%) (%)

Childs33 2 2 CP 2/0 0 —b —b

Raiola34 15 9 CP/4 AP/2 BP 15/0 N/A 60 80
Giralt35 27 6 CP/21 TP N/A N/A 34c 32c

Bornhäuser36 44 26 CP/11 AP/7 BP 21/23 14 41 52
Khoury37 30 28 CP/2 BP 30/0 17 N/A 83
Okamoto38 8 8 CP 8/0 13 63 75
Kreuzer39 14 11 CP/2 AP/1 BP 4d/0 14 71 N/A
Or40 24 24 CP 19/5 21 85 85
Das41 17 16 CP/1 AP 17/0 18 29 35
Wong42 9 1 CP/2 3rd CP/d 0/9 20 44c 56c

4 AP/2 BP
Sloand43 12 7 CP/5 2nd CP 12/0 25 33e 67f

Uzunel44 15 15 CP 10/5 7 80e 87

AP, accelerated phase; BP, blastic phase, CP, chronic phase; DFS, disease-free survival; GVHD, graft-versus-host disease;
N/A, not available; OS, overall survival; TP, transformed (accelerated and blastic) phase.
aAvailable time points specified in the table.
bAt 7 and 14 months, both patients are alive in molecular remission.
cAt 1 year.
dTwo were nonidentical family members.
eBy reverse transcriptase-polymerase chain reaction (RT-PCR) at 12 months.
fFor at least 24 months.
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leukocyte infusions (without any preparative chemotherapy
or GVHD prophylaxis) can induce hematologic and cytoge-
netic remissions in patients with CML who have relapsed
after allogeneic SCT (Table 66.7).51–54

The effect of imatinib in the chronic phase of the disease
prompted its study in patients who relapse after allogeneic
SCT.55–57 Retrospective studies (Table 66.8) with small
numbers of patients have shown that imatinib can control
CML that has recurred after allogeneic SCT but is associated
with myelosuppression and recurrence of GVHD. Studies of
imatinib treatment after allogeneic SCT to prevent relapse in
patients with advanced disease at the time of transplantation
(patients at high risk for relapse) or patients undergoing non-
myeloblative transplants are under way. No randomized trials
have compared donor lymphocyte infusions to imatinib for
patients who relapse after allogeneic SCT.

Imatinib Mesylate

Imatinib mesylate (Gleevec, STI571) functions through com-
petitive inhibition at the adenosine triphosphate (ATP)-
binding site of the Abl kinase, which leads to inhibition of
tyrosine phosphorylation of proteins involved in Bcr/Abl
signal transduction.58 It shows a high degree of specificity for
Bcr/Abl, the platelet-derived growth factor receptors and c-kit
tyrosine kinases. Imatinib induces apoptosis in cells express-
ing Bcr/Abl. Based on its antileukemic activity in vitro, it was
tested in clinical trials.

Most patients with CML in chronic phase have a rapid
hematologic response to imatinib therapy. In the initial
studies59 with imatinib in patients with chronic-phase CML

who have been intolerant to IFN-a, 95% of patients achieved
complete hematologic remissions, 60% achieved major cyto-
genetic remissions, and 41% achieved complete cytogenetic
remissions. Those who did not achieve at least a major cyto-
genetic remission following 3 months of imatinib therapy had
a higher risk of progression of the disease to the acceler-
ated/blastic phases. The accelerated60/blastic61–63 phases of the
disease are less responsive to imatinib and the outcome of
treatment is less favorable (overall survival at 12 months:
accelerated phase, 74%60; blastic phase, 22%61/32%62/28%63).
These studies led to U.S. Food and Drug Administration
approval of imatinib for patients who were intolerant or unre-
sponsive to IFN-a or for patients in the accelerated/blast crisis
phases of the disease.

In newly diagnosed CML, a recent randomized phase III
study of imatinib (400mg/day) versus IFN-a and cytara-
bine,64,65 demonstrated complete hematologic remission rates
of 95.3% with imatinib, compared to 55.5% with IFN-a and
cytarabine, after 18 months of treatment (Table 66.9). Simi-
larly, the complete cytogenetic remission rate was 73.8% in
patients treated with imatinib, compared to 8.5% in patients
treated with IFN-a and cytarabine. Progression to acceler-
ated/blastic phases of the disease was noted in 3% of patients
treated with imatinib compared to 8.5% of patients treated

TABLE 66.7. Factors predicting molecular response after donor-
lymphocyte infusions.

Probability of molecular response (%)

Variable 52 53 54

Type of relapse
Molecular 100a 100
Cytogenetic 84 88
Hematologic (CP) 55 N/A 63

Interval SCT to relapse
<9 months 56 N/A N/A
≥9 months 76

Dose of T lymphocytes
CD3 <1 ¥ 108/kg N/A N/A 90a

CD3 >1 ¥ 108/kg 47

CP, chronic phase; GVHD, graft-versus-host disease; N/A, not available; SCT,
stem cell transplant.
aStatistically significant.

TABLE 66.8. Imatinib for relapse following allogeneic transplantation.

No. of patients Stage of disease CHR CCGR

Kantarjian55 28 5 CP/15 AP/8 BP 17 10
Au56 8 5 CP/3 BP 7 6
Ollavarria57 123 50 CP/29 AP/44 BP 87 44
Total 159 60 (38%) CP/44 (28%) 111 (70%) 60 (38%)

AP/61 55 (35%a) BP

AP, accelerated phase; BP, blastic phase; CCGR, complete cytogenetic response; CHR, complete hematologic response;
CP, chronic phase.
aNumbers exceed 100% due to rounding.

TABLE 66.9. Imatinib compared with interferon-alpha (IFN-a) +
cytarabine in newly diagnosed CML.

Imatinib IFN-a + cytarabine
(n = 553) (n = 553)

Age (median) 50 51
Sokal risk groups (%)

Low 52.5 48.2
Intermediate 29.0 29.7
High 18.5 22.1

Hasford risk groups (%)
Low 45.6 44.6
Intermediate 44.3 45.4
High 10.1 10.1

Complete hematologic response at 95.3* 55.5
18 months (95% CI) 93.2–96.9 51.3–59.7

Complete cytogenetic response at 73.8* 8.5
18 months (95% CI) 69.9–77.4 6.3–11.1

Reduction of ≥3 log in BCR/ABL 39* 2
transcripts from baseline after 
12 months of treatment (%)

Improvement in quality of life from 41* 16
baseline to 12 months (%)

*P < 0.001.

Source: Data from References 64–66.
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with IFN-a and cytarabine.64 In addition, levels of BCR/ABL
transcripts were studied in patients who had a complete cyto-
genetic remission following 12 months of treatment.65 The
levels decreased by at least 3 log in 57% of those on the ima-
tinib arm, compared to 24% of those on the IFN-a and cytara-
bine arm. No survival data will be available from this study
as it had a cross-over option and most patients on the IFN-a
and cytarabine arm have crossed over to imatinib. Finally,
imatinib offered a clear quality of life advantage as compared
to IFN-a and cytarabine in newly diagnosed CML.66 These
results led to rapid U.S. Food and Drug Administration
approval of imatinib for newly diagnosed CML patients.

Imatinib is administered orally and has an acceptable tox-
icity profile. The main side effects are fluid retention, nausea,
muscle cramps, diarrhea, and skin rashes. The management
of these side effects is usually supportive. Myelosuppression
is the most common hematologic toxicity and patients with
longer time from diagnosis, those previously treated with
busulphan, and those who had cytopenias induced by IFN-a,
are at higher risk.67 Myelosuppression may result from erad-
ication of the malignant clone and delayed recovery of the
normal nonclonal progenitor cells. Blood and platelet support
should be provided, and the imatinib dose should rarely be
reduced in the absence of infection. Use of erythropoietin to
treat anemia during imatinib therapy has become standard
practice despite the absence of clinical studies, but there is
concern that erythropoietin will promote resistance against
imatinib.68 Similarly, the use of granulocyte colony-stimulat-
ing factor (G-CSF) has gained acceptance with only small
observational studies to support it.69,70 Imatinib doses below
300mg per day seem ineffective and may lead to development
of resistance.71

Resistance to imatinib occurs by mechanisms that are
either BCR/ABL dependent (gene amplification, mutations at
the kinase site, enhanced expression of multidrug exporter
proteins) or BCR/ABL independent (alternative signaling
pathways functionally compensating for the imatinib-sensi-
tive mechanisms). Imatinib resistance has been shown to
have an unfavorable prognosis in the accelerated and blast
crisis phases of the disease. Specifically, patients who do not
achieve major cytogenetic remission within 3 months of ini-
tiation of imatinib have shorter survival than patients who
achieve that level of remission.60–63 Both BCR/ABL-dependent
and BCR/ABL-independent mechanisms of imatinib resis-
tance are being targeted in clinical trials. Although no ran-
domized studies have been published, a phase II clinical trial
of high-dose imatinib in newly diagnosed patients with
chronic-phase CML was recently published.72 In comparison
to a historical control group receiving standard-dose imatinib,
patients treated with high-dose imatinib had significantly
higher rates of complete cytogenetic response and molecular
response.72

Interferons

When allogeneic SCT was not feasible, IFN-a therapy was
previously the treatment of choice before the availability of
imatinib. Only longer follow-up of patients treated with ima-
tinib will demonstrate whether IFN-a will still have a role in
the treatment of CML. The interferons are a complex group
of naturally occurring proteins produced by eukaryotic cells
in response to viruses, antigens, and mitogens. Three distinct

groups of IFN species have been identified: IFN-a, IFN-b, and
IFN-g. Although various interferons have become available
for clinical investigation, most data have been generated with
IFN-a preparations.

Interferons have potent, pleiotropic biologic effects, with
a spectrum of antiviral, microbicidal, immunomodulatory,
and antiproliferative properties. Although interferons down-
regulate the expression of several oncogenes and cytokines,
they also upregulate the expression of IFN regulatory factor
1 (a transcriptional activator with antioncogenic activity),
adhesion molecules, and the histocompatibility genes. Inter-
ferons also inhibit angiogenesis and induce a cellular immune
response. However, their mode(s) of action in CML is still
unknown.

Meta-analysis of seven randomized studies revealed that
patients treated with high-dose (5 ¥ 106 units/m2/day) IFN-a
survived longer than patients treated with hydroxyurea or
busulphan,73 with 5-year survival rates of 51% and 42%,
respectively. Interestingly, pegylated recombinant IFN-a and
recombinant IFN-a had similar efficacy and toxicity profiles
in a randomized study.74 In addition, the combination of high-
dose IFN-a with cytarabine produced better results in one ran-
domized study75 but not in another (Table 66.10).76 At least
two randomized trials77,78 did not detect any significant dif-
ference between high- and low-dose (2.5 ¥ 106 units/m2/day
or 3 ¥ 106 units/5 days/week) IFN-a with regard to complete
cytogenetic response, survival, and transformation rates. Fur-
thermore, low-dose IFN-a with cytarabine failed to show any
benefit over low-dose IFN-a with or without the addition of
hydroyurea in two randomized studies.79,80 In summary, 
low-dose, as opposed to high-dose, IFN-a may be used 
in combination with imatinib in future clinical trials aimed
at increased response to imatinib or preventing imatinib 
resistance.

Patients develop both acute and chronic side effects from
IFN-a therapy. Acute side effects (flu-like symptoms) appear
early in the course of the treatment. Most flu-like symptoms
respond to acetaminophen, and tachyphylaxis develops
within 1 to 2 weeks. Chronic reactions, such as fatigue 
and lethargy, depression, weight loss, myalgias, and arthral-
gias, occur in about half of patients and often require 
dose reduction. Patients also report cough, postnasal drip, 
and dry skin. Infrequently, immune-mediated thrombocy-
topenia and anemia develop. In addition, long-term therapy
has been associated with late autoimmune side effects, such

TABLE 66.10. Comparison of two randomized trials of IFN-a
versus IFN-a and low-dose cytarabine for newly diagnosed chronic-
phase CML patients.

IFN-a IFN-a + cytarabine

Major cytogenetic response (%)

Guilhot75a 41 24b

Baccarani76c 28 18b

Overall survival (%)

Guilhot75d 85.7 79.1
Baccarani76c 68 65
aResults at 12 months.
bResults are statistically significant.
cResults at 24 months.
dResults at 36 months.



as hypothyroidism and occasional generalized autoimmune
phenomena.

The most important persistent side effects in patients
with CML who are treated with IFN-a are neuropsychiatric.
All patients treated with IFN-a are subject to some neurologic
toxicity, the most common symptom being lethargy. Up to
20% of patients have neurologic side effects that are associ-
ated with compromised quality of life and reduced ability to
carry out their regular activity, such as full-time work. From
at least one observational study,81 it seems that patients with
a pretreatment neurologic or psychiatric diagnosis are at sig-
nificantly increased risk of developing severe neuropsychi-
atric toxicity.

Chemotherapy

Innovative approaches are still important in CML because the
exact role of imatinib in the armamentarium of CML is still
not clear. Initial management of patients with chemotherapy
is currently reserved for rapid lowering of white blood cell
counts, reduction of symptoms, and reversal of symptomatic
splenomegaly. Hydroxyurea, a ribonucleotide reductase inhi-
bitor, induces rapid disease control. The initial dose is 1 to 
4g/day, and the dosage should be reduced by half with each
50% reduction of the leukocyte count. Unfortunately, cyto-
genetic remissions with hydroxyurea are uncommon. Busul-
phan, an alkylating agent that acts on early progenitor cells,
has a more prolonged effect. However, it is rarely used
because of its serious side effects, which include unexpected,
and occasionally fatal, myelosuppression in 5% to 10% of
patients, as well as pulmonary, endocardial, and marrow
fibrosis and an Addison-like wasting syndrome.

Intensive combination chemotherapy has also been 
used in chronic-phase CML, with 30% to 50% of patients
achieving complete cytogenetic responses. However, these
cytogenetic remissions have been short-lived. Consequently,
intensive combination chemotherapy regimens are being used
today only to mobilize normal progenitors in the blood to
collect circulating stem cells for autologous transplantation.

Autologous SCT

Autologous SCT could potentially cure CML if a means to
select the residual normal progenitors, which coexist with
their malignant counterparts, could be developed. As a source
of autologous hematopoietic stem cells for transplantation,
blood offers certain advantages over marrow (e.g., faster
engraftment and no necessity for general anesthesia). Normal
hematopoietic stem cells appear with increased frequency in
the blood of patients with CML during the recovery phase
after chemotherapy, with G-CSF priming. A role for imatinib
prestem cell collection to achieve minimal residual disease
and to maintain this status following transplantation is being
currently investigated.82–84 However, only a few patients have
been reported to successfully engraft following imatinib
therapy. Therefore, such approaches should be implemented
only in clinical trials.

Leukapheresis and Splenectomy

Intensive leukapheresis may control the blood counts in
chronic-phase CML; but this procedure is expensive and cum-

bersome. It is useful in emergency situations in which
leukostasis-related complications, such as pulmonary failure
or cerebrovascular accidents are likely. It may also have a role
in the treatment of pregnant women in whom it is important
to avoid potentially teratogenic drugs.

Splenectomy was used in CML in the past because of the
suggestion that evolution to the acute phase might occur in
the spleen. However, this does not appear to be the case, and
splenectomy is now reserved for relief of pain associated with
splenomegaly unresponsive to chemotherapy or with recur-
rent splenic infarcts, or improvement of significant anemia or
thrombocytopenia associated with hypersplenism. Splenic
radiation is used rarely to reduce the size of the spleen.

Minimal Residual Disease

After allogeneic SCT, residual disease may be detected by
reverse transcriptase-polymerase chain reaction (RT-PCR)
analysis during the first 6 months in patients who subse-
quently achieve a long-lasting remission, according to a 
multivariate analysis of 346 patients.85 However, RT-PCR
results, by 6 months, classified as negative, positive at a low
level (less than 100 BCR/ABL transcripts/mg RNA and/or
BCR/ABL-ABL ratio of less than 0.02%), or positive at a high
level (transcripts levels exceeding the above) did predict
outcome in one observational study,86 with probabilities of
relapse of 16.7%, 42.9%, and 86.4%, respectively. Late per-
sistence of RT-PCR positivity appears to indicate a reduced
probability of cure.85,87 Therefore, after allogeneic SCT,
patients are often divided according to RT-PCR results into
one of three groups: (1) persistently positive, (2) intermit-
tently negative, and (3) persistently negative. These three
groups have low, intermediate, and high probability of
disease-free survival, respectively. Although these data
suggest that patients who are persistently RT-PCR positive
more than 6 months after allogeneic SCT need additional
therapeutic interventions, this conclusion has not been rig-
orously established. The studies have used an assortment of
techniques for measuring minimal residual disease, the level
of sensitivity has been variable, and the durations of patient
follow-up have been short. For example, quantitative real-
time RT-PCR may provide a less sensitive tool (sensitivity in
the range of 1 :104 to 1 :105) to predict relapse in CML as com-
pared to competitive nested PCR (sensitivity in the range of
1 :105 to 1 :106).88 In patients who do not have any evidence
of GVHD and are intermittently or persistently RT-PCR pos-
itive, GVL may be induced by administering donor lympho-
cytes to eradicate the residual leukemia cells.51–54 Another
approach is the use of imatinib to eradicate minimal residual
disease.55–57

In contrast to the results achieved with allogeneic SCT,
only a minority (5% to 10%) of patients develop molecular
remission following imatinib therapy.65,89–92 Extrapolating
from the SCT data, patients without molecular remission are
likely to be at high risk of relapse. However, patients with
AML with t(8;21) who are in long-term remission have per-
sistent multipotent progenitor cells expressing AML1/ETO
transcripts.93 Therefore, it is unclear whether achieving
durable molecular remission with imatinib should indeed be
the goal of treatment in CML. This question will be answered
only with long-term follow-up of imatinib-treated patients.
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Recommendations

The encouraging results with imatinib have steered many
clinicians to offer it as a first-line therapy for newly diagnosed
CML patients, including those who otherwise would have
benefited from transplant (e.g., young patients with sibling-
matched donors). This approach may be unwise because the
clinical studies so far have very short follow-up, thus limit-
ing knowledge regarding the cure rate associated with ima-
tinib. There is a risk that, by delaying transplantation, either
new clonal cytogenetic abnormalites will develop in Philadel-
phia chromosome-negative cells94–106 or transplantation after
the development of resistance may be associated with worse
outcome.107,108

If transplantation is selected, evidence-based data are
available to recommend BMT with a preparatory regimen
that includes busulphan and cyclophosphamide. Only one
randomized trial18 with 30 months follow-up demonstrated
better survival with PBSC versus bone marrow as a source of
stem cells. Further, the data from reduced-intensity prepara-
tive regimens are intriguing, but no randomized studies or
long-term follow-up data are available at this point. There-
fore, physician experience and patient preference must be fac-
tored into the treatment selection process.

Discussion of both treatment options with a patient is
indicated. The decision should focus on the outcomes, risks,
and toxicities of the two approaches. Some centers would
employ allogeneic SCT in patients younger than 30 years of
age, as the risk of transplant-related toxicity is minimal in
that population. A proposed treatment plan for the newly
diagnosed patient with CML is presented in Figure 66.1.

There is no clear answer for M.T. However, if she elects
to start treatment with imatinib, it is imperative that her
response be followed carefully. Consensus based on clinical
experience suggests monitoring cytogenetics or peripheral
blood FISH every 3 to 6 months. Patients who achieve a com-
plete cytogenetic remission should have bone marrow cyto-
genetics every 6 months, alternating with peripheral blood

quantitative RT-PCR. SCT will be revisited at any sign of
disease progression, for example, increasing BCR/ABL tran-
script levels.
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homas Hodgkin reported the initial cases of this 
distinct malignant lymphoma in 1832. The term
Hodgkin’s disease (HD) was used because of the

uncertainty as to whether this entity was a tumor or an 
infection. Based on the evidence proving that the Hodgkin
Reed–Sternberg cell is a B cell, the term Hodgkin’s lymphoma
(HL) is the correct term, although physicians are reluctant to
change to this terminology.

Approximately 7,500 new cases of HL are diagnosed each
year in the United States; slightly more men than women
develop this disease. Successive refinements in therapy have
led to a continuous improvement in survival, which now
exceeds 80% at 5 years (see Chapter 103, Medical and Psy-
chosocial Issues in Hodgkin’s Disease Survivors). There is a
fine balance, however, on achieving these excellent results
without excessive toxicity. Appropriately, the focus on
therapy has shifted toward tailoring management based on
pretreatment prognostic factors. Treatment strategies must
try to reduce toxicity in patients expected to do well while at
the same time to not compromise or even intensify therapy
in those with poor risk features.

The following chapter critically evaluates the evidence
regarding the optimal management for patients with HL. This
is not an exhaustive review of HL; the goal of this chapter 
is to make appropriate treatment recommendations based 
on the available evidence, and attempt to identify areas for
needed clinical research. Treatment recommendations con-
cerning the management of untreated HL are made by review-
ing important multicenter randomized studies, as well as
other supporting evidence that investigates specific sub-
groups. For relapsed and refractory patients, there are only
two random assignment clinical trials evaluating autotrans-
plantation. Therefore, to fully understand the role of autolo-
gous and allogeneic transplantation, large single-institution
or registry-based studies are also reviewed. Areas of special
interest, including the origin of the Hodgkin Reed–Sternberg
cell, the role of Epstein–Barr virus in the pathogenesis of 
HL, and the use of positron emission tomography (PET)
imaging in the staging evaluation of HL are evaluated. For the
important topic of secondary breast cancer, large registry-

based series are summarized and recommendations to
decrease the incidence of this unfortunate complication are
discussed.

What Is the Evidence That the
Hodgkin’s–Reed–Sternberg Cell Is a B Cell?

In the HL lymph node biopsy specimen, a small number 
of the neoplastic Hodgkin and Reed–Sternberg (HRS) cells,
usually less than 2%, are admixed with a major population
of B cells, T cells, plasma cells, eosinophils, neutrophils, his-
tiocytes, and stromal cells.1 Modern pathologic classification
includes two major subtypes: 95% of patients have classic 
HL (nodular sclerosis, mixed cellularity, lymphocyte-rich,
and lymphocyte-depleted) and 5% have lymphocyte-predom-
inant HL.2 In classic HL (cHL), the HRS cells express the 
activation markers CD30 and CD15 and generally lack B-
lineage antigens. In lymphocyte-predominant HL (LPHL), the
situation is opposite: B-cell markers are expressed and CD30
and CD15 are absent.3

During the past 5 to 10 years, elegant papers describing
the clonality of the HRS cell were reported.4–8 A given V (D)
J gene rearrangement is specific for a B cell and its descen-
dants; sequence analysis of V gene rearrangements deter-
mines clonality. Standard molecular biologic techniques,
such as Southern blotting or the polymerase chain reaction
(PCR), using total DNA from an involved lymph node have
been successful in determining clonality in non-Hodgkin’s
lymphoma (NHL). However, because there are so few HRS
cells within the lymph node specimen in HL, these standard
techniques have failed in HL. The clonal nature of the HRS
cell was made possible by the combination of micromanipu-
lation of HRS cells from frozen samples and PCR amplifica-
tion of genes from these single cells.9,10

Two groups, one from Cologne and the other from Berlin,
have published the majority of the evidence concerning the
clonal nature of the HRS cell. Analysis of the Ig and T-cell
receptor loci of single HRS cells revealed that these cells are
a monoclonal population of tumor cells and that nearly all
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are derived from B cells. These clonal B cells are different in
cHL and LPHL.

Upon antigen-dependent activation in lymphoid tissues,
B cells enter the primary follicle and form a germinal center
(GC). B-cell proliferation and selection are driven by the
process of somatic hypermutation. Only cells producing Ig
with high affinity to the antigen survive in the GC; the rest
are eliminated by apoptosis. Specific stages of B-cell develop-
ment can be identified by sequence analysis of the rearranged
V genes. Immature B cells carry unmutated V genes; GC B
cells accumulate somatic mutations and have ongoing
somatic mutations, whereas GC-derived memory B cells no
longer acquire somatic mutations.11,12

The HRS cells of both types of HL have somatic muta-
tions in their V region genes.13,14 In cHL there is usually no
evidence of ongoing somatic mutation, but in 25% of cases
analyzed by Rajewsky et al., mutations were found that ren-
dered the original functional Ig rearrangement nonfunc-
tional.15 These are called crippling mutations and include
mutations resulting in the generation of stop codons or
reading frame shifts. These HRS cells should be removed by
apoptosis but are not16 (see discussion in section on
Epstein–Barr virus). Recently, a study using gene expression
profiling reported that a series of B-cell-specific genes are
downregulated in cHL. The authors speculate that the HRS
cell in cHL downregulates surface immunoglobulin (BCR) 
and its downstream signals.17 In most cases of LPHL, the
rearranged Ig genes carry no crippling mutation, and in fact
there is evidence of ongoing somatic mutations.18,19 Also, in
contrast to cHL, the LPHL tumor clone shows evidence of
selection for expression of a functional antigen receptor; this
is supported by the detection of mRNA for kappa or lambda
light chains in the HRS cells in LPHL but not cHL. Based on
the foregoing evidence, it is clear the HRS cells of both cHL
and LPHL are clonally derived GC B cells.20 Further research
is needed to determine why the HRS is not removed by 
apoptosis.

What Is the Evidence That Epstein–Barr Virus
Has a Role in the Pathogenesis of 
Hodgkin’s Lymphoma?

The age–incidence curve in cHL is described as bimodal. In
developing countries, the first peak is seen in childhood and
the second in the older age group, whereas in developed coun-
tries the first peak is seen in young adulthood.21 This finding
suggests an infectious etiology as the cause of the disease.22,23

A severalfold increase in the risk of HL occurs after infectious
mononucleosis (IM), which is the typical clinical manifesta-
tion to primary Epstein–Barr virus (EBV) infection in adoles-
cent children.24,25

EBV-positive and -negative cases of HL have different age
distributions, with EBV-negative cases having a unimodal age
distribution in young adulthood. Recently, Hjalgrim et al.
compared incidence rates of HL in two population-based
Danish cohorts of patients who were tested for IM: 17,045
patients with serologic evidence of EBV infection and 24,614
with no evidence.26 Biopsy specimens of HL occurring during
this time were also tested for EBV. The data suggest that only
serologically confirmed IM was associated with an increased

incidence of HL. Sixteen of 29 tumors obtained from patients
with a history of IM had evidence of EBV. There was no 
evidence of an increased risk of EBV-negative HL after 
IM. The relative risk for EBV-positive HL after IM was 4, and
the median incubation time from IM to HL was only 4.1
years.

The literature suggests that there is an altered antibody
pattern to EBV in patients before clinically presenting with
HL, with elevated titers against viral capsid antigen and EBV
nuclear antigens compared with controls. This finding 
may suggest a more severe primary EBV infection. In situ
hybridization methods to detect EBV DNA provided the first
demonstration of its existence in HRS cells. Subsequently,
the demonstration of EBV early RNA (EBER1 and EBER 2)
sequences in the HRS cells provided a sensitive method for
detecting latent infection. This technique is the accepted test
to determine latent EBV infection in lymph node samples.27

The linear genome of EBV has a variable number of 500-base-
pair tandem repeat sequences at both ends. Because the
number of repeats varies between patients but is constant
within an individual patient, it can be used as a clonal marker
in EBV-infected cells.

Three different patterns of expression of EBV latent genes
and cellular antigens have been described in vitro and are
referred to latency types I, II, and III. HRS cells exhibit the
type II form of latency gene expression being limited to the
EBERs, Epstein–Barr nuclear antigen I (EBNA1), and latent
membrane proteins 1 and 2 (LMP1 and -2). What is the evi-
dence that EBV is important in the pathogenesis of HL? There
is a high level of LMP1 expression in HRS that can induce B-
cell activation markers as well as IL-10 production. IL-10 
production is more frequent in EBV-positive HRS cells 
when compared with EBV-negative counterparts, and some
groups speculate that this accounts for the failure of cytotoxic
T lymphocytes (CTL) to recognize the HRS cell. LMP1 also
protects B cells from cell death by upregulating several anti-
apoptosis genes, including bcl-2. LMP1 appears to function as
a constitutively activated tumor necrosis factor receptor and,
as a result, can activate a variety of signaling pathways,
including NF-kB.28–32 Members of the NF-kB family of tran-
scription factors play a role in cellular activation, immune
responses, and oncogenesis.33–35 In most cells they are kept
inactive by complexing with members of the IkB family,
whose degradation activates NF-kB. Constitutive NF-kB 
activation has been consistently detected in HRS cells, 
and nuclear NF-kB expression can be stained for by 
immunohistochemistry.36

Although NF-kB activation is a common feature in 
HRS cells, the molecular route is different in EBV-positive 
and -negative HL. In single HRS cells, Jungnickel et al.
detected clonal mutations in two of three cases of EBV-nega-
tive cases of IkBa gene but none in EBV-positive cases.37

This finding suggests that the constitutive activation of 
NF-kB by LMP1 in EBV-positive cases may be substituted by
IkBa gene mutations in HRS cells not infected by EBV.
Despite improvements in our understanding of the patho-
genesis of HL, the precise contribution of EBV remains
unknown. Many questions concerning EBV and HL need to
be resolved but two appear critical: (1) Why is there no effec-
tive immune response to LMP1 and -2 expressing HRS cells,
and (2) What is the reason we are unable to detect EBV in all
cases of HL?
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What Is the Evidence That There Is a Standard
Management for Early-Stage Disease?

Multiple treatment options exist for early-stage (ES) HL, and
the standard approach is controversial.38–40 The reason for 
the controversy stems from the premise that despite diverse
initial therapeutic options with different disease control
rates, outcome is excellent in patients who relapse; therefore,
overall survival tends to be the same. There are supporters of
radiation therapy (RT) for initial therapy who argue that many
ESHL patients avoid chemotherapy, which can be reserved for
patients who fail RT. Supporters of combined modality
therapy (CMT), in which the number of cycles of chemother-
apy, as well as the RT fields, continue to be reduced, argue
that disease control is best with this approach despite the fact
that patients who fail need to receive an autologous stem cell
transplant. Finally, there is a recent trend to use full-course
chemotherapy alone. The rationale for this approach is to
decrease the incidence of secondary solid tumors, specifically,
breast cancer. In deciding the optimal treatment strategy, one
must understand that ESHL encompasses distinct subgroups
of patients with different prognostic factors. These prognos-
tic factors can help tailor therapy with the goal to ensure an
excellent progression-free survival (PFS) with minimal long-
term side effects.

Prognostic Factors Help Guide Treatment
Decisions in ESHL

Historically, patients with stage I–II HL with favorable prog-
nostic features were candidates for short primary RT, whereas
patients with unfavorable prognostic factors tended to receive
full-course CMT.41–45 This section evaluates if this approach
is correct on the basis of the evidence of prospective ran-
domized trials.

Many factors that originally predicted for a high risk of
occult abdominal disease in pathologically staged patients are
no longer relevant in the era of clinical staging with subse-
quent CMT. These factors are still important in the design 
of prospective clinical trials in which the goal is to reduce
therapy but maintain a high PFS rate. The factors that are
commonly reported include male sex, age greater than 40
years, B symptoms or an ESR greater than 50, mixed-cellu-
larity HL (MCHL) or lymphocyte-depleted HL (LDHL) histol-
ogy, large mediastinal mass (LMA), extranodal extension,
infradiaphragmatic disease, and three or four sites of lymph

node involvement above the diaphragm. Using these prog-
nostic factors, three groups of early-stage patients are usually
defined: very favorable, favorable, and unfavorable ESHL.
Very favorable ESHL accounts for only 5% of cases, with no
specific randomized studies addressing this cohort of patients,
and it is not discussed further (Table 67.1).

A number of multicenter randomized clinical trials 
are reported in favorable/unfavorable ESHL. The concepts of
these trials include the following: decrease the number of
chemotherapy cycles, avoidance of leukemogenic chemother-
apeutic agents, reduce the dose of RT, decrease the size of the
RT field or eliminate RT altogether.

Extended-Field Radiotherapy as Primary Therapy
for ESHL Is Replaced by Combined 
Modality Therapy

In general, before the 1990s, extended-field primary RT was
the treatment of choice for ESHL. Complete response rates
were greater than 90%, but 30% of patients relapsed.
Although the majority of these relapsing patients can be cured
with standard-dose chemotherapy, there is a higher risk of
secondary cancers and cardiac complications in these
patients.

The HD7 trial of the German Hodgkin’s Disease Study
Group (GHSG) consisted of ABVD for two cycles and subto-
tal nodal irradiation (STLI) versus STLI alone. At a planned
interim analysis, the complete response rates were the same,
but freedom from treatment failure (FFTF) was 96% in the
CMT arm versus 87% in the STLI arm.46

The Southwest Oncology Group (SWOG) recently pub-
lished the results of a randomized trial of doxorubicin and
vinblastine ¥ 3 and STLI versus STLI alone in ESHL. The
study was closed at the second planned interim analysis
because of superior failure-free survival (FFS) in the CMT arm
(94% versus 81%).47

The EORTC/GELA H7F and H8F trials significantly
reduced the irradiated volume in the combined modality 
arm to include only the site of the originally involved nodes
(involved field) as opposed to STLI on the radiation-alone arm.
Still, the combined modality arm yielded significantly better
relapse-free survival rate than radiation alone.48,49 Based on
the results of the GHSG, EORTC, and SWOG studies, STLI
for the treatment ESHL is no longer recommended (Table
67.2).
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TABLE 67.1. Risk factors and treatment groups in early-stage Hodgkin’s lymphoma (ESHL).

Risk factors (RF) EORTC GHSG NCCN

A. Large MM A. Large MM A. Large MM / any >10cm
B. Age ≥50 years B. Extranodal disease B. B symptoms or ESR ≥50
C. B symptomsa or ESR ≥50 C. B symptomsa or ESR ≥50 C. ≥4 involved sites
D. ≥4 involved sites D. ≥3 involved sites

Treatment groups
Early stage favorable CS I-II with no RF CS I–II with no RF
Early stage unfavorable CS I-II with any RF CS I, CSIIA with any RF;

CS IIB with C/D but without A/B
Advanced stage CS III-IV CS IIB with A/B; CS III–IV

CS, clinical stage; EORTC, European Organization for Research and Treatment of Cancer; GHSG, German Hodgkin Lymphoma Study Group; MM, mediastinal
mass; NCCN, National Comprehensive Cancer Network.
a If B symptoms, ESR should be ≥30.



MOPP Is Replaced by ABVD as the Standard
Chemotherapy Regimen in ESHL

The EORTC H6 twin randomized studies were reported 10
years ago. The study was divided into favorable and unfavor-
able groups.50 Focusing on the unfavorable group (H6U),
patients were clinically staged and randomized to receive
ABVD ¥ 3/mantle RT/ABVD ¥ 3 versus MOPP ¥ 3/mantle
RT/MOPP ¥ 3. ABVD achieved better results with less hema-
tologic and gonadal toxicity.

Our group at Memorial Sloan-Kettering Cancer Center
(MSKCC) conducted a randomized trial of MOPP ¥ 4 and
involved-field RT versus four cycles of thiotepa, bleomycin,
and vinblastine (TBV) and involved-field RT. For MOPP and
RT, the CR percentage was 98% (60 of 61), and at 5 years, the
percentage of patients remaining in CR was 90%, with
freedom from progression of 89% and overall survival of 91%.
For TBV and RT, the CR percentage was 93% (55 of 59), with
a 5-year duration of CR of 83%, freedom from progression of
81%, and overall survival of 91% (P greater than 0.15). The
median follow-up at the time of the publication was 65
months (range, 7 to 96 months). Short-term toxicity, except
for transient leukopenia, was far less for TBV and RT than for
MOPP and RT.51 Based on these results, standard MOPP
chemotherapy is no longer used in the management of 
ESHL.

Can the Dose of RT be Reduced in CMT in ESHL?

Although the treatment results obtained with chemotherapy
and RT are superior to STLI in favorable early-stage HD, 
the next objective was to see if the radiation field could be
reduced safely in an effort to reduce toxicity. Several ran-
domized studies were conducted in this setting; however, the
majority of patients have a large mediastinal mass (LMA) and
are at unfavorable risk. The Istituto Nazionale Tumorie
Milan Trial has provided the clearest data regarding the ade-
quacy of radiation volume reduction. From 1990 to 1996, 140
patients with ESHL (IA bulky IB; IIA bulky; and IIEA) were
randomly assigned to four cycles of ABVD, followed by STLI
with the same regimen followed by involved-field radiother-
apy (IFRT). The dose of RT ranged from 30 to 36Gy to unin-

volved and involved sites, respectively. After a median follow-
up of 87 months, CR rates were 100% after ABVD + STLI
versus 97% after ABVD + IFRT; freedom from treatment
failure (FFTF) was 97% versus 94% and overall survival (OS)
93% versus 94%, respectively.52

The EORTC H8U trial randomly assigned unfavorable
patients to four cycles of MOPP/ABVD plus IFRT (36–40Gy)
with the same chemotherapy followed by STLI (36–40GY).
FFTF was the same in both groups, 92% in each arm.53

The GHSG HD8 study randomly assigned unfavorable
early-stage patients to receive four cycles of cyclophos-
phamide, vincristine, procarbazine, and prednisone
(COPP)/ABVD followed by either extended or involved field.
At a median follow-up of 56 months, FFTF was 86% (in 
each arm), and no difference in relapse rate or survival was
observed. Acute side effects were more frequent in patients
who received the extended-field RT.54 Based on these clinical
trials, CMT using extended-field RT is no longer recom-
mended (Table 67.3).

Can the Number of Chemotherapy Cycles and
Dose of RT Be Reduced in ESHL?

An important study that just finished accruing patients is the
HD10 trial of the GHSG. In this trial, reduction of the number
of ABVD chemotherapy cycles, as well as reduction of RT
dose in the IFRT, was tested in favorable ESHL patients. Thus,
patients were randomly assigned between four cycles of
ABVD followed by IFRT (30Gy, arm A), four cycles ABVD +
20Gy IFRT (arm B), two cycles ABVD + 30Gy IFRT (arm C),
and two cycles ABVD + 20Gy IFRT (arm D). Between May
1998 and June 2000, 486HL patients with ESHL [i.e., CS I, II
without risk factors (favorable)] received one of these four
treatments, and 390 patients (80%) are currently evaluable.
At the first interim analysis in 2001 when the median obser-
vation time was 18 months, the CR rate was 98% and only
1% of patients had either progressive disease or no change.
Overall survival (SV) rate was 98% and FFTF was 96%. The
trial reached the target recruitment and was closed in 
January 2003. This critical study hopes to determine if less
chemotherapy and RT can maintain the high FFTF rates with
less toxicity in patients with favorable ESHL.55
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TABLE 67.2. Studies comparing radiotherapy (RT) alone with
combined modality therapy in favorable patients.

FFTF
Study Treatment regimens or RFS OS (years)

GHSG HD717 EF 75% 94% (5)
(617pts) ABVD (2) + EF 91% 94%

P < 0.001 NS
SWOG 913318 STLI 81% 96% (3)
(326pts) AV (3) + STLI 94% 98%

P < 0.001 NS
EORTC/GELA H7F19 STLI 81% 95% (5)
(333pts) EBVP (6) + IFRT 90% 98%

P = 0.0001 NS
EORTC/GELA H8F20 STLI 80% (4)
(543pts) MOPP/ABV (3) + IFRT 99%

P < 0.0001 P < 0.02

EFRT, extended-field radiotherapy; IFRT, involved-field radiotherapy; STLI;
subtotal lymphoid irradiation; pts, patients.

TABLE 67.3. Studies comparing involved field radiation with
extended radiation in combined modality programs for favorable
and unfavorable early-stage Hodgkin’s lymphoma (ESHL).

Study Treatment regimens FFTF or RFS OS (years)

Milan21 ABVD (4) + STLI 97% 93% (5)
(140pts) ABVD (4) + IFRT 94% 94%

NS NS
GHSG HD822 COPP/ABVD (4) + EFRT 86% 91% (5)
(1,064pts) COPP/ABVD (4) + IFRT 84% 92%

NS NS
EORTC/GELA MOPP/ABV (6) + IFRT 94% 90% (4)
H8U23 MOPP/ABV (4) + IFRT 95% 95%
(995pts) MOPP/ABV (4) + STLI 96% 93%

NS NS

EFRT, extended-field radiotherapy; IFRT, involved-field radiotherapy; STLI,
subtotal lymphoid irradiation; FFTF, freedom from treatment failure; RFS,
relapse-free survival; OS, overall survival.



Can Chemotherapy Alone Be Used in the
Management of ESHL?

Three important randomized studies evaluated the use of
chemotherapy alone in ESHL. These patients have favorable
and unfavorable features, but no patients have large medi-
astinal masses. At Memorial Sloan-Kettering Cancer Center
(MSKCC), we tested the hypothesis that CMT was superior to
ABVD alone in ESHL. We randomly assigned 152 patients to
six cycles of ABVD alone or ABVD for six cycles and extended-
field RT (EFRT). In intent-to-treat analysis, the CR rates were
94% in both cohorts. At 5 years, 91% of patients receiving
CMT and 87% receiving ABVD alone continue in CR (P =
0.61). FFTF at 5 years is 86% for CMT and 81% for ABVD
alone (P = 0.6). Interestingly, the overall survival (OS) trends
are in favor of CMT (97% for CMT versus 91% for ABVD
alone; P = 0.08).56 Nachman et al., for the Children’s Cancer
Group (CCG), randomly assigned 501 patients who achieved
an initial CR to risk-adapted combination chemotherapy to
low-dose IFRT (21Gy) or no further treatment. Patients receiv-
ing CMT had an OS of 92% versus 87% for patients treated
with chemotherapy alone (P = 0.057). However, if one analyzes
the data by therapy received there is a survival benefit for
CMT (P = 0.0024).57 An intergroup study [NCI of Canada and
Eastern Cooperative Oncology Group (ECOG)] compared
standard therapy STLI (favorable patients) or ABVD ¥ 2 and
STLI (unfavorable patients) to ABVD ¥ 4 alone for both favor-
able and unfavorable patients. The median duration of follow-
up is 4.2 years. The experimental arm, ABVD ¥ 4, had an
inferior PFS to that of standard therapy (P = 0.006).58 There is
a large ongoing trial in favorable early-stage patients with
classic HL. All patients receive six cycles of EBVP (epirubicin,
bleomycin, vinblastine, and prednisone). Only patients who
achieve a CR are randomized to either IFRT of 36Gy, IFRT of
20Gy, or no radiation. Last year, the EORTC/GELA groups
closed the no RT arm due to an excessive number of relapses
in this group. The study remains open for randomization on
the two combined modality arms.55

The evidence from these three studies suggests that, for
patients with ESHL without a large mediastinal mass, four to
six cycles of chemotherapy alone is inferior to the same
chemotherapy and consolidative RT.

Summary

The following recommendations can be made concerning
ESHL: all the previously mentioned randomized studies indi-
cate that CMT should be standard therapy. Although short-
course chemotherapy and extended-field RT are superior to
chemotherapy alone, this strategy is unlikely to reduce long-
term treatment-related morbidity and mortality. Although it
has been shown that the radiation field can be safely reduced
in unfavorable patients receiving CMT, we await follow-up of
the HD10 trial if this can be achieved in favorable ESHL
patients. There is no evidence that four to six cycles of
chemotherapy is equivalent to the same chemotherapy and
IFRT. At the present time, four cycles of chemotherapy,
preferably ABVD, followed by IFRT (30–36Gy), should be 
considered standard therapy for favorable and unfavorable
patients with ESHL. These recommendations must be made
with caution, however, in the light of the increased incidence
of secondary breast cancer in young women treated with
CMT (discussed in a later section).

What Is the Evidence That There Is a Standard
Management for Advanced-Stage Disease?

ABVD Replaces MOPP as Standard Therapy for
Advanced-Stage HL

Advanced-stage HL (ASHL) comprises all stage III and IV
disease as well as selected patients with stage IIB disease,
including those with a LMA, extranodal disease, or massive
splenic involvement. The landmark report by DeVita et al.,
36 years ago, determined that more than 80% of patients with
ASHL achieved a CR to the MOPP chemotherapy program;
50% of patients have had long-term PFS.40,59,60 The ABVD
regimen has replaced MOPP as the standard chemotherapy
program of HL, primarily because of a more favorable toxic-
ity profile.61 The modern era of ASHL begins with the results
of a three-arm randomized CALGB study reported by 
Canellos et al. In this multicenter trial, three regimens were
compared: ABVD for 6 to 8 cycles, MOPP for 6 to 8 cycles,
and MOPP alternating with ABVD for 12 cycles. RT was not
administered. Patients who relapsed after either MOPP or
ABVD alone were switched to the opposite regimen. The CR
rate to MOPP was inferior to the other arms (67%, 82%, and
83%, respectively; P = 0.006). FFTF was also inferior with
MOPP (50%, 61%, and 65%, respectively); however, OS was
the same in each arm.62 Although this prospective trial shows
an improved FFTF with the ABVD regimens even at a median
follow-up of 10 years, OS is the same, reflecting the ability of
high-dose therapy and autologous stem cell transplantation
to salvage these patients. Based on the equivalent efficacy of
ABVD and MOPP alternating with ABVD, the better short-
and long-term toxicity profile seen with ABVD alone makes
ABVD the benchmark against which newer regimens need 
to be compared. Three important questions need to be
addressed: (1) Can prognostic factors help tailor therapy for
patients with ASHL? (2) Are there randomized data showing
that newer regimens are superior to ABVD or an ABVD equiv-
alent? (3) Should adjuvant RT be used for patients with ASHL?

Can Prognostic Factors Guide Therapy in ASHL?

Therapy with ABVD or an ABVD-equivalent chemotherapy
program fails to cure patients with ASHL one-third of the
time, but just as important is the fact that some patients are
overtreated unnecessarily. A number of pretreatment clinical
prognostic factors have been identified to have independent
prognostic value.63 An international database on HL was
developed to help define a prognostic model for ASHL. The
factors defined are based on more than 5,000 patients treated
with ABVD or an ABVD-equivalent chemotherapy program,
and include age greater than 45 years, male sex, stage IV
versus III disease, serum albumin less than 4g/dL, hemoglo-
bin less than 10.5mg/dL, white blood cell count more than
15,000/mm3, and absolute lymphocyte count less than
600/mm3. These seven factors comprise the international
prognostic index (IPI) for ASHL developed by Hasenclever et
al.64 (Table 67.4). Clinically, patients can be divided into three
risk groups. Patients with an IPI score of 0–2 (low risk),
accounting for 57% of ASHL, have a freedom from progres-
sion rate (FFP) of 74%. Patients with an IPI score of 3 (inter-
mediate risk), accounting for 23% of ASHL, have an FFP of
60%. Patients with an IPI score of 4 or more (high risk), only
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19% of ASHL, have an FFP of 47%. When reviewing studies
in ASHL, it is important to evaluate these risk factors.
Patients with high-risk disease may benefit from a more
aggressive chemotherapy program and, conversely, low-risk
patients do not need to be overtreated with more toxic 
regimens.

MOPP/ABV Hybrid Is No Better Than ABVD 
in ASHL

In 1985, Klimo and Connors reported the results of the
MOPP/ABV hybrid regimen. MOPP is administered on day 1
and 7 and ABV on day 8; dacarbazine was omitted in this
regimen, and the dose of doxorubicin was increased from 25
mg/m2 to 35mg/m2. IFRT was administered to some patients
postchemotherapy. At 4 years, the OS rate was 90%.65,66 This
Phase II study led to two randomized studies comparing 
the hybrid to alternating MOPP/ABVD. The National Cancer
Institute of Canada (NCIC) randomly assigned 301 patients
who failed extended-field RT to the hybrid versus the alter-
nating regimen. The OS rates at 5 years were not statistically
different, but the hybrid regimen had more hematologic 
toxicity.66 An intergroup trial of 737 patients compared the
hybrid to six cycles of MOPP followed by three cycles of
ABVD. At 8 years, FFS was superior with the hybrid regimen
(64% versus 54%%; P = 0.01).67 Although prognostic factors
were not evaluated in this study, many physicians at the time
considered the hybrid the standard of care for ASHL.

Recently, Duggan et al. reported the results of a random-
ized intergroup study of the ABVD versus MOPP/ABV hybrid.
The major endpoints of the study were FFS and OS. Patients
were eligible if they had untreated ASHL or if they relapsed
after RT alone. All patients received 8 to 10 cycles of
chemotherapy. Eight hundred fifty-six patients were ran-
domly assigned to one of the two regimens, and the median
follow-up at the time of the publication was 6 years. The CR
rate, FFS, and OS were the same with the two regimens. When
evaluating these endpoints based on the IPI score, there were
no differences between the two cohorts. Although the effi-
cacy endpoints between the two regimens are the same, the
toxicity endpoints were quite different. There was a statisti-
cally significant increase in acute pulmonary and hemato-
logic toxicity seen with the hybrid regimen (P = 0.06 and
0.001, respectively). More important, there was an increased
incidence of myelodysplasia or secondary acute leukemia
with the hybrid regimen as compared to ABVD. There was a
total of 13 cases of MDS or AML; 11 of these patients were
treated with the hybrid.68 The results of this study are clear:
the two regimens have equal efficacy, but the hybrid regimen

is more toxic and its use can no longer be recommended.
ABVD continues to be the standard regimen for ASHL.

HD9 Trial of the GHSG: Escalated BEACOPP
Improves Survival in Poor-Risk Patients 
with ASHL

To improve on the results with ABVD in ASHL, subsequent
studies involved two different treatment strategies. The first
is dose intensification with the active agents in HL and the
second is a change in the scheduling similar to some of the
weekly chemotherapy programs for aggressive NHL, such as
MACOP-B.69

Intensification of therapy can be via two distinct path-
ways: the first is to give higher doses of chemotherapy using
a standard schedule and the second is to consolidate with
upfront high-dose chemotherapy and autologous stem cell
transplantation. From 1993 to 1998, the GHSG randomly
assigned 1,201 patients with ASHL to eight cycles of
COPP/ABVD (ABVD equivalent) to that of either standard
doses of BEACOPP (bleomycin, etoposide, doxorubicin,
cyclophosphamide, vincristine, prednisone, and procarbazine)
or escalated BEACOPP (Figure 67.1). Patients in any of the
three cohorts were eligible to receive IFRT postchemotherapy
if a residual nodal mass was at least 2cm postchemotherapy
or if there was bulky disease at presentation. At the first
interim analysis, the COPP/ABVD arm was stopped due to
inferior results. The final analysis included 260 patients
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TABLE 67.4. Risk factors and survival for advanced-stage Hodgkin’s lymphoma (ASHL).

IPI model MSKCC model

Risk factors (RF) Age >45, male sex, albumin <4, hemoglobin Age >45, elevated LDH, large 
<10.5 WBC >15K, ALC < 600 Stage IV mediastinal mass, >1 extranodal 
disease site, low hematocrit, inguinal 

nodal involvement
Good risk 0–2 RF, FFTF (74%) <2 RF, FFTF (>90%)
Intermediate risk 3 RF, FFTF (60%)
Poor risk >4 RF, FFTF (47%) ≥2 RF, FFTF (<50%)

IPI, international prognostic index, MSKCC, Memorial Sloan-Kettering Cancer Center; WBC, white blood count; ALC,
absolute lymphocyte count; LDH, lactate dehydrogenase; FFTF, freedom from treatment failure.

FIGURE 67.1. Survival by treatment arm.



receiving COPP/ABVD, 469 receiving standard-dose
BEACOPP, and 466 patients receiving escalated BEACOPP. At
5 years, FFTF and OS rates for COPP/ABVD, standard-dose
BEACOPP, and escalated BEACOPP were 69% and 83%, 76%
and 88%, and 87% and 91%, respectively. FFTF and OS were
statistically significantly superior for escalated BEACOPP
when compared to COPP/ABVD (P = 0.04 and 0.002, 
respectively). There was, however, a higher incidence of grade
three/four hematologic toxicity for the escalated BEACOPP
regimen despite universal use of granulocyte colony-stimu-
lating factor (G-CSF). The IPI score was available for only a
minority of patients. Interestingly, 5-year OS for patients with
IPI scores of 0–3 are similar for COPP/ABVD, BEACOPP, and
escalated BEACOPP: 84% to 92%, 86% to 93%, and 90% to
95%, respectively. The critical result, however, is the 5-year
FFTF for patients with at least four risk factors. The results
are as follows: 59% for COPP/ABVD, 74% for standard
BEACOPP, and 82% for escalated BEACOPP.70 This random-
ized clinical trial has two obvious conclusions: a randomized
study is required for patients with 0 to 3 risk factors 
comparing ABVD and escalated BEACOPP with all patients
receiving RT for bulky or residual disease, and the available
evidence suggests that escalated BEACOPP is a standard
treatment option for patients with four or more IPI risk
factors.

Consolidative Upfront ASCT Is No Better Than
ABVD for Patients with ASHL

As described in a later section (see What Is the Evidence That
There Is a Standard Management for Relapsed/Refractory
Disease?), high-dose therapy and autologous stem transplan-
tation is the treatment of choice for relapsed and primary
refractory HL. If dose escalation of standard-dose chemother-
apy can improve FFTF, then it is possible that high-dose
therapy (HDT) and autologous stem transplantation (ASCT)
may have a role as consolidation treatment for patients with
unfavorable ASHL. The underlying question is identifying
which patients were most likely to fail standard treatment.
Before the publication of the IPI, another similar prognostic
model was in use. The lymphoma service at MSKCC found
that the following six risk factors were predictive for CR 
duration and relapse-free survival in ASHL: age greater than
45, elevated LDH, an LMA, at least two extranodal sites of
disease, inguinal node involvement, and a low hematocrit.71,72

Patients with at least two factors were considered poor risk.
Based on this model, an intergroup study randomly assigned
patients to eight cycles of ABVD-equivalent chemotherapy or
four cycles of the same chemotherapy followed by HDT and
ASCT. All patients were eligible to receive postchemotherapy
RT if they had initial bulky disease or residual nodal masses.73

There was no difference in the CR rate, FFS, or OS between
the two arms. Based on these results, one can conclude that
unfavorable patients defined by the MSKCC index do not
benefit from a consolidative upfront ASCT.

Weekly Chemotherapy and Consolidative RT 
for ASHL

A scheduling change of the active chemotherapeutic agents
in HL to weekly schedule is the principle of the Stanford V
regimen.74 The concept is threefold: decrease the cumulative

doses of doxorubicin, nitrogen mustard, and bleomycin, add
etoposide, and consolidate with more intensive radiotherapy.
By definition, all lymph nodes greater than 5cm pretreatment
receive full-dose RT (36Gy) at the conclusion of the 12 weeks
of chemotherapy. An update of the Stanford experience was
recently published in which 142 patients with ASHL were
treated. The 5-year FFP and OS rates were 89% and 96%,
respectively. Patients with an IPI score of 0–2 had a signifi-
cantly superior FFP to those with scores of 3 or greater (94%
versus 75%; P = 0.0001). There were no cases of secondary
leukemia.75 We analyzed our 7-year experience at MSKCC in
126 patients treated with the Stanford V combined modality
regimen. Sixty-seven patients (53%) had extensive local
disease, 26 patients (21%) had stage III, and 33 patients (26%)
had stage IV. Seventy-five patients (58%) had B symptoms and
20 patients (16%) had at least four adverse factors included in
the IPI score. At a median follow-up of 36 months (range, 12
to 92 months), the 3-year FFTF was 80% and OS was 91%.
Patients with none to three IPI factors had FFTF and OS of
86% and 95%, respectively; patients with four or more factors
had FFTF and OS of 50% and 75%, respectively. Cox regres-
sion analysis indicated that IPI of 4 or more is a significant
predictor for both FFTF and OS (P less than 0.0001). There
were 25 (20%) failures of treatment (9 patients had primary
refractory HL, 1 died of hepatic failure, and 15 patients
relapsed). Of the 25 failures, 14 patients were successfully sal-
vaged with high-dose chemoradiotherapy and ASCT. The 3-
year freedom-from-second-relapse for all patients who failed
Stanford V was 55%. No secondary leukemia was observed,
and 7 successful pregnancies were reported by our 65 female
patients. Our study confirms the excellent results reported
with Stanford V and radiotherapy by the Stanford group, 
indicates the relevance of the IPI model in determining
outcome of this program, and demonstrates that failures of
Stanford V remain highly salvageable with high-dose
chemoradiotherapy.76

Randomized Data of Weekly Combined Modality
Therapy Versus Standard Schedule Combined
Modality Therapy in ASHL

Unfortunately, weekly therapy has not been successful in two
prospective randomized studies. Radford et al. reported 
the results of weekly chemotherapy with the VAPEC-B
(bleomycin, etoposide, doxorubicin, cyclophosphamide, vin-
cristine, and prednisolone) versus ChlVPP/EVA (chlorambu-
cil, vinblastine, procarbazine, prednisolone, etoposide,
vincristine, and doxorubicin) hybrid. There were 282 patients
randomized; RT was administered to sites of bulky disease or
residual nodal involvement postchemotherapy. At 5 years,
FFP and OS was significantly better for the hybrid arm (82%
and 89% versus 62% and 82%; P less than 0.001). When ana-
lyzing the IPI score, all risk groups had improved survival
with the hybrid.77 The Italian Lymphoma Study group
reported the results of 355 patients randomly assigned 
to ABVD, Stanford V, or a novel 10-drug regimen. Patients
received RT only if they had bulky disease; hence, a variation
of the standard RT practices for Stanford V as described pre-
viously. Only CR and relapse rates are available but they are
inferior for Stanford V (CR rates: 89% for ABVD, 83% for the
10-drug regimen, and 74% for Stanford V; relapse rates: 6%
for ABVD, 4% for the 10-drug regimen, and 16% for Stanford
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V).78 Despite these issues, there is an ongoing United States
Intergroup trial comparing ABVD and Stanford V in ASHL.
Until these results are available, weekly therapy cannot be
recommended as standard of care for any patient with ASHL.

Does Adjuvant or Consolidative RT Improve
Outcome in Patients with ASHL?

As described previously, many treatment programs included
RT after full-course chemotherapy in ASHL. The evidence for
this approach is controversial. The contribution of RT tends
to be used as part of a planned CMT approach, as with 
Stanford V, or to convert an uncertain CR to a CR, as with
escalated BEACOPP. The premise is that patients with ASHL
relapse at bulky or residual sites and, if radiated, FFTF can be
improved. The results of the early large randomized studies
are conflicting.

Pavlovsky et al. randomly assigned 151 patients to six
cycles of MOPP-equivalent chemotherapy (CVPP, CCNU,
vinblastine, procarbazine, and prednisone) or the same
therapy with RT interspersed between cycles 3 and 4. The CR
and FFS rates were significantly better for CMT approach (P
= 0.01 and 0.001).79 The results for chemotherapy alone in this
study were extremely poor and difficult to explain.

The SWOG treated 278 patients with six cycles of an
alternating regimen and then randomly assigned patients to
low-dose RT to all lymph node sites or observation. There
was no difference in remission duration, relapse-free survival,
or OS between the two groups. In a planned subset analysis,
patients with either nodular sclerosis pathology or bulky
disease had significantly better remission duration with the
addition of RT.80

Diehl et al. treated 288 patients with an alternating
regimen, and patients achieving a CR were randomly assigned
to 20Gy RT to initially involved fields or to an additional
cycle of COPP/ABVD chemotherapy. There were no statisti-
cally significant differences in the two treatment programs.81

The CALGB treated 258 patients with one of four treat-
ment programs: CVPP alone for 6 cycles, CVPP for 12 cycles,
CVPP for 6 cycles followed by 25Gy RT, or CVPP for 3 cycles
followed by 25Gy RT and then 3 more cycles of CVPP.
Relapse in irradiated sites occurred in only 6% of responding
patients, but there was no impact on OS. In fact, doubling the
number of cycles of CVPP also had no impact on OS.82

Because the data were confusing after these publications,
a meta-analysis of the randomized studies performed from
1972 to 1988 was reported by Loeffler et al. Data were avail-
able on 1,740 patients treated on 14 different trials. There
were two distinct study designs. RT was randomly assigned
after chemotherapy or patients were randomly assigned to RT
or additional chemotherapy. Nearly all the chemotherapy reg-
imens used in these studies were MOPP or MOPP-equivalent

regimens. In the additional RT design, there was 11%
improvement in CR duration in the RT groups (P less than
0.001); OS was the same. In contrast, when CMT was com-
pared with the cohorts that received additional chemother-
apy, CR duration was the same but OS was superior with
patients who did not receive RT (P = 0.045). The conclusion
of this meta-analysis should be approached with caution
because MOPP or MOPP-equivalents are no longer used.83

Three recent random assignment studies have been pub-
lished, adding to the confusion. The GELA (Groupe d’etudes
des Lymphomes) reported the results of a randomized 
study comparing two different chemotherapy regimens
[MOPP/ABV to ABVPP (doxorubicin, bleomycin, vinblastine,
procarbazine, and prednisone)] followed by a second random-
ization for patients achieving a complete or partial response
to two more cycles of the same chemotherapy or subtotal
nodal irradiation. The study included 559 patients. After
induction chemotherapy, 418 patients were evaluated for the
consolidation phase. OS at 5 years in the MOPP/ABV groups
were the same between additional chemotherapy and RT
(85% versus 88%). After ABVPP, OS was superior for the
chemotherapy arm (94% versus 78%; P = 0.002).84

The Children’s Cancer Group (CCG) randomly assigned
501 patients achieving a CR to low-dose IFRT or observation.
The 3-year FFTF was 87% for all patients, 92% for those ran-
domized to receive RT and 87% randomized to observation
(P = 0.06). An alternative analysis based on therapy actually
received was undertaken that excluded the patients random-
ized to receive RT who refused the intervention. In this “as-
treated” analysis, there was a significant improvement in
FFTF for those patients who received RT (93% versus 85%;
P = 0.002).57

Most recently, the EORTC randomly assigned 421
patients in CR after MOPP/ABV chemotherapy to RT or
observation. The dose of RT was 24Gy administered to all
initially involved nodal sites and 16–24Gy to all initially
involved extranodal sites. Patients in partial remission were
all treated with 30Gy to nodal areas and 18–24Gy to extra-
nodal sites. The median follow-up is 6.5 years. The 5-year OS
rates for the RT and observation groups were 85% and 91%,
respectively (P = 0.07). Those patients who had a partial
response to MOPP/ABV had event-free and OS rates after RT
of 79% and 87%. Based on these three studies using ABVD-
equivalent chemotherapy, RT clearly did not improve the
outcome for patients in CR after full-course chemotherapy85

(Table 67.5).

Summary

The IPI score can help guide standard management in ASHL;
this is the concept of risk-adapted therapy. The goal is to use
optimal management such that the IPI score is no longer rel-
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TABLE 67.5. Randomized cooperative group studies of adjuvant RT in ASHL.

Study Patients randomized Chemo RT FFTF—RT—no RT OS RT—no RT

SWOG 278 MOP-BAP ¥ 6 IF 79%–68% 79%–86%
GHSG 100 COPP/ABVD ¥ 4 IF 76%–79% 92%–96%
CCG 501 Doxorubicin based IF 92%–87%
EORTC 421 MOPP/ABV EFRT 85%–91%

SWOG, Southwest Oncology Group; GHSG, German HD study group; CCG, Children’s Cancer Group; FFTF, freedom
from treatment failure; IFRT, involved-field RT; EF, extended-field RT; OS, overall survival.



evant. It is clear that 80% of patients with an IPI score of 0–3
do well with ABVD and if not, are highly salvageable 
with high-dose therapy and ASCT (see following discussion).
There is no evidence that any of the new treatment programs
are superior to ABVD in this subset of patients. In patients
who require CMT with zero to three risk factors because 
of bulky disease, the Stanford V regimen is a reasonable 
alternative to ABVD, although randomized data are lacking.
In the subset of patients with four to seven risk factors, 
escalated BEACOPP offers a survival advantage. It is 
important to remember that this is a combined modality
treatment program and these excellent results include the 
use of adjuvant RT. In patients receiving ABVD or ABVD-
equivalent treatment programs, such as alternating or 
hybrid regimens, there is no evidence to use adjuvant RT in
patients who achieve a complete remission to full-course
chemotherapy.

What Is the Evidence That Positron-Emission
Tomography Imaging Should Be Used to
Determine If Additional Therapy Is Needed
After the Completion of the Standard
Chemotherapy Program?

Careful staging in HL is critical to determine the prognosis
of the patient and to design an optimal treatment strategy.
Standard staging evaluation includes history, physical 
examination, routine laboratory studies, including a CBC,
liver function tests, ESR, bone marrow biopsy, chest X-ray,
and computed tomography (CT) scanning of the chest,
abdomen, and pelvis with contrast. CT scanning has limited
utility in discerning active disease in normal-size lymph
nodes or in some extranodal sites, particularly bone. In addi-
tion, CT scans cannot differentiate between posttreatment
fibrosis from active HD. Functional imaging improves the
accuracy of HL staging. For many years, gallium scanning has
complemented CT for staging and response evaluation. Fluo-
rine-18 fluorodeoxyglucose positron emission tomography
(PET) has virtually replaced gallium scanning in the United
States as the functional imaging test of choice for a variety of
reasons that include improved resolution, reduced nonspe-
cific abdominal uptake, and ease of administration. There are
at least three small single-center reports prospectively com-
paring gallium and PET scanning in lymphoma patients; both
NHL and HL patients were included. In each study, PET scan-
ning had a significantly higher sensitivity for depicting active
disease. The major problem with PET is the high rate of false-
positive results.86–88

The critical questions facing physicians regarding PET
imaging include the following: What is the positive predic-
tive value (PPV) and negative predictive value (NPV) of PET
imaging in evaluation of a residual mass after initial therapy,
and does a positive PET scan posttreatment preclude the need
for biopsy confirmation of active disease? Most patients 
with HL have a residual mass on CT scan following the 
completion of initial therapy. These masses contain one of
the following: fibrosis, necrotic tissue, residual HL, or an 
unsuspected concurrent diffuse large B-cell lymphoma. There
are a number of publications specifically addressing the role
of PET imaging in this situation. Many of these series contain
patients with both HL and NHL.

First, NPV is defined as a negative PET result in a patient
who is progression free and PPV is defined as a positive PET
result in a patient who has a subsequent relapse. There are
six studies with more than 25 patients reported. The NPV
ranges between 90% and 96%. Summarizing, 178 patients
had a negative PET scan at the end of treatment of which 15
relapsed corresponding to a NPV or 91.6%. The PPV ranges
from 46% to 100%. Summarizing, 65 patients had a positive
PET scan at the end of treatment of which 50 relapsed, cor-
responding to a PPV of only 77%.89–97 Because therapy for
relapsed or primary refractory HL generally includes stem cell
transplantation, the following recommendation is reasonable:
all patients should have a pretreatment and posttreatment CT
and PET scan. If the PET scan is positive, a biopsy is manda-
tory. In patients with a normal PET scan, monitoring of any
size residual mass, by CT, is warranted.

What Is the Evidence That There Is a Standard
Management for Relapsed/Refractory Disease?

The majority of patients with HL are cured with radiation
therapy and/or combination chemotherapy. However,
patients who relapse after attaining a complete remission
with chemotherapy and those with primary refractory disease
have a poor outcome with conventional salvage regimens.
Treatment results with standard-dose second-line regimens
produce low complete remission rates and minimal survival
benefit. Longo et al. reported a median survival of only 16
months in 51 patients treated with MOPP chemotherapy who
never achieved a complete remission; similar results were
seen in patients who failed MOPP/ABV hybrid or alternating
regimens with a long-term event-free survival of 8%.98,99 Over
the past 15 years, many clinical trials using high-dose
chemotherapy or chemoradiotherapy (HDT) with autologous
stem cell transplantation (ASCT) in this setting have been
reported, and approximately 40% of patients appear to be
cured using this approach.100

Most early transplant studies included heavily pretreated
patients, which influenced the morbidity and mortality of
HDT. The introduction of G-CSF, peripheral blood progenitor
cells as opposed to bone marrow as the stem cell graft, better
transfusion practices, and more effective antibiotics have
decreased transplant-related mortality from 15% to less than
3% in most series. Despite this improvement in supportive
care, long-term FFTF has improved by at most 10% in recent
studies. Therefore, there are a number of prognostic factors
that predict for outcome.

Chemosensitive Disease Is Required to Achieve
Benefit from HDT/ASCT

Two randomized studies comparing standard-dose second-
line chemotherapy (SDSC) with high-dose therapy (HDT) and
ASCT have been reported. The British National Lymphoma
Investigation (BNLI) randomly assigned relapsed and primary
refractory patients to either BEAM (carmustine, etoposide,
cytarabine, and melphalan) HDT followed by ABMT or up to
three cycles of mini-BEAM with standard support.101 The
German Lymphoma study group randomly assigned patients
with relapsed HL to either two cycles of dexa-BEAM and
BEAM and ASCT or four cycles of dexa-BEAM.102 Each study
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demonstrated a statistically significant improvement in both
EFS and PFS for the patients treated on the HDT arms, but
neither was powered to show an OS advantage.

The importance of pretransplant cytoreduction with
SDSC has been demonstrated in numerous previous reports.
In 1993, we published our results using high-dose combined
modality therapy in patients with biopsy-proven relapsed and
primary refractory HD in our first-generation programs
(MSKCC protocols 85-97 and 86-86).103,104 The program used
accelerated fractionation radiotherapy either as total lym-
phoid irradiation (TLI) or as an IFRT followed by HDT and
bone marrow infusion. The strategy of incorporating radiation
into the high-dose treatment regimen is based on the premise
that the pattern of relapse post-HDT is similar to relapse fol-
lowing front-line chemotherapy; it most commonly occurs at
sites of initial nodal involvement and is therefore amenable
to treatment with radiotherapy. One hundred fifty-six
patients with relapsed or primary refractory disease were
treated; chemosensitive disease to SDSC was not a require-
ment for subsequent HDT. At a median follow-up of 11 years,
the EFS is 45% with no relapses occurring later than 36
months posttransplant. After the introduction of G-CSF,
overall mortality of the program decreased from 18% to 6%.
These results demonstrated the feasibility of incorporating
dose-intensive radiotherapy into HDT for HL and most
importantly determined that patients with chemosensitive
disease to SDSC had a marked improvement in EFS compared
with patients with refractory disease at the time of HDT.

As with aggressive non-Hodgkin’s lymphoma, chemosen-
sitive disease to SDSC is now required for transplant 
eligibility in the United States. There is limited information
regarding the optimal SDSC regimen. The following require-
ments for a SDSC regimen are adequate cytoreduction in 
at least 75% of patients without extramedullary toxicity or
severe bone marrow suppression with subsequent inability to
collect an adequate stem cell harvest.105 Specifically, in the
Phase III randomized German study described previously, of
the 161 patients enrolled, 13 could not be randomized sec-
ondary to dexa-BEAM related mortality (8 patients) or severe
infection.

We recently reported the results of a comprehensive
program for the treatment of 82 patients with relapsed 
and primary refractory HL (MSKCC protocol 94-68).106 All
patients received uniform cytoreductive chemotherapy with
ifosfamide, carboplatin, and etoposide (ICE), and only respon-
ders were subsequently offered HDT and ASCT. All patients
in this trial had biopsy-proven relapsed or refractory disease,
and our data were analyzed by intent to treat. ICE chemother-
apy was a highly effective SDSC regimen in HD. The response
rate to ICE was 90% with no ICE-related extramedullary tox-

icity. The median number of CD34+ cells/kg collected was 
7 ¥ 106/kg. The Kaplan–Meier estimate of the proportion of
patients who are alive, event free, and analyzed by intent to
treat at a median follow-up for surviving patients of 6 years
is 55%. In the subset of patients who received HDT/ASCT
(75 of 82 patients), the EFS is 61%.

Do Patients with Primary Refractory Disease Have
a Suboptimal Outcome with ASCT?

Although response to SDSC is the major selection criteria 
to proceed to ASCT, other prognostic factors may also 
predict for long-term EFS in patients with relapsed and refrac-
tory HD. Some groups have suggested that patients with
primary refractory disease do less well than those patients
who achieved an initial remission to frontline therapy. 
Conflicting data have been reported by the North American
Autologous Blood and Bone Marrow Transplant Registry
(ABMTR), German Hodgkin’s Lymphoma Study Group
(GHSG), and the Groupe d’Etudes des Lymphoma de l’Adulte
(GELA).107–110

The ABMTR series of 122 primary refractory patients had
3-year PFS and OS rates of 38% and 50%, respectively, using
a variety of HDT regimens. Although chemosensitivity status
was unknown in one-third of patients, it was concluded that
only B symptoms at diagnosis and a poor performance status
at ASCT predicted a poor outcome.

In the GELA data, primary refractory patients were
defined as progression of disease on therapy, less than 50%
response, or persistent bone marrow involvement after four
cycles of induction chemotherapy. These patients had poor
outcomes with HDT and ASCT, with 5-year freedom from
second failure of 23%, even though most patients (62%) had
chemosensitive disease to SDSC.

The GHSG evaluated 206 primary refractory patients
defined as progression of disease or biopsy confirmation 
of active disease within 90 days postinduction therapy.
Although only 70 of these 206 patients actually received HDT
and ASCT, the authors concluded that HDT was no better
than standard chemoradiotherapy when the data were ana-
lyzed by intent to treat.

We recently reported our data for 75 patients with primary
refractory HL, which has longer median follow-up than any
other reported series. With a median follow-up of 10 years,
our results indicate that HDT/ASCT should be considered as
standard treatment for patients with primary refractory HD
if chemosensitive disease to SDSC is established. We found
no difference in EFS for patients with chemosensitive primary
refractory versus chemosensitive relapsed disease111 (Table
67.6).
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TABLE 67.6. Outcome in primary refractory Hodgkin’s lymphoma (HL).

Median follow-up Biopsy 
Series Patients (n) (months) proven PFS OS TD Chemosensitivity

Vancouver 30 42 55% 42% 30% 18% N/A
ABMTR 122 28 N/A 38% 50% 12% NS
GELA 157 50 36% 23%–66% 30%–76% 12% P = 0.05
GHSG 70 52 57% 31% 43% 9% P = 0.0001
SFGM 86 29 None 25% 35% 8% P = 0.0001
MSKCC 75 120 100% 49% 48% 9% P < 0.0001



Multiple Factors Predict Survival in Relapsed and
Primary Refractory HL

Many groups have suggested that a variety of prognostic
factors other than refractory disease predicts survival, as 
summarized in Table 67.7.112–116 In our study of ICE SDSC 
followed by HDT and ASCT discussed previously, Cox 
regression analysis determined that the three factors associ-
ated with a poor outcome pre-ICE were extranodal sites of
disease (ENS), P less than 0.001, initial response duration less
than 1 year (P = 0.001), and B symptoms (P less than 0.001).
Using this three-factor model, we identified three groups of
patients with widely disparate outcomes with this treatment
approach (Figure 67.2). A favorable risk group having zero or
one of these risk factors (65% of the patients) had an EFS of
80% measured from initiation of ICE therapy. Patients with
two and three risk factors fared less well, with an EFS of 34%
and 12%, respectively.

This three-factor model was the basis of our third-gener-
ation risk-adapted comprehensive study (MSKCC protocol
98-71). In this study, patients with zero or one risk factor
(ENS, initial response duration less than 1 year or B symp-
toms at time of study enrollment), group A, were treated
exactly the same as in the second-generation program; in that
study EFS was 80%. Patients with two risk factors, group B,

received one dose of standard-dose ICE followed by a dose of
augmented ICE second-line therapy, as well as a more dose-
intense transplant conditioning regimen. Finally, patients
with all three risk factors, group C, received a completely 
different regimen. Cytoreduction was done with transplant
doses of ICE followed by stem cell support, which was 
followed by a second autotransplant. This three-arm study,
however, uses one universal theme: patients must have
disease chemosensitive to their “ICE” therapy; that is, group
A to standard doses of ICE, group B to augmented ICE, and
group C to transplant doses of ICE. The median follow-up of
the patients is now 30 months, and patients with multiple
risk factors have improved EFS as compared to our previous
report.

Summary

In conclusion, HDT and ASCT are standard therapy for
patients with relapsed and primary refractory HD, provided
chemosensitivity is established. Future studies need to eval-
uate functional imaging in the transplant setting. In addition,
the role of radiotherapy as part of transplant conditioning 
regimens is not defined in HL, and prospective trials are
needed to assess if involved-field radiotherapy can decrease
the relapse rate post-ASCT.117–119

What Is the Evidence That Allogeneic
Transplantation Has a Place in the
Management of HL?

As described previously, the use of HDT and ASCT is stan-
dard therapy for chemosensitive relapsed and primary refrac-
tory HL. The indications for and the use of allogeneic stem
cell transplantation (allo-SCT) in these patients are poorly
defined. The low morbidity with concomitant 40% to 50%
long-term PFS rates seen with ASCT has precluded wide-
spread use of allo-SCT. The two main reasons to consider allo-
SCT are (1) infusion of a lymphoma-free stem cell product
(not a concern in HL), and (2) the graft-versus-lymphoma
effect. The major problem with allo-SCT is the high treat-
ment-related mortality compared with ASCT. The EBMT 
registry recently reported the results of a matched study of
allo-SCT for lymphoma for patients treated between 1982 
and 1998120 that analyzed 1,185 lymphoma transplants. All
patients received ablative allo-SCT. All lymphomas were
included in the analysis of which 167 patients had HL. Unfor-
tunately, transplant-related mortality in the group of HL
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TABLE 67.7. Adverse prognostic factors for treatment outcome after ASCT for HL.

Vancouver B symptoms at relapse, extranodal disease at relapse, duration of 1st CR <12 months
Stanford B symptoms at relapse, pulmonary/bone marrow involvement, more than minimal disease at ASCT
City of Hope >2 prior regimens, extranodal disease at relapse, PSC as sole stem cell source
M.D. Anderson >2 prior regimens, extranodal involvement, abnormal performance status, chemorefractory
Boston >1 extranodal site, ECOG classification >0, progressive disease at ASCT
SFGM Extranodal relapse, duration of 1st CR <12 months
ABMTR Chemorefractory, abnormal LDH, KPS <90%
Nebraska Second-line IPI

CR, complete remission.

FIGURE 67.2. Progression-free survival (PFS) risk model.



patients was extremely high at 51.7%. In addition, HL was
the only lymphoma that showed an inferior relapse-free 
survival as compared with ASCT. From these data, the con-
servative use of allo-SCT in patients with HL is correct.
Importantly, however, allo-SCT has changed dramatically in
the past 5 years with the use of nonmyeloablative approaches.

Reduced-Intensity and Nonmyeloablative
Conditioning Regimens

The transplant conditioning regimen in allo-SCT was 
originally intended to cytoreduce lymphoma while providing
immunosuppression to prevent graft rejection. It has become
clear in the past decade that the benefit for allo-SCT is largely
related to immune-mediated graft-versus-tumor or -lym-
phoma effect. This premise has led to the use of reduced-
intensity (RI) or nonmyeloablative (NMT) conditioning
regimens to achieve engraftment and allow for the develop-
ment of a graft-versus-lymphoma effect as the main form of
therapy for the tumor.121 A few general approaches are cur-
rently being used. The nonmyeloablative approaches include
using immunosuppressive chemotherapy agents, generally
fludarabine, in combination with an alkylating agent.
Another technique is based on using low-dose total-body irra-
diation with or without fludarabine.122,123 Last, Mackinnon 
et al. have led the effort using a T-cell-depleted approach 
by incorporating the humanized monoclonal antibody alem-
tuzumab for T-cell depletion, followed by fludarabine and
melphalan. Donor lymphocyte infusions are added in patients
with residual disease or those not evolving to 100% donor
chimerism.124 The reduced-intensity conditioning regimen
approaches have used standard ASCT conditioning regimens,
most commonly BEAM (carmustine, etoposide, cytarabine,
and melphalan).125 ASCT conditioning regimens can cytore-
duce lymphoma, with very low transplant toxicity, and
support allogeneic engraftment.

Most reports using either NMT or RI regimens in lym-
phoma are single-institution studies with fewer than 50
patients, of whom 5 to 15 have HL. It is fairly clear from these
reports that NMT offers a reduced risk of early transplant-
related mortality compared with conventional transplanta-
tion. Despite the lower toxicity, graft-versus-host disease
(GVHD) still remains the major limitation of NMT. HL
patients with chemorefractory disease achieve minimal
benefit. Patients who receive alemtuzumab have a higher
incidence of cytomegalovirus reactivation but a lower inci-
dence of GVHD, both acute and chronic. Alemtuzumab-based
regimens often require donor lymphocyte infusions to
achieve similar tumor control to that of standard regimens.

Reduced-intensity (RI) regimens offer the possibility of
early complete donor chimerism as opposed to mixed
chimerism often seen with NMT. The largest report is by
Faulkner et al., evaluating a BEAM-alemtuzumab RI regimen
in patients with lymphoproliferative disorders in which only
5 patients had HL. Sustained, full donor chimerism was seen
in 35 of 36 patients.126 Treatment-related mortality was 8%
in patients who had not failed ASCT but was 50% in those
who had failed ASCT. Cooney et al. evaluated BEAM alone
in 10 patients with HL who failed ASCT. One year postallo-
graft, 9 of 10 patients are alive, with 7 progression free.125

Only general recommendations can be made using allo-
SCT. (1) A conventional allo-SCT should not be administered

in patients who have failed ASCT. (2) NMT is reasonable
therapy for patients who have failed ASCT provided that the
disease responds to some form of salvage chemotherapy. (3)
In patients with an HLA-identical sibling donor who have
poor-risk disease as defined as initial remission duration of
less than 1 year with concomitant B symptoms and stage IV
disease, RI allo-SCT with regimens, such as BEAM, should be
considered instead of ASCT. The use of ASCT for cytoreduc-
tion followed by NMT in these poor-risk patients is a rea-
sonable study alternative to RI allo-SCT.

What Is the Evidence That Mantle
Radiotherapy Causes Secondary Breast Cancer?

As survival in HL increases, because of the success of initial
and second-line therapy, the long-term side effects of this
therapy have had a major impact on morbidity and mortality
of patients. Recently, Aleman et al. analyzed a group of 1,261
patients with a median follow-up of 18 years post-HL therapy
and determined cause-specific mortality. The main cause of
death was HL, but after 10 years the main causes of death are
similar to the general population; that is, cancer and cardio-
vascular disease. Unfortunately, the relative and absolute risk
of solid tumors and AML, compared to age-matched controls,
are markedly increased in HL patients.127

The Late Effects Study Group evaluated 1,380 children
with HL and determined the incidence of secondary cancers
(SC) and the risk factors associated with them. There was 88
SC, either secondary leukemia or solid tumors.128 The inci-
dence of secondary leukemia has markedly decreased in the
past decade because of the minimal leukemogenic potential
of the ABVD regimen as compared to alkylator-based therapy.
The focus of this section is to critically review large registry-
based databases on secondary breast cancer and recommend
strategies to minimize its occurrence without compromising
PFS.

In the Late Effects Study Group publication in the New
England Journal of Medicine in 1996, cumulative incidence
of SC was 7.0%, 15 years posttherapy. Solid tumors generally
began 12 years postdiagnosis of HL and developed in 56
patients. Breast cancer was the most common solid tumor,
occurring in 17 patients. All patients received radiotherapy 
as part of their HL management. In this young cohort, the
risk of breast cancer was 75 times greater than that in age-
matched controls and occurred at even a higher rate in those
girls radiated between ages 10 and 16. The dose of radiother-
apy to the mantle region ranged from 2,000 to 4,750cGy. The
high incidence of breast cancer in this population is most
likely related to the effect of radiotherapy on proliferating
breast tissue.

The risk of SC was evaluated in a large British cohort of
5,519 patients treated from 1963 to 1993. There was 322 SC
in this cohort, but the incidence of breast cancer was very low
and was only increased in patients who received radiotherapy
alone for the management of their HL. The incidence of breast
cancer was also only increased in those women treated with
radiotherapy before the age of 25.129

Van Leeuwen et al. evaluated 1,253 survivors of HL
treated during adolescence or young adulthood in the Nether-
lands. The median follow-up of these patients at the time of
the publication was 14 years. The risk of SC was 7.0; patients
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treated before the age of 20 had a 14-fold increase in relative
risk of developing a solid tumor, which decreased to 6.5 and
4.2 for patients treated at ages 21 to 30 years and 31 to 39
years, respectively. Once again, for breast cancer, the absolute
excess risk increased with decreasing age of initial treatment.
Breast cancer risk was increased in all treatment categories
except for those patients treated with chemotherapy alone.130

Unfortunately, the relative risk of breast cancer in this study
was 40, confirming the data of the Late Effects Study Group.

What is likely the definitive study evaluating the risk 
of breast cancer following radiotherapy and chemotherapy
among young women, was recently published by Travis et
al.131 The risk of breast cancer was evaluated in 3,817 women
diagnosed before the age of 30, and the goal was to determine
estimates of relative and absolute excess risk of breast cancer.
Nearly all patients received radiotherapy, with a mean 
dose of radiation delivered to the breast of 25.1Gy (range,
12.0–61.3Gy). The median age at diagnosis of HL was 22, and
breast cancer developed in 105 patients at a mean of 18 years
posttherapy. Treatment with radiotherapy alone was associ-
ated with a 3.2-fold-increased risk of breast cancer, which
decreased to 1.4-fold if patients received combined modality
therapy consisting of radiotherapy and alkylator-based
chemotherapy. The few patients who received chemotherapy
alone in this series experienced a reduced risk of breast cancer
(relative risk, 0.6). The increased risk of breast cancer
occurred at all radiation dose categories but was greatest 
for patients receiving more than 41Gy. Interestingly, a
decreased risk of breast cancer was associated with the 
percentage of women who became menopausal from either
chemotherapy or radiation to the pelvis. The authors suggest
that, if lower doses of radiation to the chest are administered,
the relative risk of secondary breast cancer can be attenuated.

In summary, for women who have a history of HL and
were successfully treated at a young age, the most significant
long-term side effect of therapy is secondary breast cancer.
The data are clear: The risk is related to mantle radiotherapy.
This risk is increased by the dose of the radiotherapy admin-
istered, develops late, usually 15 years or more after initial
treatment, and is age related. The highest risk is associated
when radiotherapy is administered to young women aged 
10 to 20 years; unfortunately, the risk remains markedly
increased until the age of 30. Fortunately, primary therapy for
HL has changed. All patients now receive chemotherapy as
primary treatment of HL, so the role of radiation therapy in
management of ESHL is that of consolidation. Hence, the
radiation fields are much smaller than in the previously
reported registry databases. In fact, the dose of radiotherapy
used in modern combined modality series is closer to 25–30
Gy, not 40Gy as described previously. One hopes that this
change in treatment strategy will decrease the risk of 
secondary breast cancer without compromising PFS.
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The Non-Hodgkin’s
Lymphomas

Andrew D. Zelenetz and Steven Horwitz

he non-Hodgkin’s lymphomas (NHLs) represent a
group of diseases arising from clonal proliferation of
lymphocytes. NHL is the most common hematologic

malignancy, with an estimated new patient incidence of
54,000 with 14,000 deaths from disease,1 accounting for 4%
of the new cancer diagnosed in 2004. The NHLs represent a
diverse group of diseases with distinctive natural histories
and clinical presentations.2 This diversity arises from the fact
that each of the lymphomas is derived from distinct stages of
the complex process of lymphocyte ontogeny. Morphology
was the mainstay of diagnosis and classification of NHL for
many years. In 1994, the authors of the Revised European and
American Lymphoma (REAL)3 sought to create a classifica-
tion system that defined distinct clinical entities. To accom-
plish this, the morphologic appearance was supplemented by 
the incorporation of additional information derived from
immunophenotyping, genetics, and clinical features. This
classification was the basis for the World Health Organi-
zation (WHO) classification of the neoplastic diseases of 
the hematopoietic and lymphoid tissues.4,5 There are 27 
entities included in the WHO classification of the non-
Hodgkin’s lymphoid neoplasms; this number excludes 
subtypes and subcategories recognized in the WHO 
classification. The major categories of the WHO classification
are shown in Table 68.1.

An exhaustive overview of the management of NHL 
is beyond the scope of this chapter. Rather, the material
herein focuses on the diagnosis, staging, prognostication, and
management of the most common diseases and presenta-
tions. Very rare entities such as the T/NK (natural killer) 
lymphoma, adult T-cell lymphoma/leukemia (HTLV)-1-
associated adult T-cell lymphoma/leukemia, and Burkitt’s 
lymphoma, among others, are so uncommon that practicing
oncologists are likely to encounter them only a few times, 
if ever, during their career. For these very rare tumors, 
consultation with a dedicated lymphoma specialist is 
warranted. Lymphoblastic lymphoma is managed similar 
to acute lymphoblastic leukemia, as discussed in Chapter 
67. The diagnosis and evaluation of small lymphocytic 
lymphoma (SLL) is similar to that of other indolent lym-
phoma (see following), although the clinical management is
similar to chronic lymphocytic leukemia, as will be reviewed
here.

Pathology

In the WHO classification, the initial major discriminator is
the cell of origin: B cell versus T/NK cell. The B- and T-cell
neoplasms are further classified as being either precursor cell
(lymphoblastic) versus mature or peripheral cell. Further dis-
cussion of the precursor cell neoplasms is in Chapter 67. The
mature or peripheral cell neoplasms of B and T/NK origin
make up the vast majority of the cases of NHL. Currently,
there is no comprehensive description of the natural history
and clinical features of all the NHL diagnoses recognized in
the current WHO classification. The characteristics and
natural history of the 13 most common entities, comprising
about 90% of all the diagnoses of NHL in the United States,
have been detailed by the International Lymphoma Classifi-
cation Project2 (Table 68.2).

The distribution of histologic types among 1,403 lym-
phoma cases has been investigated in the International Lym-
phoma Classification Project.2 Two lymphomas represent
more than half of all the cases of NHL in the United States:
diffuse large B-cell (DLBCL), 31%; and follicular lymphoma
(FL), 22%. Several other types are common (>5%): these
include mucosa-associated lymphoid tissue lymphoma
(MALTL), 5%; small lymphocytic lymphoma (chronic lym-
phocytic lymphoma type), 6%; peripheral T-cell lymphoma,
6%; mantle cell lymphoma, 6%. All other subtypes are 
rare or very rare with none seen in more than 2% of cases.
The 12 most common subtypes (combining Burkitt’s and
Burkitt’s-like, as is done in the WHO Classification) account
for 88% of the diagnoses of NHL in the United States.

Diagnosis

Proper management of NHL begins with an accurate diagno-
sis, which has traditionally meant an incisional or excisional
biopsy to provide adequate material. As already discussed, the
WHO classification is not solely dependent on morphology
and incorporates immunophenotyping and, in some cases,
genetics and clinical information to establish a diagnosis.
This change has raised the possibility that the traditional
lymph node biopsy could be replaced by fine-needle aspira-
tion (FNA) in conjunction with flow cytometry, which would
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TABLE 68.1. World Health Organization (WHO) classification of the non-Hodgkin’s lymphomas.

B-Cell Neoplasms
Precursor B-cell neoplasm

Precursor B-lymphoblastic leukemia/lymphoma (precursor B-cell acute lymphoblastic leukemia)
Mature (peripheral) B-cell neoplasmsa

B-cell chronic lymphocytic leukemia/small lymphocytic lymphoma
B-cell prolymphocytic leukemia
Lymphoplasmacytic lymphoma
Splenic marginal zone B-cell lymphoma (± villous lymphocytes)
Hairy cell leukemia
Plasma cell myeloma/plasmacytoma
Extranodal marginal zone B-cell lymphoma of MALT type
Nodal marginal zone B-cell lymphoma (± monocytoid B cells)
Follicular lymphoma
Mantle cell lymphoma
Diffuse large B-cell lymphoma

Mediastinal large B-cell lymphoma
Primary effusion lymphoma

Burkitt’s lymphoma/Burkitt cell leukemia

T-Cell and NK-Cell Neoplasms
Precursor T-cell neoplasm

Precursor T-lymphoblastic lymphoma/leukemia (precursor T-cell acute
lymphoblastic leukemia)

Mature (peripheral) T-cell neoplasms
T-cell prolymphocytic leukemia
T-cell granular lymphocytic leukemia
Aggressive NK-cell leukemia
Adult T-cell lymphoma/leukemia (HTLV-1+)
Extranodal NK/T-cell lymphoma, nasal type
Enteropathy-type T-cell lymphoma
Hepatosplenic gamma-delta T-cell lymphoma
Subcutaneous panniculitis-like T-cell lymphoma
Mycosis fungoides/Sézary syndrome
Anaplastic large-cell lymphoma, T/null cell, primary cutaneous type
Peripheral T-cell lymphoma, not otherwise characterized
Angioimmunoblastic T-cell lymphoma
Anaplastic large-cell lymphoma, T/null cell, primary systemic type

HTLV1+, human T-cell leukemia virus; MALT, mucosa-associated lymphoid tissue; NK, natural killer.
a B-cell and T-cell/NK-cell neoplasms are grouped according to major clinical presentations (predominantly dissemi-
nated/leukemic, primary extranodal, predominantly nodal).

Source: Data from Jaffe et al.4

TABLE 68.2. Characteristics of most common lymphomas.

Subtype Immunophenotype Molecular lesions Frequency (%)

DLBCL CD20+ BCL2, BCL6, CMYC 31
FL CD20+, CD10+, CD5- BCL2 22
SLL/CLL CD20 weak, CD5+, CD23+ +12, 11q-, p53, V gene 6
PTCL CD20-, CD3+ Variable 6
MCL CD20+, CD5+, CD23- CYCLIN D1 6
MZL (MALT) CD20+, CD5-, CD23- BCL10, MALT1 5
Mediastinal LCL CD20+ Variable 2
ALCL CD20-, CD3+, CD30+, ALK 2

CD15-, EMA+
LL (T/B) T cell CD3+, B cell Variable, TCL1-3 2

CD19+
MZL (nodal) CD20+, CD10-, CD23-, +3, +18 1

CD5-
SLL, PL CD20+, cIg+, CD5-, PAX-5 1

CD23-
BL CD20+, CD10+, CD5- CMYC 3a

SLL, small lymphocytic lymphoma.
a This category includes both Burkitt’s and Burkitt’s-like, which are combined in the WHO.



have the potential benefit of reduced costs and morbidity. The
cytologic diagnosis of lymphoma by FNA has been examined
in a large number of series, which have been reviewed.6

Overall, a precise NHL diagnosis could be established in 70%
of cases representing both initial diagnosis and relapse. There
was clearly greater accuracy in diagnosis among the cases sus-
picious for relapse compared to the initial diagnosis. It is clear
that some diagnoses were readily established by the combi-
nation of flow cytometry and cytopathology: acute lym-
phoblastic leukemia/lymphoma as well as SLL/CLL (chronic
lymphocytic leukemia). A problem with most of the pub-
lished series is that they are based on classifying tumors in
the International Working Formulation7 rather than the
REAL or WHO classification in current use. In a series
reported by Mourad et al.,8 the accuracy of FNA for initial
diagnosis was evaluated in a series of 74 cases with classifi-
cation according to the WHO. This study further evaluated
accuracy in diagnosis based on the background and training
of the pathologists, comparing dedicated cytopathologists
and/or hematopathologists to surgical pathologists lacking
this specialized training. The diagnosis of lymphoma was ren-
dered in all cases; however, in only 63% of the cases could
the lymphoma be accurately categorized according to the
WHO. Flow cytometry significantly enhanced the diagnos-
tic accuracy (84% versus 33%), as did specialized expertise
(80% versus 56%). Based on these data, the use of FNA for
the initial diagnosis of lymphoma should be discouraged
because of the potential for inaccuracy is making a specific
diagnosis; however, it can expedite the diagnosis of recurrent
disease.8–10

In institutions where cytopathologists and/or hemato-
pathologists have appropriate specialized training, FNA may
have a greater role, but the surgical biopsy remains the gold
standard for diagnosis. The exception to this recommendation
is in cases of acute lymphoblastic lymphoma (ALL) and
SLL/CLL where a combination of cytopathology and flow
cytometry can routinely provide accurate diagnoses. Further-
more, FNA has a role when the differential diagnosis includes
lymphoma but an epithelial tumor is considered more
likely.11 Given the high potential for a false-negative result in
cases that ultimately prove to be lymphoma, it is important
that a nondiagnostic FNA be followed by an excisional
biopsy.11

Staging and Prognosis

The clinical staging of NHL is taken from the Ann Arbor (AA)
staging system developed for Hodgkin’s disease as modified
at the Cotswold meeting in 198912 (Table 68.3). The modifi-
cation retained the well-known four-stage Ann Arbor system.
adding a modifier for bulk (X), and recommending that com-
puted tomography (CT) be included as the method of evalua-
tion of intrathoracic and infradiaphragmatic adenopathy. The
staging system is based on the extent of involvement of nodal
groups: stage I is a single lymph node group; stage II is mul-
tiple lymph node groups on a single side of the diaphragm;
stage III disease involves nodal groups on both sides of the
diaphragm; and stage IV includes noncontiguous extranodal
involvement (e.g., lung nodules, bone marrow). The E modi-
fier denotes direct extension to an extranodal site or isolated
involvement of a single extranodal site. A stage is denoted

clinical (CS) if it is based on physical examination, imaging,
and a bone marrow biopsy and denoted pathologic (PS) if con-
firmed by one more additional biopsy (as in a staging laparo-
tomy). However, in contrast to Hodgkin’s disease, NHL does
not tend to move through adjacent lymph node groups, thus
reducing the general utility of clinical staging. In some of the
indolent lymphomas, such as SLL/CLL and FL, bone marrow
involvement is so common that most patients have stage IV
disease. Furthermore, bone marrow involvement in the indo-
lent lymphomas is not clearly associated with outcome,
thereby rendering the clinical staging system of limited value.
Frequently, patients are categorized as having early-stage (AA
CS I/II) versus advanced-stage disease (AA CS III/IV) as this
has been more clinically valuable.

Given the limited value of clinical staging, significant
efforts have been undertaken to establish prognostic models
that can help guide clinical management and clinical trial
design and interpretation. Throughout the decade of the
1980s, a vast number of clinical prognostic models were pub-
lished that were often developed on limited data sets without
validation. Given institutional differences in treatment and
patient variables, validation across centers was often difficult.
However, these models did identify a number of clinical vari-
ables that were important in the prognosis of aggressive lym-
phoma. To circumvent the limitation of small patient
numbers and institutional variation, an international effort
was undertaken to identify prognostic factors in patients with
aggressive lymphoma treated with anthracycline-based regi-
mens.13 From a group of 2,031 patients, five clinical factors
[age, performance status, serum lactate dehydrogenase (LDH),
extranodal disease, stage] were identified that predicted for
both disease-free survival (DFS) and overall survival (OS)
(Table 68.4). The 95% confidence intervals of the relative
risks of these five variables overlapped, allowing a simple
model to be derived based on the number of adverse risk
factors: 0–1, low risk; 2, low-intermediate risk; 3, high-
intermediate risk; 4–5, high risk. The model divides patients
into four similar-sized risk groups with 5-year OS ranging
from 26% in high-risk patients to 73% in low-risk patients.
A second, age-adjusted prognostic model was derived for
patients no more than 60 years of age with only three clini-
cal factors (performance status, LDH, stage) (see Table 68.4).
Similar to the full index, the number of risk factors corre-
sponded to the risk group: 0, low risk; 1, low-intermediate; 2,
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TABLE 68.3. Cotswold modification of Ann Arbor Staging
System.

Stage Area of involvement

I Single lymph node group
II Multiple lymph node groups on same side of diaphragm
III Multiple lymph node groups on both sides of diaphragm
IV Multiple extranodal sites or lymph nodes and extranodal 

disease

Modifier Description

X Bulk >10cm
E Extranodal extension or single isolated site of extranodal 

disease
A/B B symptoms: weight loss >10%, fever, drenching night 

sweats

Source: Data from Lister et al.12



high-intermediate; 3, high risk. The validation and total
samples again divided into four groups, ranging in outcome
from 32% in high-risk to 83% in low-risk patients. Although
based on retrospective data, both models were derived on a
subset of the patients and validated on the remaining patients
with similar results. The models have been validated in both
aggressive lymphoma as well as other histologies, including
follicular lymphoma and mantle cell lymphoma,14–16 as well
as in relapsed DLBCL.17–19 This prognostic model has been
very valuable in interpreting trial results as well as in the
prospective design of clinical trials for patients with uniform
risk.

In patients with follicular lymphoma, the International
Prognostic Index (IPI) has more limited clinical utility.20

Although IPI stratifies patients with follicular lymphoma into
four risk groups with significantly different outcomes in both
progression-free and overall survival, only 11% and 2% of
patients fall into the high-intermediate (three factors) and
high (four to five factors) risk groups. Others have obtained
very similar results when applying the IPI to patients with
FL.15,21,22 The lack of balance between risk groups limits the
utility of the IPI for use in the design of clinical trials.

Recently, a prognostic index specific for patients with follic-
ular lymphoma was published that addresses this limi-
tation.23 Similar to the IPI, this was an international 
collaborative effort and included complete data on 4,167
patients. A multivariate analysis identified eight factors that
were independent predictors of outcome. To create an easier-
to-use index, a subindex containing five variables was evalu-
ated and found to have a very similar predictive value as the
eight-factor model. The five factors that comprise the Fol-
licular Lymphoma International Prognostic Index (FLIPI),
include number of nodal sites (adverse, five or more); LDH
(adverse, greater than normal); age (adverse, age greater than
60 years); stage (adverse, AA III–IV); hemoglobin (less than 
12g/dL) (Table 68.5). Of note, the number of nodal sites is
based on a mannequin distinct from that used in the Ann
Arbor staging (Figure 68.1). Patients with low-risk disease
(zero or one factor, 10-year OS, 70.7%), intermediate risk (two
factors, 10-year OS, 50.9%), and high-risk disease (three to
five factors, 10-year OS, 35.5%) are divided into similar-sized
groups. The IPI and FLIPI share three factors but each is
unique in two factors (Figure 68.2); however, these changes
enable the FLIPI to be a more clinically useful prognostic
model for patients with FL. Thus, the FLIPI could be used to
stratify or select patients for risk-adapted therapy trials. The
utility of the FLIPI has been validated at relapse in another
dataset.24 In a study from Memorial Sloan-Kettering Cancer
Center (MSKCC), involving an analysis of 260 patients with
FL, the utility of the FLIPI as a reliable means of stratify-
ing prognostic groups was confirmed and, furthermore, histo-
logic grade (1, 2, 3a, 3b) added no additional prognostic 
information.25

As useful as the IPI has been in serving as a “Rosetta
Stone” in the interpretation of clinical trials with differing
patient populations and for the design of clinical trials, it does
not identify the molecular basis for the prognostic differences.
It is through the identification of molecular determinants of
prognosis that novel therapeutic targets may be identified.
Nonetheless, clinical markers of prognosis represent a very
powerful tool in clinical care of the patient.
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TABLE 68.4. International Prognostic Index for aggressive
lymphoma.

A. Full index

Factor Adverse

Age >60 years
PS ≥2
LDH >Normal
Extranodal ≥2
sites
Stage (AA) III–IV

No. of
factors Five-year Five-year

Risk group present DFS (%) OS (%)

Low 0–1 70 73
Low/intermediate 2 50 51
High/intermediate 3 49 43
High 4–5 40 26

B. Age-adjusted index

Factor Adverse

PS ≥2
LDH >Normal
Stage (AA) III–IV

Five-year OS, Five-year OS,
No. of age >60 age £60

Risk group factors present years (%) years (%)

Low 0 56 83
Low/intermediate 1 44 69
High/intermediate 2 37 46
High 3 21 32

LDH, lactate dehydrogenase; DFS, disease-free survival; OS, overall survival.

Source: From The International Non-Hodgkin’s Lymphoma Prognostic Factors
Project,13 by permission of New England Journal of Medicine.

TABLE 68.5. Follicular Lymphoma International Prognostic Index:
risk factors and outcome.

Risk Factors
Factor Adverse

Age >60 years
Hgb <12g/dL
LDH >Normal
Number of nodal sites ≥5
Stage (AA) III–IV

No. of Fraction of Five-year OS Ten-year OS
Risk group factors patients (%) (%) (%)

Low 0, 1 36 90.6 70.7
Intermediate 2 37 77.6 50.9
High 3–5 27 52.5 35.5

Source: From Solal-Celigny et al.,23 by permission of Blood.
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FIGURE 68.1. Nodal mannequin for the Follicular 
Lymphoma International Prognostic Index. (From 
Solal-Celigny et al.,23 by permission of Blood.)

IPI

FLIPI

ENS
PS

Age
Stage
LDH

Hgb
# Nodal
   Sites

FIGURE 68.2. Similarities and differences
between the International Prognostic Index
(IPI) and Follicular Lymphoma International
Prognostic Index (FLIPI).

Prognostic Models Based on Gene 
Expression Profiles

Gene expression profiling has emerged as an important tool
in the identification of prognostic subtypes in hematologic
malignancies. A detailed description of the methodology is
beyond the scope of this chapter, and the reader is referred to
a number of excellent review articles.26–29 Briefly, this tech-
nology interrogates a tissue or tumor for the expression 
of thousands of genes simultaneously. The resulting gene
expression profile can be analyzed in a number of ways. The
two most common analyses are hierarchical clustering and
supervised analysis. In hierarchical clustering analysis, spec-

imens are grouped by the relatedness of their overall ex-
pression pattern and distinct patterns identified by the 
construction of dendrograms. The ability of this method to
identify distinct subgroups is dependent on the number of
subgroups, the sample size, and the distinctiveness of the
gene expression profile. This method does not necessarily
identify groups with distinct clinical outcome. In supervised
analysis, the samples are divided on the basis of known
feature of the data set, for example, cured versus refractory.
Patterns of gene expression that distinguish between the sub-
groups are identified. Given the enormous number of genes
being examined at one time, an adequate sample size is nec-
essary to identify a robust prognostic model. Furthermore, an



independent validation sample is ideally needed to confirm
the significance of the genes selected in the prognostic model.
Both of these approaches have been used to construct prog-
nostic models for NHL.

The initial application of gene expression profiling in lym-
phoma was conducted by the Leukemia and Lymphoma Mo-
lecular Profiling Project (LLMPP). Using the LymphoChip,30

the LLMPP initially identified two molecular subtypes of
DLBLC by hierarchical clustering that were named on the
basis of the similarity of gene expression with normal B-cell
counterparts: germinal center B-cell and active B-cell lym-
phomas.31 This approach was later refined with additional
samples into three subgroups with the addition of type III
lymphoma.32 Hierarchical clustering per se does not dictate
that identified subgroups should have distinct prognoses.
Nonetheless, patients with the germinal center B-cell pheno-
type were demonstrated to have a superior outcome compared
to patients with either the activated B-cell or type III, which
were very similar (Figure 68.3).32 Currently, gene expression
profiling is an investigational tool. Until a simplified tech-
nology can be validated in a multicenter setting, the clinical
utility of gene expression profiling is limited. This realization
led investigators in the LLMPP to determine if routine
immunohistochemical markers could differentiate the tu-
mors into germinal center (GC) versus nongerminal center
(non-GC) origins. It has been shown that the results from
three antibodies directed at CD10, BCL6, and MUM1 can ade-
quately identify GC versus non-GC.33

It is very interesting that the molecular prognostic models
developed for DLBCL, either based on cell of origin31–33 or by
supervised analysis to identify genes associated with a poor
outcome,34 can subdivide IPI risk groups. This finding sug-
gests that the molecular signatures identified are independent
of the IPI and that additional molecular markers remain to be
identified that correlate with the clinic prognostic model.

Aggressive NHL: Initial Management 
of Advanced Stage

The International Working Formulation (IWF) classified 
NHL by its natural history into three broad groups: low-,
intermediate-, and high-grade.7 This was an important step 
in providing some uniformity to clinical trials for NHL.
However, IWF intermediate-grade lymphoma, which is
referred to here as aggressive NHL, represents a heteroge-
neous group of disorders, including both B- and T-cell lym-
phomas. When classified by WHO criteria, aggressive NHL is
dominated by DLBCL, with about 10% having peripheral T-
cell lymphoma and about 5% other lymphomas. Thus, the
results of large-scale trials reviewed here are largely applica-
ble to patients with DLBCL. Patients with DLBCL (including
anaplastic B-cell lymphoma) have often been exclusively
included in trials developed since the widespread acceptance
of the REAL/WHO classification and the development of tar-
geted therapy. Thus, one must be aware that the conclusions
drawn from the evidence reviewed here largely apply to
DLBCL. A brief discussion of the T-cell lymphoma is included
below to help clarify that these entities have unique natural
histories and outcomes with therapy.

Evidence for CHOP as the Standard for 
Aggressive Lymphoma

The publication of the cyclophosphamide, doxorubicin, vin-
cristine, prednisone (CHOP) regimen in 197635 and the
COMLA (cyclophosphamide, vincristine, methotrexate with
leucovorin rescue, and cytarabine) regimen in 198036 ushered
in the era of curative therapy for aggressive large-cell lym-
phoma with approximately 30% of patient achieving long-
term remission. In subsequent years, a number of second- and
third-generation regimens were introduced for the manage-

1 2 5 2 chapter 68

1.0

0.8

0.6

0.4

0.2

0.0

0 2 4 6 8 10

Germinal-center B-cell-like

Type 3

Activated B-cell-like

Germinal-center B-cell-like
Type 3
Activated B-cell-like

P < 0.001

Years

P
ro

ba
bi

lit
y 

of
 S

ur
vi

va
l

No. at risk
81115 60 46 32 19
2452 18 10 8 5
3573 23 19 8 5
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ment of aggressive NHL that reported curative outcomes 
in 55% to 65% of patients. The m-BACOD (methotrexate,
bleomycin, doxorubicin, cyclophosphasmide, vincristine, and
dexamethasone) regimen was typical of a second-generation
regimen.37 MACOP-B (methotrexate, doxorubicin, cyclophos-
phamide, vincristine, prednisone, and bleomycin)38 and
ProMACE-CytaBOM (prednisone, methotrexate, cyclophos-
phamide, etoposide, cytarabine, bleomycin, vincristine, and
methotrexate)39 were representative third-generation regi-
mens. However, many of these studies were performed in
single centers with relatively small patient numbers. In 1993,
the national high priority intergroup Phase III trial compared
CHOP, MACOP-B, ProMACE-Cytabom, and m-BACOD,
demonstrating that the outcomes of the four regimens were
equivalent and that CHOP was associated with the most
modest toxicity. Thus, following this trial, CHOP chemother-
apy emerged as the standard regimen for treatment in the
United States.

Improvement of Outcome with Increased Dose
Intensity and Dose Density

In Europe, the Groupe d’Etude des Lymphomes de l’Adulte
(GELA) developed the ACVBP regimen (doxorubicin, cy-
clophosphamide, vindesine, bleomycin, and prednisone), 
consisting of an induction phase of intensified chemotherapy
and central nervous system (CNS) prophylaxis followed by a
sequential consolidation phase.40 The GELA conducted a ran-
domized trial to compare the ACVBP regimen to CHOP in
previously untreated patients (aged 61 to 69 years) with poor-
risk aggressive lymphoma (at least one adverse factor in the
age-adjusted IPI). Although there was no difference in com-
plete response rate, the 5-year event-free survival (EFS; 39%
versus 29%) and overall survival (OS; 46% versus 38%) sig-
nificantly favored the ACVBP arm.41 Building on the CHOP
regimen, the German High-Grade Non-Hodgkin’s Lymphoma
Study Group tested both, the addition of etoposide (CHOEP)
to the regimen, as well as increased dose density, compar-
ing standard 21-day cycles to accelerated 14-day cycles
(DSHNHL) in both younger and older patients.42,43 The toxic-
ity of the CHOEP (when given at both 14- and 21-day inter-
vals) limited the effectiveness of these regimens for patients
more than 60 years of age (61 to 75). However, CHOP-14 was
superior to CHOP-21 for both EFS (44% versus 33%) and OS
(53% versus 41%). For patients younger than 60 years of age,
the results were less clear. The 2-week interval did not
improve EFS, although there was a marginally significant
improvement in OS (85% versus 79%). In the CHOP versus
CHOEP comparison, there was a significant improvement in
the 5-year estimated EFS (58% versus 69%) but not in the OS.
Thus, these data suggest intensification of chemotherapy as
with ACVBP, CHOP-14 (in patients 61 to 75), or CHOEP can
improve outcomes compared to conventional CHOP given at
21-day intervals. Nonetheless, the failure of multiple second-
and third-generation regimens to improve upon the outcomes
obtained with CHOP chemotherapy point to the limitation
of additional chemotherapy for improving outcome.

Another approach to improving outcome has been the use
of infusional chemotherapy. The EPOCH (infusional etopo-
side, doxorubicin, vincristine with bolus prednisone and
cyclophosphamide) was initially tested in 74% of patients
with relapsed and refractory disease; 92% of the patients had

had at least four of the drugs previously. The overall response
rate was 87%, with complete responses in 27%. A modified
regimen, dose-adjusted (DA) EPOCH, was tested in patients
with untreated aggressive lymphoma. The dose adjustment
was to account for interpatient variability in drug metabo-
lism.44 The target was a nadir absolute neutrophil count
below 0.5 ¥ 109/L. Using this approach in 50 patients with
newly diagnosed DLBCL, the complete remission rate was
92%. At the median follow-up of 62 months, the progression-
free survival (PFS) and OS were 70% and 73%, respectively.
Provocatively, the IPI was not associated with outcome. Rit-
uximab has been added to this regimen with improved
outcome in selected patients (see following).45

High-Dose Therapy as a Component 
of Initial Therapy

A number of trials have tried to evaluate the role of high-dose
therapy with autologous stem cell transplant (HDT/ASCT) in
first consolidation for patients with aggressive NHL. The
report of the jury of the international consensus conference
on high-dose therapy concluded that there were conflicting
data regarding the role of HDT/ASCT as consolidation fol-
lowing induction chemotherapy for high-risk patients.46 In
a subset analysis of the LNH-87 study, patients with high-
intermediate and high-risk disease by the age-adjusted IPI had
an improved outcome with consolidative HDT/ASCT com-
pared to the conventional therapy in 5-year DFS (57% versus
36%; P = 0.01), but the OS benefit was marginally significant
(65% versus 52%; P = 0.06).47,48 In a subset analysis of the
Italian Non-Hodgkin’s Lymphoma Study Group trial, a
similar result was seen in patients with age-adjusted IPI high-
intermediate and high-risk disease.49 However, in two other
studies using an abbreviated course of induction chemother-
apy, followed by HDT/ASCT on the investigation arm, com-
pared to conventional chemotherapy on the control arm,
demonstrated no superiority for HDT/ASCT consolida-
tion.50,51 At the time of the presentation of the LNH-93 trial,
the conventional chemotherapy arm had superior EFS (54%
versus 41%; P = 0.01) and OS (63% versus 47%; P = 0.003)
compared to the induction chemotherapy followed by
HDT/ASCT.50 In the German High-Grade Lymphoma Study
Group trial, CHOEP ¥ 5 with involved field radiation therapy
(IFRT) was compared to CHOEP ¥ 3 followed by HDT/ASCT.
In this study, survival after relapse was significantly inferior
in the HDT/ASCT arm.51 Another approach to poor-risk
aggressive lymphoma has been to intensify the initial therapy.
A study from Milan compared MACOP-B to a high-dose
sequential (HDS) therapy consisting of high-dose single
agents: cyclophosphamide, methotrexate, and etoposide fol-
lowed by melphalan/total body irradiation with ASCT.52 The
7-year EFS (76% versus 49%; P = 0.004) favored HDS therapy
over MACOP-B. However, there was significant survival
advantage for HDS (81% versus 55%; P = 0.09), in part,
because of the cross-over design of the study. This result
raises an important question as to the timing of HDT/ASCT.
Is there an advantage to integration of HDT/ASCT as part of
initial therapy or is it better to use this approach for patients
with recurrent disease after conventional chemotherapy?
This question is the subject of ongoing clinical trials; thus,
the role of HDT/ASCT as a component of initial therapy for
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poor-risk patients remains investigational as the evidence just
discussed does not provide a clear answer.

Addition of Rituximab to Induction Therapy

Rituximab is a recombinant chimeric monoclonal antibody
with specificity for the human pan-B-cell antigen CD20; it
has the original murine variable domain of the parent anti-
body 2B8 with human IgG-1 heavy-chain and human kappa
light-chain constant regions.53 The GELA demonstrated that
rituximab had modest single-agent activity with 37% over-
all response rate in patients with relapsed and refractory
DLBCL.54 The principal toxicity seen is associated primarily
with the initial infusions and, importantly, there is no sig-
nificant myelotoxicity. The combination of single-agent
activity without overlapping toxicity provided a rationale for
the combination of rituximab with conventional chemother-
apy. A multicenter Phase II study of rituximab (day 1 of each
cycle) and CHOP (day 3 of each cycle) for patients with
untreated DLBCL was conducted to evaluate safety and effi-
cacy.55 Thirty-three patients were treated with six cycles of
R-CHOP at 21-day intervals, and the principal toxicities were
infusional reactions during the first dose of rituximab and the
expected toxicities of CHOP. The addition of the rituximab
did not appear to augment the toxicity of the chemotherapy.
The overall response rate was 94% with 61% complete
responders. At the time of the publication, the follow-up was
short (26 months) and the median time to progression had not
been reached. Among 13 patients who had a t(14;18) translo-
cation identified by polymerase chain reaction (PCR) at base-
line, 11 had molecular remission at the end of therapy. The
efficacy was believed to be at least as good as that expected
for patients treated with CHOP. Based on these favorable
Phase II results, several randomized studies were con-
ducted to see if rituximab enhanced the efficacy of CHOP
chemotherapy.56–58

In LNH 98.5, the GELA compared eight cycles of con-
ventional CHOP chemotherapy to eight cycles of the combi-
nation of rituximab (day 1 of each cycle) with CHOP (day 1

of each cycle) for patients aged 60 to 80 years.56 Addition of
rituximab to the CHOP chemotherapy resulted in significant
improvement in complete response (76% versus 53%; P =
0.005), as well as 5-year EFS (47% versus 29%; P less than
0.00001) and OS (58% versus 45%; P = 0.0073).59 The bene-
fit has been durable, with increased separation of the
Kaplan–Meier survival curves with increasing length of
follow-up. The relative benefit of the chemoimmunotherapy
is greater in the patients with low- and low- to intermediate-
risk disease determined by the age-adjusted IPI; nonetheless,
even among the poor-risk patients there is a significant
improvement in the outcome (Figure 68.4).

ECOG 4494 examined a very similar patient population
(aged 60 and over), athough the dosing of the rituximab was
different (Figure 68.5).57 Two doses of rituximab were admin-
istered before cycle 1 and one dose of rituximab was admin-
istered before cycles 3, 5, and 7 (if necessary). Treatment was
given for six to eight cycles; those in a complete response after
four cycles received six cycles and all other patients received
eight. In addition to posing the question regarding the role of
adding rituximab to CHOP, the trial evaluated the effect of
maintenance rituximab (MR) administered for four doses
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FIGURE 68.4. R-CHOP versus cyclophosphamide, doxorubicin, vincristine, prednisone (CHOP) in patients aged 60–80 with DLBLC: event-
free survival (EFS) by age-adjusted IPI. (A) Low-risk patients with IPI scores of 0 or 1; (B) high-risk patients with IPI scores of 2 or 3. (From
Coiffier et al.,59 by permission of Blood.)
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E4494

R-CHOP ¥ 8
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Rituximab 375 mg/m2 CHOP q3 weeks

FIGURE 68.5. Comparison of the schedule of the chemoim-
munotherapy arms therapy in the GELA 98-5 and ECOG 4494 trials
comparing R-CHOP to CHOP for patients. (GELA, Groupe d’Etude
des Lymphomes de l’Adulte; R, rituximab; CHOP, cyclophos-
phamide, doxorubicin, vincristine, prednisone.)



every 6 months for 2 years. Interpretation of the trial results
was complicated by the 2 ¥ 2 trial design, because it was based
on the erroneous assumption that there was no interaction
between the randomizations. The overall response rate was
unaffected by the second randomization. In contrast to the
GELA LNH 98.5 trial, there was no difference in the response
rate between the R-CHOP and CHOP (79% versus 76%).
Interestingly, the response of the control arm in this trial 
is similar to the chemoimmunotherapy arm of LNH 98.5. In
the pairwise analysis of induction, R-CHOP demonstrated a
small benefit at 3 years in EFS (53% versus 46%; P = 0.04) but
not overall survival. However, this analysis was complicated
by the interaction between the induction and maintenance
therapies. Because the induction therapy influenced the re-
sults of the maintenance, a weighted analysis was per-
formed to elucidate the effect of induction therapy without
influence from the maintenance. In this analysis, R-CHOP
improved 3-year EFS (52% versus 39%; P = 0.003) and OS
(67% versus 58%; P = 0.05). In the pairwise analysis evaluat-
ing maintenance, patients receiving MR had a significant
increase in time to treatment failure but not in overall sur-
vival. Importantly, the benefit of MR was restricted to
patients treated with CHOP induction. The event-free sur-
vivals at 2 years for the four treatment groups were R-CHOP,
77%; R-CHOP + MR, 79%; CHOP, 47%; and CHOP+MR,
74%. Thus, E4494 confirmed the benefit of R-CHOP 
for patients over the age of 60 and demonstrated that in
DLBCL MR has no added benefit to induction therapy with
chemoimmunotherapy.

Both the GELA LNH 98.5 and ECOG 4494 studies focus
on patients 60 years of age and older. Two additional studies
have examined the benefit of chemoimmunotherapy for
DLBCL in younger patients.58,60 The Mint trial was an inter-
national intergroup study for patients with untreated DLBCL
aged 18 to 60 with low-risk disease (IPI 0 or 1, stages II–IV,
and stage I with bulk). Patients were randomized to receive
six cycles of a CHOP-like regimen or the same chemother-
apy plus rituximab 375mg/m2 given on days 1, 22, 43, 64, 85,
and 106. Radiotherapy was planned to sites of initial bulk
and/or extranodal involvement.58 CHOP-like chemotherapy
included CHOEP (44%), CHOP (48%), MACOP-B (4%), and
PMitCEBO (prednisolone, mitoxantrone, cyclophosphamide,
etoposide, bleomycin, vincristine)61 (4%); the use of these reg-
imens was balanced in the chemotherapy-alone (CHEMO)
and rituximab plus chemotherapy (R-CHEMO) arms. As in
the GELA study, the R-CHEMO arm had a higher complete
response (CR) (86% versus 68%; P less than 0.0001). This
response was associated with an improvement in the esti-
mated 2-year EFS (76% versus 60%; P less than 0.0001) and
OS (94% versus 87%; P less than 0.001). This study supports
the use of rituximab plus anthracycline-based chemotherapy
in the initial management of young patients with very favor-
able DLBCL; however, it does not directly address patients
with poor-risk disease.

Based on the early results of the GELA LNH 98.5 study,
the British Columbia Cancer Agency (BCCA) implemented a
policy on March 1, 2001, recommending the use of R-CHOP
for newly diagnosed patients with advanced-stage DLBCL. To
analyze the impact of that policy recommendation, the inves-
tigators at the BCCA performed a retrospective analysis com-
paring the outcomes of patients with newly diagnosed DLBCL
for a 3-year period spanning the 18 months before (Pre-R) and

18 months after (Post-R) the policy change.60 In the Pre-R
group, 9% of the patients received rituximab and in the Post-
R group, 85% of the patients received rituximab. Significantly
more patients received radiation therapy in the Pre-R group
compared to the Post-R (25% versus 15%; P = 0.04). For the
entire population, the Post-R group had a superior estimated
2-year PFS (71% versus 52%; P = 0.00009) and OS (77% versus
53%; P = 0.0001) compared to the Pre-R group. However, in
the patients younger than 60, the 2-year estimated EFS was
not statistically significant (70% post-R versus 60% pre-R; P
= 0.18). In this subset, the OS was superior (87% post-R versus
69% pre-R; P = 0.018), but this finding may reflect differences
in second-line therapy in patients treated in different time
spans. Although these results confirm the efficacy of R-
CHOP in a community setting, they raise a question about
the management of younger patients. Clearly, a more careful
prospective evaluation of the role of adding rituximab to
chemotherapy for young patients with poor-risk DLBCL is
necessary.

Rituximab has also been added to the DA-EPOCH reg-
imen.45 The complete response rate (CR/CRu) of the 61 
evaluable patients was 92%. At the median follow-up of 22
months, the estimated PFS and OS where 79% and 84%,
respectively, quite similar to the historical control.44

However, in a subset analysis based on the expression of
BCL2 as judged by immunohistochemistry, there was an
improved outcome in patients whose tumors expressed the
BCL2 gene product if they were treated with DA-EPOCH-R
compared to DA-EPOCH. Addition of rituximab did not
improve the outcome in patients whose tumors did not
express BCL2 protein. A similar observation has been made
in a retrospective analysis of the GELA LNH 98.5 study.62 An
analysis of E4494 did not find this relationship between BCL2
protein expression and benefit with rituximab. In E4494, the
lack of BCL6 expression was associated with a poorer
outcome for patients receiving CHOP (without maintenance)
that was not seen in patients receiving rituximab.63 It is pos-
sible that in these studies, BCL2 expression or lack of BCL6
expression, is a surrogate for another distinguishing feature,
such as nongerminal center lymphomas.33 Based on these
data, it is premature to use the expression of BCL2 protein or
the lack of expression of BCL6 protein to select patients for
treatment with chemotherapy alone versus chemoim-
munotherapy.

Aggressive NHL: Initial Management of
Limited-Stage Disease

Radiotherapy Alone for Limited-Stage 
Aggressive NHL

Before the 1980s, early-stage aggressive lymphoma was ini-
tially managed with radiation therapy alone and results
depended on the stage at presentation. Patients with clinical
stage I disease treated with regional or extended fields could
achieve cure rates of approximately 50%. The overall survival
of patients with clinical stage II disease treated in a parallel
manner was approximately 20%, despite sterilization of the
primary site of disease. Selection of patients with pathologic
staging and use of total lymphoid irradiation increased the
cure rate, but failure was still common.64 The failure of radi-

the non-hodgkin’s  lymphomas 1 2 5 5



ation therapy to cure early-stage aggressive lymphoma is evi-
dence that systemic disease undetected by clinical staging is
commonly present.

Combined Modality Therapy Versus 
Chemotherapy Alone

Development of effective chemotherapy for advanced-stage
aggressive lymphoma led to clinical trials testing the hypoth-
esis that adding chemotherapy to the radiation therapy could
improve the control of the systemic, undetected disease
through a strategy of combined modality therapy (CMT). 
A randomized trial of radiation therapy followed by adju-
vant CHOP chemotherapy or observation for clinical stage 
I patients, resulted in significant improvement in 7-year
relapse-free survival (RFS) (86% versus 20%) and OS (92%
versus 47%).65 In this trial, the sequence of CMT was radia-
tion followed by chemotherapy. Although effective, this
approach has several practical drawbacks, including the
potential of radiation recall with doxorubicin-based che-
motherapy, the use of larger fields, and higher doses of 
radiation to control the primary site of disease. The alterna-
tive sequence, chemotherapy followed by radiation, allows for
simultaneous cytoreduction of the primary site of disease and
treatment of microscopic systemic disease with the potential
benefit of permitting smaller radiation fields and lower doses.
This approach to CMT is most commonly used in current
practice. Chemotherapy followed by involved-field radiation
therapy was evaluated in several Phase II studies with favor-
able results.66–69 This approach was investigated in a South-
west Oncology Group (SWOG) Phase III randomized trial
comparing a course of eight cycles of CHOP chemotherapy
versus three cycles of CHOP followed by involved-field radi-
ation therapy. When the study was initially published with a
median of 5 years of follow-up, there was a significant advan-
tage for PFS (77% versus 64%) and OS (82% versus 72%).70

However, subsequent analysis with a median follow-up of 8
years, demonstrated that the advantage of combined modal-
ity therapy disappeared as a consequence of late events in the
combined modality arm.71 A stage-modified IPI has been pro-
posed for patients with early-stage disease: CS I versus II;
normal versus abnormal LDH; age 60 years or less versus over
60 years; ECOG PS 1 or less versus 2 or more. Patients with
zero adverse factors define a very limited-stage group with a
5-year median OS of approximately 90%. Patients with non-
bulky disease but having one or more risk factors define 
a limited-stage group with a 5-year median OS of approxi-
mately 70%.72 Patients with bulky disease [bulk with mass
greater than 10cm or mediastinal mass larger than one-third
of the maximal thoracic diameter on posteroanterior (PA)
chest radiography] have outcomes similar to those with
advanced-stage disease.73 The Eastern Cooperative Oncology
Group (ECOG) conducted a randomized study evaluating the
role of adjuvant radiation therapy following a full course of
eight cycles of CHOP chemotherapy. Patients with a radio-
graphic CR were randomly assigned to involved-field radia-
tion therapy or observation; the study failed to demonstrate
a survival advantage for adjuvant low-dose radiation (30Gy)
despite a significant improvement in DFS (73% versus 56%)
and local control in the CMT arm at 6 years.74 The GELA con-
ducted a randomized Phase III trial of ACVBP chemotherapy
versus CHOP ¥ 3 and IFRT for patients with CS I or II aggres-

sive lymphoma and no risk factors by the age-adjusted IPI (all
patients were 60 years of age or less). At a median follow-up
of 7.7 years, the 5-year EFS (82% versus 74%) and OS (90%
versus 81%) favored the ACVBP arm. Bulky disease was a
poor prognostic factor for both event-free and overall survival.
However, in a subset analysis of the patients without bulky
disease, EFS and OS still favored the ACVBP arm although
the magnitude of the benefit was reduced. The results of these
studies are summarized in Table 68.6.

Rituximab as a Component of Early-Stage Disease

The SWOG have presented results of a pilot study investi-
gating the role of chemoimmunotherapy with R-CHOP for
three cycles followed by IFRT.75 Patients with one or more
risk factors in the stage-modified IPI were eligible. Early
results suggest an improvement in PFS but not OS compared
to historical controls at 2 years. Outside the setting of a clin-
ical trial, the evidence would support the use of R-CHOP ¥ 3
and IFRT for patients with limited-stage disease with risk
factors. For patients with very limited stage disease (CS I, no
risk factors), CHOP ¥ 3 and IFRT has excellent results. In
practice, the very limited-stage patients are not likely to be
distinguished from the limited-stage patients and therefore,
the addition of rituximab to CHOP would be appropriate,
understanding that there is no trial evidence to support this
approach. However, definitive evidence of superiority of this
approach requires a randomized comparison of chemoim-
munotherapy versus chemoimmunotherapy and IFRT. For
patients with bulky disease, treatment with regimens appro-
priate for aggressive lymphoma should be used. Because vin-
desine is not available in the United States, the ACVBP
regimen cannot be used.

Primary Mediastinal Lymphoma

Primary mediastinal large B-cell lymphoma (PMLBL) is a dis-
tinct subtype of diffuse large B-cell lymphoma (DLBCL) that
accounts for 6% of all non-Hodgkin’s lymphoma (NHL).76

PMLBL possesses distinctive clinical features, justifying its
inclusion as a specific NHL entity in the WHO/REAL classi-
fication.2,3,5 In contrast to other types of DLBCL, in PMLBL
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TABLE 68.6. Management of early-stage aggressive lymphoma.

Study N Comparison Five years Five-year OS

SWOG 401 R CHOP PFS 64 vs. 77 72 vs. 82
[3] Æ IFRT vs.
CHOP [8]

ECOG 399 CHOP[8] Æ R CRs DFS 56 vs. NS
IFRT vs. observation 73a

GELA 647 R CHOP EFS 82 vs. 90 vs. 81
[3] Æ IFRT vs. ACVBP 74*

SWOG, Southwest Oncology Group; ECOG, Eastern Cooperative Oncology
Group; GELA, Groupe d’Etude des Lymphomes de l’Adulte; R, rituximab;
CHOP, cyclophosphamide, doxorubicin, vincristine, prednisone; IFRT,
involved field radiation therapy; CR, complete response; ACVBP, doxorubicin,
cyclophosphamide, vindesine, bleomycin, prednisone; PFS, progression-free
survival; DFS, disease-free survival; EFS, event-free survival.
a Six years.

*No significant difference.



there is a slight female predominance, younger median age,
bulky disease, and uncommon extrathoracic spread at pre-
sentation.77 Direct extension to the lung, pericardium, chest
wall, or pleura is common at presentation and may adversely
affect outcomes.77,78 Prognostic factor analyses have been
inconsistent, and a lack of consensus exists concerning the
prognostic utility of the IPI in this disease entity.77–80

Recently, the genetic relationship between PMLBL and
DLBCL has been examined using comparative genomic hy-
bridization (CGH). Not surprisingly, similar patterns of 
BCL-6 gene mutations in the two groups were demonstrated,
suggesting a germinal center origin for PMLBL.81 Expression
microarray analysis of PMLBL demonstrates striking similar-
ity to that observed in Hodgkin’s disease, which may explain
some of the clinical similarities between the two entities.82,83

In general, this entity has been managed similar to
DLBCL. There are no trials that have prospectively treated
patients with this diagnosis. Therefore, our knowledge about
this entity is based on retrospective series, occasionally with
conflicting conclusions. The areas of controversy include use
of anthracycline-based chemotherapy, upfront HDT/ASCT,
dose-dense strategies, and the role of radiation therapy. In the
43 patients identified at the University of Nebraska, the
outcome of the patients with PMLBL was similar to those of
a large control group of DLBCL.84 The GELA identified 141
patients and also concluded that outcome was similar to
DLBCL and the management should also be similar.77 In a ret-
rospective analysis of 138 patients managed at multiple
centers in Italy, treatment with the dose-dense regimens
MACOP-B and VACOP-B were associated with superior out-
comes compared to CHOP: EFS was 76% versus 40% at P less
than 0.001; the OS is not given.80 Independent of treatment,
there was also a benefit for IFRT versus no radiation (P = 0.04),
although this was not significant in the multivariate analysis
(only attaining a CR and type of chemotherapy were signifi-
cant). In 141 patients seen at MSKCC, a dose-dense regimen
NHL-1585 was superior to CHOP and CHOP-like regimens for
both EFS (60% versus 34%; P less than 0.001 and OS (84%
versus 51%; P less than 0.001).86 The effect of RT in this
analysis could not be assessed.

The role of rituximab in the management of PMLBL is
unknown. The data support the use of dose-dense regimens,
such as MACOP-B, VACOP-B, or NHL-15. However, clinical
trials specifically for PMLBL or large studies with planned
analysis of these patients are necessary to confirm these ret-

rospective conclusions. Furthermore, the role of radiation
therapy would require evaluation in Phase III trials.

Aggressive T-Cell Lymphoma

T-cell lymphomas form a heterogeneous group of NHLs. They
are relatively uncommon, comprising 10% to 15% of all
newly diagnosed NHL in the United States. The proportions
are reversed in Asia where 70% to 80% of NHL may be of T-
cell phenotype. Under the World Health Organization (WHO)
classification schema, T-cell lymphomas are divided into dis-
orders that have precursor T cells or are predominantly extra-
nodal or predominantly nodal lymphomas (Table 68.7).

Peripheral T-cell lymphoma (PTCL) represents the largest
group of the T-cell lymphomas. PTCL comprised 6% of all
NHL in the REAL classification.2 In general, T-cell lym-
phomas are aggressive and have a poor prognosis, with the
exception of a few more indolent or favorable subtypes, such
as mycosis fungoides, ALK-1-positive anaplastic large-cell
lymphoma, and primary cutaneous anaplastic large-cell lym-
phoma. Most patients with T-cell NHL have a poorer prog-
nosis than their B-cell counterparts. Larger clinical series of
T-cell lymphomas report median survivals of less than 2 years
and 5-year survival rates between 20% and 30%.2,87–89 Failure-
free survival for intermediate- and high-risk patients is be-
tween 0% and 10% in the larger series with no plateau on 
the curves for these populations. This poor prognosis is
related to both poor sensitivity to chemotherapy, as well as a
propensity for T-cell lymphomas to present with poor risk
factors.

There are no prospective randomized trials for patients
with aggressive forms of T-cell lymphoma. As a result, avail-
able outcome data for patients with aggressive T-cell lym-
phomas are based upon retrospective or subset analyses. In
the prerituximab era, patients with aggressive T-cell lym-
phoma were generally included in trials for aggressive NHL
and received the same treatment as patients with DLBCL. In
a series from Spain, only 43% (62/144) of patients with non-
anaplastic large cell lymphoma (ALCL) T-cell NHL achieved
a complete response, whereas a nearly equivalent number,
41% (59/144), were nonresponders to therapy.87 In data from
the GELA and Mayo Clinic, poor-risk patients had similarly
poor response rates in other studies, with CR rates of 42%
and 39% when the more favorable patients are excluded.89,90
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TABLE 68.7. Classification of the T-cell lymphomas.

Precursor T-cell
lymphoma/leukemia Predominantly nodal Predominantly extranodal

T-lymphoblastic lymphoma PTCL, unspecified Mycosis fungoides
Blastic NK Angioimmunoblastic-type Sezary syndrome
LGL Anaplastic large cell, Alk-1- ALCL-cutaneous
NK/T-cell Anaplastic large cell, Alk-1+ Lymphomatoid papulosis
leukemia/lymphoma
T-cell CLL/PLL Subcutaneous panniculitis-like
Adult T-cell Nasal T/NK

Enteropathy-type T-cell

PTCL, peripheral T-cell lymphoma; ALCL, anaplastic T-cell lymphoma; CLL, chronic lymphocytic leukemia; PLL, pro-
lymphocytic leukemia; LGL, Large granular lymphocytic lymphoma.

Source: Adapted from Zelenetz et al.,107 by permission of Annals of Oncology.



Separating and evaluating less favorable patients can be
achieved by eliminating favorable histologic subtypes from
the analysis and by utilizing the international prognostic
index (IPI). As with diffuse large B-cell lymphoma, the IPI can
help cull a group of patients with the poorest prognosis.13 The
simple clinical factors of age (greater than 60 or less than 60
years of age), Stage (I–II versus III–IV), performance status (0–1
versus 2–4), extranodal disease (0–1 site versus 2+ sites), and
LDH (normal versus elevated) can separate patients into low,
low-intermediate, high-intermediate, and high-risk sub-
groups. Moreover, the higher-risk patients are overrepre-
sented among the T-cell patients, with 63% to 83% having
high-intermediate or high-risk disease at presentation.2,89,90

Not surprisingly, the poorest prognosis comes from the
higher-risk subgroups. In the GELA series, only 35% of
patients with two adverse risk factors and 23% of those with
three adverse factors were alive at 5 years.89 Similarly poor
survival was seen in the Mayo clinic series with 9% of
patients with high-risk disease, 28% of patients with high-
intermediate risk disease, and only 32% of patients with low-
intermediate risk being alive at 5 years.90 In the NHL
Classification Project, only 10% of high-intermediate or high-
risk patients were free from progression at 2 years.88

There are few studies on initial therapy specifically for pa-
tients with T-cell lymphomas, as most have been treated
alongside aggressive B-cell lymphomas with the T-cell
patients retrospectively analyzed, as in the series described
here. There are no published prospective trials for untreated
T-cell lymphoma patients. In a large randomized trial 
of intermediate-grade lymphoma, CHOP was found to be
similar to other combination regimens.91 Immunophenotype
was not assessed, but patients with PTCL were included in
this study and CHOP became, and remains, a standard treat-
ment for them. The most homogeneously treated group of T-
cell lymphoma patients comes from the GELA series, in
which 288 patients with T-cell histology were included in
several prospective trials where patients were randomized

according to age, to comparative arms of mBACOD, or ACVB
followed by autologous BMT for those in CR, or for older
patients, ACVB followed by maintenance therapy or CV(T)P.89

It is not possible to conclude a preferred treatment approach
from these retrospective series of T-cell patients. However,
several principles do emerge. As above, the prognosis for T-
cell lymphomas was worse than for B-cell patients, and this
difference was primarily seen among the poorer-prognosis
patients. Favorable IPI T-cell patients may do as well as their
B-cell counterparts. High-dose therapy and autologous stem
cell transplantation provided similar results in T- and B-cell
patients achieving a CR to initial therapy (see following).
Although the outcomes of the transplanted patients are en-
couraging, only 35% (16/46) patients in this arm achieved 
a CR, and thus, the majority never became eligible for high-
dose therapy.89 Hence, the difficulty in treating T-cell lym-
phomas can be simplified to two problems: poor response to
initial therapy, as demonstrated by poor CR rates, and fre-
quent relapses with poor long-term survival for those who do
respond.

Aggressive NHL: Treatment at Progression

About half of all patients with aggressive lymphoma either
have persistence of tumor following initial therapy (primary
refractory disease) or have a relapse after a complete remis-
sion. For these patients, high-dose therapy and autologous
stem cell transplantation (HDT/ASCT) has been demon-
strated to have the greatest potential for a curative outcome
(Figure 68.6).92 However, this treatment approach has typi-
cally been restricted to patients with disease sensitive to
second-line chemotherapy.93 For patients in whom HDT/
ASCT is not an option because of comorbidities or lack of
stem cells, conventional dose chemotherapy has been used
with palliative benefit.94,95
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FIGURE 68.6. Approach to the management of relapsed refractory aggressive lymphoma. (From Zelenetz et al.,107 by permission of Annals
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Second-Line Chemotherapy

The curative potential of HDT/ASCT is restricted to patients
with chemosensitive relapsed disease.96 Thus, the effective-
ness of the second-line regimen is of paramount importance.
To be suitable as pretransplant therapy, a second-line regimen
should have the following features: effective cytoreduction, a
low incidence of nonhematologic toxicity, a brief duration of
therapy, and ability to mobilize peripheral blood progenitor
cells.97–100 Numerous second-line regimens have been evalu-
ated for the treatment of relapsed and refractory NHL.101–107

Some of the most commonly used regimens, ESHAP, DHAP,
and mini-BEAM, have some potential limitations that may
preclude stem cell transplantation (SCT), including poor stem
cell mobilization and nonhematologic toxicities, such as
nephrotoxicity (DHAP and ESHAP) and pulmonary toxicity
(mini-BEAM). However, these regimens have been used effec-
tively as cytoreduction before HDT/ASCT. The ICE (ifos-
famide, carboplatin, etoposide) regimen was developed to
minimize the nonhematologic toxicity associated with
second-line therapy.101 Overall response rates for various
second-line regimens range from 40% to 84% (Table 68.8).
There have been limited data on the role of rituximab 
in second-line therapy. Addition of rituximab to the ICE
regimen105 improved the CR rate compared to a historical
control and provided a trend to improve long-term outcome.
However, this was in a group of rituximab-naïve patients; the
effectiveness in patients already failing chemoimmunother-
apy is unknown. There have been no completed randomized
comparative trials to determine the standard for second-line
therapy.

The second-line regimens have varied in overall response
rate and the ability to mobilize peripheral blood progenitor
cells, a critical step for successful completion of HDT/ASCT.
These are the two most significant parameters in evaluating
the effectiveness of a pretransplant cytoreductive regimen.
These parameters can be incorporated into a single value, the
Mobilization-Adjusted Response Rate [MARR = ORR (%) -
Mobilization Failures (%)]; (ORR, overall response rate)] to
evaluate the effectiveness of a cytoreductive regimen.107 The
MARR can be used to evaluate the effectiveness of a second-
line therapy as cytoreduction before HDT/ASCT; it is a

primary endpoint in the ongoing CORAL study evaluating R-
DHAP versus R-ICE.108

High-Dose Chemotherapy and Stem 
Cell Transplant

Patients with relapsed NHL were shown to have favorable
outcomes when treated with HDT/ASCT compared to his-
torical controls.93,96 Successful cytoreduction by second-line
therapy (CR or partial response, PR) was essential to a favor-
able outcome following HDT/ASCT.96 The PARMA study
group conducted a randomized Phase III trial of HDT/ASCT
versus chemotherapy in patients having had a CR or PR to
two courses of second-line chemotherapy. Two hundred
fifteen patients were registered to the study and 109 respond-
ing patients were randomized: chemotherapy with IFRT (n =
54) versus HDT/ASCT (n = 55). At 5 years, the EFS (46%
versus 12%, P = 0.001) and OS (53% versus 32%; P = 0.038)
favored the patients receiving the HDT/ASCT.92 This pivotal
study established the curative potential for HDT/ASCT in
recurrent disease.

The PARMA study established the role of HDT/ASCT in
patients with chemosensitive, relapsed aggressive lymphoma.
However, the effectiveness of this approach in patients with
chemorefractory disease was not established. Investigators at
MSKCC undertook a retrospective analysis of patients treated
with ICE followed by HDT/ASCT for refractory aggressive
lymphoma.109 Patients were classified as induction partial
responders (IPR; n = 40) if they attained a partial response to
doxorubicin-based front-line therapy or as induction failures
(IF; n = 45) if they had less than partial response. Patients in
the IPR group had confirmation of active disease by repeat
biopsy. The overall response to ICE was 51% with no differ-
ence between IF and IPR subsets. In the intent-to-treat analy-
sis (from start of ICE), the estimated 3-year EFS and OS were
22% and 25%, respectively. Among the 42 patients who
underwent HDT/ASCT, the estimated 3-year EFS and OS
were 44% and 52%, respectively. Thus, the outcome of
patients with primary refractory aggressive lymphoma is very
similar to those patients with relapsed disease when deter-
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TABLE 68.8. Second-line therapy for non-Hodgkin’s lymphoma (NHL).

Percent failed
Aphereses, Median CD34 + mobilization

Regimen Disease N ORR CR PR median (range) ¥ 106/kg (<2 ¥ 106/kg) MARR Reference

ICE NHL 163 66.3 24 42 3 (1–5) 8.4 14 52 101
RICE NHL 31 81 55 26 6.3 17 64 105
Ifos/Vino NHL, HD 10 40 0 40 10.9 <11a 29–40 102
MINE NHL, HD 27 67 38 29 3 13.3 8 59 103
VIM NHL, HD 46 56 39 17 3 10.6 8 48 103
ESHAP HD, NHL 84 64a 37a 27a (1–4) 4.9 15 ~49 104
CY 1.5g/m2 HD, NHL 78 64a 37a 27a (1–4) 3.3 29 ~35 104
DHAP NHL 38 63.9 25 38.9 2 (1–3) 5.9 14.7 49.2 106
CPM NHL 34 63.9 25 38.9 2 (1–3) 7.1 10.5 53.4 106
a ESHAP response rate is based on their historic data.

HD, Hodgkin’s Disease; ICE, ifosfamide, carboplatin, etoposide; RICE, rituximab with ICE; Ifos/Vino, ifosfamide, vinorebine; MINE, mitoguazone, ifosfamide,
vinorelbine and etoposide; VIM, etoposide, ifosfamide, methotrexate; ESHAP, etoposide, solumedrol, cytarabine, cis-platin; CY, cyclophosphamide; DHAP, 
dexamethasone, cytarabine, cis-platin); CPM, cyclophosphamide; ORR, overall response rate; CR, complete response; PR, partial response.

MARR, mobilization adjusted response rate ([CR] + [PR] - mobilization failure).107



mined from the time of HDT/ASCT; however, the response
to second-line therapy is lower.

Allogeneic stem cell transplantation offers a tumor-free
graft but there is a risk of graft-versus-host disease (GVHD)
and graft rejection. A potential benefit is the development of
a graft-versus-lymphoma (GVL) effect. Most of the experience
is derived from data submitted to transplant registries or ret-
rospective analyses from single centers. No multicenter ran-
domized studies have been conducted comparing autologous
and allogeneic sources of stem cells. A review of cases in the
European Bone Marrow Transplant registry (EBMT) provided
support for a GVL effect with a reduced relapse rate compared
to autologous grafts. However, the benefit was outweighed by
increased transplant-related mortality with the allogeneic
transplants.110 Results from the Ontario transplant registry
demonstrated similar survival in patients receiving allogeneic
and autologous sources of stem cells despite a lower relapse
rate in patients receiving allogeneic stem cells.111 In a report
from the International Bone Marrow Transplant Registry
(IBMTR), 114 patients with recurrent NHL following autolo-
gous transplant were analyzed, demonstrating that the trans-
plant was technically feasible, but the 5-year PFS was only
5%, suggesting at best a palliative benefit.112 There has been
limited experience with nonmyeloablative allogeneic stem
cell transplants for aggressive lymphoma because of the risk
of rapid regrowth. A study from the University of Göttingen
explored a regimen with intermediate intensity.113 In this
study, the investigators initially T-cell depleted the grafts, fol-
lowed by unmanipulated grafts with immunosuppression.
Although T-cell depletion was associated with a lack of
GVHD, the relapse rate was very high; when the T cells were
not depleted, the relapse rate was very low but GVHD was
problematic. These results support the existence of GVL but
point to the difficulty in balancing the GVHD and GVL.113

Further prospective studies are necessary to determine the
role of allogeneic stem cell transplant in the management of
recurrent aggressive lymphoma.

Investigators at Stanford University have evaluated the
role of rituximab administered as an adjuvant (two 4-weekly
courses at day 42 and day 180) following HDT/ASCT in
NHL.114 This study included various histologies including
DLBCL (71%, n = 25), mantle cell lymphoma (MCL) (9%, 
n = 3), and other B-cell lymphomas (20%, n = 7). In a subset
analysis restricted to the patients with relapsed (n = 13) or
refractory (n = 8) DLBCL, the 2-year estimated EFS and OS
were 81% and 85%, respectively. These are very intriguing
results, but interpretation is limited because the patients
were rituximab naïve; thus, the impact of prior rituximab is
unknown. Similar results have been reported for adjuvant rit-
uximab after both autologous and allogeneic stem cell trans-
plant.115 This approach is being tested in an ongoing ECOG
trial comparing adjuvant rituximab to observation.

A variety of prognostic models have been developed 
that have predicted for a favorable outcome post-HDT/
ASCT.17,19,116,117 In the series from MSKCC, the IPI determined
at the start of second-line therapy (sIPI) predicted for esti-
mated 2.5-year failure-free survival (FFS): 45% in patients
with low (L) and low-intermediate (LI) risk disease versus 9%
in patients with high-intermediate (HI) and high (H) risk
disease (P less than 0.001). This analysis was undertaken on
a larger group of patients with relapsed and refractory DLBCL
and the best discriminator for outcome was saaIPI L/LI versus

HI/H risk disease.19 The predictive significance of the IPI was
confirmed in an analysis confined to those patients who
underwent HDT/ASCT.18,19 Another important factor was the
quality of response to second-line therapy, with superior
outcome for patients in CR at time of transplant versus those
in PR.19,117 Thus, it is possible to identify patients with poor
outcome with sequential second-line therapy followed by
HDT/ASCT. The patients with low- and low-intermediate
risk disease do very well with conventional treatment.
However, patients with high-intermediate and high-risk
disease are poorly served with the conventional approach and
should be enrolled in clinical trials.

Indolent Lymphoma: General Considerations

Indolent NHL can be of either B-cell or T-cell phenotype,
although the B-cell tumors are far more common. With con-
ventional chemotherapy, patients with indolent B-cell lym-
phoma have a chronic remitting and relapsing course with a
median survival of 10 years and a steady drop in the survival
curve without a plateau. Furthermore, the outcome did not
change substantially from the 1960s to the early 1990s.118 The
introduction of targeted therapy with rituximab and subse-
quently, with yittrium-90 ibritumomab tiuxetan and iodine-
131-tositumomab has provided important new therapeutic
modalities but evidence of curative outcomes remains
elusive. Therefore, management of indolent lymphoma re-
quires clinicians, like chess players, to think a few moves
ahead to try to optimize the sequence of therapy over the
course of a chronic illness. Considerations, such as age,
comorbidities, prior therapy, symptoms, extent of disease,
and impact on end-organ function all affect therapeutic deci-
sions (Table 68.9). The data discussed in the section empha-
size approaches to treatment rather than the sequence of
therapy, because the treatment sequence is often highly indi-
vidualized in the absence of curative outcome.

The reader should note that it is impossible to be exhaus-
tive in this review of the management of indolent lymphoma
because of space constraints. The reader is referred to excel-
lent reviews on the role of interferon alpha in the man-
agement of indolent lymphoma.119–124 Interferon-alpha is a
therapy that has not gained wide acceptance in the United
States. No information regarding vaccine is presented because
the critical randomized trials are ongoing and without them,
understanding the effectiveness of vaccine is impossible.

The indolent lymphomas are characterized by a risk of
transformation to an aggressive lymphoma, generally recog-
nized as a poor prognosis with short survival.125 However, in
the retrospective review of 74 patients with transformation
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TABLE 68.9. Factors influencing therapy choice in indolent
lymphoma.

Patient characteristics Disease characteristics

Age Stage
Symptoms FL IPI risk group
Comorbid conditions Sites of involvement
Preservation of future options Prior therapy

Time from prior therapy
Transformation

FL, follicular lymphoma; IPI, international prognostic index.



at Stanford, a subgroup of patients with a favorable outcome
after transformation could be identified.126 The median time
to transformation was 66 months. Factors associated with a
good prognosis following transformation, included limited
prior therapy (none versus any), limited stage (I/II versus
III/IV), and response to prior therapy (CR versus PR or none).
Thirty of the patients had a CR after treatment for transfor-
mation, and the response duration (RD) was 81 months.

Indolent Lymphoma: Initial Management

Early Stage

MALT lymphoma is the prototype of a localized indolent lym-
phoma. In contrast, limited-stage early-stage follicular lym-
phoma is uncommon. Gastric MALT lymphoma, the most
common subtype, is associated with Helicobacter pylori
infection. Numerous studies have demonstrated that clinical
remissions can be induced in most cases; however, molecu-
lar testing reveals persistence of disease in at least 50% of
cases.127 Late relapses occur, which are sometimes self-
limited, and careful clinical monitoring is essential. A subset
of patients fail to respond to or recur following antibiotic
therapy; this can be seen particularly in patients with a
t(11;18) translocation activating API2-MLT1.128,129 These
patients can be effectively managed with IFRT with excellent
long-term disease control.130 MALT lymphoma at other sites
can also be effectively controlled by IFRT.131

About 15% of patients with follicular lymphoma (FL) pre-
sented with localized disease, and retrospective studies have
demonstrated excellent disease control with IFRT.132,133 In the
Stanford series, 177 patients with FL, grades 1 and 2, were
treated (CS I, n = 73; CS II, n = 104) with IFRT, and the median
OS was 13.8 years; relapse after 10 years was uncommon. In
a provocative retrospective analysis, the Stanford group iden-
tified 43 patients (CS I, n = 11; CS II, n = 32) who were
observed for early-stage FL, grades 1 and 2.134 Radiation was
deferred for a variety of reasons. At the median follow-up of
86 months, 63% had not been treated and survival was
similar to patients who had undergone IFRT.

The European Organization for Research and Treatment
of Cancer (EORTC) conducted a study of radiation in early-
stage NHL. Patients with stage I disease were randomized to
IFRT or IFRT followed by CVP.135 Although FFS favored the
combined modality (CMT) arm, it did not affect on overall
survival. The MDACC did a study of CHOP-B (CHOP with
bleomycin) with IRFT for localized low-grade lymphoma and
have reported long-term results; the 10-year time to treat-
ment failure (TTTF) and OS were 76% and 82%, respec-
tively.136 A randomized trial is required to determine if CMT
has a survival advantage over IFRT alone.

Management of Advanced Stage

Observation

Long-term follow-up has confirmed the incurability of this
disease with conventional therapy.118 Because indolent lym-
phoma is a chronic illness, it is reasonable to postpone initial
therapy in asymptomatic patients. The natural history of

patients without bulky lymphadenopathy or symptoms was
examined. The overall survival at 10 years was 73%, and the
median time to first treatment was 3 years; spontaneous
remissions were seen in 23% of patients.137,138 The deferral of
initial therapy has been examined in prospective randomized
trials.139,140 The National Cancer Institute (NCI) conducted a
study of observation (n = 44) (which permitted limited radia-
tion therapy) versus an aggressive regimen of ProMACE-
MOPP (prednisone, methotrexate, doxorubicin, cyclophos-
phamide, etoposide alternating with mechlorethamine, vin-
cristine, procarbazine, prednisone) followed by total nodal
irradiation (TNI; n = 45) in patients with indolent lym-
phoma.139 At 34 months, 56% of the patients on the obser-
vation arm had not required therapy. There was no survival
disadvantage to the patients on the observation arm com-
pared to the chemoradiotherapy arm. The Groupe d’Etude des
Lymphomes Folliculaires (GELF) compared observation to
prednimustine or interferon-alpha for patients with low
tumor burden lymphomas.140 One hundred ninety-three
patients were randomized to the three arms with well-bal-
anced clinical characteristics. The median time to treatment
was 24 months in the deferred treatment arm. The overall
response to treatment, when started in the deferred treatment
arm was 70%, which was not different from the overall
response in the two treatment arms (78% for prednimustine,
70% for interferon-alpha). Estimated 5-year OS was not
affected by deferred therapy (78% observation, 70% pred-
nimustine, 84% interferon-alpha). Selection of patients is
important, and the GELF has proposed criteria predicting poor
outcomes that have been modified by the National Compre-
hensive Cancer Network (Table 68.10).140,141 The limitation of
these data is that all predate the era of immunotherapy in the
management of indolent lymphoma. However, since the use
of immunotherapy has not affected OS (see following), obser-
vation is an appropriate option for selected patients. Deferral
of therapy preserves future treatment options without com-
promising survival.

Chemotherapy

Indolent lymphomas are sensitive to a wide range of
chemotherapy, either alone or in combination. It is beyond
the scope of this chapter to review the extensive literature
regarding the activity of lymphoma in indolent lymphoma.
Rather, the focus is on higher-level evidence from random-
ized trials that help us understand the comparative benefits
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TABLE 68.10. Indication for therapy in indolent lymphoma.

Cytopenias associated with bone marrow infiltration
Compromised end-organ function
Three or more nodal masses >3cm
One nodal mass >7cm
Massive splenomegaly
Symptoms attributable to disease
Concurrent histologic transformation to aggressive lymphoma
Steady progression over a period of more than 6 months
Malignant pleural effusionsa

a This entity is in the original description of the Groupe d’Etude des Lym-
phomes de l’Adulte (GELF) criteria, but it is clinically very rare and is not in
the National Comprehensive Cancer Network (NCCN) criteria.

Source: Data from references 140 and 141.



of different chemotherapy. In the indolent lymphoma, it is
very important to have long-term follow-up because high
remission rates are not always associated with superior 
survival.

The Cancer and Leukemia Group B compared two
approaches for the initial management of follicular lym-
phoma, grades 1 to 2: single-agent therapy versus combina-
tion therapy with known curative potential in aggressive
disease.142 The study randomized 228 patients between
cyclophosphamide (arm 1) and CHOP-B (CHOP with
bleomycin) (arm 2), and the complete response rates were the
same in the two arms (66% versus 60%; P = 0.36). The 10-
year FFS (25% versus 33%; P = 0.107) and OS (44% versus
46%; P = 0.79) were also not affected by the treatment arm.
In a subset analysis of 46 patients with FL, grade 2, the com-
bination therapy was associated with better FFS (9% versus
48%; P = 0.005) and OS (25% versus 61%; P = 0.24). These
results were from an unplanned subset analysis, and the
benefit should be confirmed in a larger study. However, it is
interesting that a similar observation was reported by the NCI
using ProMACE-MOPP.143

The role of doxorubicin as a component of initial therapy
in indolent lymphoma has been an area of controversy. Ret-
rospective studies have suggested that the addition of dox-
orubicin did not add to the median overall survival in patient
with indolent lymphoma.144 A trial from the Hospital Saint-
Louis in France compared C-MOPP (cyclophosphamide, vin-
cristine, prednisone, procarbazine) to the same regimen with
doxorubin added.145 The trial identified no difference in EFS
or OS with the addition of rituximab to initial therapy; inter-
estingly, the study also found no difference in the risk of
transformation to aggressive lymphoma.

Multiple Phase II studies demonstrated activity of flu-
darabine in patients with untreated as well as relapsed indo-
lent lymphoma. An Italian multicenter trial group evaluated
the role of fludarabine in the management of indolent lym-
phoma in two randomized trials.146,147 The first trial com-
pared the single agent fludarabine (F) to the combination of
fludarabine and idarubicin (FI) in patients with newly diag-
nosed indolent and mantle cell lymphoma.146 The addition of
idarubicin did not change overall survival for the entire pop-
ulation, again suggesting that initial therapy with an anthra-
cycline dose did not improve survival in indolent lymphoma.
In the follicular lymphoma subset (the only group large
enough to be analyzed by itself), there were more CRs (60%
versus 40%; P = 0.007) with F versus FI, although PFS was
greater in the FI arm. This result is difficult to explain.
Nonetheless, it establishes fludarabine as an active drug for
indolent lymphoma. The second trial compared fludarabine
and mitroxantrone (FM, n = 72) (with or without rituximab)
to CHOP (n = 68) (with or without rituximab) in patients with
follicular lymphoma.147 In this trial, molecular remissions
were determined by PCR amplification of the t(14;18) translo-
cation. If patients achieved a molecular remission (CR-), they
received no further therapy. However, if the molecular test
was positive (CR+), patients received adjuvant rituximab. FM
had a higher rate of both CR (68% versus 42%; P = 0.003) and
CR- (39% versus 19%; P = 0.001) than the CHOP arm. Rit-
uximab increased the CR- rate in both arms, but the final
CR- rate favored the FM ± R arm (71% versus 51%; P = 001).
However, in a short follow-up of only 19 months, there is no
difference in PFS or OS.

Rituximab Immunotherapy

The development of the chimeric monoclonal antibody rit-
uximab (C2B8) has been altering the therapy of indolent 
lymphoma.53 In the early Phase I single-dose, dose-escalation
trials, tumor regressions were seen (2 PR and 4 minor
responses in 15 patients).148 A subsequent four weekly dose-
finding study identified a biologically effective dose of 
375mg/m2, again with clinical responses that were particu-
larly frequent in patients with indolent lymphoma.149 The
subsequent “pivotal” study was a Phase II design that
included 166 patients with relapsed and refractory indolent
lymphoma treated with four weekly doses of rituximab.150

The overall response rate was 48%, and the median time to
progression was 13 months. The overall response rate was
higher in patients with follicular lymphoma (60%) than in the
patients with SLL (IWF A) (12%). Based on these data, the U.S.
Food and Drug Administration (FDA) approved the clinical
use of rituximab for patients with relapsed and recurrent fol-
licular lymphoma. A subsequent Phase II study at the same
dose and schedule demonstrated that patients initially
responding to rituximab could be retreated at time of pro-
gression but the response rate was only 40%.151 These data
ushered in the era of immunotherapy that has fundamentally
altered the treatment of B-cell NHL. Although these data
demonstrate that rituximab has substantial activity, they do
not inform us as to the optimal use of this agent.

Rituximab has been used to treat newly diagnosed indo-
lent lymphoma with response rates ranging from 52% to 73%
with a PFS of about 12 months.152–154 Building upon the single-
agent activity in indolent lymphoma, investigators from the
Sarah Cannon Cancer Center, evaluated planned retreatment
with four weekly courses of rituximab at 6-month inter-
vals.155 This study demonstrated a 34-month PFS and an
increasing CR rate with time. However, the Phase II study
design made it difficult to ascertain if either of these obser-
vations was superior to a single four week course. The Swiss
Group for Clinical Cancer Research (SAKK)156 examined the
role of extended dosing in a randomized trial. Patients were
treated with a standard 4-week course of rituximab, followed
by a randomization to observation or prolonged therapy given
as one dose of rituximab every 8 weeks for four doses; patients
with progression after the initial rituximab were excluded
from the randomization. Of 185 patients enrolled, the ORR
to the rituximab was 67% in chemotherapy naïve patients
and 46% in previously treated patients; 151 patients were eli-
gible for randomization. At a median follow-up of 35 months,
the median EFS favored the prolonged therapy group (23
months versus 12 months; P = 0.02) with a larger benefit in
the chemo-naïve subset (36 months versus 19 months; P =
0.004). Interestingly, the CR rate was identical in both treat-
ment groups, suggesting that achievement of CR did not
require additional rituximab. IgM plasma levels decreased for
a significantly longer time after prolonged treatment, but this
was not associated with an increased infectious risk. These
data support the idea that EFS can be extended with mainte-
nance or prolonged rituximab.

A randomized Phase II study was conducted to determine
if maintenance rituximab (four weekly doses every 6 months)
was superior to retreatment with four weekly doses of ritux-
imab at disease progression.157 Patients (n = 114) were treated
with rituximab and randomized (n = 90) if they had stable or
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responding disease. The endpoint of the study was the dura-
tion of rituximab benefit, which was the same between the
two arms: maintenance, 31 months versus retreatment
groups, 27 months. However, this randomized Phase II trial
does not have sufficient power to draw definitive conclusions,
and the ECOG is conducting a large Phase III study (RESORT)
to address the question of maintenance versus retreatment at
progression.

Chemoimmunotherapy

Phase II studies have suggested that rituximab can add to the
clinical benefit of combination chemotherapy in patients
with indolent lymphoma. For example, compared to histori-
cal controls, rituximab improved the EFS with single-agent
fludarabine as well as CHOP.158,159 However, small trial sizes
and potential selection biases make definitive conclusions
impossible to draw. A series of randomized studies have been
undertaken to address this question in untreated and relapsed
indolent lymphoma.

The German Low Grade Lymphoma Study Group (GLSG)
examined the impact of adding rituximab to the FCM 
(fludarabine, cyclophosphamide, mitroxantrone) regimen in
patients with relapsed or refractory FL and MCL.160 Of 147
patients randomized, 128 were evaluable. In the FL patients,
the ORR (94% versus 70%) favored the R-FCM arms. In the
FL patient subgroup, there was a benefit in median PFS for
the R-FCM, patients (not reached at 3 years) versus FCM (21
months), at P = 0.0139. At 2 years, the estimated OS is 90%
in R-FCM, as compared with 70% on the FCM arm (P =
0.0943). Thus, in rituximab-naïve patients with recurrent
disease, rituximab adds a palliative benefit to chemotherapy
(no impact on OS) in patients with FL.

A multicenter study in England examined the addition of
rituximab to CVP chemotherapy.161 The chemotherapy was 
a modified CVP with a low dose of cyclophosphamide (750
mg/m2) and prednisone (40mg/m2). Patients treated with R-
CVP had significantly improved OR and CR rates, as well as
TTF. However, the study had an unusual definition of time
to treatment failure (TTF), considering patients with less than
a PR after four cycles as a treatment failure, and this had an
disproportionate impact on the chemotherapy arm. There-
fore, the TTP is a more reliable comparison in this trial. TTP
for R-CVP and CVP was 32 months and 15 months (P less
than 0.0001. Alhough the results in the control arm seem to
be suboptimal, this was a study with about 50% of patients
with FLIPI high-risk disease. Thus, cross-trials comparisons
must be made carefully and take into account the differences
in study populations.

The rationale for the combination of rituximab with
chemotherapy has been in vitro demonstration with various
chemotherapeutic agents.162–164 One of the demonstrated syn-
ergies was with doxorubicin,162 which provided the rationale
for the R-CHOP regimen.159 The GLSG conducted a random-
ized trial of CHOP versus R-CHOP in FL.165 The study has 
a second randomization evaluating two doses of interferon-
alpha in patients over 60 years of age and evaluating
HDT/ASCT versus interferon-alpha in patients 60 years of
age or younger. Preliminary results have demonstrated that
R-CHOP has superior OR and CR rates. In this study, 606
patients were randomized. However, at the time of presenta-
tion, only 394 patients were evaluable. R-CHOP provided

only a modest increase in OR and CR rates. However, R-
CHOP significantly increased the median TTF (P less than
0.0007). In the R-CHOP arm at a median follow-up of 3 years,
the median TTF had not been reached, compared to 2.6 years
for CHOP. However, the analysis is complicated by the
second randomization, and further follow-up is necessary to
determine if there is a survival benefit.

These randomized trials indicate that rituximab added to
chemotherapy can improve OR, CR, and EFS or PFS, but the
impact on OS is not yet clear, which is in contrast to the data
presented earlier for DLBCL. The long natural history of FL
confounds the survival endpoints in these studies. If the data
ultimately demonstrate a survival advantage, there will be no
controversy regarding the inclusion of rituximab in upfront
treatment. However, if the benefit is only on PFS or EFS and
not OS, then the timing of the use of rituximab may become
crucial. Because patients develop resistance to rituximab, its
use early in the course may compromise the later effective-
ness of the drug. Thus, further follow up of the chemoim-
munotherapy trials is essential.

External-Beam Radiation Therapy 
and Radioimmunotherapy

Radiation Alone

The role of radiation therapy in the management of indolent
lymphoma has been studied for many years. The limitation
has been the systemic nature of the disease and the limita-
tion of external-beam radiation therapy (EBRT). Nonetheless,
several randomized studies have evaluated the role of EBTR
in indolent lymphoma. Radioimmunotherapy (RIT) can be
delivered to multiple sites and is effective. However, there are
limited randomized data that examine the relative potential
of RIT in different patient populations.

Advanced-stage indolent lymphoma is a systemic disease,
and when EBRT is used alone total-body irradiation (TBI) is
necessary. This approach has been studied in a number of
Phase II studies demonstrating feasibility and efficacy.166–168 A
randomized comparison of chlorambucil and prednisone (CP)
versus TBI was conducted in 108 patients with indolent lym-
phoma.169 The various histologic subtypes were stratified to
the two treatment arms. The CR rate and OS for all histolo-
gies were not different between the two arms: 59% for CP
versus 52% for TBI, and 53 months for CP versus 57 months
for TBI. In the subset of patients with FL, there were no sig-
nificant differences in CR rate or OS. The EORTC conducted
a similar trial comparing low-dose TBI to CHVmP (cyclophos-
phamide, doxorubicin, teniposide, prednisone) in patients
with FL.170 There were 93 patients (84 evaluable): 44 received
TBI and 40 CHVmP. The ORR rates, EFS, and OS were not dif-
ferent between the arms. These data support that TBI can be
effective for the treatment of indolent lymphoma but that the
technical limitations are significant. However, the results
provide a sound rationale for the development of the use of RIT.

Two anti-CD20 radioimmunotherapy agents have been
approved by the FDA: 90Y-ibritumomab tiuxetan and 131I-
tositumomab. In Phase II studies, both agents have demon-
strated activity in patients with relapsed and refractory indo-
lent lymphoma, in rituximab-refractory patients, and in
transformed lymphoma with ORR (40%–84%) and TTP of 8
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to 16 months.171–177 The remissions following RIT can be very
durable in a subset of patients.178 Toxicity of the treatment 
is largely hematologic. The risk of secondary leukemia is
similar to other patients with multiply recurrent indolent
lymphoma.179

Two randomized studies have been conducted to demon-
strate superiority over unlabeled antibody. A comparison of
the murine antibody tositumomab was compared to 131I-
tositumomab to determine if the radioisotope contributed to
the efficacy of the drug.180 Seventy-eight patients were ran-
domized. ORR significantly favored the radiolabeled antibody
compared to the unlabeled antibody: 55% versus 19%, P =
0.002. Median response duration (not reached versus 28.1
months) and TTP (6.3 months versus 5.3 months; P = 0.031)
favored the radiolabeled antibody. Patients with disease 
progression after tositumomab could cross over to the 131I-
tositumomab arm. Following cross-over to RIT, the ORR
(68% versus 16%; P = 0.002), median response duration (12.6
versus 7.6 months; P = 0.001), and median TTP (12.4 versus
5.5 months; P = 0.01) were superior to results with prior unla-
beled antibody response. This trial clearly demonstrates that
the radioisotope adds efficacy to the treatment.

The second randomized trial rituximab was compared to
90Y-ibrituomab tiuxetan to determine if the radioantibody was
superior to the chimeric unlabeled antibody.181 The primary
endpoint was ORR, and it was underpowered to identify 
differences in PFS. One hundred forty-three patients were 
randomized to R alone (70) or RIT (73). The OR and CR rates
favored the RIT arm: 80% versus 56%, P = 0.002; 30% versus
16%, P = 0.04. TTP was not different between arms, but
durable responses of 6 months or greater were seen more often
following RIT than R (64% versus 47%; P = 0.03). These data
support the conclusion that RIT provides superior responses,
but larger randomized trials are needed to demonstrate if
there are benefits in EFS and OS.

Chemotherapy Followed by Radiation

Investigators from Mexico evaluated the role of adjuvant radi-
ation in patients with follicular lymphoma (FL) achieving a
CR after initial therapy.182 Four hundred sixty-nine patients
were randomized to observation (control) or to adjuvant radi-
ation therapy to initial sites of bulky disease. At 20 years,
there was an advantage for both EFS (41% versus 68%; P
less than 0.01) and OS (71% versus 89%; P = 0.01). Treat-
ment-related mortality and the secondary myelodysplastic
syndrome/acute myelogenous leukemia (MDS/AML) were
identical in the two arms.

RIT could provide radiation to all sites of disease without
the toxicity and technical difficulty of TBI. SWOG conducted
a pilot study (S9911) to evaluate the safety and efficacy of
adjuvant 131I-tositumomab following a course of six cycles of
CHOP chemotherapy.183 Toxicity was primarily hematologic
and was more severe during the chemotherapy than during
the RIT. The ORR was 90%. The final response after RIT
improved in 57% of the patients who had had less than a CR
to CHOP. The estimated 2-year EFS and OS were 81% and
97%, respectively. This trial established the feasibility of
sequential chemotherapy and RIT. It is currently being eval-
uated in a Phase III comparison to rituximab and CHOP
chemotherapy (SWOG S0016).

RIT Summary

The optimal use of RIT has not been determined. A recent
provocative study of 131I-tositumomab as initial therapy for
FL from the University of Michigan demonstrated high
response (OR 95%, CR 75%).184 Using PCR for the t(14;18)
translocation, 80% of the informative patients had molecu-
lar remissions. The median PFS was 6.1 years. Toxicity 
was principally hematologic. These results suggest that in
selected patients a single course of RIT can have substantial
long-term benefit. Taken together with the CHOP followed
by the RIT study already cited, results suggest that RIT may
have an important role in the management of indolent lym-
phoma. However, to determine the appropriate placement in
the treatment algorithm for FL, additional randomized trials
are necessary.

Transplant

The role of stem cell transplant has been somewhat limited
in indolent lymphoma for several reasons. First, these lym-
phomas are generally seen in older patients for whom stem
cell transplant may not be appropriate. Second, the natural
history is long, and determining when in the course of treat-
ment to use these therapies is not always clear. Retrospective
data from the University of Nebraska suggest the HDT/ASCT
should be done in second or third remission; the use of 
this approach later is no different from in other salvage
chemotherapy.185 Several randomized studies have tried to
address the role of stem cell transplant in indolent lymphoma.

The European CUP trial posed the question whether 
conventional chemotherapy (C) versus HDT/ASCT with
unpurged (U) or purged (P) stem cell products was superior for
relapsed FL.186,187 Of 140 patients registered, 89 patients were
randomized. Patients were initially treated with three cycles
of CHOP. Responding patients were eligible to proceed to the
randomized arm. At the median follow-up of 69 months,
HDT/ASCT (both U and P) by the log rank test were signifi-
cantly superior in PFS (P = 0.0037) and OS (P = 0.079). The
estimated 2-year PFS for C, U, and P were 26%, 58%, and
55%, respectively. Estimated 4-year OS for C, U, and P are
46%, 71%, and 77%, respectively. Thus, in young patients
with chemosensitive recurrent FL, HDT/ASCT appears to
provide a survival advantage. Purging did not appear to have
an effect on outcome.

The GLSG conducted a trial of HDT/ASCT or interferon
(INF) in first remission of patients with FL younger than 60
years of age.188 Three hundred seven patients underwent
induction chemotherapy with two cycles of CHOP or MCP
(mitroxantrone, chlorambucil, prednisone) and were then 
randomized to the HDT/ASCT or INF groups. Induction
chemotherapy continued until patients had achieved a CR or
PR. Two hundred forty patients with FL were evaluable for the
comparison of INF versus HDT/ASCT. Of note, patients pro-
gressing after INF could cross over to HDT/ASCT, compli-
cating the OS analysis. The PFS favored the HDT/ASCT arm
(65% versus 33%; P less than 0.0001). The overall survival
curves are identical between the arms, but longer follow-up is
necessary. Late transplant complications have not been seen.

A very similar study has been conducted by the Group
Ouest Est Leucemies Aigues Myeloblastiques (GOELAM)
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study group of a randomized trial comparing CHVmP-INF and
induction chemotherapy followed by HDT with purged
ASCT in newly diagnosed advanced-stage FL patients.189 One
hundred seventy-two patients were randomized. The HDT
arm has a superior OR rate (81% versus 69%; P = 0.045) and
a longer median EFS (not reached versus 45 months).
However, there was no OS advantage because of an excess of
secondary malignancies after transplantation. Thus, in
neither randomized study of upfront HDT/ASCT has a sur-
vival advantage been seen; therefore, this approach should
still be considered investigational in the treatment of
advanced-stage indolent lymphoma.

Allogeneic stem cell transplant has been used to treat
recurrent and refractory indolent lymphoma. However, most
reports are small case series. No randomized trials have been
conducted. The best quality evidence we have available is
from the transplant registry. A joint report from the IBMTR
and ABMTR identified 904 patients transplanted with FL, and
sought to compare outcome following autologous and allo-
geneic stem cell transplant.190 A total of 176 (19%) received
allogeneic, 131 (14%) received purged autologous, and 597
(67%) received unpurged autologous transplants. Treatment-
related mortality at 5 years was allogeneic SCT, 30%; purged
ASCT, 14%; and unpurged ASCT, 8%. Recurrence at 5 years
was allogeneic SCT, 21%; purged ASCT, 43%; and unpurged
ASCT, 58%. Estimated 5-year survival was allogeneic, 51%;
purged ASCT, 62%; and unpurged ASCT, 55%. TBI was asso-
ciated with higher treatment-related mortality (TRM) but
lower recurrence. In this retrospective registry analysis, there
was a suggestion of a benefit for purged stem cells not seen
in the CUP trial (see above). The toxicity of allogeneic SCT
appears to offset the benefit; thus, unless TRM can be signif-
icantly reduced, HDT/ASCT appears to be the preferred
choice if autologous stem cells can be mobilized.

Mycosis Fungoides

Mycosis fungoides (MF) is an often indolent cutaneous lym-
phoma composed of CD4+ T cells. It accounts for about 2%
of new cases of NHL in the United States, but because of the
long survival of many patients, the prevalence is considerably
higher.191 Staging for mycosis fungoides utilizes a unique
TNM system. Prognosis for mycosis fungoides is stage depen-
dent with stage IA patients having an overall survival similar
to unaffected age-matched controls.192 Moreover, less than
10% of patients with stage IA disease will progress to a higher
stage. Patients with stage IIB–IV disease have a much poorer
survival and, in contrast to their early-stage counterparts,
most of these patients will die of their disease.

Mycosis fungoides generally behaves as a chronic, relaps-
ing illness. Although not curative, many effective treatment
strategies have been studied in this disease. These Phase II
experiences demonstrate the efficacy of topical therapies,
phototherapy, radiation, retinoids, extracorporeal photo-
pheresis, interferon-alpha, fusion proteins, and single-agent
and combination chemotherapy. A randomized study com-
pared electron-beam radiation therapy and a combination
chemotherapy to sequential topical therapies, showing
improved response but no survival benefit for the aggressive
approach.193

Mantle Cell Lymphoma

Mantle cell lymphoma (MCL) was originally described based
on its morphologic appearance variously as centrocytic lym-
phoma, lymphocytic lymphoma of intermediate differentia-
tion, intermediate lymphocytic lymphoma, or mantle zone
lymphoma; unfortunately, the morphology overlapped signif-
icantly with other entities, making this diagnosis very diffi-
cult to make. It was recognized to be a CD5+ B-cell tumor
but was difficult to distinguish from other CD5+ lymphocytic
lymphomas on morphologic grounds.194,195 The tumors were
characterized by a chromosomal translocation t(11;14), and
the breakpoint was cloned in the early 1990s and found to
juxtapose the immunoglobulin heavy chain (IgH) gene on
chromosome 14 to the BCL1/PRAD1/CYCLIN D1 locus on
chromosome 11.196–199 It became possible to reliably and 
reproducibly diagnose MCL following the development of
immunohistochemical reagents able to identify cyclin D1 in
paraffin-embedded tissue sections.200 By flow cytometry,
these tumors express the pan-B-cell antigens CD19 and CD20
in addition to CD5. They typically do not express CD23 and
FMC7 in contrast focus. The SWOG retrospective study ana-
lyzed the outcome of patients previously diagnosed as IWF
groups A–E to determine the incidence and natural history of
MCL.201 MCL represents about 6% of the cases of NHL in the
United States2 and was typically categorized as diffuse small
cleaved cell lymphoma (IWF E). However, some cases were
confused with small lymphocytic lymphoma (IWF A) and 
follicular small cleaved cell lymphoma (IWF B). This study
demonstrated that MCL has a tumor with significantly
shorter progression-free and overall survival when compared
to other small lymphocytic lymphomas.

The role of cyclin D1 expression in the definitive 
diagnosis of MCL is controversial. There are some cases 
of lymphoma that have the typical phenotype by flow 
cytometry (CD20+, CD5+, CD23-) that fail to express 
cyclin D1. A series from Japan suggests that these tumors
have a natural history identical to other small lymphocytic
lymphoma,202,203 whereas others suggest the outcome is 
no different.204 However, in many trials, expression of cyclin
D1 has been considered necessary for inclusion on trials for
MCL.

Much of our knowledge of the natural history of MCL
lymphoma has been derived from retrospective studies. The
disease has a striking male predominance, for unknown
reasons. Although most patients have an aggressive clinical
course, a small portion of patients can have an indolent
course,205 but these patients have been difficult to identify
prospectively. Presentation as early-stage disease (CS I or II)
is very uncommon, and information regarding management
is either retrospective or anecdotal. Data on 26 patients 
with limited-stage MCL treated in Vancouver, have been
reported,206 with a variety of treatments with 5-year PFS and
OS of 45% and 70%, respectively. Age (less than 60 years) and
initial use of radiation were found to have a positive effect.
Bone marrow, peripheral blood, and gastrointestinal tract
involvement is common. In general, the retrospective studies
suggest that MCL is responsive to chemotherapy, but remis-
sion durations are brief, and median overall survival is about
3 years with no plateau on survival curves.207–212 In CHOP-
treated patients, the 10-year EFS and OS were 6% and 8%,
respectively.201 More recently, prospective trials have tried to

the non-hodgkin’s  lymphomas 1 2 6 5



determine if the natural history can be altered by intensifi-
cation of therapy and addition of immunotherapy.

Chemotherapy for MCL

There are few randomized trials of chemotherapy that include
patients with MCL. In general, when patients with MCL have
been included, it has been as a minor population in larger
trials, and it is not possible to draw definitive comparative
conclusions regarding the treatment arms.146,213 However, in
both the comparison of prednimustine and mitroxantrone
versus cyclophosphamide213 and that of fludarabine versus
fludarabine idarubicin,146 the patients with MCL had similar
overall response rates as the patients with FL, but the com-
plete response rate was lower.

Investigators at the M.D. Anderson Cancer Center
(MDACC) have used alternating regimens of hyperCVAD
regimen (fractionated cyclophosphamide, vincristine, doxo-
rubicin, dexamethasone) with MA (methotrexate, cytarabine)
as treatment for MCL. They initially treated a group of 
45 patients (25 patients as initial therapy), alternating
chemotherapy with hyperCVAD and MA followed by 
high-dose therapy and autologous stem cell transplant
(HDT/ASCT). Among the 25 previously untreated patients,
the 3-year EFS and OS were 72% and 92%, respectively.214

These results have been updated and include an analysis
restricted to 33 patients who underwent transplant; it did not
include patients treated with hyperCVAD/MA who did not
proceed to HDT/ASCT. Among the transplanted patients, the
DFS and OS were 43% and 77%, respectively.215

Rituximab for MCL

Single Agent

A European intergroup conducted a study of single-agent 
rituximab in patients with newly diagnosed and recurrent
MCL.216 In a total of 74 patients (34 untreated, 40 relapsed),
the overall response rate was 38%, which was unaffected by
prior treatment. The median duration of response was 1.2
years. These results were similar to a small pilot trial using
8 consecutive weeks of treatment, and some patients were
treated at a higher dose.54 Thus, neither the longer treatment
duration nor the higher dose appeared to be important for the
single-agent activity in MCL.

The Swiss Group for Clinical Cancer Research (SAKK)
conducted a study to determine if prolonged dosing of ritux-
imab could improve the outcome of patients with untreated
and relapsed MCL treated with single-agent rituximab.217 All
patients received four weekly doses of rituximab at the stan-
dard dose of 375mg/m2. Patients with stable or responding
disease were randomized to observation versus rituximab
given at a dose of 375mg/m2 every 8 weeks for an additional
four doses. One hundred four patients were treated in this
trial with a response rate of 27%. After the induction therapy,
PCR amplification of the t(11;14) translocation breakpoint
became negative in the peripheral blood of 4 of 20 informa-
tive patients and only 1 of 14 informative bone marrows.
Sixty-one patients were randomized (stable or responding
disease), and there was no difference in outcome (EFS, RD,
OS) between the prolonged therapy group and the observation

group. These data demonstrate modest single-agent activity
for rituximab in MCL.

Chemoimmunotherapy

The MDACC group built on their experience with the alter-
nating hyperCVAD and MA with the addition of rituximab.
Rituximab was added to both the alternating regimens that
were administered for a total of six to eight cycles (hyper-
CVAD and MA are counted as separate cycles).218 Ninety-
seven patients were treated, and the CR/CRu rate after six
cycles was 87%. The estimated 3-year EFS and OS were 67%
and 81%, respectively. Despite these encouraging results, the
survival curve has no plateau, and there is a steady relapse
rate over time, suggesting that the R-hyperCVAD/R-MA
regimen alone was not curative. The toxicity of the regimen
was significant, with 5 deaths in the study (5%), and 4
patients subsequently developing myelodysplasia syndrome
(MDS), with 3 deaths.

Investigators at the Dana Farber Cancer Institute (DFCI)
investigated the addition of rituximab to CHOP chemother-
apy.219 Forty patients were treated in this trial with an overall
response rate of 96% (CR, 48%). The median PFS was 16.6
months, no different from historical controls. Twenty-five of
the patients had a t(11;14) translocation breakpoint that was
amplifiable by the PCR. Nine of 25 patients who had infor-
mative PCR, achieved a molecular remission. The median
PFS was the same in patients who achieved a molecular
remission as those who did not.

The German Low Grade Lymphoma Study Group (GLSG)
undertook a large randomized Phase III study of CHOP, with
or without rituximab, for patients with untreated MCL.220

There was a secondary randomization that was stratified by
age: patients over 60 were randomized to two doses of adju-
vant interferon-alpha and the younger patients were random-
ized to adjuvant HDT/ASCT or interferon-alpha. One
hundred twenty-two patients were randomized: CHOP, n =
60; R-CHOP, n = 62. Analyzed according to initial random-
ization, R-CHOP was significantly superior to CHOP in
overall response rate (94% versus 75%; P = 0.0054) and com-
plete remission rate (34% versus 7%; P = 0.00024). There was
also a significant benefit in the median TTF (21 versus 14
months; P = 0.0131). Despite the improvement in TTF, there
was no advantage to the chemoimmunotherapy arm in pro-
gression-free or overall survival.

GLSG also evaluated the addition of rituximab to FCM
(fludarabine, cyclophosphamide, mitroxantrone) for patients
with relapsed and refractory FL and MCL (24 patients in each
of the arms).160 Addition of rituximab did not significantly
improve the overall response rate (FCM-R, 58%, versus FCM,
46%; P = 0.282), but there was 29% complete remissions with
rituximab versus none without. Although there was no dif-
ference in the median PFS (FCM-R, 8 months, versus FCM, 4
months; P = 0.3887), there was a difference in median OS
(FCM-R, not reached, versus FCM, 11 months; P = 0.0042). It
is unclear why the treatment could result in a significant
improvement of OS without an improvement in PFS. Given
the small sample size, it is possible the survival benefit
reflects an unintentional selection bias.

The National Cancer Institute (NCI) investigators evalu-
ated DA-EPOCH-R with idiotype vaccination in patients
with untreated MCL.221 Twenty-six patients were treated
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with DA-EPOCH-R with an overall response rate of 100%
(complete response, 92%). Interestingly, the proliferation 
signature that had been identified to be important in the
outcome of patients with MCL treated with CHOP-based reg-
imens204,222 was not predictive of outcome with DA-EPOCH-
R. The mechanism by which this regimen would overcome
the proliferation signature is unknown. The impact of 
the idiotype vaccination on outcome is unknown. The 
DA-EPOCH-R regimen profoundly affected on humoral
responses although T-cell responses to the Id-KLH/GM-CSF
vaccine were seen.

Stem Cell Transplantation

The role of HDT/ASCT in the management of MCL has been
controversial. Investigators at the DFCI undertook a retro-
spective analysis of the outcome of those who underwent
high-dose chemoradiotherapy and anti-B-cell monoclonal
antibody-purged autologous bone marrow transplantation
(ABMT) for MCL in first or subsequent remission.223 The
results were very discouraging, with no evidence of a plateau
on the survival curve, and an estimated DFS and OS at 4 years
of only 31% and 62%, respectively. In another small study of
24 patients, the EFS was 55% at 5 years, but again there was
no evidence of a plateau on the survival curve.224 The data
between 1988 and 1998 for 195 patients with MCL provided
to the European Blood and Marrow Transplant Registry
(EBMT), or the Autologous Blood and Marrow Transplant
Registry (ABMTR) were reviewed.225 At the median follow-up
of 3.9 years, the estimated 5-year PFS and OS were 33% and
55%, respectively. There was a significantly worse outcome
for patients not in first complete remission (CR1) compared
to those in CR1 (relative risk, 2.99; P = 0.001).

The European MCL network undertook a randomized
Phase III study to evaluate the role of consolidation of the first
remission with HDT/ASCT.226 Patients were initially treated
with four to six cycles of CHOP-like chemotherapy. Patients
achieving a PR or CR were randomized to either two addi-
tional cycles of the same chemotherapy, followed by inter-
feron-alpha, or to stem cell mobilization with dexa-BEAM
(dexamethasone, carmustine, etoposide, cytarabine, melpha-
lan), followed by total-body irradiation (TBI) and cyclophos-
phamide. Patients who progressed after the interferon arm
were eligible to cross over to the high-dose therapy arm. 
One hundred twenty-two patients were randomized: 60 to
HDT/ASCT and 62 to interferon-alpha. Induction therapy
included CHOP in 61%, R-CHOP in 26%, and other CHOP-
like regimens in 13%, and these were relatively well balanced
between arms. Patients receiving consolidation with
HDT/ASCT versus interferon-alpha had a superior median
PFS (36 months versus 17 months; P = 0.0108). Despite a trend
in improvement in OS, this was not statistically significant;
however, the survival analysis was complicated by the 
cross-over design. Despite the improvement in PFS with
HDT/ASCT in first remission, there is no plateau on the sur-
vival curve to suggest a group of patients being cured with
this therapy.

Allogeneic stem cell transplantation has also been inves-
tigated for patients with relapsed/refractory MCL. Anecdotal
experience with conventional myeloablative allogeneic trans-
plantation, suggests that some patients can have long-term
disease-free benefit.227,228 Investigators at Johns Hopkins iden-

tified 58 patients with MCL in their transplant registry who
received either autologous or allogeneic stem cells.229 Nine-
teen patients received an allograft. In this analysis, there was
no clear evidence of a graft-versus-tumor effect, because the
actuarial risk of relapse was similar between those who
received either autologous or allogeneic stem cells. There was
no difference in 3-year EFS (70%) between allogeneic and
autologous transplant performed in CR1.

A trial of nonmyeloablative allogeneic stem cell trans-
plantions was conducted at the MDACC.230 Eighteen patients
were treated in two trials that differed in the chemotherapy
regimen: fludarabine, cyclophosphamide, high-dose ritux-
imab (n = 13), and cisplatin, fludarabine, cytarabine (n = 5).
The median number of prior treatments was three, and 5
patients had prior HDT/ASCT. Complete remissions were
seen in 94%, and 3 patients progressed. One of the 3 was rein-
duced into CR with donor lymphocyte infusions. The esti-
mated 3-year current EFS was 82% (this includes the patient
reinduced into CR). Investigators at the Fred Hutchinson
Cancer Research Center (FHCRC), evaluated a nonmyeloab-
lative approach using fludarabine and 2Gy TBI for patients
with relapsed and refractory MCL.231 Thirty-three patients
were treated (HLA-matched related, n = 16; unrelated, n = 17),
including 14 patients who had had a prior HDT/ASCT. Stable
engraftment occurred in 31 of the patients. Of the 30 patients
undergoing the procedure in CR (n = 13), or with responding
disease (n = 17), only 1 patient had relapse. The relapse mor-
tality was 9%, but regimen-related mortality was 24% at 2
years. The estimated 2-year DFS and OS were 60% and 65%,
respectively.

New Approaches

Radioimmunotherapy

Mantle cell lymphoma is sensitive to radiation; however, the
role of external-beam radiation is limited in the management
of the disease because of the systemic nature of the disease.
Radioimmunotherapy is a means of providing systemic radi-
ation therapy to multiple sites of disease. Preliminary results
of two trials have been presented. Untreated patients with
MCL were treated with sequential radioimmunotherapy (RIT)
with 131I-tositumomab (65–75cGy, whole body) followed by
conventional CHOP chemotherapy.232 There was an overall
response rate to the RIT of 83% (CR, 50%) and the
chemotherapy improved the CR to 90%. Investigators at
MDACC treated a group of 15 patients with relapsed and
refractory MCL with 90Y-ibritumomab tiuxetan (0.3–0.4mCi
90Y/kg).233 There was an overall response rate of 33% (all
CR/CRu). These trials are very preliminary and response
durations are not available, although they suggest conven-
tional-dose RIT has activity in both untreated and
relapsed/refractory disease.

At the FHCRC, the role of high-dose RIT with stem cell
support for MCL was investigated.234 The systemic distribu-
tion of disease, with extensive bone marrow and peripheral
blood involvement, raised the concern that the dosimetry of
RIT in MCL would be different from that in other tumors. In
25 patients with MCL treated with high-dose RIT, the biodis-
tribution and dosimetry were similar to other histologies.235

Sixteen patients were treated with 131I-tositumomab at a dose
calibrated to deliver 20 to 25Gy to normal organs, followed
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10 days later by high-dose etoposide (30–60mg/kg) and
cyclophosphamide (60–100mg/kg). Patients then had autolo-
gous stem cells reinfused. At 3 years, the PFS and OS are 61%
and 91%, respectively, in a population that had a median of
three prior treatment and 7 patients with chemorefractory
disease. Substitution of high-dose RIT is a promising
approach, but larger controlled studies are necessary to vali-
date these findings.

Novel Agents

Bortezomib is a reversible inhibitor of the protease approved
for the treatment of relapsed and refractory multiple
myeloma.236 This drug has been evaluated in the treatment of
MCL at both MSKCC and MDACC. Both centers used a dose
of bortezomib (1.5mg/m2 on days 1, 4, 8, and 11 every 21 days)
that was associated with significant asthenia, neuropathy,
and thrombocytopenia.237,238 However, in a limited number of
patients, the response rate was reported to be approximately
50%. Additional data have been presented by the NCIC and
St. Bartholomew’s.239,240 In these trials, the schedule was the
same but the dose was 1.3mg/m2, and this appeared to be
mildly less toxic; asthenia, thrombocytopenia, and neuropa-
thy remained significant toxicities. The activity was main-
tained at the lower dose, with overall response rates of 36%
(St. Bartholomew’s, n = 11) and 33% (NCIC, n = 24). A mul-
ticenter confirmatory Phase II trial is ongoing in the United
States. However, additional schedules and integration with
other therapy are necessary.

There have been anecdotal reports of thalidomide induc-
ing remissions in patients with refractory MCL.241,242 Based on
the rationale that thalidomide might target the microenvi-
ronment and rituximab the tumor, investigators from Austria
examined the combination in patients with MCL.243 Sixteen
patients were treated with rituximab 375mg/m2 weekly ¥ 4
with thalidomide 200mg po/day for 2 weeks, then increased
to 400mg po/day until progression or relapse. Thirteen (81%)
of the patients responded, with CR in 31%. Median PFS was
20.4 months, with an estimated 3-year OS of 75%. Toxicity
was primarily related to the thalidomide, with thromboem-
bolic events in 2 patients and grade IV neutropenia in 1.

Summary

The clinical management of MCL remains a major challenge.
Early-stage disease is uncommon, and other than small ret-
rospective cases series, there is no high-level evidence to
guide the management of these patients. These patients
should be extensively evaluated for occult sites of extranodal
disease with inclusion of gastrointestinal tract evaluation
with blind biopsies (if not gross disease). It appears that
involved-field radiation should be a component of the
therapy. In advanced-stage disease, outside of a clinical trial,
effective cytoreductive therapy (R-HyperCVAD/R-MA; R-
CHOP) should be followed by HDT/ASCT in appropriate 
candidates. However, it should be cautioned that this is an
effective palliative, and not a curative approach. For this
reason, when possible patients with MCL should be referred
for clinical trial. The effectiveness of HDT/ASCT at relapse
is controversial, but most data suggest that it is not as effec-
tive for relapsed/refractory disease as it is for consolidation in
first remission. Off study, the fludarabine-based FCM (±R) is

justified on the basis of the evidence presented, but the
benefit is relatively brief. The data with investigational
approaches, such as bortezomib, rituximab plus thalidomide,
high-dose radioimmunotherapy, and allogeneic stem cell
transplantation are all promising, but further trials are nec-
essary to determine how these treatments fit into the man-
agement of MCL. Other agents, such as the MTOR inhibitor
CCI779 and flavopiridol, also may have activity in MCL.
Thus, patients with relapsed disease have no standard therapy
and when possible should be referred for clinical trials.

Conclusions

The non-Hodgkin’s lymphomas represent a clinically diverse
array of diseases with some entities being incurable chronic
illnesses and others progressing rapidly but having the poten-
tial for cure. Owing to the relative rarity of some of these enti-
ties, such as T-cell lymphoma, high-level evidence does not
exist, and therapeutic decisions are based on small retrospec-
tive studies and the clinical impression of experts. In contrast,
there is high-level evidence to guide the therapy of DLBCL in
most clinical situations. Poor-risk young patients remain an
area of controversy. Even in aggressive lymphoma relapse,
randomized data support the use of HDT/ASCT. Among the
indolent lymphomas, FL remains the greatest challenge in
day-to-day practice because of the chronic nature of the
disease and lack of clear guidance as to an optimal order of
therapy. In these cases, it is important to extract the lessons
learned from the high-level evidence and apply these to the
particulars of the patient’s clinical situation. FL is a disease,
barring a major breakthrough resulting in curative outcomes,
in which individual considerations will shape treatment
choices. In MCL, much of the high-level evidence informs the
clinician of what not to do. Despite intensive study over 
the past decade, consistent curative outcome has not been
achieved. It remains very important that these patients be
referred for clinical trials. Many lymphoma entities were not
covered in this chapter because they are very uncommon.
Regrettably, in many of these entities, high-level evidence
may never exist to guide the management of these patients.
In those circumstances, we must rely on the experience of
highly specialized consultants who may be able to provide
insight on a case-by-case basis.
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Multiple Myeloma
Robert L. Schlossman

ultiple myeloma (MM) is an incurable plasma cell
neoplasm characterized by the accumulation of
malignant plasma cells in the bone marrow. In the

vast majority of cases, this neoplastic proliferation of plasma
cells produces a monoclonal protein or immunoglobulin frag-
ment that can be detected in the blood, urine, or both. Signs
and symptoms of MM can be related to the location of these
cells as well as the excessive production of irrelevant mono-
clonal immunoglobulin. As the malignant plasma cells expand
in the marrow, normal surrounding bone can dissolve as a
result of stimulation of osteoclasts by a variety of cytokines.
Damage to the bone can lead to pain, pathologic fractures, and
hypercalcemia. Furthermore, normal bone marrow can be 
suppressed, in particular, erythropoiesis. Impairment of the
immune system leads to decreased humoral immunity with
increased risk of infection, particularly encapsulated organ-
isms. The paraprotein itself can lead to problems, including
hyperviscosity, amyloid, and renal damage. This disease typi-
cally occurs in individuals in the sixth or seventh decades, but
can also be seen in younger people. Systemic therapy is pal-
liative. For decades, chemotherapy was based on single agents
or combinations of alkylating agents and steroids. Despite
great enthusiasm, dose intensification is not curative in the
majority of cases, but can prolong overall survival (OS) and
event-free survival (EFS). Newer drugs, based on antiangio-
genesis approaches and targeting cytokine pathways, have gen-
erated a great deal of interest.

Epidemiology and Etiology

The estimated number of new cases of MM in the United
States for 2004 was 15,270, for an incidence rate of 4 per
100,000 per year. The estimated number of deaths from the
disease in 2004 was 11,070.1 The prevalence is approximately
50,000. Although not considered a common disease, MM does
account for 20% of deaths caused by hematologic malignan-
cies in the United States. Although MM represents 1% of all
malignancies, it is the second most common hematologic
malignancy after non-Hodgkin’s lymphomas. The disease
does appear to be increasing slowly in incidence. This
increase may be in part due to increased screening by routine
blood work and more sensitive tests. One hypothesis is that
the increased incidence may be real and the results of increas-
ing environmental toxins known and unknown.2,3

Increased risk of developing MM may be related to the
interaction of genetic and environmental factors, neither of

which alone is enough to lead to disease. Environmental risk
factors associated with an increased incidence of MM, include
excessive exposure to petroleum products, organic solvents,
pesticides, herbicides, Agent Orange, and radiation. Groups
particularly at increased risk of exposure to these compounds
include farmers, woodworkers, and paper producers.4,5 An
increased risk of MM was also noted in atomic bomb sur-
vivors exposed to more than 50Gy radiation.6 Although the
genetic predisposition to the disease is not so strong as seen
in other related lymphoproliferative disorders, MM has been
described in first-degree relatives. Whether these associations
represent a true genetic predisposition or a common envi-
ronmental exposure remains unclear.

The Biology of MM

A process of immunoglobulin gene rearrangement character-
izes normal B-cell development. As the B cell matures from
a naïve pre-B to memory B cell and plasma cell, a number of
genetic events occur. This process involves immunoglobulin
VDJ rearrangement, somatic mutation, and immunoglobulin
class switching.7 The hypermutated sequences of joining
regions of the VDJ can provide molecular markers for iden-
tifying the presence of clonotypic myeloma cells even in 
low numbers. Using CDR3 polymerase chain reaction tech-
nology, the malignant clone can be identified with greater
sensitivity.8

MM is characterized by sheets of mature-looking plasma
cells. The malignant cell is a B lymphocyte with a plasma cell
morphology. These malignant plasma cells are cIg+, CD38+,
CD56+, and BB-4+ (CD138+). MM cells can aberrantly express
CD10, HLA-DR, and CD20.7,9 The final oncogenic event
leading to the development of MM appears to occur late in B-
cell development based on immunoglobulin gene sequence
analysis. The MM cell is postfollicular with the mutated
homogeneous clonal sequences indicating no continuing
exposure to somatic hypermutation.9

Chromosomal abnormalities occur in the range of 30% to
80%, but the true incidence is difficult to ascertain because
of the low proliferative potential of MM cells and the method-
ology used to perform the analysis. Conventional cytogenetic
analysis demonstrates abnormal karyotypes in 30% to 40%
of patients,10 whereas fluorescence in situ hybridization
(FISH) analysis increases this figure to 80%.11 Spectral kary-
otyping (SKY) purportedly detects chromosomal abnormali-
ties in almost 100% of MM cells.12
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The most common chromosomal abnormalities involve
14q32, which is the heavy-chain locus. In many cases, the
translocation involves genes on the partner chromosome 
that encode growth or transcription factors. These nonim-
munoglobulin chromosomes include 11q13, 4p16, 8q24,
16q23, and 6p25.7 Deletions of the short arm of chromosome
13 correlate with a poorer outcome, although the associated
genes remain to be identified.

The Bone Marrow Microenvironment

In addition to intrinsic genetic abnormalities, the role of the
bone marrow environment in the pathogenesis of MM has
come to be appreciated. Both normal and neoplastic plasma
cells are attracted to the bone marrow via adhesion molecules
and ligands. Once these cells enter the bone marrow micro-
enviromment, they are exposed to a variety of cytokines that
promote growth, migration, and survival. Specifically, bone
marrow stromal cells (BMSC) secrete a variety of cytokines,
including interleukin 6 (IL-6), vascular endothelial growth
factor (VEGF), stromal cell-derived growth factor (SDF-1), and
insulin growth factor (IGF-1).13–15 In addition to attracting MM
cells to the bone marrow, adhesion of MM cells to BMSCs
results in paracrine secretion of IL-6 as well as VEGF. IL-6 is
secreted via a NF-kB dependent pathway. IL-6 is a major
growth factor for MM cells and results in increased survival
and resistance to dexamethasone-induced apoptosis via a
number of signaling pathways.

Another cytokine that plays an important role in MM is
tumor necrosis factor-alpha (TNF-a). Although TNF-a does
not act directly on MM cells, it does increase expression of
cell-surface adhesion molecules via an NF-kB-dependent
pathway. The adhesion molecules ICAM-1 and VCAM-1 are
found on both BMSC and MM cells. Increased expression of
these adhesion molecules results in binding of the MM cells
to the bone marrow and secretion of IL-6.16

Clinical Presentation

The majority of symptomatic patients present with a combi-
nation of bone pain, fatigue, and recurrent infections. Corti-
cal bone destruction leads to pain in the back and chest. The
pain worsens with weight bearing and typically does not
involve the joints. Compression fractures of the vertebral
bodies can lead to neurologic complications, including weak-
ness, neuropathies, muscle spasm, and the signs and symp-
toms of cord compression. Loss of height can occur if multiple
vertebrae are compressed. Often, back pain is present for
weeks to months before a patient seeks medical evaluation.
Extensive bone involvement can result in hypercalcemia,
which in turn can result in weakness, constipation, confu-
sion, and arrhythmias and potentiate renal dysfunction.
Other complications include anemia caused by marrow sup-
pression, immune dysfunction, and end-organ toxicity sec-
ondary to paraprotein deposition. The paraprotein can be
directly nephrotoxic as well as neurotoxic and can be
deposited in a variety of tissues as amyloid. Fevers and night
sweats are rare but occasionally seen. Organomegally is also
rarely seen as a presented symptom. A subset of patients are
diagnosed while asymptomatic when laboratory abnormali-

ties are noted incidentally on annual physicals or during the
course of a workup to evaluate other issues.

Bone Disease

One of the dreaded complications of MM is cortical bone
destruction, which leads to bone pain and pathologic frac-
tures. Bone damage appears to be mediated by osteoclast acti-
vation by a host of cytokines released by MM cells and bone
marrow stromal cells (BMSC). These cytokines include lym-
photoxin (LT), TNF-a, hepatocyte growth factor (HGF), IL-6,
metalloproteinases, and insulin-like growth factor-binding
protein 4.17–21 Excessive production of these cytokines up-
sets the normal balance of bone modeling and favors bone
reabsorption.

Approximately 70% to 80% of patients will experience
bone pain during the course of their disease. The bone survey
remains the standard imaging study. The classic abnormality
is a punched-out lytic lesion typically seen in the axial skele-
ton, including the vertebrae, calvarium, ribs, and proximal
long bones. Additional studies include computed tomogra-
phy (CT) scans (although the risk of renal dysfunction due 
to contrast dye makes this imaging modality problematic),
magnetic resonance imaging (MRI), and positron emission
tomography (PET) scans. Extensive lytic bone disease is asso-
ciated with hypercalcemia, which in turn can lead to consti-
pation, weakness, and confusion. Bone scans are of limited
use because of the pure lytic nature of these lesions.
Osteosclerosis is uncommon and represents callus formation
in healing of the POEMS variant of MM.

Another feared complication of MM is renal failure. Up
to 25% of MM patients may experience some degree of renal
dysfunction. The etiology of renal damage can be multifacto-
rial and includes myeloma kidney, light-chain deposition
disease, uric acid nephropathy, infection, hypercalcemia,
dehydration, medication toxicity, and amyloid. In myeloma
kidney, monoclonal light chains and intact immunoglobulin
precipitate in the distal and collecting renal tubules, result-
ing in waxy casts. In light-chain deposition disease, mono-
clonal light chains deposit on the glomerular membrane.
Another pattern of renal damage is due to the deposition of
amyloid. These mechanisms of damage can be potentiated by
dehydration. Also contributing to the damage caused by these
mechanisms is hyperuricemia and medications. Nonsteroidal
antinflammatory agents can potentiate renal damage by mod-
ulating afferent blood flow into the glomerulus.

Anemia is common and can result in profound fatigue.
Factors that contribute to anemia, include bone marrow infil-
tration by MM, suppressed erythropoietin production in part
caused by renal dysfunction, and chemotherapy. In some
cases, anemia may be a consequence of iron deficiency, which
may in turn be caused by chronic gastrointestinal blood loss
from nonsteroidal antiinflammatory drugs (NSAIDs) or
steroid-induced gastritis. Also contributing may be the
anemia of chronic disease.

Sensorimotor neuropathies are common in MM. Neuro-
toxic agents used in the therapy of myeloma exacerbate these
neuropathies. Neurotoxic agents commonly used in the
therapy of MM, include vinca alkaloids, steroids, thalido-
mide, and bortezomib. Sensory neuropathy is a common pre-
senting symptom in POEMS. The mechanism of nerve
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damage includes amyloid deposition, paraprotein directed
against myelin,22 and nerve root damage secondary to com-
pression fractures. Other causes of neurologic involvement
include carpal tunnel syndrome due to amyloid.

Recurrent infections with encapsulated organisms are
common and result from compromised humoral-mediated
immunity. In advanced disease, further immunosuppression
can be caused by steroid use and neutropenia. Aggressive
antibiotic therapy for bacterial, viral, and fungal infections is
essential in reducing the risk of life-threatening sepsis. All
patients should receive pneumococcal vaccine at diagnosis
and influenza vaccines annually. Prophylaxis for Pneumocys-
tis carinii pneumonia should be considered for all patients 
on steroid-based regimens. In addition, antiviral therapy is
advised for patients at increased risk of reactivation of vari-
cella zoster virus. This prophylaxis is particularly important
following high-dose therapy. For individuals with recurrent
life-threatening or debilitating infections, intravenous
immunoglobulin infusions may be indicated for passive
immunization and to help clear existing infections.

Less common complications include hepatomegaly, malig-
nant pleural effusions, subcutaneous plasmacytomas, and
blood clots. Hyperviscosity symptoms can occur in patients
with IgM paraproteins, or rarely, in those with hyperviscosity
are seen extremely high IgG levels (IgG subclass 3).

Laboratory Findings: Diagnostic Tests

Complete blood count
Measurement of electrolytes, BUN, creatinine, calcium,

LDH
Serum protein electrophoresis
Serum protein immunoelectrophoresis
Metastatic series
Bone marrow aspirate and biopsy
24-hour urine collection for urine immunoelectrophore-

sis
Free serum light chains
B2 microglobulin, C-reactive protein, plasma cell labeling

index

The evaluation proceeds in a stepwise fashion and
includes routine blood work and radiographic studies. A nor-
mocytic normochromic anemia is seen in 62% of cases.23

Usually the remainder of the complete blood count (CBC) is
normal. On peripheral blood smear, rouleaux formation is
common and can account for a falsely elevated mean corpus-
cular volume (MCV) on automated CBC determinations.
Approximately 55% of patients have some degree of renal
insufficiency, and 76% have a monoclonal spike of serum
electrophoresis.23 If the preliminary workup is suspicious,
then a more detailed workup is undertaken to establish the
diagnosis and estimate tumor burden. Additional tests can be
utilized to evaluate the biologic aggressiveness of the disease.
Patients with more aggressive appearing disease at initial
diagnosis can then be counseled about the need for sooner
intervention and the possible benefit of more aggressive
therapy.

Establishing the diagnosis is the first step in evaluating a
patient suspected of having MM. Combinations of major or
minor criteria are then evaluated.24 This evaluation includes

defining a monoclonal protein in the serum, urine or both,
presence of depressed normal immunoglobulins, presence of
monotypic plasma cells, and lytic bone lesions. These diag-
nostic tests include a serum protein electrophoresis and urine
immunoelectrophoresis to evaluate for a monoclonal protein
in the blood, urine, or both. Quantitative immunoglobulins
with immunofixation can further identify and quantitate the
paraprotein. A monoclonal spike in the blood, urine, or both
is found in 99% of patients with only 0.3% being nonsecre-
tory.23 While it remains unclear whether different types of
monoclonal spikes are associated with different survival, they
are associated with different complications. IgM and IgA
myeloma have a higher association with hyperviscosity syn-
dromes, whereas light chains have a higher association with
renal dysfunction and amyloid.

Essential to the diagnosis is the demonstration of
increased numbers of clonogenic plasma cell cells in the bone
marrow. MM cells usually make up at least 10% to 30% of
the bone marrow cellularity. Further identification of the
plasma cell can be made with immunoperoxidase studies
demonstrating light-chain restriction. In early-stage disease
and some cases, involvement of the marrow can be patchy.
Sampling error can lead to falsely elevated or reduced esti-
mates of involvement when looking only at the percentage
involvement in the marrow.

Once the diagnosis is established, other tests are per-
formed to evaluate the extent of disease. Other tests used in
staging, include a complete blood count (CBC) and chemistry
panel, including blood urea nitrogen (BUN), creatinine, and
calcium. For evaluating bone damage in MM, a skeletal
survey remains the standard of care. Although the classic
finding is a punched-out lytic lesion, other patterns can
include diffuse osteopenia or a normal appearance to the
bones. Typically, MM lesions involve the axial skeleton but
can also be seen in the long bones. Other imaging studies
useful in the evaluation of MM, include MRI. MRIs are par-
ticularly useful in evaluating bone damage that is not readily
apparent on plain films. In addition, MRI is particularly sen-
sitive for evaluating disease in the spine and defining the
anatomy of the spinal cord and nerve roots. Myeloma lesions
are commonly dark on T1-weighted images and bright on T2

images. Positron emission tomography (PET) is less well
defined in MM. It may play a role in whole-body imaging 
of patients with nonsecretory disease and to evaluate
extramedullary disease.

Differential Diagnosis

Although the diagnosis of MM is often clear once the tests
are performed, monoclonal proteins can be associated with
other disorders. The differential diagnosis for a monoclonal
gammopathy includes monoclonal gammopathy of unknown
significance (MGUS), smoldering myeloma, non-Hodgkin’s
lymphoma, chronic lymphocytic leukemia, primary amyloi-
dosis, light-chain deposition disease, and Waldenstrom’s
macroglobulinemia. All but the MGUS, smoldering my-
eloma, and primary amyloid are fairly easy to distinguish
when additional workup is pursued, including CT scans and
flow cytometry.

The distinction between MGUS and smoldering MM is
based on the amount of paraprotein and extent of bone
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marrow involvement. These disorders represent steps leading
to the development of symptomatic MM, whereas primary
amyloid represents a complication related to the biochemical
properties of the paraprotein itself. Amyloid can develop in
the context of both MGUS and MM. A MGUS is character-
ized by a M-spike of less than 3g/dL and minimal involve-
ment of the bone marrow by plasma cells. This disorder
affects approximately 2% to 3% of individuals over 50 years
old and increases in incidence with age. Commonly, the bone
marrow looks normal but can have up to 10% involvement
by plasma cells. Given the low number of plasma cells, a
metastatic series should be normal, as well as the blood work,
with the exception of the M-component. The diagnosis of a
MGUS is associated with an increased risk of evolving into a
malignant lymphoproliferative disorder. This risk is 24%
overall and 1% per year in a large series from the Mayo
Clinic.25 Increasing paraprotein, elevated erythrocyte sedi-
mentation rate (ESR), and presence of light chains are associ-
ated with an increased risk of transformation.5 Thus, MGUS
represents a premalignant B-cell disorder.

Smoldering MM may represent the next step in the evo-
lution of a MGUS into MM. In smoldering MM, the M-
component is more than 3g/dL, and there is a greater degree
of involvement on the bone marrow with more than 10%
activity.26 The development of smoldering MM from MGUS,
may reflect changes occurring in the bone marrow that result
in increased stimulation of plasma cells by cytokines and
paracrine signaling.

Additional laboratory evaluation can be used to define
how aggressive a particular patient’s myeloma cells may
behave. These factors include the B2-microglobulin (b2M),
level chromosome 13 abnormalities, C-reactive protein
(CRP), IL-6 levels, plasma cell labeling index (PCLI), lactate
dehydrogenase (LDH), plasmablastic morphology, and pres-
ence of circulating plasma cells in the peripheral blood. Of
these tests, the b2M is the single most important prognostic
factor. The b2M represents the light chain of the major his-
tocompatibility complex of the cell membrane on lympho-
cytes. Increased plasma cell turnover, associated with a rapid
growth fraction, results in increased b2M being shed into the
serum. An elevated b2M in a patient with normal renal func-
tion is associated with poorer survival and a rising level is
associated with disease progression.27 Because b2M is renal
excreted, renal insufficiency can falsely elevate the value.

Recently, chromosome 13 abnormalities have been shown
to be an adverse prognostic factor. Deletions of the short arm
of chromosome 13 (13q-) have been shown by FISH in approx-
imately 40% of patients, and are associated with survivals of
27 months, compared to 65 months in patients without the
deletion (P less than 0.001).12,28,29 An elevated CRP correlates
with shorter survival and elevated IL-6 levels.30 As in NHL,
an elevated LDH is also a predictor of poorer outcome.31 The
PCLI is a measure of plasma cell turnover in the bone
marrow. Normally, plasma cells have a low mitotic fraction
of less than 1%. A PCLI of 1% or greater is associated with
more aggressive disease.31 Plasmablastic morphology also cor-
relates with more aggressive disease and shorter survival.32

For 30 years, MM has been classified based on the
Durie–Salmon staging system.33 This system was based on
tumor burden and complications based on the evaluation.
While this staging system was predictive of survival, it was
not based on biologic features. The International Staging

System for MM attempts to correct the deficiencies of the
Durie–Salmon Staging system by utilizing only the beta-2
microglobulin and albumin.34

Initial Management

Once the diagnosis of MM is made, the next step is to initi-
ate supportive care and decide whether systemic chemother-
apy is warranted. Additional interventions include patient
education, establishing a follow-up routine, and determining
suitability for clinical trials. Supportive care includes review-
ing the patient’s history and updating immunizations, par-
ticularly for encapsulated organisms. These patients should
be immunized against pneumococcal pneumonia and Hemo-
philus influenzae as well as influenza.

Newly diagnosed patients should be offered bisphospho-
nate therapy with either pamidronate or zolendronic acid as
prophylaxis against bone disease. Bisphosphonates are ana-
logues of normal pyrophosphonates involved in bone forma-
tion. These side-group substitutions allow pamidronate and
zolendronic acid to be incorporated into bone but to prevent
hydrolysis by osteoclasts. Pamidronate reduces the risk of
skeletal-related events in patients undergoing chemotherapy
from 42% to 24%, based on results from a randomized trial.35

In this study, skeletal-related events were defined as patho-
logic fractures, bone pain, and bone damage requiring inter-
vention. Based on this study and others, pamidronate has
been approved for use in patients who meet diagnostic crite-
ria for MM, demonstrate bone disease, and who are being
started on systemic therapy. Bisphosphonate therapy in
patients not requiring systemic therapy is controversial. Pre-
clinical studies have demonstrated an antimyeloma effect for
bisphosphonates in cell culture. This activity has been hard
to demonstrate in the clinical setting. The newer bisphos-
phonate, zolendronic acid, has gained widespread use. While
zolendronic acid is a more potent bisphosphonate in the 
laboratory, it has not been demonstrated to be superior to
pamidronate in the clinical setting. Zolendronic acid is typi-
cally given over 20 minutes rather than the 2 hours recom-
mended for pamidronate.

Although well tolerated, bisphosphonates have a number
of potential side effects. The main concern is the risk of renal
dysfunction. In patients with multiple risk factors for renal
dysfunction, the relative contributions are not always appar-
ent. This risk is low and may be related to rate of infusion.
Initially, the incidence of renal dysfunction was believed to
be higher with zolendronic acid than pamidronate, although
some concerns did not materialize into a real problem. With
more experience, this increased risk does not appear to be
borne out. Possible explanations for the increased incidence
of renal dysfunction associated with zolendronic acid, include
rapid infusion rates and higher doses. When zolendronic acid
was first evaluated, it was given in higher doses and over
shorter periods. The current dosing recommendations of 4mg
over 20 minutes appear to be safe. In renal dysfunction due
to pamidronate, patients sometimes develop an asympto-
matic proteinuria. With zolendronic acid, this warning sign
is not typically seen.

Other side effects seen with bisphosphonate therapy,
include low-grade temperatures and bone pain. These com-
plaints can begin within 24 to 48 hours of the infusion and
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are often self-limited. When these symptoms occur, prophy-
lactic Tylenol can be useful. Another risk associated with
pamidronate, in particular, is thrombophlebitis. This compli-
cation typically occurs at the site of a peripheral intravenous
catheter and can be avoided with central lines. Hypocalcemia
is another potential risk of bisphosphonate use. Given that
many of these patients are normocalcemic at initiation of the
therapy, it is common for calcium levels to run in the 8.0–8.4
range. In patients with renal insufficiency who are not receiv-
ing adequate calcium repletion, clinically significant hypo-
calcemia may occur. For patients with stable to responding
disease, cautious calcium repletion is reasonable.

Duration of Therapy

Initially, there was much enthusiasm for bisphosphonates
and the consensus recommendation is to continue therapy 
so long as the patient benefits.36 This initial enthusiasm has
been tempered by the recognition of long-term complications.
Osteonecrosis of the jaw (ONJ) presents as pain in the maxilla
or mandible. This pain can be associated with a draining
sinus. Initial workup should include MRI or detailed radio-
graphic studies. These lesions are frequently biopsied to dis-
tinguish between abscess, plasmacytoma, and osteomyelitis.
Pathology is consistent with bone necrosis and superinfec-
tion. Intervention typically focuses on antibiotic therapy but
can include debridement and reconstruction in more
advanced cases. In patients with suspected ONJ, the bisphos-
phonate should be stopped immediately and the patient
referred to a dentist or oral surgeon familiar with the 
complication.

Other Interventions

Newly diagnosed patients or those already receiving care may
benefit from further interventions. Lytic bone disease is a 
particularly dreaded complication. In addition to systemic
therapy, patients may benefit from more-localized interven-
tions. These approaches can include surgical stabilization,
kyphoplasty/vertebroplasty, and radiation therapy (XRT).
XRT can be used to reduce the risk of a pathologic fracture,
as well as palliatively to treat pain. In addition, it can be used
with curative intent in the setting of an isolated osseous or
extraosseous plasmacytoma. MM is sensitive to even low
doses of XRT. Indications for XRT include palliation of an
impending pathologic fracture of a weight-bearing bone or
intractable pain in a non-weight-bearing bone. For patients
with a solitary osseous plasmacytoma, definitive XRT can
result in long-term disease-free survival in up to 50% of
patients.37 In these patients, the XRT is given with curative
intent at higher doses. The typical palliative dose is 2,500 to
3,000cGy, whereas in curative intent the goal is 4,250cGy.

Indications for invasive stabilization of bones include
pathologic fractures, impending pathologic fracture of a
weight-bearing bone, or intractable pain in a non-weight-
bearing bone. Interventions are most successful before a frac-
ture occurs. Surgical stabilization of a long bone can often be
accomplished via rodding and relatively small incisions. Once
a long bone is fractured, then the surgery becomes more
extensive. Vertebroplasty and kyphoplasty are less invasive

interventions directed at stabilizing vertebral compression
fractures. Indications include significant pain at a neurologic
level and a compression fracture documented by MRI. Fur-
thermore, the endplates of the vertebra must be intact with
adequate space to insert the needles. Finally, the lesion must
be relatively recent to avoid excessive calcification. If these
requirements are met, then large-bore needles are inserted
into the space between the endplates, avoiding the spinal
cord. Balloon catheters are then inserted and inflated. The
catheters are then removed and methyl methacrylate
injected. A vertebroplasty differs only in omitting the balloon
catheter step.

For patients not amenable to noninvasive intervention,
then surgical stabilization is an option. Concerns about
extensive surgery, include bleeding, inadequate anchoring of
the devices, delayed wound healing, and increased risk of
infection.

Other interventions considered supportive care, include
hemodialysis (HD), plasmapheresis, and leukapheresis. The
latter technique is reserved for patients with plasma cell
leukemia (PCL) and the therapy of leukostasis. For patients
with life-threatening complications of renal failure, HD is
essential. Duration and etiology of renal failure can be pre-
dictive of which patients may recover function. The longer
the duration of renal failure, the less likely patients are to
recover. If patients are treated aggressively and promptly, the
renal dysfunction may to some extent reverse over time.
Plasmapheresis is controversial but does play a role in the
treatment of hyperviscosity. It is most effective in IgA and
IgM MM, because the majority of paraprotein is intravascu-
lar. Effective plasmapharesis can remove up to approximately
90% of circulating paraprotein and relieve the symptoms of
hyperviscosity. The diagnosis is made clinically in a patient
with more than 3g paraprotein and appropriate symptoms,
such as fatigue disproportionate to the degree of anemia, epis-
taxis, bruising, renal dysfunction, blurred vision, headaches,
and pain. IgG paraproteins are less successfully managed with
this strategy owing to a much larger volume of distribution.
The role of plasmapheresis in the management of renal dys-
function and neuropathies caused by IgG or light-chain MM
is much more controversial. Studies show both benefit and
no advantage to plasmapheresis in this setting. Given that
IgG and light-chain paraproteins have a much larger volume
of distribution with a significant extravascular component,
plasmapheresis should be accompanied by aggressive sys-
temic therapy. Timing of chemotherapy with plasmapheresis
is always difficult.

Conventional Therapy

Initial Treatment for Nontransplant Candidates

An important distinction to be made when initiating
chemotherapy is whether the patient is a transplant candi-
date or not. For patients more than 70 years old or with sig-
nificant comorbid illness, an alkylating agent is a reasonable
choice. The combination of oral melphalan and predinisone
(MP) has been used for three decades. MP is associated with
a response rate of 50% to 60%,38,39 is well tolerated, and is
convenient. Typically, therapy is continued for 6 to 12
months until the monoclonal proteins stabilize in a plateau.
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Once the patient enters a plateau, the therapy is discontin-
ued and the patient monitored. Typical oral doses are 6 to 
12mg/m2 by mouth each day for 4 days, repeated every 4 to
6 weeks. Other dosing schema include 0.15mg/kg daily for 7
days. The prednisone is dosed at a fixed dose of 40mg per day
for 4 to 7 days to 40 to 60mg/m2. Because absorption of mel-
phalan is unpredictable, the dose is often adjusted based on
the degree of neutropenia at 3 weeks. Even in the absence of
objective paraprotein response, patients may benefit in terms
of symptoms and progression-free survival.

Although patients clearly benefited from MP, it was clear
that other forms of therapy were needed. For patients with
stable to responsive disease, median survival was of the order
of 4 years. In patients with progressive disease, survival
dropped to approximately 1 year. In an attempt to salvage MP
failures and improve response rates, a number of combination
chemotherapy regimens (CCT) were developed for MM. In
single-institution trials, response rates in excess of 80% were
reported. Popular regimens included vincristine, adriamcycin,
and dexamethasone (VAD),40 as well as vincristine, BCNU,
melphalan, cytoxan, and prednisone (VBMCP or M2).41 Mul-
tiple other regimens were developed, including alternating
regimens. When these combination regimens were compared
to MP, no difference was seen in efficacy. Gregory and col-
leagues conducted a meta-analysis of 18 randomized con-
trolled trials comparing CCT with MP that showed no
difference in response rates.42 Further analysis suggested that
patients with high-risk disease did benefit in terms of survival
with CCT but that patients with standard-risk disease did not
benefit.

Initial Treatment for Transplant Candidates

For patients being considered for transplant, induction
therapy ideally should be effective and have minimal stem
cell toxicity. Although many patients have received induction
chemotherapy containing alkylating agents, there is evidence
that this approach has quantitative and qualitative implica-
tions concerning the ability to collect stem cells. For indi-
viduals failing initial therapy based on thalidomide or
dexamethasone, up to several cycles of cyclophosphamide-
based therapy is a reasonable strategy. Before the widespread
adoption of front-line thalidomide-based therapy, induction
therapy was often accomplished using VAD. Typically, the
VAD was administered for 4 months or up to 6 to 8 months
until the patient entered a plateau. Risks associated with
VAD include neutropenia, alopecia, hyperpigmentation,
myocardial injury, neuropathies, and constipation. In addition
to the side effects associated with chemotherapy, are those of
clotting and infections due to an indwelling catheter. Another
approach is single-agent dexamethasone. While the response
rate may be lower with single-agent dexamethasone (Webber),
this strategy is convenient and avoids the toxicity of vin-
cristine and adriamycin, as well as the need for placement of
an indwelling catheter.

Over the past several years, the antiangiogenic drug
thalidomide has gained widespread use. Single-agent thalido-
mide was first shown to have activity in heavily pretreated
patients.43 Recently, studies evaluating the combination of
thalidomide and dexamethasone in newly diagnosed patients
have revealed it to be highly active with response rates of
80%.44 Importantly, the combination does not appear to com-

promise the ability to collect adequate numbers of stem cells 
to perform single or tandem transplants. The common risks
include sedation, constipation, neuropathies, and hypercoag-
ulability. There are several dosing schedules using thalido-
mide in doses of 100 to 200mg orally each night and
dexamethasone 40mg orally once a week to days 1 to 4, 9 to
12, and 17 to 20.

The toxicity of thalidomide and dexamethasone appears
to be dose related. Lower doses in general are associated with
fewer side effects. Sedation is addressed by using reduced
doses and instructing the patient take the drug at night. Seda-
tion occurs within 1 to 2 hours of taking the drug and can
last for 8 to 10 hours. To reduce the incidence of constipa-
tion, patients are advised to take a combination of stool soft-
eners and laxatives; more aggressive interventions may be
necessary. Neuropathies are inevitable with thalidomide. The
risk appears to be related to dose and duration of exposure.
The neuropathy typically occurs as a sensorimotor neuropa-
thy that occurs in a stocking-and-glove distribution. This
complication can take weeks to months to develop and 
often begins as intermittent parathesias. The sensations 
can progress to become constant, severe in intensity, and
progress proximally. Anecdotal evidence suggests that B
vitamin supplementation may ameliorate the symptoms in
some patients. In addition, nutritional supplements and 
electrolyte repletion may benefit selected patients. Other 
side effects include tachyarrhythmias, bradyarrhythmias,
drug rashes including toxic epidermal necrolysis, and
Stevens–Johnsons syndrome, visceral neuropathies, and
fatigue.

Should patients not plateau in a minimal disease state 
following thalidomide-based therapy, options include 
single-agent cyclophosphomide, burtgonis, infusional 
doxorubutrin-based therapy, or investigational studies. Once
a patient achieves adequate disease control, then there are
three options. These options include observation, mainte-
nance therapy, and consolidation with dose intensification
and stem cell support. The argument for observation is based
on the sense that the disease is incurable and that the
response seen with initial therapy can last for 6 to 12 months
without further intervention. Continuing initial therapy
longer can be associated with increased treatment-related tox-
icity, stem cell damage, and the selection of a greater number
of resistant MM cells. Any of these options requires ongoing
observation and supportive care, including bisphosphonates
and monitoring by blood work, urine studies, radiographic
studies, and bone marrows when warranted. Should there be
consistent evidence of disease progression, therapy can be
reinstituted. If the relapse occurs more than 6 to 12 months
after discontinuing therapy, then there can be benefit to
another trial of the same therapy. If the progression occurs
within 6 to 12 months, then another therapeutic option is a
reasonable next step.

Numerous studies have evaluated the role of a variety of
medications for maintenance. The rationale behind mainte-
nance is to continue therapy in a reduced dose or schedule to
prolong the response seen with the initial combination. The
majority of studies evaluating the role of acintanse therapy,
continue the chemotherapy in full dose or reduced dose, 
or consider other agents, such as interferon-alpha-2 (IFN-a).
Although the main benefit appears to be in terms of pro-
longing the progression-free survival, none of these studies
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has shown a consistent benefit in terms of prolonging overall
survival. When this modest benefit is weighed against the
toxicity of some of these agents, the utility is questionable.
Although IFN-a has been shown to prolong survival, the
benefit was tempered by the decrement of quality of life in
Quality Adjusted Time Without Symptoms of Toxicity (Q-
TWIST) analysis.45,46 In an update of the tandem transplant
experience, maintenance therapy with thalidomide and bis-
phosphonate therapy was associated with a prolongation in
overall survival.

Maintenance therapy with low-dose thalidomide is
appealing because it is well tolerated, oral, and does not
damage stem cells. For patients who wish to be proactive but
are ambivalent about transplant, thalidomide maintenance is
a reasonable compromise. Newer forms of thalidomide will
be even more appealing in this role given the reduced toxic-
ity. Unfortunately, one of several outcomes is inevitable on
thalidomide maintenance. Typically, thalidomide is discon-
tinued because of disease progression or neurotoxicity. Main-
tenance therapy with steroids has also been evaluated. In a
Southwest Oncology Group (SWOG) study, alternating-day
prednisone was associated with improved overall and event-
free survival.47

Dose Intensification Followed by Stem Cell Rescue

High-dose therapy followed by infusion of autologous marrow
or stem cells has become the standard of care in young and
relatively healthy patients with MM. Despite high response
rates and favorable side-effect profiles, MM remains an incur-
able illness. In addition, resistance can be overcome by dose
intensification. As a consequence, the administration of alky-
lating agents in high doses with or without total-body irradi-
ation, followed by infusion of allogeneic or autologous stem
cells, is an appealing approach.

Autologous Stem Cell Transplantation

The rationale behind autologous transplantation is dose
intensification to overcome resistance. Early studies per-
formed at the Royal Marsden Hospital demonstrated that
resistance to oral melphalan could be overcome by higher
doses administered intravenously.48 Unfortunately, this
approach was associated with a high incidence of neutropenic
complications. The addition of stem cell support was associ-
ated with shorter durations of neutropenia and a low risk of
fatal infectious complications. Dose intensification is also
associated with higher response rates when compared to con-
ventional dose therapy. Although not curative, randomized
studies demonstrate that patients treated with transplant
have a prolonged overall and event-free survival compared to
patients receiving conventional chemotherapy.

The first randomized study to demonstrate the benefits of
autologous transplantation was the Intergroupe Francophone
du Myelome 90 study, which enrolled 200 patients.49 These
patients received four to six cycles of vincristine, melphalan,
cyclophosphamide, and prednisone (VMCP) alternating with
carmustine, vincristin, doxorubicin, and prednisone (BVAP)
for cytoreduction. They were then randomized to eight more
cycles of VMCP/BVAP or autologous bone marrow transplant
using melphalan and total-body irradiation (TBI). The results
demonstrated a statistically significant prolongation in event-

free and overall survival in those receiving transplant. Esti-
mated overall survival at 5 years was 52% for the transplant
arm versus 12% on the chemotherapy arm (P = 0.03). Another
randomized study demonstrating the benefits of autologous
transplantation is the Medical Research Council Myeloma
VII study.50 This study also demonstrated a superior outcome
in terms of overall and event-free survival. The median sur-
vival was 54 months with transplantation versus 42 months
with chemotherapy (P = 0.04). Additional Phase II and Phase
III studies of single transplants have at best shown no benefit
in survival or only an advantage in terms of response rates or
progression-free survival.51–53 Interpreting these studies is dif-
ficult. Although few if any patients are cured, at a minimum,
transplant appears to improve response rates, prolong pro-
gression-free survival, and in some patients, prolong overall
survival. The benefit appears to be on the order of 1 to 2 years
at best. Importantly, this benefit must be weighed against the
substantial toxicity of the process itself. It also appears that
patients who may derive the most benefit are those who are
less heavily pretreated and who have sensitive disease.

Strategies to Improve Outcome

Timing

Although there are an increasing number of therapeutic
options for treating MM utilizing newer drugs and combina-
tions, the emphasis remains to perform the transplant ear-
lier in the disease course rather than later. The strategy to
transplant in first or second remission is based on subset
analysis of transplant trials, which suggested that the sooner
patients were transplanted, the better the outcome. Ease and
speed in bringing a patient to transplant selects for those 
who have sensitive disease and who are in a minimal disease
state. Heavily treated patients are more likely not to achieve
a minimal disease state and to have more resistant disease.
The recommendation for earlier transplant is also a conse-
quence of therapeutic options before the availability of
thalidomide and velcade. Before these agents, first-line
therapy consisted of dexamethasone-based therapy whereas
cyclophosphamide-based therapy was utilized in second-line
regimens. Obtaining a third remission and preserving stem
cell function was not always possible. Only one large ran-
domized study addresses the issue of timing. The Myelome
Autogreffe study compared transplant in first remission
versus second remission.54 In this study, no difference was
seen in survival. The overall survival was 64 months in both
groups. The main benefit to early transplant in this study was
in terms of quality of life analysis. Quality Adjusted Time
Without Symptoms and Toxicity (Q-TWIST) analysis as
reported by the early-transplant group was superior compared
to the late-transplant arm. One explanation for this finding is
that, although the patients in the second remission arm
received milder upfront therapy, because of the relapse they
required combination chemotherapy and transplant.

Conditioning

A variety of regimens are used in conditioning patients for
high-dose therapy. These regimens typically rely on alkylat-
ing agents with or without TBI. TBI was included because of
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the radiosensitive nature of myeloma and different mecha-
nism of action. Moreau et al., in an Intergroupe Francophone
du Myelome (IFM) study, evaluated the role of TBI and deter-
mined that, although response rates were comparable, there
was increased toxicity associated with melphalan plus TBI
versus melphalan alone.55

Purging of Bone Marrow or Stem Cells

One explanation for relapses following autologous transplan-
tation, is reintroduction of tumor cells at the time of stem cell
reinfusion. Several strategies have been employed to reduce
contamination of the bone marrow or stem cell product by
tumor cells. First, patients are not even evaluated for trans-
plant until they have demonstrated a clinically significant
response to conventional therapy. An indirect benefit of using
peripheral blood stem cells as compared to bone marrow is
that there may be less contamination by tumor cells. Using
polymerase chain reaction (PCR) analysis of the hypervariable
joining regions of the immunoglobulin heavy-chain gene
(CDR3 PCR), sensitive probes can be created to measure
minimal disease.8 CDR3 PCR analysis has demonstrated sig-
nificantly less tumor cell contamination in the peripheral
blood versus the bone marrow. Another approach taken to
reduce contamination of the stem cell product by tumor cells
is further manipulation to remove tumor cells or to select the
normal stem cells. One approach was to use a cocktail of mon-
oclonal antibodies directed at B-cell antigens combined with
rabbit complement56–58 to kill contaminating tumor cells.
Another approach was to select for normal hematopoietic
stem cells using an anti-CD34 monoclonal antibody com-
bined with a biotin and avidin system.59 Unfortunately, these
approaches do not address residual systemic disease and did
not translate into improved response rates or survival.

Multiple Transplants

In an attempt to improve outcome following single trans-
plants, a number of strategies have evolved to do multiple
transplants. These approaches range from performing second
or even third transplants as salvage for relapsed disease to
planning second transplants in a sequential fashion. A further
refinement to this approach is an autologous transplant fol-
lowed by allogeneic transplant. A number of studies have
demonstrated that multiple transplants can result in higher
response rates when compared to single transplants and con-
ventional dose chemotherapy.60–62 A number of groups have
published studies suggesting improved outcome with tandem
transplants.63–65 While the Myeloma Autogreffe 9565 fails to
show a benefit and the Bologna 96 trial64 only shows an event-
free survival benefit of 44 versus 27 months (P = 0.005), the
Intergroupe Francophone du Myeloma 9466 does show both an
event-free and overall survival benefit for the tandem trans-
plant arm versus the single arm. The authors concluded that
the survival benefit required at least 5 years of follow-up to
reach statistical significance. At 7 years, the tandem arm
demonstrated an overall survival of 42% versus 21% of the
single-transplant arm (P = 0.01). This benefit becomes more
impressive in patients who have a poorer response to the first
transplant. In patients with less than a very good partial
response within 3 months of the first transplant, the proba-
bility of surviving 7 years was 11% in the single-transplant

group and 43% in the double-transplant group (P less than
0.001). This study illustrates several points. The most impor-
tant message is that it may take longer follow-up to see a
benefit from tandem transplants. Although it is early, a 
substantial number of patients still relapse. Although the
transplant-related mortality is comparable between the two
groups, the tandem arms may experience increased morbid-
ity. Finally, the single arm in the study received less dose
intensity than many single transplants use.

Allogeneic Stem Cell Transplantation

Allogeneic transplant has a number of theoretical advantages
over autologous transplantation. Using stem cells from a
normal donor avoids the risk of contamination by tumor cells
and concerns of stem cell function resulting from exposure to
chemotherapy. Importantly, donor stem cell products contain
immunocompetent lymphocytes that can initiate a graft-
versus-myeloma effect. These benefits come at a cost in terms
of increased morbidity and mortality. The 1-year transplant-
related mortality of an autologous peripheral blood stem cell
transplant is approximately 0.5% to 2% in large centers. The
transplant-related mortality of an allogeneic transplant
depends on the source of the stem cells and the degree of
match but ranges from 8% to an excess of 50%. This
increased risk is due to a greater degree of immunosuppres-
sion and complications associated with graft-versus-host
disease (GVHD) and its therapy. There is no larger 
randomized, prospective trial comparing autologous to 
allogeneic transplantation. Allowing for the initial increase 
in transplant-related mortality, survival curves appear
similar.67

The single largest allogeneic transplant experience comes
from the European Bone Marrow Transplant Group (EBMT).68

For the 44% of patients who achieved a complete remission
to allogeneic transplant, the overall survival was 32% at 4
years and 28% at 7 years. Overall progression-free survival
was 36% at 6 years with only a handful of patients in con-
tinuing CR more than 4 years after transplant. The trans-
plant-related mortality was 41%. In this study, favorable
prognostic factors included being in a CR before transplant,
fewer lines of conventional therapy, earlier stage at diagnosis,
female, low b2m, and IgA isotype. In another large allogeneic
experience from Seattle,69 the transplant-related mortality
was 44%. For the 36% of patients achieving a CR, the overall
survival and event-free survival at 54 months were 20% 
and 24%, respectively. A smaller experience using T-cell
depletion as the GVHD is from the Dana Farber Cancer 
Institute.70 In this study, the early treatment-related mortal-
ity was 5%, with a CR rate of 28%; overall survival at 36
months was 40% and event-free survival at 38 months was
20%.

Donor Lymphocyte Infusion

The existence of a significant graft-versus-myeloma (GVM)
effect was inferred from the increased incidence of CRs in
allogeneic transplant, as well as delayed responses in some
cases.71–73 Donor lymphocyte infusion (DLI) has been used to
treat relapsed disease as well as being used prophylactically
posttransplant before a documented relapse. The use of DLI
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was particularly appealing in the setting of T-cell depletion
for GVHD prophylaxis because of the reduced GVM effect
resulting from T-cell depletion.74 In this study, CD8-depleted
DLI was utilized to further reduce the risk of GVHD. The DLI
was performed at 6 months following a T-cell-depleted
matched related donor transplant. In this setting, DLI
accounted for addition responses but could only be performed
in 58% of patients because of treatment-related mortality
(TRM) and active GVHD.

Nonmyeloablative Transplants

The rationale behind a nonmyeloablative transplant is to
reduce the toxicity of the transplant while maintaining a
GVM effect. The reduced-dose conditioning therapy essen-
tially represents immunosuppression to reduce the risk of
graft rejection although melphalan-containing regimens have
antimyeloma activity. The goal of this approach is to estab-
lish a chimera and to rely on the GVM for long-term disease
control. In this setting, the use of DLI is even more appeal-
ing. Because of the reduced cytoreduction, nonmyeloablative
transplants may be more appropriate for patients with indo-
lent low-volume disease. Patients with aggressive high-
volume disease may progress long before a GVM effect can be
established. Preliminary results have demonstrated that non-
myeloablative transplants are associated with reduced imme-
diate transplant-related morbidity and mortality.75–77 These
studies also demonstrate substantial acute and chronic
GVHD.

Related Disorders

Osteosclerotic MM

Osteosclerotic MM is characterized by a polyneuropathy,
organomegaly, endocrinopathy, M-spike, and skin changes
(POEMS syndrome).78 It is rare to see all these features present
at once. These patients usually seek medical attention
because of a progressive motor neuropathy. Renal dysfunction
is rare, as is a significant anemia. Gynecomastia and testicu-
lar atrophy can be seen. The M-spike is often relatively low
given the degree of symptoms. These patients respond to
therapy although rarely does the neuropathy resolve.

Nonsecretory MM

Approximately 2% to 5% of patients with MM have no mea-
surable M-spike. Prognosis does not appear to be different
compared to patients with a M-spike.79 Monitoring of the
disease can be challenging but is not impossible. Disease
response and progression can be measured following the
anemia, change in reciprocal depressions of the serum
immunoglobulins, and B2M. In addition, serial bone marrow
examinations can add useful information. Free serum light-
chain tests may be sensitive enough to detect free light chains
not seen on 24-hour urine immunoelectrophoresis.

Plasma Cell Leukemia

Plasma cell leukemia (PCL) can occur during the course of
therapy or be the presenting diagnosis. PCL is defined as a

peripheral plasmacytosis of more than 20% or an absolute
plasma cell count greater than 2 ¥ 109/L. PCL is associated
with a poor prognosis, although the median survival of
patients with primary PCL may be better than those with sec-
ondary PCL. Median survivals are of the order of a year;
although rare, patients can survive longer.

Solitary Plasmacytomas

Solitary plasmacytomas consist of isolated collections of
plasma cells in bone or extramedullary tissues. Extra-
medullary plasmacytomas are associated with a median 
survival of 100.8 months versus 86.4 months for solitary
osseous plasmacytomas.80 Involved-field XRT is indicated 
and can be curative in selected patients.37,81 Disappearance
of the M-spike following XRT predicts for long-term disease-
free survival.

Primary Amyloidosis

Primary amyloidosis is characterized by the accumulation of
a homogeneous amorphous material consisting of the variable
portion of light chains. Free lambda light chains predominate,
and the formation of amyloid is associated with the degrada-
tion of light chains, which then form beta pleated sheets. The
clinical manifestation of the disease correlates to the extent
of end-organ damage.82,83 Amyloid is relatively rare and can
be divided into five categories. Primary amyloid is associated
with lymphoproliferative disorders. Secondary amyloid is
seen with chronic inflammation or infection. The other types
are associated with inherited disorders, aging, and other
malignancies. The clinical manifestations of amyloid include
cardiac involvement with congestive heart failure and con-
duction disturbances, renal failure, and gastrointestinal
involvement with malabsorption. The prognosis is dismal,
and therapy is limited by organ toxicity. Therapy is palliative,
and melphalan and prednisone remain the standard of care.84

In selected patients, transplant is feasible and may improve
symptoms.85,86

New Therapies

The treatment of MM has been revolutionized by the devel-
opment of new drugs and combinations. At the root of this
activity has been a growing understanding of the biology of
MM cells and their complex interactions with the bone
marrow microenvironment. This knowledge has led to new
paradigms of drug development. Despite these developments,
no drug appears to be curative. Rather than replacing the 
older agents, newer approaches allow additional lines of
therapy and prolongation of survival. Although an old drug,
thalidomide has been resurrected with MM. Based on an
appreciation of the increased density of blood vessels in the
bone marrow in myeloma and novel approach of attacking
angiogenesis, thalidomide was evaluated in MM.43,87 The
mechanism of action does not appear to be suppression 
of neovascularization but rather, induction of apoptosis, in-
hibition of cytokine production and angiogenesis, and
immunomodulation.14,88,89 Response rates in relapsed patients
were 25% to 30%.43,87 In newly diagnosed patients in combi-
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nation with dexamethasone, RR are in excess of 63% to
72%.44,90

Bortezomib is a proteosome inhibitor approved for
second-line therapy in MM. Proteosomes play an important
role in the regulation of intracellular proteins vital to cell
function. In addition to dysregulation of cell-cycling proteins,
bortezomib has been shown to have several other effects on
both myeloma cells and stromal cells in the bone marrow. 
By inhibiting degradation of regulatory proteins that have
been targeted for destruction by ubiquination, the cell can no
longer remain viable. Molecular effects include stabilization
of the inhibitory protein of the nuclear factor kappaB (NF-
kB).91 This effect blocks downstream activities of prolifera-
tion, survival, and angiogenesis. Bortezomib as a single agent
in relapsed refractory patients has a response rate of 27%.92

Studies combining bortezomib with other agents show even
higher response rates.

Based on a growing understanding of the interactions
between MM cells and the bone marrow microenvironment,
new molecular targets are being identified. Novel agents are
being evaluated that target the MM cell by interrupting MM
cell growth, survival, drug resistance, and migration. These
approaches include combining available drugs as well as
novel drugs and analogues of thalidomide.
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Superior Vena Cava
Syndrome

Michael S. Kent and Jeffrey L. Port

bstruction of the superior vena cava (SVC) is a
common complication of thoracic malignancy and of
bronchogenic cancer in particular. Although the con-

dition was first described in 1757,1 little progress had been
made in the treatment of these patients until the first report
of surgical reconstruction in 1951.2 However, over the past
decade there has been a remarkable evolution in the success-
ful management of this disease, in large measure as a result
of the refinement of endovascular techniques, such as stent
placement and thrombolysis.

Superior vena cava obstruction is a disease with a wide
range of clinical presentation and treatment. Caval obstruc-
tion may be an incidental finding on computed tomography
(CT), with the development of collateral venous channels, or
may be the fulminant, initial presentation of a malignancy.
Furthermore, SVC obstruction may also arise as a conse-
quence of benign conditions, such as mediastinal fibrosis or
thrombosis related to indwelling central catheters. The suc-
cessful management of this disease requires a familiarity with
the wide variety of treatment options available and an appre-
ciation of the significant disparity in prognosis between those
with benign and malignant causes of SVC obstruction.

This chapter reviews the relevant anatomy and patho-
physiology of SVC obstruction and discusses the current
treatment options, including surgical reconstruction, 
radiation and/or chemotherapy, and endovascular therapies.
Unfortunately, the majority of reports are single-institution
case series. When available, data from clinical trials in which
treatment modalities are directly compared are emphasized.

Clinical Presentation

The first reported case of SVC obstruction, by William Hunter
in 1757, described a patient with an aneurysm of the ascend-
ing aorta. Although such benign causes of SVC obstruction
were common in the 19th century, the increasing incidence
of bronchogenic cancer has led to the overwhelming associa-
tion of this condition with malignancy. For example, nearly
40% of cases reported in the first half of the 20th century
were associated with infectious conditions, such as my-
cotic aortic aneurysms, tuberculosis, or syphilis.3 In contrast,
malignant causes of SVC obstruction now account for more
than 90% of cases.4 Bronchogenic carcinomas, both small cell
(SCLC) and non-small cell (NSCLC) histologies, are responsi-
ble for 65% to 80% of these cases. Mediastinal tumors, par-
ticularly thymoma and thyroid cancer, account for 20% of

malignant cases, and metastatic solid tumors are responsible
for the remainder.5 Although far less common, benign etiolo-
gies of SVC obstruction must also be considered. Thrombo-
sis of the SVC from central venous catheters or pacemaker
leads has been well described.6,7 Rare causes of SVC occlusion
include mediastinal fibrosis and late effects of external-beam
radiation therapy (Table 70.1).8

Superior vena cava obstruction is not an uncommon 
condition when all causes are considered. The disease is 
estimated to affect as many as 15,000 patients in the United
States annually.9 Although only 3% of all patients with lung
cancer develop SVC obstruction, the condition may develop
in up to 10% of those with right-sided malignancies.10 SVC
obstruction is especially common in small cell lung cancer,
with a reported prevalence as high as 11%.11

The pathogenesis of SVC occlusion is typically one of
extraluminal compression. Direct extension of a malignancy,
classically a non-small cell lung cancer arising from the right
upper lobe, may lead to circumferential involvement of the
cava and obstruction of venous return to the heart. The 
compressibility of the SVC and its central location within 
the mediastinum render it particularly susceptible to this
process. SVC occlusion may also develop from mediastinal
lymphadenopathy, particularly metastases from a NSCLC to
the right paratracheal lymph node stations. Similarly, the
central lymphadenopathy associated with small cell lung
cancer leads to the high prevalence of SVC obstruction with
this disease. A final mechanism of SVC occlusion is that of
intraluminal thrombosis. The presence of indwelling central
catheters has been shown to induce endothelial damage and
turbulent blood flow, leading to catheter encapsulation and
venous thrombosis.12 In cases of malignant disease, a tumor
that invades into the lumen of the cava may serve as the nidus
for thrombus formation.

The development of SVC occlusion leads to a character-
istic syndrome of facial and upper extremity edema, along
with the development of tortuous collateral veins on the ante-
rior chest wall. Headache, dizziness, and nausea are not infre-
quent. Rare signs of SVC occlusion include obtundation from
cerebral edema and airway compromise from edema of the
epiglottis (Table 70.2). Patients rarely present with acute
symptoms; more commonly, they describe the gradual onset
of symptoms over several weeks.13 The symptoms of SVC
occlusion may be quite distressing for the patient and af-
fect quality of life significantly. Fortunately, life-threatening
symptoms are extremely rare. Severe neurologic symptoms
and airway compromise have been reported to occur in less
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than 5% of patients.14 Furthermore, central nervous system
(CNS) symptoms may be secondary to cerebral metastases
rather than SVC occlusion, and should be ruled out by CT or
magnetic resonance imaging (MRI).

The belief that SVC syndrome represents an oncologic
emergency has not been supported by modern series. Early
reports suggested a high mortality associated with SVC occlu-
sion; however, the majority of patients from these series had
end-stage disease and the cause of death was not clear.15

Recent series have documented an early mortality of 2% or
less.11,13,16 Furthermore, diagnostic studies may be safely 
performed in patients with SVC obstruction, and thus, ade-
quate information may be obtained before embarking upon
therapy.17,18

Although patients rarely die as a direct consequence of
SVC occlusion, the overall prognosis for these patients is
quite poor, especially for those with lung cancer. In a review
of 337 patients with malignant causes of SVC obstruction,
patients with lung cancer had an overall 5-year survival of
only 2%, compared with a 10% survival for those with breast
cancer and a 40% survival for patients with lymphoma.14

Median survival is typically only 6 to 9 months following
treatment.19 In contrast, the majority of patients with SVC
syndrome from nonmalignant causes can anticipate a normal
life expectancy.

Evaluation

The appropriate treatment of SVC obstruction depends
greatly on the underlying cause of the syndrome. Often,
patients with malignant causes of SVC obstruction have a
known cancer diagnosis. However, SVC obstruction may be
the presenting sign of a malignancy in up to 10% of patients
with SCLC and 2% of those with NSCLC.19 In these situa-
tions, a tissue biopsy is necessary to clarify the diagnosis. In
older series, fear of uncontrollable hemorrhage led to empiric
treatment of patients without a tissue diagnosis. However,
noninvasive techniques, such as sputum cytology, can yield
a diagnosis in two-thirds of patients.20 Furthermore, invasive
procedures have been shown to be safe in patients with SVC
obstruction. For instance, in a series of 88 patients who under-
went a variety of sampling techniques, including CT-guided

biopsy and mediastinoscopy, no mortalities and only 1 
treatment-related morbidity were reported.18 Although
mediastinoscopy has been shown to be safe in this patient
population, the incidence of complications is indeed higher
than in those without SVC obstruction. Clinical series have
documented the need for salvage sternotomy because of
bleeding to be between 1% and 3%,18,21,22 compared with the
0.3% sternotomy rate reported for patients without SVC
obstruction.23

Physical examination is sufficient to establish the diag-
nosis of SVC obstruction. Radiologic assessment, such as CT
and venography, is not necessary to confirm the diagnosis but
is valuable in treatment planning. CT defines the anatomic
extent of the mass, determines whether the obstruction is
from a primary tumor or malignant lymphadenopathy, and
allows for a CT-guided biopsy (Figure 70.1). Rarely, patients
with malignant tumors and SVC invasion may be resected for
cure.24,25 CT in this setting would be essential for operative
planning.

In addition, both CT and venography provide anatomic
detail of the venous system that can define the severity of the
SVC obstruction. In the presence of SVC obstruction, the
major pathway for collateral flow to the heart is the azygos
vein. The azygos vein runs parallel to the superior and infe-

FIGURE 70.1. Computed tomography (CT) scan of a patient with
recurrent non-small cell (NSCLC) and superior vena cava (SVC)
obstruction. The tip of a subclavian catheter is seen within the
thrombosed SVC (arrow). A tracheal stent and adjacent paratracheal
lymphadenopathy are also appreciated.

TABLE 70.1. Common causes of superior vena cava (SVC)
obstruction.

Malignant
Non-small cell lung cancer
Small cell lung cancer
Thymoma
Lymphoma
Thyroid cancer
Mediastinal germ cell tumors
Metastatic cancer (breast, colon)

Benign
Fibrosing mediastinitis
SVC thrombosis from indwelling catheters or hypercoagulability
Sarcoidosis
Histoplasmosis

TABLE 70.2. Symptoms of SVC obstruction.

Symptoms Frequency

Facial swelling 72%
Dyspnea 60%
Cough 38%
Arm swelling 28%
Dysphagia 11%
Headache 6%
Stridor 4%

Source: From Wudel and Nesbitt.9
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rior vena cavae and drains into both the right common iliac
vein and SVC just above the pericardial reflection. Obstruc-
tion of the SVC below the insertion of the azygos vein leads
to retrograde flow through the azygos vein, into the inferior
vena cava, and ultimately into the right atrium. When the
obstruction is above the azygos vein, collateral venous beds,
such as the cervical and paravertebral plexuses dilate. These
collateral vessels then drain into the azygos vein. The most
severe cases of SVC syndrome occur when the obstruction is
at the level of the azygos vein. In these cases, small vessels
overlying the thoracic wall dilate and serve to return venous
blood to the inferior vena cava. Dilation of these vessels only
occurs over a period of several weeks. Consequently, obstruc-
tion at the azygo–caval junction that occurs acutely may lead
to severe symptoms.

Evaluation of the azygos vein is therefore critical in doc-
umenting the severity of SVC obstruction. Higher grades of
SVC obstruction in current classification systems are those
in which the azygos vein is not visualized. The schemes
developed by Stanford and Doty for venography26 and Rap-
topoulos for CT27 are those most commonly referenced (Table
70.3).

Unfortunately, a similar classification of clinical symp-
toms has not been universally accepted. Such a scheme would
allow for the means to objectively compare the degree of
symptomatic relief between different methods of treatment.
An illustrative scoring system is presented in Table 70.4;
however, this scale has not been validated in a prospective
fashion.28

Treatment

Historically, the treatment of SVC occlusion has included
head elevation and the administration of steroids and diuret-
ics. These measures are largely ineffective,4 and the standard
treatment for patients with malignant causes of SVC obstruc-
tion has been radiation therapy and/or chemotherapy. Surgi-
cal bypass is an option for those who fail medical therapy,
although the morbidity of such a procedure in patients with
a limited life expectancy was often thought to be prohibitive.
Endovascular stenting of SVC was first reported in 199229 and
has gained increasing popularity since then. Many now con-
sider stenting to be the mainstay of treatment for patients
with malignant SVC obstruction. For benign causes of SVC
occlusion, the most appropriate role for stenting or surgical
bypass has not been well defined. As no standard treatment
exists for all patients with SVC occlusion, a review of all the
methods of available therapy is appropriate.

Chemotherapy and Radiotherapy

Chemotherapy and radiation therapy (CRT) have been the
first-line therapy for patients with SVC occlusion of malig-
nant etiology. The majority of reports of CRT are retrospec-
tive and include patients who undergo therapy for a variety
of tumor subtypes, making a direct comparison of different
protocols extremely difficult. Analysis is further complicated
by the fact that patients are often treated with both radio-
therapy and chemotherapy, so the two modalities cannot be
directly compared.

Recently, a review of current therapy for SVC obstruction
caused by bronchogenic cancer was published.19 In this
review, 22 studies of CRT that included 746 patients were
analyzed, and the results were stratified by small cell or non-
small cell histology. For SCLC, 77% of patients experienced
symptomatic relief of SVC obstruction after chemotherapy or
radiation therapy. For NSCLC, the rates of symptomatic relief
were lower: 59% for chemotherapy alone and 63% for radio-
therapy alone. The rapidity of symptom relief after CRT was
not well documented. Overall, a clinical response generally
occurred within 2 to 3 weeks after the initiation of therapy.
However, one study found that 25% of clinical responses
occurred 3 weeks after starting treatment.11 Data regarding
relapse were provided in a smaller subset of series. Overall,
clinical relapse occurred in 17% of patients with SCLC and
19% of those with NSCLC.

TABLE 70.3. Classification of SVC obstruction by computed tomography (CT) and venography.

Finding

CT classification
Type IA Moderate SVC narrowing without collateral flow
Type IB Severe SVC narrowing with retrograde flow in azygos vein
Type II SVC obstruction above azygos with retrograde flow into thoracic, vertebral, or other collateral channels
Type III SVC obstruction below azygos with retrograde flow through azygos into the inferior vena cava (IVC)
Type IV SVC obstruction at azygos vein with multiple small peripheral collaterals

Venogram classification
Type I Partial obstruction of the SVC with patency of the azygos vein
Type 2 Near-complete to complete obstruction of the SVC with antegrade flow in the azygos vein
Type 3 Near-complete to complete obstruction of the SVC with retrograde flow in the azygos vein to the IVC
Type 4 Complete obstruction of the SVC and azygos vein

TABLE 70.4. Clinical scoring system for SVC obstruction.

Symptom Points

Arm/head/extremity swelling 1
Neck or chest vein distension 1
Cough 1
Blurred vision 1
Tinnitus 1
Headache 1
Dizziness 1
Dyspnea 1
Plethora 1
Vocal cord paralysis 1
Total Up to 10 points



Endovascular Therapy

The entire spectrum of endovascular technology, including
thrombolysis, angioplasty, and stenting, has found an appli-
cation in the management of patients with SVC obstruction.
The era of endovascular therapy for this condition began in
1986. In that year, the first successful angioplasty of SVC
stenosis caused by a transvenous pacemaker was reported.30

In that same year, the first patient with malignant SVC
obstruction was treated by placement of an SVC stent.31 Since
these early reports, endovascular therapy has essentially
replaced surgery as the treatment for patients with malignant
SVC obstruction who fail CRT. The role of endovascular tech-
nology as first-line therapy remains controversial, although
many centers have recently adopted this approach.

Thrombolysis is rarely the sole method of treatment of
SVC obstruction, because the majority of patients have exter-
nal compression of the cava, for which thrombolysis alone is
ineffective.32 On occasion, patients may have thrombosis of
the SVC from benign causes, most often indwelling central
lines, for which thrombolytic therapy may be effective. In this
case, infusion of agents, such as tissue plasminogen activator
(tPA), has been shown to be 88% successful if used within 5
days of the occlusion, but only 25% successful if used there-
after.33 Thus, for subacute or long-standing thrombosis, phar-
macologic therapy alone is insufficient. Similarly, angioplasty
alone has a high rate of restenosis and failure because of the
elastic nature of the cava.34 Therefore, stenting in combina-
tion with angioplasty or thrombolysis is the more common
treatment paradigm.

A wide variety of stents designed for peripheral vascular
disease may be deployed within the SVC. Stents may be 
categorized as self-expanding or balloon-expanding. Most
authors prefer to use self-expanding stents in the venous
system. Self-expanding stents typically are more flexible and
have greater radial force than balloon-expanding stents. 
In addition, the diameter of the cava often increases after 
successful stenting. Balloon-mounted stents that lack self-
expansion are more likely to migrate in this circumstance.36

Some of the more commonly used self-expanding stents
include the Gianturco Z-stent, the Wallstent, and the Smart-
stent. The Z-stent was the first device used to stent the SVC;
however, it has a relatively large profile compared to more
recent devices. In addition, the Z-stent has a propensity to
migrate or fracture.36 The Wallstent is less likely to migrate;
however, it has a tendency to shorten after deployment,
which makes precise placement of the stent difficult. Fore-
shortening of the stent may be significant to the point of
uncovering the point of obstruction, leading to restenosis.37

The Smartstent is a further evolution of stent technology
based on nitinol (Figure 70.2). Nitinol is a nickel-titanium
alloy that assumes a predetermined shape at a certain tem-
perature. It has been found to have a high radial strength, a
very low risk of fracture, and is not prone to foreshortening.

Access for stent deployment is usually obtained from the
basilic vein. If larger sheaths are required or access via the
brachial route is not possible, then the femoral vein may 
be cannulated. A guidewire is then passed beyond the ob-
struction under fluoroscopic guidance. A venogram is then
obtained to document the areas of stenosis and thombus for-
mation within the cava (Figure 70.3). Thrombus formation is
associated with SVC obstruction in up to 37% of cases38;
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however, the majority of patients have a nonocclusive clot
that does not require thrombolysis. Given the risk of bleed-
ing complications, thrombolytic therapy is usually reserved
for patients with extensive thrombus within the caval
system. Angioplasty is occasionally performed if the stenosis
is significant enough to prevent stent deployment. In general,
however, angioplasty is avoided and immediate stenting is
performed (Figure 70.4). This practice results from the
concern that angioplasty may dislodge a thrombus along the
caval wall and lead to distant embolism.35 Patients who
require thrombolysis are routinely placed on intravenous
heparin and then warfarin for a period of 3 to 6 months. Many
authors recommend coumadin or antiplatelet therapy for all

FIGURE 70.2. Self-expanding nitinol stent used for SVC obstruc-
tion.

FIGURE 70.3. Pretreatment angiogram of a patient with SVC
obstruction (white arrow) from NSCLC. A catheter with surround-
ing thrombus is visible within the left brachiocephalic vein (black
arrow). Also present are small collateral channels (white arrowhead)
that cross the midline.
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patients after SVC stenting,39,40 although there is no clear jus-
tification for this practice.

Stent deployment is technically successful in 95% of
cases19 (Table 70.5). The majority of patients report immedi-
ate relief of headache.41 Other symptoms, such as arm and
facial edema, usually resolve within 72 hours. Dyspnea is the
most resistant symptom to improvement after stent place-
ment and may persist in up to 40% of patients.39 The rate of
relapse following stent placement is also quite low. In a
review of 23 series of SVC stenting in patients with lung
cancer, the relapse rate was 11%.19 The majority of patients
with recurrent symptoms may be treated with additional
stent placement or thrombolysis. Given the success of sub-
sequent interventions, the secondary patency rate after stent-
ing in this review was 93%. The median survival for these
patients, however, was less than 1 year, and thus the long-
term patency of SVC stenting could not be determined.

Although uncommon, several complications have been
associated with SVC stenting. Transient chest pain is often

seen with stent deployment. Bleeding complications, such as
puncture site hematoma, melena, and epistaxis, have also
been reported in those who require thrombolysis. Other com-
plications, such as stent fracture or migration, were reported
in earlier studies. Dislodged stents have even been docu-
mented to migrate to the pulmonary artery,42 although this is
extremely rare. SVC rupture with pericardial tamponade has
also been reported.42 Thankfully, these mechanical complica-
tions are uncommon in more recent series. No deaths have
been recently reported with SVC stent deployment.19

Surgery

Surgery is rarely indicated for patients with SVC occlusion.
Infrequently, patients may require contiguous resection of 
the SVC in the context of a malignancy that is otherwise
resectable. However, the majority of patients with sympto-
matic SVC occlusion have locally advanced or distant disease
and are not resectable for cure. Thus, surgery is often per-
formed as a purely palliative procedure.

Venocavography is essential before undertaking surgical
reconstruction; this allows for a precise determination of the
proximal degree of obstruction and the presence of intralu-
minal thrombus. Usually the bypass is constructed between
a single vein, such as the right or left brachiocephalic vein,
and the right atrium (Figure 70.5). Bilateral bypasses are rarely
required because collateral channels that cross the midline
are sufficient to drain the contralateral side.

FIGURE 70.4. Completion angiography in the same patient after
thrombolysis and placement of an SVC stent. A tracheal stent (arrow)
is also seen.

FIGURE 70.5. Polytetrafluoroethylene (PTFE) bypass grafts for SVC
obstruction. (A) Y-shaped graft from the right and left innominate
veins to the right atrial appendage. (B) Graft from the left innominate
vein to the right atrial appendage. (C) Dual grafts from the right
innominate vein to the right atrium and from the left innominate
vein to the right atrial appendage. (Reprinted with permission from
Magnan P, Thomas P, Giudicelli R, et al. Surgical reconstruction of
the superior vena cava. Cardiovasc Surg 1994;2:598–604.45)

TABLE 70.5. Results of endovascular stenting for SVC
obstruction.

Restoration of
Author N patency Recurrence

Garcia Monaco (2003)50 44 100% 14%
Courtheoux (2003)40 20 95% 15%
Chatziioannou (2003)49 18 100% NS
Wilson (2002)51 18 100% 6%
Lanciego (2001)39 52 100% 6%
Smayra (2001)35 30 100% 43%
Miller (2000)52 23 82% 17%
Tanigawa (1998)53 23 78% 21%
Gross (1997)54 13 100% NS
Nicholson (1997)28 76 100% 9%
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Several conduits are available to bypass the SVC. Con-
duits may be autologous vein, such as the saphenous or
common femoral vein, or synthetic material, such as polytet-
rafluoroethylene (PTFE). The femoral vein was the first
conduit used to relieve SVC obstruction34; however, its use
has declined significantly since the description of the tech-
nique in 1951. The size discrepancy between the femoral vein
and SVC is significant, and removal of the femoral vein may
lead to venous insufficiency of the leg. However, composite
grafts of the smaller saphenous vein have found widespread
applicability. In the initial report, the saphenous vein was
incised along its length and “panels” of vein were sewn
together to create a conduit of larger diameter.43 A subsequent
modification of the technique was the creation of a “spiral
graft” in which the vein was sewn to itself in a spiral fashion
around a chest tube or other stent.44 The disadvantage of
autologous vein, however, is its easy compressibility; this
may lead to early occlusion, especially if the cause is a 
thoracic malignancy that may continue to progress. For this
reason, some authors have preferred to use ringed PTFE,
which has an intrinsic skeleton that renders it relatively resis-
tant to external compression. Ringed PTFE has a 5-year
patency of 86%,25 which is comparable to that of spiral saphe-
nous vein.44 The equivalent long-term patency and the sim-
plicity of the technique have led to a preference for synthetic
grafts among many authors.25,45

Surgical bypass for SVC obstruction is performed through
a median sternotomy. Although bypass procedures using the
azygos vein have been reported through a right thoracotomy,22

a sternotomy provides superior exposure to structures within
the anterior mediastinum. The innominate vein is mobilized
to the origin of the interior jugular vein and is encircled 
with tourniquets. After the patient has been systemically
heparinized, a small venotomy is made. If present, thrombus
within the vein is removed using a Fogarty catheter. Next,
the conduit is sutured to the vein in an end-to-side fashion.
The graft is flushed with heparinized saline, and an anasto-
mosis is constructed to either the right atrial appendage or
the right atrium.

It should be noted that patients who undergo caval resec-
tion and replacement (Figure 70.6), as opposed to surgical
bypass, require a more-complex procedure. In this setting, the
SVC is rarely occluded and clamping of the vein may lead to
significant hemodynamic instability.46 Techniques, such as
intraluminal shunting or cardiopulmonary bypass, may be
required; these are outside the scope of this chapter.

Although patients with SVC obstruction are often mori-
bund, the operative mortality has been low (Table 70.6). In
the largest report of 43 patients who underwent bypass for

malignant SVC obstruction, the operative mortality was only
4%.47 Furthermore, relief of symptoms is nearly immediate
and early thrombosis of the graft is uncommon. For patients
with SVC obstruction from benign causes, the long-term
patency of the bypass is critical. The largest series of SVC
bypass for nonmalignant disease documented an overall 
5-year patency of 80%.48 Among the 29 patients, 5 required
reoperation for early graft failure. Eight patients required 
additional interventions for late graft failure. The majority 
of these interventions were endovascular, although 3 
patients required surgical revision. In this series, spiral 
saphenous vein had a superior patency and was preferred over
PTFE conduits.

Management Controversies

There are no randomized studies that compare treatment
options for patients with SVC obstruction. Nonetheless, the

FIGURE 70.6. Resection of the SVC and replacement with an inter-
position PTFE graft. (Reprinted with permission from Nesbitt J. Sur-
gical management of superior vena cava syndrome. In: Lung Cancer:
Principles and Practice. Philadelphia: Lippincott-Raven, 1996.14)

TABLE 70.6. Results of open surgical bypass for SVC obstruction.

Operative Early graft Five-year
Author N Etiology Conduit mortality failures patency

Kalra (2003)48 29 Benign Both 0% 17% 80%
Doty (1999)44 16 Benign SSVG 0% 19% 88%
Magnan (1994)45 10 Both PTFE 0% 0% NS
Moore (1991)55 10 Benign Both 0% 10% NS
Dartevelle (1991)25 22 Malignancy PTFE 4.5% 5% NS

NS, not stated.



high success rate of stenting reported in case series, has led
to a reduction in open surgical bypass, at least for patients
with malignant SVC occlusion. However, two areas of con-
troversy still exist in the management of this syndrome. The
first is whether stenting should be first-line therapy for
patients with malignant SVC obstruction, or reserved for
those who fail radiation or chemotherapy. The second relates
to the proper role of stenting versus open surgery for patients
with benign causes of SVC obstruction.

Despite the lack of prospective data, there is evidence to
support the use of stenting as primary therapy for patients
with malignant SVC obstruction. Stenting has clearly demon-
strated superiority over CRT in terms of the initial response
to therapy. Stenting relieved symptoms in 95% of patients
with bronchogenic cancer compared with 59% (for NSCLC)
and 77% (for SCLC) of those treated with radiation or
chemotherapy. Furthermore, relief of symptoms with stent-
ing was nearly immediate, compared to days to weeks with
chemotherapy. This difference is particularly significant in a
patient population whose median survival is less than 1 year.
Perhaps most important, fewer patients developed a recur-
rence of symptoms when treated with stenting. Thus, the
relapse-free rate, defined as the response rate minus the recur-
rence rate, was estimated at 84% for stenting, compared with
41% (NSCLC) to 60% (SCLC) among those treated with radi-
ation or chemotherapy.19 Certainly, for patients with NSCLC,
these data would support the use of stenting as primary
therapy. Although the response to CRT is somewhat higher
for those with SCLC, stenting would still be justifiable as
primary therapy in this patient population.

Additional data support stenting as primary therapy for
malignant SVC syndrome. First, stenting in no way precludes
further administration of CRT.49 In fact, stenting may allow
for the easier administration of intravenous fluids required for
chemotherapy. Second, stenting has been estimated to incur
only a marginal increase in the cost of treating these patients
due to the expense of end-of-life care.37,41 Finally, most
patients who develop a recurrence after stenting may be
retreated, either with thrombolytics or additional stenting,
leading to a secondary patency rate of nearly 100%.39,40

The long-term results of stenting are not as well docu-
mented, and for this reason, the best treatment for patients
with benign SVC occlusion remains controversial. In com-
parison with stenting, surgical bypass has been shown to yield
excellent long-term results. For example, Doty reported on a
series of 16 patients who underwent spiral saphenous vein
bypass for benign SVC obstruction, most commonly caused
by fibrosing mediastinitis. With a mean follow-up of nearly
11 years, 14 of the 16 grafts were patent. Only 3 patients had
early graft occlusion, and reoperation restored flow in all but
1.44 The only other large series of patients treated for benign
SVC obstruction was from the Mayo Clinic. This report
described similar results, with a 5-year patency of 80%.48

The durability of stenting the SVC for benign disease does
not seem to be as impressive. For example, in the Mayo Clinic
series 3, additional patients were described who underwent
stenting as primary therapy. All 3 patients required repeat
interventions for restenosis, and 1 patient ultimately required
open surgical bypass. Similarly, a recent report from Toulouse,
described 14 patients who underwent stenting for benign
disease, the majority related to venous access for hemodialy-
sis.35 Stenting failed to restore patency in 11 of these patients.

After repeat interventions, only 9 patients had restoration of
flow. Furthermore, the follow-up of these patients was only
14 months, and so the rate of late restenosis is not known.

For several reasons, stenting will remain an option for
patients with benign disease. First, it is certain that refine-
ments in stent technology will improve on these relatively
poor early results. Second, patients may prefer a minimally
invasive therapy, even though the rate of early failure and the
need for repeat intervention will be high. Perhaps most
important, few centers have a large enough experience with
open bypass to achieve long-term success. As experience with
SVC stenting for malignancy increases, it may become the
first option for benign disease as well, simply because of ease
of insertion and familiarity with the technique.
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Central Nervous System
Emergencies

Kevin P. McMullen, Edward G. Shaw, 
and Volker W. Stieber

mergency management of central nervous system
malignancies is an unfortunate reality facing the oncol-
ogist. Although expeditious treatment is certainly the

cornerstone of management, the astute clinician should care-
fully weigh a combination of multidisciplinary therapeutic
options to ensure optimal outcome for the patient, with an
eye toward both treatment sequelae and anticipation of future
need for further treatment.

Malignant Spinal Cord Compression

Epidemiology and Pathology

Malignant spinal cord compression (MSCC) is a medical
emergency, with incidence second only to brain metastases
for cancer emergencies in the central nervous system. Spinal
cord compression from epidural metastases occurs in 5% to
10% of cancer patients, and in up to 40% of patients with 
preexisting nonspinal bone metastases.1–4 Of those with bony
spinal disease, 10% to 20% develop symptomatic spinal cord
compression, resulting in more than 25,000 cases per year.5,6

Symptoms depend on location of the compression and can
involve the spinal cord at any level. If not rapidly diagnosed
and treated, paralysis, incontinence, and severe chronic pain
may be the inevitable result.

The spine is the most common site of bony metastases
overall, with a reported incidence in cancer patients of 40%.4

It has been estimated that the incidence of MSCC in the
United States is approximately 25,000 cases annually.5,6

Approximately 5% to 10% of patients who die of their 
malignancy experience an MSCC.6,7 A recent population-
based cohort study of cancer patients in Ontario, Canada,
from 1990 to 1995, is the most comprehensive study avail-
able in the peer-reviewed literature on epidemiology for
MSCC.8 In this study, overall incidence of MSCC within 5
years of death from cancer was 2.5% overall. Based on the
American Cancer Society estimate of 563,700 cancer deaths
expected in 2004,9 and assuming this population cohort is
similar to the U.S. population, then an overall incidence for
MSCC of 2.5% or 5% would estimate the number of cases of
MSCC in 2004 to be between 14,100 and 28,200.

MSCC is slightly more common in male patients than in
female patients (60 :40 ratio).10 This difference may reflect the
relative incidence of primary breast cancer compared with

primary prostate cancer. All ages of patients may be affected,
but the period of highest prevalence coincides with the rela-
tively high cancer risk period that occurs between 40 and 65
years of age.9

The histology of MSCC follows the incidence patterns of
malignant disease, with the most common histologic diag-
noses (breast, lung, and prostate) accounting for approxi-
mately half of all cases.4,9 Approximately 25% of all patients
with MSCC have breast cancer, 15% have lung cancer, and
10% have prostate carcinomas. In the Ontario study, the
overall incidence of MSCC ranged from 0.2% to 7.9%,
depending on primary disease site.8 Overall, 5.5% of breast
cancer patients, 2.6% of lung cancer patients, 7.2% of
prostate cancer patients, and 0.8% of colorectal cancer
patients experienced a MSCC. Other commonly reported 
histologic diagnoses in adults include, by order of cumula-
tive incidence, multiple myeloma, nasopharynx, renal cell,
melanoma, small cell lung, lymphoma, and cervix.4,8,11

Seventy percent of cases occur at the thoracic level, 20%
at the lumbar region, and 10% at the cervical region, approx-
imately corresponding to the vertebral body bone volume in
each region of the spine.12,13 Metastatic lesions present ini-
tially at multiple, noncontiguous levels in 10% to 38% of
cases.12,14,15 In a recent prospective trial of surgical decom-
pression and radiation therapy, the incidence of MSCC by ver-
tebral level was 10% to 16% cervical, 35% to 40% in T1–T6,
and 44% to 55% in T7–T12.16 By vertebral location, 56% to
64% were in the anterior vertebral body, 18% to 22% in the
lateral elements, and 14% to 26% in the posterior elements,
with a spine instability rate of 35% to 40% at the time of 
presentation.

Pathophysiology

A complicated cascade of events occurs with compression of
the spinal cord and nerve roots. Epidural venous plexus com-
pression can lead to cord edema and the secondary increase
in inflammatory mediators, such as prostaglandin E2 and
interleukins 1 and 6. This cascade of events, if left unchecked,
will eventually lead to ischemia, neuronal death, and perma-
nent neurologic injury.4,17

Anterior tumors can cause compression by growing pos-
teriorly from the vertebral body into the epidural space, or by
vertebral body collapse, causing tumor/bone retropulsion into
the spinal canal. Lateral and posterior elements are less com-
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monly, sites of origin for tumor that causes MSCC. Paraver-
tebral tumors can cause compression by entering the spinal
canal through the intervertebral foramina, and in rare
instances, metastases can be intramedullary or in the epidural
space without bony involvement.4,18 If not addressed rapidly
upon the appearance of suspicious symptoms, it has been
reported that roughly only 10% to 25% of patients who are
not ambulatory before treatment will regain the ability to
walk, as pretreatment ambulatory function is the main 
determinant for posttreatment gait function.19–21 In addition,
patients who have a slow loss of function are significantly
more likely to ambulate again after treatment than those with
rapid decline when treated with radiation therapy.22

Clinical Presentation and Diagnosis

The clinical presentation of tumors metastatic to the spinal
axis is a function of the local anatomy.23 Within the spinal
canal there exists a well-defined extradural space containing
epidural fat and blood vessels. Metastatic lesions are most
commonly found in the extradural space. The extradural
space communicates with adjacent extraspinal compart-
ments via the intervertebral foramina. A spinal cord tumor
produces local and distal symptoms and signs; the latter
reflect involvement of motor and sensory long tracts within
the spinal cord. These signs allow localization of the level of
the lesion based on clinical findings.23 However, the clinical
presentation of a spinal tumor rarely indicates if it is
extradural or intradural. Loss of sphincter control and ambu-
lation before initiation of treatment are poor prognostic
factors for recovery of function, so expeditious imaging and
subsequent treatment must be initiated without delay when
MSCC is suspected. Ninety percent or more of patients
present with local and/or radicular pain.4,20,24,25 Weakness
(76%) and sensory findings (51%) are common at diagnosis
but are rarely, if ever, a presenting symptom.12

Lesions at the conus medullaris can produce several
symptoms, including saddle anesthesia, acute urinary reten-
tion, incontinence of bowel and bladder, and impotence. If the
lesion remains confined to the conus, it will not cause paral-
ysis of the lower limbs and the ankle reflexes are preserved.
However, rarely is a conus tumor diagnosed when it is this
small, but rather, when some extension upward has occurred
and there are additional cord signs.

Flaccid weakness, atrophy, fasciculations, and reduced
deep tendon reflexes are seen in corresponding myotomes,
with involvement of the anterior horn cells and the ventral
roots (lower motor neuron lesions). A tumor involving the
lateral corticospinal tracts can cause weakness, spasticity,
hyperreflexia, and an extensor plantar response (Babinski’s
sign). Motor weakness and spasticity are seen with tumors
above the conus medullaris. Weakness and flaccidity are seen
with tumors below the conus. A tumor restricted to the conus
should not cause weakness, although one also involving the
cauda equina will.

Sensory impairment often helps to localize the level of
the tumor based on loss of dermatome function, although the
upper level of impaired long tract function may be several seg-
ments below the actual tumor. A lesion involving the lateral
spinothalamic tract will cause numbness, paresthesias, and
decreased temperature sensation over the contralateral limb
or trunk below the lesion; this produces the classic finding of

a sensory level, which is best demonstrated with a pin obser-
vation for absence of perspiration or of temperature (cold) sen-
sation. A lesion in the posterior column can cause gait ataxia.
Standing posture is affected with the eyes closed (Romberg’s
sign). Paresthesias can occur below the level of the lesion.

Because pain and temperature pathways cross over in the
spinal cord and proprioceptive and motor pathways do not, a
unilateral spinal cord lesion can result in ipsilateral paralysis
and proprioceptive loss, as well as contralateral pain–temper-
ature loss below the level of the lesion. Because light touch
travels in two pathways, one that crosses in the spinal cord
(spinothalamic tract) and one that does not (posterior
columns), it is usually spared in unilateral lesions. This 
combination of findings is known as the Brown–Sequard 
syndrome.

Both bladder and bowel symptoms can result from a spinal
cord tumor. Bladder symptoms include hesitancy, dribbling,
incontinence, urgency with incontinence, or acute retention.
Most of the time, if the bowel is affected, constipation rather
than incontinence occurs. Loss of bladder control is seen early
in the presentation of tumors in or below the conus and later
in tumors above the conus. Cord lesions above L1 can lead to
impotence or reflex priapism. Lesions involving S2–S4 may
produce loss of erection and ejaculation ability. Decreased
genital sensation can occur from lesions affecting the S2
nerve roots.

Pain from spinal canal tumors can be either radicular,
midline, or central. Radicular pain is secondary to involve-
ment of the posterior roots and is typically described as shoot-
ing pain in a dermatomal distribution. The nerve can be
compressed inside or outside the dura. Midline spinal pain
causes discomfort localized to the area of the tumor and is
thought to arise from pain-sensitive structures in the dura and
extradural tissues. Characteristically, pain is more severe in
extradural lesions. Sometimes, with spinal cord compression,
a dull or burning pain, more widespread than segmental
spinal or radicular pain, occurs. This type of pain, although
relatively rare, has numerous designations, including central
pain, causalgia, and deafferentation pain; it involves a limb or
trunk below the lesion.

Cauda equina lesions can cause radicular pain in the
thigh, weakness, and atrophy of muscles, including the glutei,
hamstrings, gastrocnemius, and the anterior tibialis. Saddle
anesthesia, absent ankle reflexes, impotence, urinary urgency,
or acute retention and constipation are also commonly seen.
Depending upon the location of the lesion, other reflexes may
be affected.

Intramedullary metastases are exceedingly rare. In this
location, they can cause a characteristic neurologic syn-
drome. Early on, decreased temperature and pain sensation
occurs in the dermatomes of the spinal segments occupied by
the tumor and two to three segments caudal to the lesion. No
other sensory modality is affected while the tumor is confined
to the central cord. This “dissociated” sensory loss is rarely
seen with extramedullary tumors. Additionally, weakness
and atrophy are early findings in the myotomes of the corre-
sponding cord segments involved by tumor. As the tumor
grows transversely, reflexes produced at the level of the tumor
disappear, and spastic paralysis with hyperreflexia develops
below the lesion. Eventually, all sensory modalities are
affected. Cervical tumors can produce Horner’s syndrome by
interrupting unilateral autonomic pathways.
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Magnetic Resonance Imaging of The Spine:
Evidence Level III, Recommendation Grade A

The most important modality in the workup of suspected
MSCC is magnetic resonance imaging (MRI) of the entire
spinal axis with gadolinium enhancement. With the excep-
tion of a primary paraspinal or neuraxis tumor, MSCC occurs
most often in the setting of disseminated disease from a
distant primary site. A potential pitfall in the initial evalua-
tion of a patient with suspected spinal cord compression, is
imaging only the symptomatic area of the spine. Frequently,
patients with lower body or extremity symptoms, and/or
radicular pain in the lumbar distribution, present for evalua-
tion and management with only partial spine imaging.
Helweg-Larson et al. reported on a series of patients with
MSCC diagnosed by myelography.26 Their data showed that
35% of patients with MSCC had multiple metastases at pre-
sentation, and 7.5% developed a second episode of MSCC in
an untreated portion of the spine during follow-up. Today,
myelography has been replaced by magnetic resonance
imaging. Husband et al. published a prospective study evalu-
ating the value of MRI of the entire spine in the workup of
suspected MSCC.27 In this study of 201 patients, 25% of
patients evaluated had spinal cord compression verified at
multiple levels, and approximately two-thirds of these had
involvement of different regions of the spine. The authors
determined that when a sensory level was present on patient
evaluation, it was two or more segments different from the
actual lesion on MRI in 28% of patients, and four or more
levels distant from the lesion in 21%. These data confirm that
the entire spine must be imaged with MRI with gadolinium
enhancement to make early diagnosis of occult lesions in
other segments of the spinal axis.

Treatment

Medical Management

USE OF STEROIDS: EVIDENCE LEVEL II, RECOMMENDATION

GRADE A
Dexamethasone is the most commonly used agent. Maran-
zano et al. reported on a consecutive series of 209 patients
who received different steroid regimens based on pretreat-
ment clinical assessment of extent of motor deficit.28 All
patients received 30Gy radiation therapy, but paraparetic and
paraplegic patients received 1g/day methylprednisolone,
whereas patients with better motor function received 
16mg/day dexamethasone, with results comparing favorably
across the literature. No direct comparison has ever been
attempted with methylprednisolone and dexamethasone.

Dexamethasone is typically given at an initial dosage of
16mg divided into four daily doses, with a subsequent taper
lasting a few weeks to several months (usually a dose reduc-
tion of 2mg every 3–7 days), as guided by the patient’s symp-
toms.29,30 The lowest possible dose should be used. Patients
not on corticosteroids at the beginning of radiation may be
observed and dexamethasone added if they become sympto-
matic. Side effects of intermediate- to long-term steroid use
include hyperglycemia, insomnia, emotional lability, thrush,
gastric irritation and intestinal ulceration, proximal muscle
wasting, weight gain and adiposity (moon facies, buffalo

hump, centripetal obesity), osteoporotic compression frac-
tures, and aseptic necrosis of the hip joints.31

The efficacy of steroids has been well demonstrated. In a
single blind, randomized trial of 57 patients by Sorenson et
al., patients with MSCC from solid tumors, were assigned to
radiation therapy with or without high-dose dexamethasone
(96mg bolus; 96mg per day given orally in qid dosing for 3
days, followed by a 10-day taper).19 The primary endpoint was
maintaining pretreatment gait function and/or the recovery
of lost function. Radiation therapy to both groups was 28Gy
in 7 consecutive days of 4Gy per day. Results showed
improved rates of surviving with intact gait function at 3
months (81% versus 63%), 6 months (59% versus 33%), and
1 year (30% versus 20%).32

The optimal dose of steroids has not been completely
defined. The concern with the use of high-dose steroids is the
associated toxicity, and some data exist that moderate-dose
steroids in the treatment of MSCC may be just as effective as
a high dose. A small randomized trial by Vecht et al., com-
paring high (100mg) and modest (10mg) initial bolus dose
dexamethasone in patients with MSCC, reported no differ-
ence between the two regimens in terms of continence,
ambulation, or pain.33 However, the number of patients was
small and there was no stratification by pretreatment motor
function.18 In the trial by Sorenson et al., 11% of patients suf-
fered significant toxicity in the high-dose steroid treatment
arm.19 Heimdal et al. reported overall steroid-related toxicity
of 28.6%, 14.3% of which was rated as serious.19,34 When
these authors abandoned higher-dose steroids for moderate
dose (16mg/day tapered over 2 weeks), there were no serious
steroid-related side effects reported. On the other hand,
Greenberg et al. reported only 1 of 89 patients on a high-dose
regimen of dexamethasone with RT who suffered a serious
steroid-related complication.25

Select patients may not require steroids during treatment.
Maranzano et al. reported a Phase II trial of 20 consecutive
patients with good baseline motor function and without
major invasion of the spinal cord.35 Of the 20 patients, 80%
were ambulatory without need for support, and 20% needed
support for ambulation as a result of radiculopathy or pain.
Patients received 3,000cGy in 10 fractions initiated within 24
hours of diagnosis, and no steroids were given. All 16 ambu-
latory patients retained gait function, and the other 4 patients
regained the ability to walk. This study suggests that some
patients with good performance status who have rapid local
treatment may be considered candidates to manage without
steroids, although the majority of published data with radia-
tion therapy are in combination with steroids. This manage-
ment strategy may be considered reasonable if a patient is at
high risk of complication from steroids because of underlying
medical comorbidities, such as peptic ulcer disease, uncon-
trolled diabetes, or other medical problems that may cause
severe or life-threatening problems if steroids are initiated.

Surgery

SURGICAL DECOMPRESSION: EVIDENCE LEVEL II,
RECOMMENDATION GRADE A

Laminectomy has historically been the standard surgery for
MSCC, with most series in the literature showing no benefit
to laminectomy-treated patients over patients managed with
radiation therapy.4,12,36,37 Laminectomy traditionally had not
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only failed to showed a benefit but also was reported to have
high rates of spinal instability and postoperative morbidity.4,8

Because most spinal cord compression is from sources ante-
rior to the spinal canal, it stands to reason that simply enlarg-
ing the spinal canal with laminectomy would usually fail.
Vertebral body resection offers the possibility of truly decom-
pressing the spine and resecting tumor and bone fragments.
No studies have ever compared these two modalities, but 
the morbidity is greater in vertebral body resection series
(10%–54%) than in laminectomy series (0%–10%).8 Figure
71.1 shows an example of an anterior vertebral body resection
of MSCC with surgical stabilization.

Despite the risk of morbidity, emergency surgery is not
without support as initial management for MSCC. Harris et
al. reported retrospectively on 84 patients with MSCC and
compared outcomes based on whether the patient received
emergent decompressive surgery or routine surgery (within
24 hours).38 There were no reported postoperative deaths, 
and most of the surgical procedures were laminectomy or
laminectomy with fusion (98%). Functional improvement, as
defined by continence and/or mobility, was more commonly
seen in patients who underwent emergency decompression
(62% versus 25%). In this series, almost half (49%) of 35
incontinent and immobile patients regained function, with
most of those regaining function (77%) being in the emer-
gency surgery group. Furthermore, Sundaresan et al. retro-
spectively reviewed 110 surgical patients, 78% of whom
underwent higher-risk surgery of anterior or anterior/poste-
rior resection with instrumentation. The overall success rate,
measured as maintaining or regaining ambulatory function,
was 82% with decompressive surgery.39 Strikingly, 67% of
nonambulatory patients recovered gait, and in a subgroup of
patients rated as having severe paresis, 55% regained gait
function.

Radiation Therapy

RADIATION THERAPY ALONE: EVIDENCE LEVEL II,
RECOMMENDATION GRADE A

In reality, many patients with spinal cord compression are not
surgical candidates and are best treated with steroids and radi-
ation therapy as their primary modality. Even patients with
very poor initial performance or mobility/continence status
can be helped by receiving emergent radiation therapy.
Although no randomized trials exist comparing radiotherapy
to best supportive care or medical therapy alone, every pub-
lished radiotherapy series for MSCC has shown efficacy of
radiation therapy in helping patients to retain or regain lost
function and to relieve pain. Steroids are always initiated at
the time of diagnosis, and as already discussed, the strongest
evidence suggests that high-dose dexamethasone is the 
preferred regimen.

SELECTION OF RADIATION THERAPY DOSE: EVIDENCE LEVEL

III, RECOMMENDATION GRADE B
Treatment outcomes reported in the literature vary only a
small amount from series to series, regardless of fractiona-
tion schedule. Multiple fractionation schedules, ranging from
8Gy ¥ 1 to 2Gy ¥ 20, have been proposed and evaluated 
both prospectively and retrospectively21,25,28,40–42 (Table 71.1).
Morbidity is generally low and is well tolerated even by
patients with a poor performance status. Approximately 89%
of patients who are ambulatory before radiation therapy can
expect to retain gait function, while an average of 39% of
paretic patients and 10% of paraplegic patients can expect to
see an improvement after treatment.8 Although 30Gy in 10
fractions and 37.50Gy in 15 fractions are commonly used 
regimens, no compelling data are available to point to poorer
outcomes with hypofractionated regimens.40 Most recently,

FIGURE 71.1. This patient presented with
upper extremity weakness and numbness, and
magnetic resonance imaging (MRI) revealed
tumor with vertebral body collapse and a spinal
cord compression at the C4 level. Surgery was
recommended, and the patient’s vertebral
column was stabilized with resection of the
gross tumor.
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Maranzano et al. have reported preliminary data of a ran-
domized trial comparing 16Gy in 2 fractions to a 30-Gy split-
course regimen (15Gy in 3 fractions followed by 15Gy in 5
fractions for responders), showing no difference in efficacy or
toxicity.43

Reirradiation of a spinal metastasis may be necessary in
some long-term survivors with recurrent disease. Schiff et al.
reviewed 54 reirradiated patients with at least two courses of
radiation therapy to the same segment of the spine for the
risk of radiation-induced myelopathy.44 The median initial
dose was 3,000cGy in 10 fractions and the median reirradia-
tion dose was 2,200cGy in 11 fractions, with a median time
of 9.1 months elapsing between treatment courses. Ninety
percent of ambulatory patients retained gait function by the
end of treatment, 43% regained ambulatory status, and 88%
of ambulatory patients at the end of reirradiation were still
ambulatory at the last documented follow-up.

TREATMENT TECHNIQUES

Common treatment approaches include a single posterior
field (PA), opposed lateral fields, a PA field with opposed lat-
erals, opposed anteroposterior/posteroanterior (AP/PA) fields,
and oblique wedge-pair fields.45,46 Normal tissue constraints
and potential toxicity must be considered when defining field
arrangements. For tumors in the cervical region, an opposed
lateral-beam approach can be employed to minimize dose to
the anterior neck. For tumors in the cervicolumbar region, a
split-beam technique can be employed with the central axis
placed above the upper limit of the shoulders. Opposed lateral
beams are used to treat the upper spine, whereas a PA field is
used for the area of the spine below the central axis. Tumors
in the thoracic region can be treated with opposed lateral
beams: a three-field approach using a PA field and opposed
lateral beams, a two-field approach using anteroposterior
beams, or a posterior beam prescribed to an appropriate depth.
The tolerance of dose-limiting organs, most commonly, the
spinal cord and esophagus, may need to be taken into account
by the radiation oncologist, depending upon the clinical sce-
nario. In the lumbar region, care should be taken to minimize
dose to the kidneys; AP/PA or PA fields are often used here,
but a four-field approach using AP/PA and opposed lateral
beams with the AP/PA beams preferentially weighted may be
useful.

TOLERANCE OF THE SPINAL CORD AND LUMBOSACRAL NERVE

ROOTS: EVIDENCE LEVEL II, RECOMMENDATION GRADE A
Radiation myelopathy may present as a transient early
delayed or as a late delayed reaction. Transient radiation
myelopathy is clinically manifested by momentary, electrical
shocklike paresthesias or numbness radiating from the neck
to the extremities, precipitated by neck flexion (Lhermitte’s
sign).47 The syndrome typically develops 3 to 4 months after
treatment and spontaneously resolves over the following 3 to
6 months without therapy. It is attributed to transient
demyelination caused by radiation-induced inhibition of
myelin-producing oligodendroglial cells in the irradiated
spinal cord segment.47–49

Irreversible radiation myelopathy typically is not seen
earlier than 6 to 12 months after completion of treatment. It
is thought to be multifactorial, involving demyelination and
white matter necrosis ultimately caused by oligodendroglial
cell depletion and microvascular injury. The signs and symp-
toms are typically progressive over several months, but acute
onset of plegia over several hours or a few days is possible.
The diagnosis of radiation myelopathy is one of exclusion
that first requires a history of radiation therapy in doses suf-
ficient to result in injury. The region of the irradiated cord
must lie slightly above the dermatome level of expression of
the lesion; the latent period from the completion of treatment
to the onset of injury must be consistent with that observed
in radiation myelopathy, and local tumor progression must be
ruled out. There are no pathognomonic laboratory tests or
imaging studies that conclusively diagnose radiation
myelopathy. MRI findings include swelling of the spinal 
cord with hyperintensity on the T2-weighted images with 
or without areas of contrast enhancement.49,50 There is 
no known consistently effective treatment for radiation
myelitis.51,52 The probability of dying of radiation myelopathy
is approximately 70% in cervical lesions and 30% with tho-
racic spinal cord injury.53 Figure 71.2 shows the characteris-
tic MRI findings of radiation-induced myelitis.

There is no convincing evidence that the cervical and tho-
racic cord differ in their radiosensitivity, and there appears to
be little change in tolerance with variations in the length of
cord irradiated.54 Typically, half the patients who develop
radiation-induced myelopathy in the cervical or thoracic cord
region will do so within 20 months of treatment and 75% of

TABLE 71.1. Typical fractionation schedules for treatment of spinal cord compression and subsequent
functional outcomes.

Overall percentage of 
patients ambulatory 

Author Total dose Fraction size after irradiation

Greenberg25 15Gy, followed by 5Gy, followed by 57%–75%
Maranzano97 15Gy for responders 3Gy for responders
Helweg-Larson21 28Gy 4Gy 61%–72%
Sorensen19

Hoskin42 8Gy 8Gy 71%
20Gy 4Gy

Maranzano98 16Gy (1 week split) 8Gy 63%
Maranzano28 15Gy, then 15Gy 5Gy, then 3Gy 76%

30Gy 3Gy
Rades99 30Gy 3Gy 56%–60%

40Gy 2Gy

Gy, gray.
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the cases will occur within 30 months.55 Table 71.2 shows a
range of iso-morbid fractionation schemes, all of which carry
a 5% risk of radiation myelopathy.56–65 The tolerance of the
lumbosacral nerve roots appears to be somewhat higher than
that of the spinal cord.66–68 Given that the overall survival of
patients presenting with MSCC is 6 months or less, selecting
the shortest feasible fractionation schedule may be reasonable
for the majority of patients.

Multimodality Therapy

SURGICAL DECOMPRESSION FOLLOWED BY ADJUVANT

RADIATION THERAPY: EVIDENCE LEVEL I, RECOMMENDATION

GRADE A
Randomized and retrospective data historically have shown
the benefit of surgery before radiation therapy to be of ques-
tionable benefit.12,36 Because the most common surgical 
procedure in the past for decompression of MSCC has been
laminectomy, it stands to reason that most of the time the
tumor is not adequately debulked. This is purely an anatomic
issue, because a laminectomy will merely remove the poste-
rior elements of the spinal column, and in most cases, the

tumor is growing posteriorly toward the spinal cord from a
tumor burden within the vertebral body. Thus, a posterior
approach would not ordinarily lend itself to removal of tumor
in these cases and would only allow the cord to be displaced
posteriorly without compression by the posterior rim of the
bony spinal canal.

Patchell et al. recently reported the results of a random-
ized trial evaluating the benefit of adding surgical decom-
pression to the radiotherapeutic management of metastatic
spinal cord compression.16 Patients with symptomatic malig-
nant spinal cord compression documented by clinical exam-
ination and MRI, were randomized to decompressive surgery
with high-dose dexamethasone and adjuvant radiation
therapy or the same radiation therapy and steroids without
surgery. Dexamethasone dose was 100mg on day 1 followed
by 24mg per day thereafter. Surgery was a decompressive pro-
cedure of the surgeon’s discretion, and radiation therapy was
given as 30Gy in 10 fractions over 2 weeks. Patients treated
with radiation alone were allowed to undergo surgery if they
had a significant decrease in neurologic function; this did not
apply to patients who were completely paraplegic at the start
of treatment. The primary endpoint of the trial was the length
of time patients maintained their ambulatory status after
treatment. Secondary endpoints were the length of time
patients were able to maintain continence, overall survival,
and narcotic and steroid dose requirements. The trial initially
was planned to accrue approximately 200 patients, but a
planned interim analysis forced an early stoppage of the trial
after accruing the first 100 patients when an improvement in
gait maintenance was demonstrated in the surgery arm (P =
0.0045). Patients who underwent decompressive surgery had
a median time of gait retention of 126 days versus 35 days for
those receiving only radiation therapy. More strikingly, 56%
of surgical patients who were not ambulatory at the start of
treatment regained gait function, but only 19% in the radia-
tion-alone arm regained gait function, and 30% of those who
underwent surgical salvage walked again. Continence was

FIGURE 71.2. This patient received 50Gy (at
200cGy per fraction) of radiation therapy to the
cervical spine. His expected risk of myelitis was
less than 5%. At 2.5 years after treatment, he
developed pain, extremity weakness, and
numbness, and eventually urinary retention.
The patient’s imaging revealed increased T2
signal with an expansile region showing poorly
defined gadolinium enhancement. These find-
ings, along with the clinical history and symp-
toms, were consistent with radiation myelitis.

TABLE 71.2. Fractionation schemes with a 5% iso-effective risk
of radiation-induced spinal cord myelopathy.

Dose per fraction (Gy) No. of fractions Total dose (Gy)

2.00 29 58.00
3.00 13 39.00
3.30 11 33.00
4.00 7 28.00
5.00 5 25.00

10.00 1 10.00

Gy, gray.

Source: Adapted from Stieber et al.,100 by permission of McGraw-Hill, 2005.
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maintained for 142 versus 12 days, favoring the surgery arm.
Overall survival was not significantly different at 129
(surgery) versus 100 days (P = 0.08). The median steroid dose
given to patients who received only radiation therapy was
one-third of that given to those who underwent surgery
(0.0093), and narcotic dosages were 12-fold less in surgical
patients (0.002). The surgical complication rate was 12%
among those patients who underwent planned surgery but
40% for those who received surgery because of treatment
failure after radiation therapy alone. Overall, this trial sug-
gests that all patients presenting with MSCC of short dura-
tion should undergo decompressive surgery, if feasible. Table
71.3 compares these outcomes to older historical data.

Emergent Management of Brain Tumors and
Their Sequelae

Epidemiology and Pathology

Patients with primary brain tumors or brain metastases 
may occasionally present with potentially life-threatening
symptoms requiring emergent management. Although either
primary or metastatic tumors can cause symptoms requiring
emergent management, this scenario is most commonly
associated with metastatic lesions because of the 10:1 ratio
of incidence each year of metastatic tumors compared to
primary brain tumors.69 Besides brain metastases, similar
problems can also be encountered with posterior fossa
tumors, such as medulloblastoma or ependymoma, tumors
with a tendency to sudden hemorrhage with subsequent rapid
enlargement, such as metastatic melanoma or choriocarci-
noma, leukemic involvement of the central nervous system,
and highly infiltrative tumors that commonly exhibit signif-
icant surrounding brain edema, such as glioblastoma multi-
forme. Primary brain tumors can frequently be distinguished
from brain metastases based on imaging characteristics, loca-
tion, number of lesions, and a previous diagnosis of extracra-
nial malignancy. Primary brain tumors, once resected and the
patient stabilized, are managed according to accepted treat-
ment pathways and/or clinical trials that are not specifically
the subject of the following review.

Pathophysiology

A tumor can obstruct cerebrospinal fluid (CSF) flow directly
by sheer size and location or indirectly, as a result of sec-
ondary edema in the normal brain tissue that then leads to
mass effect and subsequent CSF obstruction. Obstruction of
normal CSF flow and cerebral edema can lead rapidly to
increased intracranial pressure, which in turn results in
headaches, nausea, vomiting, and, ultimately, lethargy, coma,
and death.

Clinical Presentation and Diagnosis

Presenting signs and symptoms of an intracranial mass
include headache (70%), miscellaneous focal neurologic
deficits, seizures (30%–60%), cognitive impairment (30%),
papilledema (8%), and intracranial hemorrhage, among
others.11,18 Patients may develop obstructive hydrocephalus,
particularly those with lesions in proximity to crucial areas
of narrow CSF flow, such as the third or fourth ventricle or
the foramen of Munro.

Diagnostic Workup

Patients with signs and symptoms of an intracranial emer-
gency need rapid evaluation to assess the cause (Figure 71.3).
Among the possible causes of central nervous system (CNS)
intracranial emergency in cancer patients, are metastases or
primary brain tumor, hemorrhage, infarction, as well as infec-
tious, inflammatory, drug-related, or metabolic etiologies.18

Computed tomography (CT) gives inferior imaging of brain
parenchyma but can give good baseline information initially
and can be done quickly in a tenuously stable patient or a
patient in whom a hemorrhage is suspected. Once the
patient’s condition has stabilized, the brain imaging modality
of choice is MRI of the brain with and without gadolinium
enhancement. Lumbar puncture should be avoided if at all
possible until intracranial pressure has normalized because of
the risk of herniation and death.

TABLE 71.3. Randomized and nonrandomized data showing the benefit of the addition of surgical
decompression to radiation therapy in the management of malignant spinal cord compression (MSCC).

Significant
RT + difference in

Author Randomized N Endpoint RT Sx outcome?

Patchell Yes 101 Days of ambulation retention 35 126 Yes
et al.16 Percent regaining ambulation 19% 56% Yes

Young Yes 29 Ambulatory posttreatment
et al.36 Immediately 54% 45%

Alive and ambulatory at 4 months 83% 66% No
Gilbert No 235 Ambulatory posttreatment 49% 46%

et al.12 Percent alive and ambulatory 
(at 6 months/12 months)

At 6 months 78% 75%
At 12 months 46% 54% (n/a)

RT, radiation therapy; Sx, surgery.



University of Minnesota.74,75 Here, 249 patients with intracra-
nial neoplasms were treated with steroids, with 212 having
clinical signs of ICP and 31 being comatose. A response to
therapy was noted within 12 to 18 hours of administration
and more than 80% of patients showed dramatic improve-
ment by 3 to 4 days after initiation of therapy.

Prospective data do exist evaluating the relative risks and
benefits of varying dosing regimens of dexamethasone in the
emergent management of cranial emergencies.76,77 Wolfson et
al. published a small trial of 12 patients receiving 30Gy
cranial radiation and dexamethasone.77 All patients received
high-dose dexamethasone (24mg IV every 6 hours) for 48
hours and were then randomized to further steroids (4mg po
every 6 hours) or no further steroids. The study could not
confirm a clear benefit to either arm in terms of performance
status or neurologic functional status, although the study had
a surprisingly low rate of only 33% of patients having any
clear response to the high-dose therapy.

Vecht et al. performed two separate randomized trials
investigating different dose regimens of dexamethasone in
patients with brain metastases who had an impaired perfor-
mance status.76 In addition to radiation therapy, all patients
received oral dosing of dexamethasone with patients in the
first trial randomized to 8 versus 16mg/day. A tapering
schedule with dexamethasone dose reductions every 4 days
was initiated at day 7 of steroid therapy. Although the
patients did not show a difference in Karnofsky Performance
Status (KPS) after 1 week, after 28 days, the low-dose group
had a lower rate of KPS improvement (53% versus 81%). The
authors hypothesized that the tapering schedule may have
been started too early to allow the low-dose patients to main-
tain their KPS as the tapering schedule was initiated before
radiation therapy. They therefore initiated a second study
substituting 4mg per day as the low-dose arm, but continued
the steroid dosing unchanged in both arms for the full 28 days
before tapering. The results of this trial showed no improve-
ment in KPS for the high-dose arm so long as the steroids
were given over a longer period before tapering. A higher per-
centage of patients (41%) in the 4-mg arm had to have their
tapering schedules extended due to recurrence of neurologic
symptoms during or after tapering. The authors also found
that the incidence of side effects was higher in the high-dose
arm, significantly, the development of cushingoid features,
peripheral edema, and steroid myopathy. The authors con-
cluded that 4mg dosing per day of steroids was adequate for
treatment of symptomatic edema from brain metastases pro-
vided that the patients were tapered over a 28-day period. The
outcomes for all treatment groups in these two trials are sum-
marized in Table 71.4. Other studies have raised concerns also
over the incidence of steroid-induced toxicity with steroid
dosing longer than 21 days in duration.78 Higher doses and
longer tapering schedules should be based on physician
assessment of response.

The frequency of dexamethasone dosing is controversial.
The plasma half-life in both humans and animal models is
relatively short, on the order of 3 to 6 hours, but the biologic
half-life may be twice that, and drug-related effects last much
longer.79,80 The most common dosing regimen of dexametha-
sone is every 6 hours, but a pilot study of twice-daily dexa-
methasone with radiation therapy, showed good responses
with acceptable toxicity.78 No randomized study comparing
the common qid dosing to less-frequent daily dose regimens
has been published. An excellent evidence-based review of
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Treatment

Medical Management

The initial emergent management consists of hyperventila-
tion, which, through a series of changes induced by decreased
partial pressure of CO2, leads to vasoconstriction and a 
subsequent transient drop in intracranial pressure (ICP).11,18

Because of the potentially deleterious effects of prolonged
hyperventilation, namely, acidosis and potential ischemic
brain injury due to vasoconstriction, other medical measures
to decrease ICP must be rapidly employed.

STEROIDS/OSMOTIC AGENTS: EVIDENCE LEVEL I,
RECOMMENDATION GRADE A

Medical decompressive therapy (MDT) generally consists of
steroids with or without mannitol.70 Mannitol functions by
decreasing peritumoral brain edema, whereas dexamethasone
does not, indicating different pathways in their mechanism
of action in reducing the effects of cerebral edema.71 Manni-
tol has been shown to be of value for decreasing cerebral
edema from sources other than brain tumors (head injury,
hepatic failure).72,73 The only randomized data evaluating the
combined usage of mannitol and dexamethasone for cerebral
edema are from Canalese et al. for patients with cerebral
edema from fulminant hepatic failure.73 In this study, 44
patients were randomized to mannitol, dexamethasone, both
drugs, or no treatment when they developed or presented with
encephalopathy. Patients given mannitol had significantly
better response in the presence of cerebral edema than those
who did not. A common regimen of mannitol is 20% to 25%
solution given intravenously over approximately 30 minutes
dosed at 0.5 to 2.0g/kg.18

The general value of dexamethasone has been discussed
in the section on spinal cord compression. For obvious ethical
reasons, no randomized data exist comparing steroids with
placebo in patients with emergent symptoms from intracra-
nial malignancy. The first large experience demonstrating the
effectiveness of dexamethasone in decreasing cerebral edema
in the setting of intracranial malignancies, came from the

Impending Herniation
• Hyperventilate
• Mannitol
• Dexamethasone

° TV high dose bolus
•Neurosurgical consult

Minor Signs/Symptoms of Raised Intracranial Pressure (ICP)
• Starting dose of 4-6 mg dexamethasone per day is reasonable
• Oral dosing without loading dose is acceptable
• Incremental increase every 24-48 hours to 24 mg per day

Emergent Signs/Symptoms of Raised ICP
• Bolus IV dose 20-100 mg dexamethasone
• Minimum daily dose of 24 mg either oral or IV
  if stable or improving
• Mannitol may be added if no response to IV dexamethasone
• Neurosurgical/Radiation Oncology Consultation and
  emergent imaging when stabilized

Subsequent management issues:
• GI prophylaxis with H2 blocker/proton pump inhibitor until off steroids
• Monitor for hyperglycemia, thrush, anticonvulsant levels, electrolyte disorders
• Taper dexamethasone after surgical resection or initiation of radiation therapy

° Taper over 2-4 weeks based on symptom control, starting dose and toxicity of steroid therapy
° If neurological symptoms recur, increase dexamethasone to last dose at which patient was

neurologically stable and taper more slowly
• Monitor for infections in immunocompromised patients; PCP prophylaxis justified in some patients

FIGURE 71.3. Recommended management of raised intracranial
pressure (ICP) from emergent (top) to minor (bottom).
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medical decompressive therapy and dosing literature, includ-
ing the aforementioned Dutch trial, was published by Sarin
and Murthy.70 This review provides recommendations for
starting doses, dose escalation, and tapering schedules based
on symptoms and response. Based on this publication and our
own review of the peer-reviewed literature, we propose a
management scheme as depicted in Figure 71.4.

ANTICONVULSANTS: EVIDENCE LEVEL I, RECOMMENDATION

GRADE A
The routine use of prophylactic anticonvulsants for patients
diagnosed with a brain mass is not recommended based on
Level 1 evidence. Glantz et al. reported on a randomized,
double-blind placebo-controlled study of 74 patients with
newly diagnosed brain mass and no history of seizures.81

Patients received either divalproex sodium or placebo, with
an equivalent risk of a first seizure. In addition, Forsyth et al.
reported on a prospective, randomized, nonblinded study of
100 patients newly diagnosed with a brain tumor and having
no history of prior seizures.82 Patients were randomized to
prophylactic anticonvulsants or placebo and followed for 
incidence of seizures, seizure-free interval, and survival.
Although the study was truncated early for statistical reasons,
there was no significant difference between the groups for any
of these endpoints.

Stabilization of the patient in status epilepticus to
perform imaging and make management decisions is criti-
cal.83 After securing the airway and stabilizing the patient,
seizure activity must be terminated as rapidly as possible.
Phenytoin and rapid-onset/short-acting benzodiazepines are
commonly used to quickly control seizure activity. Recom-
mended initial regimens include 0.1mg/kg at 2mg/min
lorazepam or diazepam at 0.2mg/kg at 5mg/min. Phenytoin
infusion of 15 to 20mg/kg at 50mg/min or less in adults is
indicated for seizure activity refractory to benzodiazepines or
after truncation of seizures with diazepam.83 Failure to
control seizures can potentially lead to physical injuries,
airway compromise, and secondary brain hypoxia/injury, or
coma.18 From a practical standpoint, no randomized data exist
comparing emergent medical treatment of seizure activity to
observation because failure to treat is unacceptable.

There is Level 1 evidence for optimization of phenytoin
dosing from a recent randomized study investigating the most
rapid method of achieving therapeutic phenytoin levels in the
emergency setting.84 This study compared rapid intravenous
infusion of fosphenytoin versus traditional phenytoin infu-
sion. Fosphenytoin, a prodrug of phenytoin without the poly-
ethylene glycol (PEG) vehicle, could be infused at a faster rate
and was shown to more rapidly achieve therapeutic pheny-
toin serum levels.

Surgery

DECOMPRESSIVE SURGERY: EVIDENCE LEVEL I,
RECOMMENDATION GRADE A

Surgical resection and/or placement of a shunt is often
required for emergent management of brain masses causing
life-threatening hydrocephalus, mass effect, or profound 
neurologic impairment. In all instances, attempts at patient
stabilization before surgery with the use of high-dose 
glucocorticoids with or without mannitol should be made.
Patients often exhibit rapid recovery of neurologic and/or 
cognitive function, which may allow time for more effective
diagnostic studies. Medical decompression, in many cases,
may also relieve symptoms enough that other modalities
such as whole-brain radiation therapy or radiosurgery may be
considered as alternate management strategies. Good imaging
also can better define the lesion(s) in question to allow stereo-
tactic planning for more accurate surgery. Symptoms are
usually related to mass effect, so resection or debulking are
often the only logical choices if medical therapy fails to
provide improvement in neurologic symptoms. Rapid surgi-
cal decompression is the treatment of choice for such prob-

Spinal Cord Compression documented by Gadolinium Enhanced MRI of Entire Spine

• Histologically proven prim ary malignancy

• Symptomatic (other than pain) from single
  multiple levels immediately adjacent that
  can be resected in single surgery acceptable
  area(s) of cord compression

• If paraplegic, must be for <48 hrs prior to
  surgery

• No previous RT to level of MSCC

• Age ≥18 with life expectancy ≥3 months

• Solid tumor primary without evidence of
   lymphoma, multiple myeloma, leukemia,
   germ cell tumor or primary spinal tumor

• High Dose Dexamethasone (100 mg IV over
  >30 mins, then 24 mg/day followed by
  appropriate taper)

• Decompressive Surgery with Spine
  Stablization as Needed

• Adjuvant Radiation therapy (30 Gy in 10
  fractions with margin to include 1 vertebral
  body above and below the involved level)
  started within 14 days of Surgery

• High Dose (or Moderate Dose)
  Dexamthasone with Primary Radiation
  therapy (fractionation schedule at the
  discretion of the treating physician)

• Surgical salvage can be considered if
  symptoms progress during radiation therapy
  in patients who are not completely paraplegic

• Multiple Involved Spinal Levels

• Asymptomatic lesion (i.e. no signs or
  symptoms other than pain)

• Paraplegia >48 hours

• Previous RT to involved level

• Radiosensitive Tumor Type (Germ cell
  Tumor, MM, Leukemia/Lymphoma) or
  primary spinal tumor

• Poor performance Status and/or Life
  Expectancy <3 months

• Surgically Inaccessible lesion or
  Requrement for Surgery that would
  destablize the spine

FIGURE 71.4. Evidence-based decision tree graph for malignant
spinal cord compression.

TABLE 71.4. The results of two randomized trials investigating
different dose regimens of dexamethasone in patients with brain
metastases who had an impaired performance status.

Trial 1 Trial 2

Dexamethasone dose 8 mg 16 mg 4 mg 16 mg

Number of patients 20 22 24 23
KPS improvement at 7 days (%) 60 54 67 70
Number of patients 15 16 21 18
KPS improvement at 28 days (%) 53 81 62 50
Elevated glucose (%) 25 18 21a

Infections (%) 6 9 9a

GI toxicity (%) 6 18 24a

Peripheral edema (%) 13 14 26a

Cushingoid features (%) 69 32 65a

Steroid myopathy (%) 38 14 38a

KPS, Karnofsky Performance Status.
aPercentage includes patients in high-dose arm on both trials.

Source: Data from references 33, 76.
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lems when surgery can be performed safely based on patient
performance status or tumor location. If no neurosurgical
team is available, transfer of the patient should be initiated
while medical measures are undertaken to stabilize the
patient.

Radiation Therapy

PALLIATIVE RADIATION THERAPY: EVIDENCE LEVEL I,
RECOMMENDATION GRADE A

Multimodality therapy for emergent brain tumors routinely
takes the form of medical decompression followed by radia-
tion therapy or surgery if there is no response to medical
therapy or for most single, bulky resectable lesions. Patients
who are medically inoperable, refuse surgery, or have multi-
ple and/or unresectable lesions typically receive whole-brain
radiation therapy for palliation of their symptoms. The fact
that 60% to 70% of patients who present with brain metas-
tases have multiple lesions makes radiotherapy the primary
modality for palliation in the majority of cases.69,85 Many
patients will respond dramatically to medical therapy and
radiation in the emergent setting with an improvement in
their performance status, particularly if their symptoms are
largely caused by edema or rapidly correctable problems, such
as electrolyte abnormalities. With this in mind, radiation
therapy dosing schedules for the treatment of emergent
patients can be tailored to patient parameters, such as initial
response to steroids, extent of extracranial disease, primary
site, and purported response of primary to systemic therapy.

The Radiation Therapy Oncology Group (RTOG) has
reported on several large trials with differing fractionation
schedules of whole-brain radiotherapy (Table 71.5). In the spe-
cific setting of emergent management, however, there are no
randomized trials to specifically address the issues of dose; 
50Gy in conventional fractionation has been used for post-
operative treatment,69 but in the emergent setting, larger daily
fraction sizes are typically used to achieve a more rapid
response. Doses of 30 to 37.5Gy using fraction sizes in the
range of 2.5 to 3Gy per day are commonly used but may be
adjusted based on patient response. One should keep in mind
that larger fraction sizes do seem to predict for a higher inci-
dence of radiation-induced dementia if the patient survives
for an extended period of time.18,69

Multimodality Therapy

ADJUVANT TREATMENT AFTER SURGERY: LEVEL 1 EVIDENCE,
RECOMMENDATION GRADE A

In the context of truly emergent management, there are no
randomized data for emergent surgery. If surgery is recom-

mended, this routinely addresses the emergent situation;
postoperative radiation therapy as already described is then
added on a routine basis once the patient has recovered.86,87

However, because the treatment of brain metastases is for all
practical purposes palliative in its nature, the preservation of
functional independence is a valid and strong argument for
patients with a solitary metastasis to undergo surgery, if such
a benefit can be clearly demonstrated. In this regard, the issue
of surgery for patients with solitary brain metastases who
have been medically stabilized with MDT remains somewhat
controversial. Hazuka et al. retrospectively reviewed patients
with one or more metastases who underwent surgery and
radiation therapy.85 Patients with one lesion had excellent
median, 1-, and 2-year survivals. Level 1 evidence from two
randomized trials comparing radiotherapy with or without
surgical resection in the management of solitary brain metas-
tases has documented a survival advantage with the addition
of surgery over radiation alone.86,88 However, another ran-
domized trial failed to show any survival advantage for
surgery in addition to radiotherapy alone, the reason for
which remains unclear.89 Table 71.6 summarizes the perti-
nent data from these three randomized trials. There is no
Level 1 evidence demonstrating any survival benefit from
operating on patients with multiple metastases. Retrospec-
tive data from M.D. Anderson suggest that patients with two
or three metastases benefit from having them all resected,
even when requiring multiple craniotomies.90 However, con-
flicting retrospective data have not been able to confirm this
conclusion.85 Patients with multiple lesions and severe neu-
rologic symptoms from a dominant metastasis that is unre-
sponsive to medical decompressive therapy may benefit from
a craniotomy for the reasons just described. An improvement
in the patient’s performance status may then allow further
aggressive therapy with external-beam radiation therapy
and/or radiosurgery.

TABLE 71.5. Overview of Radiation Therapy Oncology Group
(RTOG) trials evaluating various fractionation regimens for the
palliation of brain metastases.

Trial Total dose Fraction size

RTOG 79-16101 30Gy 3Gy
30Gy 5Gy

RTOG 85-28102 48 Æ 54.4 Æ 64 Æ 70.4Gy 1.6Gy bid
RTOG 89-05103 37.5Gy 2.5Gy
RTOG 91-04104 54.4 1.6Gy bid

30Gy 3Gy

Treatment was given once daily unless otherwise noted.

Gy, gray; bid, twice daily.

TABLE 71.6. Randomized and nonrandomized data showing the benefit of the addition of surgical resection to radiation therapy in the
management of the solitary brain metastasis.

Median Months of Rate of death No. of patients Percentage of
No. survival functional from CNS with initial patients with

Author of patients (months) independence progression KPS less than 70 extracranial disease

Sx + RT Patchell 25 10 9.5 29% 0 36%
Vecht 32 10 8.25 35% 8 31%
Mintz 41 5.62 1.8 46% 8 42%

RT Patchell 23 3.75 2 50% 0 39%
alone Vecht 31 6 3.75 33% 9 32%

Mintz 43 6.28 2.1 63% 10 49%

Source: Adapted from Patchell,69 by permission of Cancer Treatment Reviews.
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Chemotherapy: No Evidence

There is currently no role for chemotherapy in the emergent
management of brain tumors. A Japanese trial evaluated the
use of whole-brain radiotherapy with or without chemother-
apy after surgical resection, but demonstrated no compelling
benefit from the additional therapy.91

Nonmetastatic Intracranial Disease

Patients with malignant glioma who require emergent treat-
ment are typically treated with regimens similar to those
used for brain metastases. Surgical debulking is the mainstay
of emergent treatment, as is the initiation of steroid therapy.
Patients who are unable to undergo surgical debulking may
be treated with a short course of whole-brain radiation similar
to that used for brain metastases. Varying fractionation sched-
ules ranging from 30Gy in 6 fractions to 50Gy in 20 fractions
have been described in the palliative setting.92–95 Typically, the
prognosis for these patients is quite poor; if they survive long
enough to complete their initial course of treatment, their
survival time typically ranges from 3 to 9 months under the
most favorable circumstances.

Leukemic brain infiltration causing acute mental status
changes and/or impending herniation is a rare entity. There
are virtually no data in the literature defining the optimal
radiation therapy dosing for treatment of this uncommon
problem. Most data describing the treatment of CNS
leukemia with radiation therapy are from the pediatric expe-
rience and typically describe nonemergent craniospinal axis
irradiation. One series from M.D. Anderson described the
management of recurrent CNS leukemia in adults.96 The
median dose to the cranium was 24Gy in 1.8-Gy fractions,
with a median dose of 18Gy given to the spine. Most patients
also received chemotherapy in some form. The median times
to progression and to death from CNS relapse were 7 and 9
months, respectively. Based on this experience, patients pre-
senting with leukemic brain involvement requiring emergent
palliative therapy could be treated with total doses ranging
from 24 to 30Gy in 1.8- to 3.0-Gy fractions.

Conclusion

Fortunately, reasonable data exist to guide the oncologist in
the therapeutic management of most CNS emergencies. For
both malignant spinal cord compression and brain metas-
tases, emergent therapy typically consists of initiation of
steroid therapy, evaluation for emergent decompressive
surgery, and a relatively short course of palliative radiation
therapy. In addition, the astute clinician will learn to recog-
nize the nuances of each case that will require therapeutic
decisions based not on randomized trials, but on hindsight
and foresight, that is, past clinical experience and anticipa-
tion of future problems.
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Metabolic Emergencies
in Oncology

Daniel J. De Angelo

Tumor Lysis Syndrome

Tumor lysis syndrome (TLS) refers to the constellation of
electrolyte abnormalities that occur as a result of the rapid
and immediate release of intracellular contents into the
bloodstream. The syndrome is characterized by hyper-
uricemia, hyperkalemia, hyperphosphatemia, and hypocal-
cemia (Table 72.1).1–4 Metabolic acidosis and acute renal
failure may also occur. The release of intracellular potas-
sium and organic, as well as inorganic, phosphate into the
bloodstream from cells undergoing apoptosis, results in the
development of hyperkalemia and hyperphosphatemia,
respectively.5,6 Prolonged and severe hyperphosphatemia may
result in a marked decrease of the serum calcium concentra-
tion, but symptomatic hypocalcemia rarely develops. It is 
the rapid breakdown of nucleic acids that leads to hyper-
uricemia.7 TLS may develop before the administration of
chemotherapy in patients with rapidly proliferating hemato-
logic neoplasms; however, TLS usually occurs after the
administration of high doses of chemotherapy, which results
in the rapid destruction of tumor cells.8–11

Patients with large tumor burdens are at an increased risk
for TLS (Table 72.2), especially if the malignancy is sensitive
to chemotherapy. These disorders include acute myelogenous
and lymphoblastic leukemias, especially those with high cir-
culating blast counts.4,12,13 In addition, TLS is commonly seen
in patients with acute lymphoblastic and Burkitt’s lym-
phomas or other high-grade lymphoproliferative disorders
(Table 72.3).14 Large bulky solid tumors that undergo rapid cel-
lular destruction also place patients at a significant risk for
the development of TLS.15–20 TLS is more common in patients
with elevated lactate dehydrogenase (LDH) levels. Elevated
LDH levels are usually caused by ongoing cell lysis and are
most commonly seen in patients with aggressive hematologic
malignancies. TLS has also been described after the use of
nonchemotherapy agents, such as a-interferon or with hor-
monal therapy for breast cancer.21,22 The risk of developing
TLS is greater in older patients or patients with poor renal
function at baseline. These patients have a lower glomerular
filtration rate and are more susceptible to electrolyte distur-
bances as compared to patients with normal renal function.

Hyperuricemia

Purine nucleotides and deoxynucleotides are broken down
within the liver. Xanthine oxidase catalyzes the breakdown
of hypoxanthine and xanthine to uric acid23 (Figure 72.1).

With the exception of primates, all other mammals convert
uric acid to allantoin, which is 10 times more soluble than
uric acid. The pKa of uric acid is approximately 5.75 at 37°C.
Therefore, in the serum where the pH is higher, uric acid is
usually present in the acid-soluble form. Within the acidic
environment of the renal tubules, uric acid is present in the
nonionized and therefore less soluble form.24 Hyperuricemia
can be present as an isolated abnormality without the 
other characteristic metabolic findings associated with TLS
(Table 72.4)6,9,25 Renal insufficiency develops when the 
urine becomes supersaturated with urate, which is caused by
the development of uric acid crystals in the renal tubules and
the distal renal collecting system.26,27 The development of
uric acid stones is uncommon and usually develops only in
patients with chronic hyperuricemia. Before the development
of renal failure, patients with hyperuricemia may develop
nausea, vomiting, diarrhea, and anorexia. As renal function
declines, patients may develop edema and lethargy. In addi-
tion to renal failure, gouty arthritis is the other most impor-
tant consequence of both acute and chronic hyperuricemia. It
is important to recognize that certain medications, namely,
diuretics, such as thiazides, as well as antituberculous drugs
and certain cytotoxic agents, can aggravate hyperuricemia.

The single most important factor in the treatment of
hyperuricemia is first to recognize the patients who are most
at risk for its development and then initiate appropriate pro-
phylactic measures (Figure 72.2). Drugs that elevate serum
uric acid levels should be discontinued if at all possible. Intra-
venous hydration should be initiated, preferably before the
start of chemotherapy.28 It is important to correct any preex-
isting intravascular volume deficits. By increasing urinary
outflow, the concentration of uric acid is substantially
decreased, thereby decreasing the problems typically associ-
ated with its poor solubility. The main focus in the treatment
of hyperuricemia is to attempt to maintain adequate urinary
volume. Alkalinization of the urine will further decrease uric
acid solubility, which can usually be achieved with the addi-
tion of sodium bicarbonate (50–100mmol/L) to the intra-
venous fluids. The admixture can be adjusted so that the
urine pH is maintained above 7.0 without overalkalinizing
the serum.29–31 This latter complication may further compli-
cate hypocalcemia when present.25 Acetazolamide is a car-
bonic anhydrase inhibitor that may be added to increase the
effects of alkalinization. Nevertheless, the most important
factor in decreasing uric acid levels is the maintenance of ade-
quate urine output, and alkalinization remains a secondary
factor. Although furosemide increases the renal tubular reab-

7
2



sorption of uric acid, this is offset by the preservation of
increased urinary flow rates. Therefore, furosemide can be
used safely to maintain a proper total body fluid balance.

Allopurinol (Zyloprim, Aloprim) is the standard medical
treatment for both the prevention and treatment of hyper-
uricemia.32 Allopurinol is an inhibitor of xanthine oxidase and
is extremely well tolerated. The most common adverse reac-
tion is an erythematous skin rash due to a hypersensitivity
reaction. Fortunately, this reaction is usually delayed by
several days, and allopurinol can be given safely during the
most critical period for patients who are at a high risk for the
development of TLS. There have been rare reports of intersti-
tial nephritis developing after the administration of allo-
purinol. Allopurinol will increase the serum levels of both
hypoxanthine and xanthine; however, this has rarely been
associated with the development of acute renal failure.33–35

Allopurinol (Zyloprim) is usually administered orally at a dose
of 200 to 300mg/m2/day. For patients who receive a dose
greater than 300mg/day, allopurinol should be administered
in divided doses. Typical doses of allopurinol range from 300
to 600mg/day with a maximum oral dose of 800mg/day. Allo-
purinol is cleared renally, and the dose should be adjusted in
older patients or patients with chronic renal failure. In addi-
tion, allopurinol is now available intravenously (Aloprim).36

The typical dose of intravenous allopurinol is 200 to 400mg/
m2/day as either a single infusion or in divided doses with a
maximum adult dose of 600mg/day. The starting dose 
of intravenous allopurinol in pediatric patients is slightly
lower at 200mg/m2/day. Both azathioprine (Imuran) and 6-
mercaptopurine (Purinthol) are metabolized by xanthine
oxidase; therefore, the dose of these agents must be reduced by
one-third to one-fourth during treatment with allopurinol.23

Rasburicase (Elitek), a recombinant urate oxidase enzyme,
catalyzes the enzymatic oxidation of uric acid into the inac-
tive, water-soluble metabolite, allantoin (see Figure 72.2).37–40

Rasburicase is well tolerated and has a rapid onset of action
as a uricolytic agent. The typical dose of rasburicase is 0.15
to 0.2mg/kg IV over 30 minutes daily for 1 to 5 days. The

safety and efficacy of rasburicase dosing beyond 5 days or for
more than one course has not been well established and this
should not be recommended. Rasburicase is contraindicated
in patients with glucose-6-phosphatase dehydrogenase
(G6PD) deficiency.

Rasburicase is effective in both the prophylaxis and treat-
ment of hyperuricemia associated with malignancy.41,42 With
regard to prophylaxis, chemotherapy should begin 4 to 24
hours after the first dose of rasburicase. In patients at high
risk of TLS, that is, when uric acid is greater than 8mg/dL or
other criteria consistent with TLS, rasburicase may be sub-
stituted for allopurinol. Rasburicase is usually administered
at a dose of 0.2mg/kg IV every 24 hours and is typically
required for approximately 1 to 3 doses over a 72-hour period. 
Allopurinol should not be administered concomitantly with
rasburicase. Intravenous hydration should be administered 
at 3,000mL/m2/day during the initial few days of therapy.
Alkalinization is not necessary with recombinant urate
oxidase therapy.

It is important to evaluate patients who develop oliguria
or acute renal failure with ultrasonography or computed
tomography (CT) scans to rule out ureteral obstruction caused
by uric acid stones. Intravenous contrast agents should be
avoided because of the risk of developing acute tubular necro-
sis.43 Hemodialysis and continuous venous–venous hemofil-
tration (CVVH) are both effective in reversing severe uric acid
nephropathy and states of fluid overload.44 Rapid and early

metabolic  emergencies  in  oncology 1 3 1 3

TABLE 72.1. Tumor lysis syndrome.

Metabolic complications
Hyperuricemia
Hyperkalemia
Hyperphosphatemia
Hypocalcemia
Metabolic acidosis

Acute renal failure may also result

TABLE 72.2. Risk factors for tumor lysis syndrome.

Large tumor burden
Acute leukemias
High-grade lymphomas
Large, bulky solid tumors

High tumor growth fraction
Tumors highly sensitive to chemotherapy
Markedly elevated lactate dehydrogenase (LDH)
Baseline renal insufficiency

TABLE 72.3. Risk for tumor lysis syndrome by tumor type.

Frequent cases
Acute myelogenous leukemia
Acute lymphoblastic leukemia or lymphoma
Burkitt’s and other high-grade lymphomas

Less frequent occurrences
Diffuse large B-cell lymphoma
Chronic myelogenous leukemia
Low-grade lymphoma
Small-cell lung cancer
Breast cancer
Germ cell tumor

Non-seminoma, seminoma, mediastinal, ovarian
Rare case reports

Merkel’s cell carcinoma
Adenocarcinoma
Medulloblastoma

FIGURE 72.1. The oxidation of nucleotide precursors.



consultation of the nephrology team should be initiated once
the renal function starts to deteriorate or in the case of severe
hypervolemia that is not responsive to loop diuretics.

Hyperkalemia

Hyperkalemia is the principal life-threatening electrolyte
abnormality that develops during tumor lysis syndrome.45–47

Hyperkalemia, defined as plasma concentration greater than
5.0mmol/L, results from the release of large intracellular

stores due to cell lysis. Iatrogenic causes, which result from
administration of potassium, especially in patients with renal
insufficiency, must be excluded. Pseudohyperkalemia may
result from poor phlebotomy technique, hemolysis, or
marked leukocytosis or thrombocytosis. The latter two are
caused by the release of intracellular potassium into the
serum following clot formation. Measuring the plasma potas-
sium using a heparinized tube may be required in the setting
of a markedly elevated platelet count.

The intracellular and extracellular potassium ion concen-
trations maintain the resting membrane potential.48 Hyper-
kalemia will cause a partial depolarization of the resting
membrane potential, and prolonged depolarization will even-
tually lead to impaired excitability, resulting in muscular
weakness, which may progress to flaccid paralysis.

The most serious and life-threatening manifestation of
hyperkalemia is ventricular arrhythmia (see Table 72.4).
Unfortunately, cardiac toxicity does not necessarily correlate
with the degree of hyperkalemia. The initial electrocardio-
graphic abnormalities include increased amplitude of the T-
waves, which are often referred to as “peaked” T-waves.
Subsequent EKG changes include prolongation of the PR and
QRS intervals, A-V conduction blocks, and flattening of the
P-waves. Eventually the QRS complex will merge with the 
T-wave, resulting in a sine wave pattern, which will often 
terminate in ventricular fibrillation or asystole. Fatal 
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High Risk Patients
1.  Daily labs
2.  Frequent assessment

Treatment Options
1.  Allopurinol at 200–300mg/m2/day PO or IV
2.  Hydration with D5W plus 2 amps of NaCO3
3.  Loop diuretics as needed
4.  Rasburicase 0.15–0.2mg/kg IV daily ¥ 1 to 5 days

Acute Tumor Lysis Syndrome

Hyperuricemia
1.  Increase IVF
2.  Increase Allopurinol
     to 300–400mg/m2/day

(Max 800 PO or 600 IV)
3.  Consider acetazolamide
4.  Rasburicase 0.15–0.2mg/kg
     IV daily ¥ 1 to 5 days

Hyperkalemia
1.  Polystyrene sulfate
2.  Calcium Gluconate
3.  Aggressive diuresis
4.  Dextrose + insulin
5.  Sodium bicarbonate

Hyperphosphatemia
1.  Phosphate binders
2.  Decrease dietary intake

Hypocalcemia
1. Treat if Sxs present
2. Calcium Gluconate
    only for Sxs

Pretreatment of Tumor Lysis Syndrome
1.  Baseline labs
2.  Risk factors

Low Risk Patients
1. Labs as needed
2. Routine assessment

Renal Failure
1.  Renal consult
2.  Consider dialysis

FIGURE 72.2. The treatment of tumor lysis syndrome.

TABLE 72.4. Signs and symptoms of tumor lysis syndrome.

Laboratory abnormality Clinical symptoms

Hyperuricemia Nausea, vomiting, diarrhea, joint pain, 
oliguria, anuria, azotemia, flank pain, 
hematuria, crystalluria

Hyperkalemia Muscle cramps, nausea, weakness, 
paresthesias, paralysis, EKG changes, 
bradyarrhythmias, tachyarrhythmias, 
cardiac arrest

Hyperphosphatemia Oliguria, anuria, azotemia, renal failure
Hypocalcemia Muscle twitching, tetany, laryngospasm,

paresthesias, hypotension, ventricular 
arrhythmias, heart block



hyperkalemia rarely occurs at a plasma potassium concen-
tration less than 7.5mmol/L.

The treatment of hyperkalemia largely depends upon the
potassium serum concentration (see Figure 72.2). All patients
with hyperkalemia, regardless of the degree of elevation,
require an electrocardiogram. Furthermore, medications that
interfere with potassium metabolism, such as nonsteroidal
antiinflammatory drugs (NSAIDS) and angiotensin-
converting enzyme inhibitors (ACEI), should be discontinued.
Oral cation-exchange resins promote the exchange of potas-
sium and sodium ions within the lumen of the gastrointesti-
nal (GI) tract; this is an easy and effective initial strategy for
patients with mild asymptomatic hyperkalemia. A dose of 15
to 30g sodium polystyrene sulfonate (Kayexalate) will gener-
ally lower the serum potassium concentration by 0.5 to 
1.0mmol/L within 1 to 2 hours and last for about 4 hours.

Severe hyperkalemia requires more emergent treatment.
Calcium gluconate should be given to decrease cellular mem-
brane excitability. The usual dose is 10mL 10% solution
administered over 1 to 3 minutes. The effect, which can be
seen in minutes, is unfortunately short-lived. The adminis-
tration of insulin with glucose will cause potassium to shift
into cells. The usual combination is 10 to 20 units of regular
insulin with 25 to 50g glucose. Glucose should be avoided if
the patient is already severely hyperglycemic. This method
typically results in the lowering of the serum potassium con-
centration by 0.5 to 1.5mmol/L and will last for several hours.
Alkalinization of the serum with bicarbonate will also lead
to a shift of potassium into cells. Hemodialysis and continu-
ous venous–venous hemofiltration (CVVH) are the most
effective methods for effectively lowering the serum potas-
sium levels, especially in patients with either preexisting or
acute renal failure. Peritoneal dialysis is not as effective as
hemodialysis in lowering the serum potassium level, and 
its initiation should be avoided in patients receiving
chemotherapy.

Hyperphosphatemia

Similar to hyperkalemia, hyperphosphatemia results from the
release of intracellular phosphate stores into the serum as a
result of cell lysis.30 Hyperphosphatemia is defined as a serum
phosphate level above 1.67mmol/L (5.0mg/dL). Spurious
hyperphosphatemia may occur in patients with a marked
thrombocytosis, and the phosphorus levels should be con-
firmed in a heparinized tube. In addition, positively charged
paraproteins, as in plasma cell dyscrasias, may cause marked
elevations in the serum phosphate levels.

Hyperphosphatemia is a potentially dangerous condition
because of extraosseous calcification. Although it should only
serve as a guideline, a calcium–phosphorus product [serum Ca
(mg/dL) ¥ serum P (mg/dL)] greater than 70, suggests a poten-
tial risk of metastatic calcification.49 Prolonged hyperphos-
phatemia may result in lowering the serum calcium levels.
Except in those patients with renal failure, the initial treat-
ment of hyperphosphatemia includes volume expansion (see
Figure 72.2), which effectively results in the increase of the
fractional clearance of phosphorus by the kidney. Aluminum-
based antacids bind to phosphorus in the gut and prevents
further absorption. Although the chronic use of these agents
may lead to aluminum toxicity, they are safe and effective for
short-term use. Other phosphate binders, such as calcium

acetate (PhosLo) or sevalamer (Renagel) may also be used.
Calcium acetate is dispensed as two tablets or gelcaps 
(667mg) with each meal, and the dose can be increased so long
as hypercalcemia does not develop. Sevalamer, a cross-linked
polyallylamine hydrochloride, is a cationic polymer that
binds intestinal phosphate. The recommended starting dose
of sevelamer is 800 to 1,000mg three times daily. The treat-
ment of hyperphosphatemia in the setting of renal failure
often requires hemodialysis.

Hypocalcemia

Unlike the other metabolic alterations resulting from TLS,
hypocalcemia is a direct manifestation of hyperphos-
phatemia.1–3,6 Many oncology patients have hypocalcemia,
defined as a serum calcium level less than 2.1mmol/L 
(8.5mg/dL); however, only 10% of these patients will have a
reduction in ionized calcium.50 Hypoalbuminemia is the prin-
cipal cause of a reduced total serum calcium level in severely
ill patients. Overalkalinization of the serum will increase the
binding of calcium to proteins and result in a further reduc-
tion of the serum calcium level. In these cases, an ionized
calcium level should be measured. Transient hypocalcemia
also may arise from repeated transfusions of blood products
due to the use of citrate as an anticoagulant. Although
parathyroid hormone (PTH) is responsible for the regulation
of serum calcium levels, it is overwhelmed in patients with
TLS by the excessive loss of calcium from the extracellular
fluid. Transient hypocalcemia is seldom clinically significant,
but if long-standing, it can lead to several serious clinical man-
ifestations (see Table 72.4); these include muscle spasms, car-
popedal spasms, and in severe cases, tetany, laryngeal spasms,
or convulsions. The QT interval on the EKG can become pro-
longed, which may lead to serious ventricular arrhythmias.
Rarely, patients may become irritable, depressed, or psychotic
as a consequence of severe prolonged hypocalcemia.

The principal focus on correcting the hypocalcemia of
TLS revolves around the treatment of the hyperphosphatemia
(see Figure 72.2). Calcium supplementation with oral calcium
or calcium gluconate in severe symptomatic cases must be
taken with caution, especially if the calcium–phosphate
product is greater than 70 (see above). In general, calcium
should not be given in asymptomatic patients, as this may 
precipitate calcium phosphate deposition. The correction 
of serum phosphate levels will usually improve the serum
calcium levels. For patients who have persistent hypocal-
cemia, calcitrol may be used until the serum calcium level
normalizes.51

Hypercalcemia

The single most common metabolic disorder in patients with
cancer is hypercalcemia.52 Hypercalcemia caused by an under-
lying malignancy must be differentiated from hypercalcemia
as a result of primary hyperparathyroidism. Patients who
present with cancer-related hypercalcemia often have signs
and symptoms of the underlying malignant tumor that
include the recent onset of weight loss and is associated with
a shortened median survival.53 Patients with primary hyper-
parathyroidism are often asymptomatic or present with recur-
rent nephrolithiasis.54 The association of elevated serum
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calcium with a low or normal parathyroid hormone (PTH)
level excludes the diagnosis of primary hyperparathyroidism.

Serum calcium is highly bound to albumin; therefore, the
total serum concentration will vary depending on serum
protein concentrations.55 Measurement of the ionized
calcium level can often assist in sorting out difficult cases.56,57

An adjustment for the total serum calcium concentration
based on the serum albumin concentration can be made as
follows:

Clinical symptoms that arise from hypercalcemia are a 
direct result of both the rate of rise and the absolute serum
calcium level (Table 72.5).58 The most common constitu-
tional symptoms include weight loss, anorexia, polydipsia,
which may progress into nausea, vomiting, polyuria,
azotemia, renal failure, constipation, ileus, abdominal pain,
and even obstipation. With continued rise, patients may begin
to experience neurologic symptoms, such as fatigue, lethargy,
muscle weakness, confusion, seizure, and even coma. Cardiac
symptoms are rare, but when they occur, can lead to fatal
arrhythmias. The initial electrocardiographic changes include
bradycardia, prolonged PR interval, shortened QT interval,
and widening of the T-wave.

Most patients remain asymptomatic even with a serum
calcium level as high as 14mg/dL. However, if the serum
calcium levels remain at a level of 13mg/dL for an extended
period of time, dehydration, renal insufficiency, and calcifi-
cations may begin to occur, especially if the serum phosphate
levels are also elevated. When the serum calcium level
exceeds 16mg/dL, severe neurologic and cardiac changes
begin to occur that may prove life threatening, and should be
treated as a medical emergency, with prompt hospitalization
and immediate initiation of appropriate therapy to correct the
electrolyte abnormalities.

The cause of cancer-related hypercalcemia depends mar-
ginally upon the underlying malignancy. In patients with
widespread bone metastasis, hypercalcemia is believed to be
associated with direct bone destruction by the cancer cells59;
this is referred to as local osteolytic hypercalcemia. More
commonly however, are the various humorally mediated
causes for hypercalcemia.60–62 Even in patients with extensive
bone metastasis, humorally mediated factors often are most
important. In many cases of cancer-related hypercalcemia,
PTH stimulation induces significant biochemical changes.
These changes include increased renal tubular reabsorption of
calcium and the development of hypophosphatemia, as well

Corrected calcium mg dL
measured calcium mg dL

( ) =
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as an increase in urinary output of phosphate.63,64 The pre-
dominant cause of the cancer-related hypercalcemia in these
cases is ectopic PTH production with a PTH-related protein
(PTH-RP). The genes encoding PTH-RP have been mapped to
the short arm of chromosome 12.65,66 Authentic human PTH
has been mapped to the short arm of chromosome 11. Both
the authentic PTH, as well as the PTH-RP, have much in
common. The most important similarity is within the amino
terminal portion where 8 of the first 13 of the amino acids
are homologous. This portion of PTH corresponds to the
receptor-binding domain. PTH-RP is the most common cause
of cancer-related hypercalcemia and is found in many patients
with solid tumors, particularly those with squamous cell car-
cinomas.67,68 In addition, high levels of PTH-RP have been
reported in the human T-cell leukemia/lymphoma virus
(HTLV)-1-associated adult T-cell leukemia/lymphoma syn-
drome (ATLL).69 In this case, it is thought that the viral TAX
activates the PTH-RP gene promoter. PTH-RP has also been
associated with patients with cancer-related hypercalcemia
and patients with bone metastasis from breast carcinoma70

and prostate cancer.71 Patients with high levels of PTH-RP in
the primary tumor seem more likely to develop bone metas-
tasis. PTH-RP does not seem to be involved in most hema-
tologic cancers, such as multiple myeloma or lymphoma.67

Elevated serum levels of 1,25-(OH)2-vitamin D3 have been
reported in patients with Hodgkin’s disease, non-Hodgkin’s
lymphoma, and multiple myeloma.72,73 The increase of the
vitamin D3 level results from an increase in 1-a-vitamin D-
hydroxylase, thereby increasing enzymatic conversion to
vitamin D3.

Osteoclast-activating factors are important molecules
that induce bone reabsorption. For example, interleukin 6 (IL-
6) is an autocytokine growth factor in patients with multiple
myeloma and has been shown to increase bone reabsorption
in vitro.74,75 IL-6 administration can induce remarkably high
levels of serum calcium, which can be blocked by specific
neutralizing antibodies. Other cytokines can also serve as
osteoclast-activating factors, such as interleukin-1, tumor-
derived hematopoietic colony-stimulating factor (CSF), tumor
necrosis factor, and transforming growth factors (TGFs).76–78

It is important to know that the treatment of cancer-
related hypercalcemia should be directed at the underlying
malignancy. Hypercalcemia most commonly affects older
patients, as well as patients with an underlying renal insuffi-
ciency, and those patients with advanced disease. It is impor-
tant to take note of several supportive issues that can
exacerbate hypercalcemia, such as immobilization, as well as
to review the patient’s medication list to avoid drugs that
inhibit the usual calcium excretion, such as thiazide diuret-
ics, nonsteroidal antiinflammatory agents, and histamine
receptor antagonists.52

Most patients with hypercalcemia present with marked
dehydration resulting from anorexia, nausea, and vomiting, as
well as polyurea caused by calciuresis. Therefore, aggressive
fluid repletion with normal saline is the first line of therapy.
Appropriate volume expansion not only increases renal blood
flow but will also improve calcium excretion. The rate of fluid
administration will depend upon the clinical situation,
keeping in mind many patients may have renal and cardiac
dysfunction at baseline. Once euvolemia has been established,
forced diuresis with furosemide can be initiated. One must be
extremely careful because furosemide can reestablish a
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TABLE 72.5. Signs and symptoms of hypercalcemia.

Category Clinical symptoms

Constitutional Weight loss, anorexia, polydipsia
Neurologic Fatigue, lethargy, muscle weakness, confusion,

seizure, coma
Gastrointestinal Nausea, vomiting, constipation, ileus, abdominal 

pain, obstipation
Renal Polyuria, azotemia, renal failure
Cardiac Bradycardia, prolonged PR interval, shortened QT

interval, wide T wave, arrhythmias



volume-depleted state. The effect of calcium reduction with
forced diuresis is only minimal and therefore, the use of
furosemide should be limited to balancing fluid intake and
urine output, as patients are volume depleted.

Bisphosphonates form the basis of most therapeutic
endeavors in the treatment of cancer-related hypercalcemia.79

Older agents, such as etidronate,80 and clodronate81 have been
largely replaced with pamidronate (Aredia)82,83 and zoledronic
acid (Zometa).84–87 The typical onset of action is within 24 to
48 hours. Bisphosphonates work by absorbing to the surface
of hydroxyapatite, thereby inhibiting calcium released from
bone. Bisphosphonates also interfere with the metabolic
activity of osteoclasts. Interestingly, bisphosphonates may
not be as effective in the management of cancer-related hyper-
calcemia in patients and those mediated by PTH-RP.

Both pamidronate and zoledronic acid should be admin-
istered intravenously. Pamidronate is typically infused at a
dose of 60 to 90mg over 2 to 4 hours, and zoledronic acid is
administered at a dose of 4mg in patients with normal renal
function. Peak levels of both pamidronate and zoledronic acid
have been associated with renal tubular dysfunction.84,88,89

Although zoledronic acid was initially infused at a rate of less
than 15 minutes, infusion rates between 30 and 45 minutes
are now being recommended, and zoledronic acid should be
dose reduced in patients with renal insufficiency.

Gallium nitrate is a potent inhibitor of bone absorption.90

Gallium is incorporated into the bone, thereby rendering
hydroxyapatite resistant to cell-mediated reabsorption. Cal-
citonin (Miacalcin) is particularly advantageous, given its
rapid onset of action, 2 to 4 hours.91,92 Calcitonin reduces
serum calcium by increasing renal calcium excretion and also
by inhibiting bone reabsorption. Unfortunately, the hypocal-
cemic effect of calcitonin is relatively weak, and the acute
response peaks at approximately 48 hours even with contin-
ued treatment. Randomized clinical trials have demonstrated
the superiority of gallium nitrate over calcitonin for the treat-
ment of resistant hypercalcemia.93

The use of corticosteroids is most useful in patients with
malignancies that respond to cortical steroid therapy91,94;
these include multiple myeloma, lymphoma, and acute lym-
phoblastic leukemia. Unfortunately, corticosteroids do not
seem to have a consistent effect on serum calcium levels in
other malignancies.

Hyponatremia

Hyponatremia is a potentially life-threatening abnormality
that has many causes. One must first differentiate between
true hyponatremia and pseudohyponatremia, which is a low-
ering of the measured serum sodium level that is not physi-
ologic.95 Because sodium ions are dissolved in plasma, any
increase in the nonaqueous phase will artificially lower the
serum sodium concentration. This point is important, as the
plasma osmolality typically remains normal. The most
common cause of pseudohyponatremia is hyperproteinemia
or hyperlipidemia. Other causes of pseudohyponatremia as a
result of increased plasma osmolality, include hyperglycemia
and mannitol administration.

The differential diagnosis of hyponatremia cannot be
made until the patient’s volume status is accurately deter-
mined.96,97 Hypotonic hyponatremia is typically caused either

by a primary water gain or as a result of primary or secondary
sodium loss. In the absence of water intake, it is important
to realize that hyponatremia is not a disease, but a manifes-
tation of a variety of underlying clinical disorders. To ascer-
tain the cause of hyponatremia, it is important also to
measure the plasma osmolality, the urine osmolality, and the
urine sodium concentration, as well as the urine potassium
concentration.

In patients with hyponatremia, who are volume over-
loaded, the expanded extracellular fluid (ECF) status is typi-
cally caused by a decrease in the effective circulating volume,
as in patients with congestive heart failure, hepatic cirrhosis,
or nephrotic syndrome. Patients with hyponatremia that
occurs as a result of a reduced ECF volume or dehydration,
include those with significant sodium losses from sweating,
large body area burns, or gastrointestinal losses due to vom-
iting, fistula or visceral tube drainage, or diarrhea. Diuretic-
induced hyponatremia is usually as a result of thiazide-type
diuretics, as the loop diuretics impair maximal urinary con-
centrating capacity.

The syndrome of inappropriate antidiuretic hormone
secretion (SIADH) is the most common cause of hypona-
tremia that occurs in the euvolemic state.97–99 SIADH is a
result of the nonphysiologic release of arginine vasopressin
(AVP) either secreted from the posterior pituitary or an
ectopic source. SIADH is usually caused by the production 
of an ADH-like substance through ectopic production,
although nonmalignant causes must be excluded (Table 72.6).
Although only approximately 10% to 15% of patients with
small cell lung cancer present with SIADH, the majority of
patients with small cell lung tumors stain positively for AVP.
SIADH can be caused by a variety of other tumors, including
non-small cell lung cancer, head and neck tumors, brain
tumors, and rarely, hematologic malignancies, such as
leukemia and lymphoma (Table 72.7).

In addition to malignant cause for SIADH, there are
several nonmalignant causes that must be excluded; these
include central nervous system infections or vasculitis.
Rarely, head injury or benign tumors can also cause SIADH,
and numerous pulmonary infections and a variety of drugs
have been implicated in causing SIADH. It is important to
remember that tumor-associated SIADH remains a diagnosis
of exclusion; however, the treatment of both tumor-related
SIADH and SIADH from other causes is similar.

The clinical manifestations of hyponatremia are a direct
relationship to the rate of change in the serum plasma sodium
concentration.100 Plasma sodium concentrations that fall

metabolic  emergencies  in  oncology 1 3 1 7

TABLE 72.6. Common causes of syndrome of inappropriate
antidiuretic hormones secretion (SIADH).

Drugs

Central nervous system (CNS)
Infection Vincristine
Vasculitis Cytotoxan
Stroke Cisplatin
Head trauma Morphine
Tumors Carbomazepines

Thiazides
Pulmonary

Infection
Tumors



slowly over long periods of time are often well tolerated and
patients usually remain asymptomatic. As the plasma sodium
concentration falls to below 120mmol/L, patients may
develop neurologic symptoms. These symptoms include
headache, lethargy, and confusion, and if left uncorrected,
may develop into seizures and coma.

The goal of therapy is to increase the serum sodium con-
centration. In patients with mild to moderate hyponatremia,
this can be efficiently corrected by restricting the patient’s
free water intake.97,98,101 In the event that free water restric-
tion is ineffective in raising the sodium level, demeclocycline
can be used. Demeclocycline (Declomycin) has a modest
effect on inhibiting the effect of arginine vasopressin (AVP)
on the kidneys. The typical dose of demeclocycline is 600
mg/day. However, one must be cognizant that the overall goal
of therapy, specifically in a patient with SIADH, is to effec-
tively treat the underlying malignancy. In patients who have
hypovolemia, restoration of normal volume status typically
initiates AVP release, allowing free water excretion. In
patients with severe hyponatremia that results in the devel-
opment of neurologic symptoms, it may be necessary to
administer hypertonic saline. One must be extremely careful
with the administration of hypertonic saline to avoid central
pontine myelinolysis.102 This devastating neurologic syn-
drome can be avoided by ensuring that the plasma sodium
concentration is raised by no more than 1 to 2mmol/L per
hour.

Adrenal Failure

Adrenal failure as a result of destruction of adrenal cortical
tissue by metastatic tumor is extremely uncommon.103–105

Bilateral adrenal hemorrhage may also result in severe adrenal
insufficiency, and patients with the antiphospholipid anti-
body syndrome are at high risk of adrenal hemorrhage and
infarction.106,107 In autopsy series, metastases to the pituitary
or hypothalamus are found in up to 5% of patients with
cancer, but associated adrenal insufficiency is rarely reported.
Other causes of adrenal failure include the long-term use of
chronic corticosteroid therapy. Patients on long-term corti-
costeroids may develop suppression of adrenal cortical func-
tion and require a taper of their corticosteroids to maintain
baseline adrenal function. Patients at the highest risk for
adrenal failure caused by chronic corticosteroid therapy are
those patients with central nervous system tumors or spinal
column tumors or patients undergoing treatment for acute
lymphoblastic leukemia, non-Hodgkin’s lymphoma, or

Hodgkin’s disease. Chemotherapeutics that may result in
adrenal failure include mitotane (Lysodren), ketoconazole
(Nizoral), and aminoglutethemide (Cytadren); the latter
inhibits adrenal steroid synthesis.108

Symptoms of adrenal insufficiency are rather insidious.
Classic signs include weakness, weight loss, and anorexia. In
patients with long-standing adrenal insufficiency, hyperpig-
mentation as well as postural hypertension may also develop.
Shock as a result of circulatory collapse is extremely uncom-
mon and may develop in the setting of clinical infection. 
Laboratory abnormalities include nonanion gap metabolic
acidosis, mild hyponatremia, and hypokalemia.

To make the diagnosis of adrenal insufficiency, patients
should receive an injection of cosyntropin (Cortrosyn) at a
dose of 0.25mg intravenously with measurement of serum
cortisone levels at baseline and at 30 minutes and 1 hour after
injection. An increase of the serum cortisone level of 5 to 
7mg/dL over baseline is considered normal. In patients who
are suspected to have adrenal insufficiency based on clinical
symptoms, stress-dose steroid replacement should be initi-
ated immediately; this is typically administered as hydrocor-
tisone 100mg intravenously every 8 hours and tapered as
tolerated. Physiologic cortisol replacement is administered as
prednisone at a dose of 25mg in the morning and 12.5mg in
the evening. During periods of stress, such as infection and
or an operation, the doses may need to be increased substan-
tially. Occasionally, the addition of a mineralocorticoid, such
as fludrocortisone at a dose of 0.1mg/day is required.

Disorders of Blood Glucose

Hypoglycemia as a result of an underlying malignancy is
extremely rare. The most frequent cause is as a result of an
insulin-producing islet cell tumor. However, several cases of
hypoglycemia as a result of non-islet cell tumors have also
been reported.109 Non-islet cell tumors that are associated
with hypoglycemia tend to be extremely large and are often
mesenchymal in origin, such as fibrosarcomas, leiomyomas,
rhabdomyosarcomas, liposarcomas, and even mesothe-
liomas.109 There have also been reports of hepatomas causing
tumor-related hypoglycemia.

Patients with hypoglycemia usually present with symp-
toms of tachycardia, diaphoresis, nausea, weakness, and dizzi-
ness; these are extremely nonspecific findings, and only if the
clinician is extremely compulsive will a diagnosis of hypo-
glycemia be entertained. For most patients, symptoms are
usually worse early in the morning after an overnight fast and
improve only after a meal. In patients with severe hypo-
glycemia, mental status changes may develop that can result
in focal neurologic deficits, which may lead to the develop-
ment of a seizure or coma. Islet cell tumors induce hypo-
glycemia as a result of abundant ectopic insulin secretion. In
most patients with non-islet cell tumor-induced hypo-
glycemia, the secretion of substances with nonsuppressible
insulin-like activity has been detected; these are usually a
result of a secretion of insulin-like growth factors, such as
IGF-1, IGF-2, somatomedian A, and somatomedian C.109,110

The IGF proteins are similar to pro-insulin but have only 1%
of its biologic activity. Similar to pro-insulin, IGFs are bound
by circulating proteins and induce specific biologic activities
only after binding to cell-surface receptors.110–117
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TABLE 72.7. Causes of SIADH by tumor type.

Lung cancer (small and non-small cell)
Head and neck cancer
Primary CNS tumors
Rare tumors

Mesothelioma
Lymphoma
Leukemia
Gastrointestinal tumors
Gynecologic tumors
Prostate
Bladder



Increased glucose utilization by large tumors may also
account for several episodes of cancer-related hypoglycemia.
Tumor sizes greater than 1kg may utilize 50 to 200g glucose
per day.118 In a healthy patient, the liver can produce approx-
imately 700g of glucose per day; however, patients with
cancer-related hypoglycemia have tumors that weigh several
kilograms and may also have extensive hepatic metastasis,
which impairs hepatic glucose production. In addition,
patients with cancer-related hypoglycemia may have dys-
functional counterregulatory mechanisms that induce hypo-
glycemia.118 For example, impaired hepatic function can lead
to a decrease in both glycogenolysis and gluconeogenesis.

The treatment of severe hypoglycemia is the immediate
infusion of 50mL 50% dextrose (D50). In patients who have
a serum glucose level less than 40mg/dL, the administration
of continuous glucose after an infusion of D50 may prove ben-
eficial. Patients with mild hypoglycemia can usually be
managed by increasing the frequency of their meals. In addi-
tion, the coadministration of corticosteroids may provide
some symptomatic relief, and the use of a continuous infu-
sion of glucagon via a portable pump has met with some
success.119

The most common glycemic abnormality in patients with
cancer is hyperglycemia. Hyperglycemia may result from
long-term corticosteroid administration, especially in
patients with underlying glucose intolerance or diabetes mel-
litus.120 Patients at highest risk are those patients who receive
high-dose corticosteroids as part of their chemotherapy or
antiemetic regimen, such as those patients with non-
Hodgkin’s lymphoma, Hodgkin’s disease, acute lymphoblas-
tic leukemia, or lymphoma, as well as those patients with
metastatic tumors to the central nervous system and spinal
column. Long-term corticosteroid administration may result
in dysregulated glucose utilization, leading to states of hyper-
glycemia. For most patients, hyperglycemia is mild and the
only metabolic abnormality, but in other patients long-term
hyperglycemia may result in hyperosmolar states requiring
insulin administration. Rarely will hyperglycemia lead to
ketoacidosis unless the patient already has an underlying type
1 diabetes mellitus that is either poorly controlled or inap-
propriately monitored.121
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Surgical Emergencies
David A. August, Thomas Kearney, 

and Roderich E. Schwarz

ost surgical problems in cancer patients are not
urgent. Tumors rarely grow or metastasize rapidly.
Surgical evaluation can usually proceed at a 

measured pace over a number of weeks to accurately assess
the patient’s underlying cancer, to define associated comor-
bidities that may modify treatment decisions, to consult
various disciplines to devise multimodal therapies, and to
work with patients and families to create care plans 
that account for patient preferences and family needs. In 
light of this panoply of issues that affect surgical decision
making in cancer patients, the presence of a surgical emer-
gency requiring prompt evaluation and intervention is 
especially problematic. Thorough evaluation of cardiac, 
pulmonary, and other comorbidities may not be feasible. Dis-
cussions with medical and radiation oncologists and other
consultants may be constrained by time and availability.
Attempts to inform and understand patient and family wishes
may be confounded by changes in emotional state and cogni-
tive ability caused by pain, anxiety, fear, and the need to inter-
vene promptly.

This chapter discusses the evaluation and treatment of
general surgery oncologic emergencies. Attention is focused
upon those problems likely to be treated by a general surgeon
or general surgical oncologist, including the acute abdomen;
surgical complications of radiation therapy and chemother-
apy; gastrointestinal obstruction, bleeding, and perforation;
abdominal and anorectal emergencies in the setting of neu-
tropenia; and problems peculiar to bone marrow transplant
patients.

For the purposes of this chapter, a surgical emergency is
defined as an acute medical problem necessitating surgical
evaluation for urgent intervention; by this definition, many
“surgical emergencies” do not require surgery. The term
acute abdomen implies the presence of a life-threatening sit-
uation causing abdominal signs and/or symptoms that needs
to be evaluated for potential surgical intervention.1 In many
instances, patients with an acute abdomen do not require
immediate surgery (e.g., abdominal pain resulting from an
evolving inferior wall myocardial infarction or lower lobe
pneumonia, or free air introduced by transmigration during
an otherwise uncomplicated colonoscopy). All cancer
patients may be considered immunocompromised. Especially
problematic are those patients with absolute neutropenia
(absolute neutrophil count less than 1,000 cells/mm3) sec-
ondary to bone marrow suppression from chemotherapy, radi-
ation therapy, and/or the underlying malignancy. They 
may fail to exhibit the classic signs of an emergent surgical

problem, such as pain, tenderness, fever, and leukocytosis.
Often, more subtle manifestations such as intolerance of oral
intake, abdominal distension, diarrhea, changes in mental
status, or isolated hyperbilirubinemia may be the only indi-
cations of an evolving, life-threatening situation.

General Considerations

An initial diagnosis of cancer is made in less than 1% of cases
seen in a typical emergency department.2 Such a presentation,
however, is ominous. The prognosis of patients newly diag-
nosed with cancer during an emergency room evaluation is
poor. In comparison with other newly diagnosed cancer
patients, they are more likely to have metastatic disease and
they are more likely to die during their initial hospital admis-
sion. Median survival for these patients is less than 1 year.3–5

This poorer prognosis likely relates to poor access to medical
care in these patients (resulting in inadequate screening and
fewer opportunities to recognize signs and symptoms early),
increased morbidity and mortality frequently observed in
patients presenting with any type of emergency problem, and
advanced stage of disease at presentation.6 Overall, approxi-
mately 5% of cancer cases are initially diagnosed in an emer-
gency room setting.4 This number may be significantly higher
for certain sites, such as the gastrointestinal tract.5

In patients being treated for cancer, surgical emergencies
may arise as a consequence of their antitumor therapy. In a
review of 213 cancer patients requiring exploration for an
acute abdomen, approximately one-third had problems relat-
ing directly to chemotherapy or the cancer itself (Table
73.1).7,8 It has been observed that emergent abdominal com-
plications are more likely to arise in patients with acute
leukemia during or immediately following treatment with
chemotherapy.9 Corticosteroids administered as part of a
chemotherapy regimen are also a common offender.10 Radia-
tion therapy may contribute to the development of surgical
emergencies. Injury to irradiated tissues may lead to necrosis
or vascular catastrophes (thrombosis or rupture) requiring
acute intervention. Radiotherapy is implicated in approxi-
mately one-third of enterocutaneous fistulae.11 As many as
15% of patients receiving abdominal irradiation may experi-
ence related complications, although most will not require an
operation.12 Most radiation-induced surgical emergencies
arise well after the therapy is completed. With increased frac-
tionation and a greater number of ports used, the less likely
it is that normal tissue injury will occur.13
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Abdominal pain is a common presenting complaint for a
variety of illnesses. Distension of hollow organs, bowel or
organ ischemia, and irritation of the peritoneum by infection
or gastrointestinal contents can cause abdominal pain. For all
patients presenting to an emergency room with abdominal
pain, the most common diagnosis is nonspecific pain (35%).
Appendicitis (17%), bowel obstruction (15%), renal calculi
(6%), and gallstones (5%) are the most common specific 
diagnoses.14

Evaluation of patients with an initial or known diagnosis
of cancer who present with a potential surgical emergency
may be difficult. Neutropenia, corticosteroids, narcotic anal-
gesics, and malnutrition may all blunt the signs and symp-
toms of a surgical emergency. Pain may be obscured, the
patient’s ability to mount an inflammatory response may be
muted, and preexisting poor performance status may hide
functional consequences of an evolving catastrophe. Con-
versely, cytokine support [granulocyte colony-stimulating
factor (G-CSF) and granulocyte macrophage colony-stimulat-
ing factor (GM-CSF)] may confound the interpretation of stan-
dard laboratory tests, such as a complete blood count.

These factors notwithstanding, pain is usually the most
important symptom heralding a surgical emergency. Particu-
larly in the setting of a preexisting malignancy, pain and other
complaints, such as vomiting, abdominal distension, fever,
anorexia, constipation, melena/hematochezia, perianal symp-
toms, and even subtle stigmata of soft tissue infections, must
be evaluated promptly and thoroughly. Although the need for
emergent operations in cancer patients is relatively uncom-
mon, failure to intervene in a timely fashion can increase
morbidity and mortality in these compromised hosts.15

Physical examination remains the mainstay of diagnosis.
Constitutional signs, such as fever, tachypnea, and tachycar-
dia, on occasion, are the only objective findings present. Their
presence is significant, because they represent a systemic
reaction, connoting a more generalized process. Although
immunocompromised hosts may not demonstrate localized
tenderness, more diffuse abdominal or soft tissue tenderness
is usually present. Paradoxically, it may be easier to palpate
organomegaly or an abdominal mass in these patients because
of the blunting of involuntary guarding. Care must be taken
when examining open wounds or considering digital rectal 
or vaginal examination in neutropenic patients, as these
examinations may result in transient bacteremia. Given the
prevalence of anorectal and soft tissue infections in these
patients, however, a careful visual inspection of the per-
ineum, vaginal introitus, anoderm, and anal canal, and of soft
tissue wounds, is mandatory.

Laboratory and imaging studies are also helpful. A com-
plete blood count with differential is necessary to determine
whether absolute neutropenia or leukocytosis is present. It
will also demonstrate the presence of thrombocytopenia,
which is important in bleeding patients and in those in whom
an operation is considered. Liver function tests and serum
amylase and lipase often help to direct evaluation of the acute
abdomen. Standard laboratory studies are also necessary to
direct preoperative resuscitation and operative risk assess-
ment. Because of the immunocompromised status of these
patients, plain X-rays (chest X-ray and abdominal films to
look for pneumonia, pleural effusion, intestinal obstruction,
pneumoperitoneum, and soft tissue air) and cross-sectional
imaging with ultrasound, computed tomography (CT), and/or
magnetic resonance imaging (MRI) are usually indicated, even
though immune compromise may blunt some of the subtle
inflammatory findings that can be helpful with these imaging
modalities. Localization of a bleeding source in patients with
gastrointestinal or other hemorrhage using endoscopy or arte-
riography is important and may even be therapeutic. The
roles of these studies are discussed here in relationship to spe-
cific clinical situations. Critical care issues in cancer patients
undergoing emergency operations are important but are
beyond the scope of this chapter.16

When Is Operative Therapy Not Appropriate?

Acute surgical interventions in cancer patients should
improve patients’ well-being. In patients being treated for
cancer with curative intent, decisions to operate should be
guided by the medical circumstances. Although an operation
may be high risk, successful acute intervention can result in
long-term survival.

More problematic are surgical emergencies in a patient in
whom cancer cure is not possible (Table 73.2).17 It is impor-
tant that the patient’s definition and assessment of well-being
be understood by the treating clinicians and incorporated into
medical decision making. If an operation is unlikely to
improve the patient’s well-being according to his or her defi-
nition, even though it may be technically indicated (e.g., pli-
cation of a perforated duodenal ulcer in a patient with
metastatic melanoma), it may be inappropriate.17 In this cir-
cumstance, likelihood of survival to discharge (although often
difficult to predict) can be an important parameter. Futile pro-
cedures that are unlikely to have a beneficial outcome are
contraindicated, although few data exist to assist with these
decisions.17 There are some data concerning the efficacy of
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TABLE 73.1. The spectrum of diagnoses in 213 cancer patients requiring emergency laparotomy.

Diagnosis Location % (n)

Obstruction Not specified 39% (83)
Hemorrhage Intraabdominal tumor 4% (8)

Gastrointestinal (stomach, 6; duodenum, 5; small bowel, 3; colon, 9) 11% (23)
Perforation Stomach, 7; duodenum, 9; small bowel, 11; colon, 20 22% (47)
Infection Cholecystitis, 7; appendicitis, 5; bile peritonitis, 4; cholangitis, 3; 10% (22)

ascites, 1; neutropenic enterocolitis, 1; other, 1
Incarcerated hernia Not specified 3% (6)
Vascular occlusion Mesenteric 3% (6)
Other Not specified 1% (3)
Negative laparotomy Not specified 7% (15)

Source: From Turnbull.7



cardiopulmonary resuscitation in patients with metastatic
cancer. In one review, fewer than 3% of patients with
metastatic cancer survived to actually be discharged from the
hospital.18 Emergency abdominal operations in patients with
metastatic cancer may be equally futile. In a series of 21 such
patients receiving chemotherapy, 17 died in the immediate
postoperative period. Only 3 survived to discharge, and only
1 lived beyond 5 months.19 Generally, invasive treatments are
not appropriate when the patient’s definition of well-being is
unlikely to be achieved, or when the intervention is doomed
to failure because of its inherent medical futility. In this light,
decisions to treat or not treat must be made using the medical
knowledge and experience of the treating clinicians (surgeons,
medical oncologists, primary care physicians, nurses, and
other involved clinicians and support staff) in combination
with the values and wishes of the patient and family.

Gastrointestinal Obstruction

Gastrointestinal obstruction is the most common problem
that requires urgent surgical evaluation in cancer patients,
and this is especially true in patients with solid tumors of
intraabdominal and pelvic origin. At one institution, 39% of
cancer patients requiring emergency abdominal operation suf-
fered from intestinal obstruction.8,20 In most patients, cancer
is the cause of the obstruction. However, obstruction is sec-
ondary to a benign process in approximately 30% of cases;
most often, this occurs as a result of adhesions that develop
after a previous operation. Cancer-related obstruction is seen
most often in patients with a history of gastrointestinal
cancer, followed by gynecologic malignancy. Obstruction
from metastases is less common. Acute intestinal obstruction
may be the initial presentation of gastrointestinal cancer,
comprising up to 30% of cases of malignant bowel obstruc-
tion.16 In patients with primary small bowel neoplasms, as
many as 64% require emergency treatment; obstruction is the
most common presenting finding (22%), followed by bleeding
in 17%, and perforation in 6%.21

Clinical Presentation, Evaluation, and Stabilization

Crampy abdominal pain, nausea, and vomiting are character-
istic symptoms of intestinal obstruction. Dysphagia or early
postprandial vomiting suggest esophagogastric obstruction.
Bilious vomiting is encountered when small bowel or proxi-
mal colon are involved. More distal large bowel obstruction
usually presents with distension, pain, and constipation
before vomiting occurs. So-called paralytic ileus and intesti-

nal pseudoobstruction (Ogilvie’s syndrome) are the main 
differential diagnoses; they are usually characterized by the
absence of bowel sounds, which is only a late finding in
patients with true gastrointestinal obstruction. Peritonitis in
the setting of obstruction is ominous and is associated with
bacterial translocation, perforation, or bowel necrosis.

Laboratory tests are often nonspecific. Leukocytosis can
reflect the degree of inflammation or infection associated
with obstruction but may not be present in immunocompro-
mised hosts. Sometimes, a subtle left shift alone may be the
only laboratory finding. Metabolic acidosis, especially if not
correctable, should raise concern over tissue ischemia or
necrosis. Plain abdominal radiographs can confirm a clinical
diagnosis of obstruction and help define the anatomic site.
Upper gastrointestinal (GI) contrast studies should be avoided
except when esophageal or gastric obstruction is suspected. If
these studies are performed, aspiration precautions must be
implemented. A water-soluble contrast diagnostic enema
study can be very helpful to rule out colon obstruction and
to facilitate intraoperative decision making. For example, a
water-soluble contrast enema can assess left-sided colorectal
patency and may avoid the need for a colostomy in a patient
explored for small bowel obstruction with peritoneal carci-
nomatosis. In addition, it may differentiate a true obstruction
from a pseudoobstructive process.22 CT is almost always
helpful to assess the extent of the underlying malignancy.
This information can inform decisions of whether to operate
and whether the goal of an operation should be palliation or
cure.

Initial management of the cancer patient with intestinal
obstruction should include cessation of oral intake, intra-
venous hydration, nasogastric decompression, pain manage-
ment, and nutrition status assessment. If signs of peritonitis
or sepsis (fever, tachycardia, leukocytosis, acidosis, peritoneal
signs on abdominal examination) are absent, most patients
can be stabilized and undergo deliberate evaluation. Emer-
gency operations, necessitated by the presence of infection or
compromised bowel, are accompanied by greater morbidity
and mortality.23,24 Avoidance of emergency operations, when
possible, also allows assessment of potentially curative resec-
tion options and of palliative nonoperative approaches for
incurable tumors.

Treatment

Endoscopic ablation techniques can provide temporary
control of localized obstruction caused by large tumor
masses, especially in cases of esophageal or distal colorectal
obstruction.25–27 Endoscopic or interventional intestinal stent

surgical  emergencies 1 3 2 5

TABLE 73.2. Factors that identify situations in which surgical treatment may not be appropriate.

Factor Comment

Surgical indication Operations undertaken in patients with potentially curable acute complications
vs. palliation and potentially curable cancers are more likely to be beneficial. Operations

undertaken to palliate symptoms should be carefully considered in light of
potential nonoperative alternatives and in accordance with patients’
preferences and values.

Likely outcome Procedures should not be undertaken when the likelihood of survival to
discharge is low (e.g., cardiopulmonary resuscitation in patients with metastatic
disease, emergency laparotomy in patients with widespread metastatic disease).

Futility When therapy is as unlikely to lead to a desirable outcome as supportive care,
the latter is preferred. It is not the physician’s duty to attempt to do “everything
possible.”



placement offer additional nonoperative options. With judi-
cious use of these techniques, operations for partial esopha-
gogastric, duodenal, and colorectal obstruction can frequently
be avoided in patients with advanced disease. Unfortunately,
most patients with small bowel obstruction who fail to
respond to hydration and nasogastric decompression, or those
with complete intestinal obstruction at any level, require
operative therapy (Figure 73.1). Nasogastric decompression
and supportive care alone may succeed in 25% to 35% of
cancer patients with intestinal obstruction; unfortunately, as
many as 50% of these patients will develop subsequent recur-
rent bowel obstruction. An exception is those situations in
which intestinal obstruction is caused by a malignancy that
is likely to respond well to either chemotherapy and/or radi-
ation therapy, such as lymphoma and testicular cancer; oper-
ations are best avoided in this setting, in favor of cytotoxic
treatment.

Operative techniques include resection of the obstructed
intestinal segment, intestinal bypass, and external diversion
(ileostomy, colostomy, esophageal spit fistula). The decision

whether to stage decompression, resection, and/or recon-
struction, or combine these steps within a one-stage proce-
dure, must be individualized. Patient physiologic status
(hemodynamic stability, organ function, presence of ascites,
nutrition status, performance status, and presence of comor-
bidities) and operative factors (tissue viability, contamina-
tion, extent of cancer) must be considered.28

There is ongoing controversy over whether a colon 
resection with primary anastomosis should be performed 
in cases of left-sided large bowel obstruction. When the
primary presentation of colon cancer is obstruction, and
resection for cure is possible, it may be considered, but avail-
able trial-based evidence is sparse.29 Intraoperative bowel
cleansing can be performed and may reduce the risk of 
anastomotic leak.30 Alternatively, subtotal colectomy with
ileorectal anastomosis apparently can be performed with
acceptable morbidity and functional outcome.31,32 Alterna-
tively, an endoscopic colon stent may achieve decompres-
sion, after which a definitive resection can be performed 
electively.33–35
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FIGURE 73.1. A 59-year-old woman presented with small bowel
obstruction 2 years after low anterior resection for a T1N0M0 rectal
cancer. Computed tomography demonstrated distended small bowel
loops (A, B). Laparotomy revealed distal small bowel strangulation,
with a gangrenous segment (C). After segmental resection and reanas-
tomosis, the patient recovered uneventfully.



Tube gastrostomy may be helpful in patients with exten-
sive peritoneal carcinomatosis, or those at risk for recurrence
of obstruction. In patients with inoperable malignant bowel
obstruction, operative or percutaneous endoscopic gastros-
tomy can avoid the need for prolonged or even lifelong naso-
gastric tube decompression. A feeding jejunostomy tube can
assist the management of patients with proximal gastroin-
testinal dysfunction or if sufficient oral food tolerance
remains unlikely. Feeding tubes, however, should be reserved
for those patients with active treatment options (chemother-
apy or radiation therapy).

Outcomes after operations for malignant bowel obstruc-
tion vary considerably, based on the patient’s physiologic and
functional status and extent of underlying disease. In general,
however, mortality rates are high (10% to 25%). Postopera-
tive complications may occur in as many as 50% of patients.
Success rates for palliative operations are rarely reported. The
median survival for these patients ranges between 3 and 7
months. A systematic review of available clinical trials con-
cludes that surgical therapy for malignant bowel obstruction
remains problematic: symptom control is achieved in only
40% to 80% of patients; reobstruction occurs frequently (10%
to 50% of the time); and perioperative morbidity and mortal-
ity are formidable. Especially disappointing is the lack of val-
idated outcome.36,37 A recent review reported outcomes of
palliative operations in 63 patients with malignant bowel
obstruction. The complication rate was 44%, with a 15%
mortality rate, and a median length of hospital stay of 12 days.

Patients with colorectal primaries had somewhat better sur-
vival. Absence of ascites, obstruction site outside of the small
bowel, and a serum albumin greater than 3mg/dL correlated
with the ability to tolerate solid food postoperatively. Pro-
longed successful palliation was observed in only one-third of
patients.16 Comparable outcomes in patients with peritoneal
carcinomatosis and malignant bowel obstruction have been
reported in other operative series (Table 73.3). Emergency gas-
trectomy for gastric obstruction as compared to acute bleed-
ing is rare.43,44

Nonoperative therapy of bowel obstruction beyond that
of general supportive care may be indicated, especially in
patients with advanced-stage disease, or without specific anti-
cancer therapy options, or whose physiologic status will not
permit a safe operation. Corticosteroid treatment has been
advocated to improve intestinal obstruction and alleviate
associated symptoms. Outcome data are limited.37 In several
prospective trials, octreotide has been effective, controlling
vomiting or reducing the volume of nasogastric drainage.45–48

Symptomatic improvement has also been described in a series
of 20 patients with inoperable intestinal obstruction with 
the combined use of morphine sulfate, scopolamine, and
haloperidol.49

Colonoscopic placement of self-expanding metallic stents
for large bowel obstruction is safe and effective (perforation
rate less than 5%; 17% need for subsequent intestinal stoma)
(Table 73.4).50 Stent reobstruction (29%) and migration (9%)
have been reported, but may be managed with further endo-
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TABLE 73.3. Outcomes of operative treatment for palliation of malignant bowel obstruction in the setting of peritoneal carcinomatosis.

Patients with Hospital Successful Recurrent
Reference Interval carcinomatosis (n) Morbidity (%) Mortality (%) stay (days) palliation (%) obstruction (%) Median survival

Sadeghi38 1995–1997 370 37 21 3.1 months
Chu39 1984–1987 100 29 Colorectal:

6 months; other
nonsarcoma:
1 month

Turnbull40 1977–1986 89 44 13 25 (median) 74 38 98 days
Tang41 1985–1993 43 45 12 50 5 months
Woolfson42 1987–1995 32 22 21 (mean) 53 48 1 month
Blair16 1995–2000 63 44 21 12 (median) 45 24 90 days

Source: From Blair et al.16

TABLE 73.4. Outcomes of stent placement for cancer-related colorectal obstruction.

Successful
Reference Year Patients (n) placement (n) Migration (n) Reobstruction (n) Perforation (n)

Saida51 1996 15 12 1 0 2
Baron52 1998 27 23 5 2 4
Choo53 1998 20 18 4 0 0
de Gregorio54 1998 24 23 2 1 0
Mainar55 1999 71 66 0 0 1
Repici56 2000 16 15 2 0 1
Law50 2000 24 23 3 3 1
Aviv57 2002 13 11 2 3 0
Wong35 2002 16 14 0 0 3
Dauphin58 2002 26 22 1 4 0
Clark59 2003 16 13 0 0 0
Law60 2004 52 50 8 2 1
Total 320 290 (91%) 28 (9%) 15 (5%) 13 (4%)



scopic manipulation.58 The majority of patients stented with
palliative intent achieve long-term relief of obstruction.35

Experience with stents for gastric outlet obstruction is more
limited (Table 73.5).66–70 Even with simultaneous biliary stent-
ing in many patients, immediate success rates are reported as
high as 95%, with 70% of patients remaining free of gas-
trointestinal symptoms during their remaining lifetime.70

Among positive effects are: ability to tolerate solid food
(77%), weight gain (71%), and improvement of reflux
esophagitis (92%).67 Late complications include tumor
ingrowth and stent occlusion in about 20% of patients, but
restenting is possible and often successful.66,68 In all series,
median survival is limited to around 4 months.71 A small ret-
rospective series suggests patients who undergo endoscopic
stenting may achieve oral intake and hospital discharge
sooner than those who undergo open or laparoscopic gastro-
jejunostomy for gastroduodenal obstruction.72

Biliary Tract Obstruction

Biliary obstruction in patients with cancer is rarely an emer-
gency and is not discussed here in detail. Obstructive jaun-
dice itself does not require urgent treatment. Secondary
cholangitis is an emergency, but rarely, if ever, occurs absent
prior manipulation of the biliary tree either surgically or by
endoscopic or transhepatic maneuvers.73–75 In most cases of
painless obstructive jaundice, primary or recurrent neoplasms
of the pancreatic head, extrahepatic biliary tree, or other 
periampullary tissues are identified; secondary lesions in
retroperitoneal lymph nodes causing biliary obstruction most
often metastasize, in decreasing order of frequency, from
gastric, colonic, breast, or lung cancer primaries.73 Endoscopic
retrograde cholangiopancreatography (ERCP) or transhepatic
imaging or stent placement upon initial presentation in a
patient without signs of infection is rarely indicated, espe-
cially because preoperative biliary manipulation may increase
operative mortality.74 Biliary sepsis in the setting of biliary
obstruction does necessitate emergent biliary decompression.
Under these circumstances, endoscopic stenting via ERCP,
when feasible, appears preferable to percutaneous transhe-
patic stent placement. For patients with metastatic disease,
endoscopic stents should always be considered first.76

Gastrointestinal Hemorrhage

Acute gastrointestinal hemorrhage is the third most frequent
problem requiring emergency abdominal operation in cancer
patients.7,8 Both benign causes and tumor-related etiologies
occur in patients with cancer.

Clinical Presentation, Evaluation, and Stabilization

In a review of five case series encompassing 121 cancer
patients, the most common causes for upper gastrointestinal
hemorrhage were gastritis (36%), ulcer disease (26%), and
tumor-related bleeding (23%).77 Other reports support these
findings, and they are true even today despite a dramatic
decrease in the need for emergency operations for benign
peptic disease in noncancer patients with the advent of H2
blockers and proton pump inhibitors.78–80 It is unusual for
upper GI bleeding to require operative intervention (11%),
and in only one-fourth of cases is the need for operation a true
emergency.81

Lower gastrointestinal hemorrhage resulting from non-
cancerous conditions has an 80% likelihood of stopping spon-
taneously, but the rebleeding rate is 50%. Colonoscopy or
scintigraphic bleeding scan alone fail to localize a bleeding
site in up to 50% of cases, but they complement each other.82

Angiographic localization succeeds in more than 80% of
patients.83,84 The prevalence of lower GI bleeding and of both
benign and malignant lesions that may cause lower GI hem-
orrhage increase with greater age. Arteriovenous malforma-
tion, diverticulosis, hemorrhoids, and cancer are therefore the
most common causes of lower gastrointestinal bleeding.85

In a study of 377 patients with advanced malignancy
receiving palliative care at home, 18 developed gastrointesti-
nal bleeding, resulting in 3 deaths. Metastatic liver disease
was common in these patients.86 Many factors present in
cancer patients may increase the risk of a bleeding diathesis.
Direct tumor growth and/or invasion can cause mucosal
ulceration and vascular invasion. Intestinal ulceration and
bleeding can also be caused by chemotherapy or cortico-
steroids. Chemotherapy-induced thrombocytopenia, coagula-
tion disturbances from tumor- or treatment-induced
hepatopathy, and use of aspirin, other nonnarcotic analgesics,
and therapeutic anticoagulants in patients with cancer-
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TABLE 73.5. Outcomes of stent placement for cancer-related gastroduodenal obstruction.

Successful
Reference Year Patients (n) placement (n) Migration (n) Reobstruction (n) Perforation (n)

Jung61 2000 19 18 5 2 0
Kim62 2001 29 26 2 2 0
Pinto63 2001 31 27 1 2 0
Park64 2001 24 18 5 2 0
Yim65 2001 29 25 0 2 0
Aviv66 2002 15 14 1 2 0
Schiefke67 2003 20 20 2 4 0
Kaw68 2003 33 32 1 3 0
Tang69 2003 21 18 0 0 0
Nassif70 2003 63 60 4 13 2
Total 284 258/284 (91%) 21/284 (7%) 32/284 (11%) 2/284 (0.7%)



related thromboembolic complications can all predispose to
and exacerbate GI hemorrhage. Gastrointestinal hemorrhage
can result from Candida, cytomegalovirus, or Clostridium
difficile infections in the GI tract, or from systemic sepsis
resulting from immunosuppressive side effects of cancer and
systemic cancer therapy. Direct chemical or physical injury
to the GI tract by chemotherapy and radiation therapy can
cause bleeding. Radiation-related bleeding risk is directly
related to the dose administered.87 Other factors increasing
the bleeding risk in cancer patients relate to underlying con-
ditions, such as variceal bleeds in cirrhotic patients with
hepatocellular cancer.88

Postoperative gastrointestinal hemorrhage can occur after
visceral resection, as well as GI bypass procedures.89 Acute
hemorrhage by far outweighs obstruction among the indica-
tions for urgent reoperations after previous gastrectomy.44

Massive GI hemorrhage, occurring in 3.2% of patients with
previous abdominal cancer operations, can result from arter-
ial erosions related to anastomotic leaks or from anastomotic
mucosal suture line bleeding, at roughly equal frequency.90

The mortality for anastomotic leak-associated hemorrhage
may approach 50%, but is much lower for suture line bleeds.
Hemorrhage can also be encountered postoperatively in 
the presence of uncontrolled infection or sepsis, although
these are rare events even after major visceral resections for
cancer.91–93

Treatment

Immediate therapeutic efforts must focus on hemodynamic
resuscitation and correction of coagulopathy. Venous access,
fluid resuscitation, and transfusion of blood products (includ-
ing packed red blood cells, platelets, and plasma to optimize
coagulation) must be accomplished rapidly. As always,
disease extent, patient physiologic and performance status,
and advanced directives must be considered before complex
treatment decisions are made. When the patient is stabilized,
diagnostic studies should be initiated without delay, for reac-
tivation of bleeding is common. These studies may include
upper or lower gastrointestinal endoscopy, or contrast arteri-
ography, based on the suspected site, bleeding rate, and under-
lying mechanism. Both endoscopy and angiography may also
be therapeutic. Endoscopic variceal ligation is more effective
for acute upper gastrointestinal bleeding in patients with
hepatocellular cancer than conservative therapy.94 For other
sites, less-rapid bleeding from the intestinal mucosal surface
suggests initial attempt at control by endoscopy. Techniques
include argon beam plasma coagulation or laser applica-
tion.25,26 Bleeding from radiation proctitis has been effectively
controlled with topical formalin application.95 More rapid
bleeds in the presence of a larger tumor mass, or other local
tissue compromise, such as infection, are more likely to
respond to angiographic embolization.96 If less-rapid bleeding
originates from tumor tissue, especially large, unresectable
lesions with gastrointestinal erosion, external-beam radiation
therapy may be effective. For example, a single fraction of 10
Gy to patients with advanced uterine cancer controls pelvic
bleeding in 90% of cases.97 Similarly, rectal bleeding can be
controlled in 85% of patients with ovarian cancer and tumor
erosion with the use of radiation therapy.98,99

Operative treatment for cancer-related hemorrhage
should be considered only when tumor bleeding can be

treated by complete resection, when less-invasive therapeu-
tic modalities have failed, or when endoscopy, angiography,
and radiation are unlikely to be effective. It is imperative that
the source of bleeding be unambiguously identified and local-
ized before laparotomy. In cases of tumor bleeding, preopera-
tive understanding of organ resectability is of great help as
well, but obtaining the desirable imaging study may not
always be feasible.

In a review of 427 patients with gastric cancer, 36 pre-
sented with upper gastrointestinal bleeding; among these,
hemorrhage was self-limited in 44%, but an emergency oper-
ation was required in 56%; the resulting mortality after gas-
trectomy was 28%.100 Bleeding gastric cancers tend to be
larger in size, but resection is indicated whenever technically
and physiologically feasible.101 Most emergency gastrec-
tomies in cancer patients are performed for massive,
intractable bleeding. The majority of these patients do not
have adenocarcinoma; lymphomas, gastrointestinal stromal
tumors, and other soft tissue neoplasms are the more frequent
cause of massive neoplastic gastric hemorrhage. The mortal-
ity rate for emergency gastrectomy under these circum-
stances is 50% compared to 4% for nonemergent
procedures.23 Mortality among elderly cancer patients requir-
ing emergency gastrectomy is reported to be as high as 67%.43

Bleeding is not as common an indication as obstruction
for small bowel resection in cancer patients, as both primary
neoplasms and metastases to the small intestine cause hem-
orrhage in fewer than 20% of cases.102–104 An exception seems
to be melanoma metastatic to the small intestine; equal
numbers of patients require emergency resection for hemor-
rhage and for obstruction.105–107 Emergency abdominal colec-
tomy for bleeding is associated with a high mortality rate. In
one series, 5 of 11 patients undergoing emergency colectomy
died, primarily of infectious complications.108 In a larger
series of emergency colectomies, only 6% (10 of 170) were
indicated because of bleeding. Overall mortality after a one-
stage procedure was 11%.109 Massive gastrointestinal bleed-
ing as first presentation of other visceral tumors is rare, but
has been reported for pancreatic cancers and others.110

In rare cases of bleeding arteriodigestive fistulae, usually
related to previous operations and/or radiation therapy, selec-
tive angiography, if feasible, can be both diagnostic and ther-
apeutic.111 When bleeding is massive, immediate operation
with intrathoracic aortic inflow control, temporizing suture
hemostasis, and subsequent vascularized tissue flap coverage
may lead to a rare treatment success.112 Similarly, visceral
parenchymal hemorrhage from tumor is infrequent. Perhaps
the most common occurrence of this rare event is from the
liver secondary to intraparenchymal or intraperitoneal
rupture of a hepatocellular carcinoma. Mortality is high.
Angiographic embolization seems to offer the best chance for
initial control and stabilization, followed by subsequent
resection.113,114 Rarely, emergency surgery with resection is
successful, but cancer recurrence is likely.115

Gastrointestinal Perforation

Perforations of the gastrointestinal tract constitute the
second most common indication for urgent abdominal surgi-
cal intervention in cancer patients. In a series of 47 patients,
the sites of perforation were located in the colon (n = 20),
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small intestine (n = 11), duodenum (n = 9), and stomach (n =
7) patients.7,8 Primary small bowel tumors often present with
an emergent problem, In a series of 32 patients with emer-
gent presentations, 8 were perforated, 7 were bleeding, and 17
were obstructed.107 Gastrointestinal perforation in cancer
patients occurs by various mechanisms. Tumor may erode
through the wall of the GI tract. Treatment-related perfora-
tions may occur after endoscopic or operative procedures.
They may also result from rapid tumor regression following
administration of chemotherapy or radiation therapy; these
types of perforations, although rare, are seen most often
during treatment of bulky, chemotherapy-sensitive tumors
(i.e., lymphoma, testicular cancer, germ cell tumors) involv-
ing the gastrointestinal tract. Perforations may also occur sec-
ondary to treatment-related toxicity, such as nonsteroidal
antiinflammatory drug (NSAID)- or corticosteroid-induced
ulcer diatheses, immunosuppression-induced cytomegalo-
virus or other infections, inadvertent embolization of arteries
that supply the bowel during chemoembolization angio-
graphic procedures, and inadvertent perfusion of gastroin-
testinal mucosa with cytotoxic drugs during hepatic artery
infusion therapy. Finally, other causes altogether unrelated to
the underlying malignancy, such as peptic ulcer disease or
diverticular perforation, can occur as well. Iatrogenic perfo-
rations relating to endoscopic procedures are probably under-
reported; they may occur during colonic or duodenal stent
placement (1%–4%) and esophageal photodynamic therapy
procedures (2%).27,50,70

Clinical Presentation, Evaluation, and Stabilization

Cancer patients with gastrointestinal perforation may present
with as little sign as subtle abdominal discomfort or with
overwhelming signs of peritonitis, including sepsis and
shock. Acute pain from a perforation may be masked by med-
ications.116 Findings on physical examination may include
abdominal wall crepitus, distension, firmness, and rebound
tenderness. Clinical findings and laboratory studies reflect
the severity of infection, systemic inflammatory response,
and compromise of organ function only in patients who are
not immunocompromised. Chest and abdominal X-rays can
detect free air, the most accurate sign of visceral perforation
(Figure 73.2). CT is a more sensitive test to detect extralu-
minal air; it can define the extent of the underlying cancer
and assess local resectability of the diseased bowel at the
same time. Tissue pneumatosis or intravenous air can be the
result of an intestinal perforation due to cancer.117 As noted
for obstruction and hemorrhage, initial therapy should
include establishment of adequate venous access and hemo-
dynamic monitoring, vigorous hydration, initiation of antibi-
otics, and assessment of the patient’s overall physiologic and
oncologic status.

Treatment

Intestinal perforation almost always requires operative
therapy to remediate, in contradistinction to obstruction or
bleeding. Whether a patient is a candidate for an operation is
determined by the presence of comorbidities, the overall
cancer burden, and the patient’s values and goals (cure, palli-
ation, comfort). These issues must be addressed early in the
presentation. The prognosis for a meaningful postoperative
recovery is influenced by the patient’s underlying immune

function, nutrition status, and performance status, as well as
his/her physiologic and oncologic status. Even in patients
without cancer, operations for “benign” ulcer perforations are
attended by significant morbidity and mortality.78 In a report
of 170 urgent surgical procedures for colorectal conditions,
not specifically limited to cancer patients, 71% were per-
formed for obstruction, 23% for perforation, and 6% for
massive bleeding, with an overall mortality rate of 18%.109 In
cancer patients, the choice of surgical procedure to treat a per-
foration largely depends on the patient’s acute physiologic
status, the technical resectability of the diseased bowel, and
the extent of the cancer. In general, resection of the site of
perforation is preferable to suture repair or simple drainage.
Intestinal resection may be followed by anastomotic recon-
struction, if the severity of the associated peritonitis and
physiologic and nutrition status permit.28 Otherwise, intesti-
nal diversion with a stoma or enterostomy is necessary.

The mortality of spontaneous gastrointestinal perforation
in cancer patients is high. In one series of 36 patients, 84%
died. Factors responsible for this high mortality include
delayed diagnosis, perforation through tumor, advanced stage
of disease, and multiple organ failure. Even in patients able
to undergo surgery, only 32% survived.118 In a subsequent
review of 30 cancer patients with gastrointestinal perforation
treated operatively, steroid therapy was implicated in 77%
and chemotherapy in 23%. Sites of perforation were almost
evenly divided between the small and large bowel. In half the
patients, cancer was identified at the perforation site. Opera-
tive mortality was 53%.119 Tumor involvement at the perfo-
ration site appears to be especially ominous.

Spontaneous gastroduodenal perforations in patients with
various cancers, but mostly without tumor at the perforation
site, are amenable to nonresectional surgical treatment, such
as simple closure, omental patch, vagotomy, and pyloroplasty.
In this setting, mortality may be as low as 10% to 20%.120

Surgical treatment of gynecologic cancers presenting with
intestinal pneumatosis or perforation has been reported to be
associated with 67% mortality. Again, tumor involvement
appears crucial. In this series, cancer was not present in any
of the survivors.121 Not surprisingly, patients with sponta-
neous perforations of gastric cancer are likely to present with
advanced disease. Good outcomes can be achieved if the per-
foration and associated cancer are amenable to complete
resection.23,101 Tumors metastatic to the intestines rarely
cause perforation. One of 32 patients with melanoma metas-
tases to the small bowel presented with a perforation.106

Among 24 patients with melanoma metastatic to the large
intestine, perforation and obstruction predicted poor median
survival (less than 10 months).122 Gastrointestinal lym-
phomas have been linked to perforation as a result of treat-
ment-induced tumor necrosis. However, the perception that
this is a common problem is probably not true. Upon initial
presentation of gastrointestinal lymphomas, perforation is
seen in 2% (gastric non-Hodgkin’s lymphoma, NHL) to 9%
of cases (intestinal NHL), compared to bleeding rates of 19%
and 6%, respectively.123 Among intestinal NHLs, T-cell lym-
phomas appear to present more frequently with perforation
(37% versus 5%) or bleeding (17% versus 10%) than B-cell
lymphomas.124 In the same series, the rate of emergency oper-
ations upon presentation of the intestinal NHL was 46% for
T-cell lymphomas, compared to 14% for B-cell lymphomas.
However, actual treatment-induced perforation is seen in
only 4% of patients (Table 73.6).
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FIGURE 73.2. Operative findings in a woman with metastatic gastric cancer
who presented with acute abdominal pain. A gastric perforation was identified
(A). A palliative gastrectomy with esophagojejunostomy was performed. The
patient was discharged tolerating solid food. One month later after discharge,
she presented again with abdominal discomfort. Chest radiographs showed
pneumoperitoneum on both posteroanterior (B) and lateral views (C), which was
secondary to an anastomotic leak. The patient received supportive care only and
died after 4 weeks.

TABLE 73.6. Complications of gastrointestinal lymphomas: frequency of perforation and hemorrhage
when surgical resection is not performed before initiation of cytotoxic therapy.

Patients
Complication (n)

Reference Year (n) Type of lymphoma Perforation Bleeding

Kemeny167 1982 41 Burkitt’s 0 5
Meyers168 1985 92 Non-Hodgkin’s 4 NR
Talamonti104 1990 24 Non-Hodgkin’s 2 4
Maor169 1990 34 Gastric non-Hodgkin’s 0 0
Salles170 1991 77 Non-Hodgkin’s 1 1
Rackner171 1991 15 Non-Hodgkin’s 2 0
Haim172 1995 26 Gastric non-Hodgkin’s
Gale173 2000 24 T cell 4 1
Total 333 13 (4%) 14 (4%)

NR, not reported.



Neutropenic Patients

Abdominal Pain

In the oncology setting, surgeons are frequently asked to eval-
uate patients with abdominal pain who are neutropenic. The
neutropenia is often a side effect of the patient’s therapy. Most
commonly, this occurs in patients with leukemia or other
hematologic malignancies, although it also may be seen in
patients with solid tumors.125 The neutropenia in patients
with hematologic malignancies can be quite profound and
prolonged, especially following autologous or allogeneic stem
cell or bone marrow transplant (BMT).126 The potential for
graft-versus-host disease (GVHD) in patients undergoing allo-
geneic transplant may make evaluation and management of
abdominal pain particularly difficult. It must be remembered
that common problems occur commonly and the neutropenic
patient may be suffering from a common problem, such as
cholecystitis or appendicitis.

After a detailed history is obtained and the patient is
examined, imaging studies are useful. Because patients with
neutropenia often fail to exhibit the classic signs and symp-
toms of an acute abdomen, CT is almost always indicated.
Plain abdominal films may also be helpful.

The abdominal pain may be caused by obstruction or
ileus; vascular problems, such as infarct or ischemia; infec-
tious or inflammatory conditions; or other miscellaneous
causes. Ileus is occasionally seen secondary to chemothera-
peutic agents. Vincristine is classically linked with ileus;
more than 40% of patients receiving the drug describe abdom-
inal pain and constipation. Fortunately, this complication is
almost always self-limited. Hydration, bowel rest, and
decompression usually suffice. Arterial insufficiency causing
bowel ischemia or infarct can occur in neutropenic patients
but is not common. Venous thrombosis is associated with
cancer as a result of the hypercoagulable state that is present,
often coupled with dehydration. Infectious or inflammatory
problems causing abdominal pain in neutropenic patients are
the major focus of the rest of this section. These conditions
can be divided into problems unique to the neutropenic
cancer patient, those that affect the general population, and
posttransplant complications.

Causes of Abdominal Pain Unique to Neutropenic
Cancer Patients

Neutropenic enterocolitis (NE) is the most common cause of
abdominal pain in neutropenic cancer patients.127,128 This syn-
drome has many synonyms, including typhlitis, necrotizing
or neutropenic enteropathy. and ileocecal syndrome. The syn-
drome was initially described in 1970 as a complication of
leukemia treatment in children.129 NE is characterized by
fever, abdominal pain (usually right-sided), nausea, and vom-
iting, occurring in the setting of a low or falling neutrophil
count. Adult patients are usually neutropenic secondary to
myeloablative chemotherapy for leukemia or other hemato-
logic malignancy.130,131 Occasionally, NE can be seen in adult
patients being treated for solid tumors, particularly when
high-dose chemotherapy is used with BMT.126,132 Although
NE is probably the most common cause of abdominal pain
requiring surgical intervention in neutropenic patients, few
neutropenic patients develop NE and even fewer require oper-
ation (Table 73.7).128,133 In case series of several hundred adult
leukemias, the incidence of NE ranged between 2% and
6%.127,128,134–136 In childhood leukemia, the incidence appears
to be lower.137–139

The site of inflammation is usually the right colon,
cecum, and terminal ileum. The cecum is usually the area
most severely affected. The pathologic basis for this anatomic
location is unclear. Proposed reasons include relative
ischemia, greater distensibility, and stasis of GI contents.
Infection with bacterial pathogens plays some role as evi-
denced by frequent recovery of enteric bacteria from blood
cultures in NE patients. Commonly cultured organisms
include Pseudomonas aeruginosa, Klebsiella pneumoniae,
Escherichia coli, and Candida species as well as Clostridia
species.138,140 The most likely inciting factor is mucosal injury
with ulceration and subsequent invasion of the bowel wall
with enteric bacteria and/or opportunistic pathogens126; this
sets the stage for breakdown of gut mucosal barrier function,
further invasion, and (rarely) perforation.

The clinical picture of abdominal pain, fever, and neu-
tropenia usually suggests NE, although other conditions can
be present. The symptoms usually appear a few days to weeks
after the onset of neutropenia. Laboratory evaluation reveals
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TABLE 73.7. Incidence of neutropenic enterocolitis and mortality of surgery in patients with
neutropenia and abdominal pain.

Reference Patients (n) Incidence Surgery Mortalitya

Gorschluter 2001127 16 16/553 (2.9%) 5 (31%) 8 (50%)
Cartoni 2001136 88 88/1,450 (6.1%) 1 (1.1%) 13 (14.7%)
Neto 2000137 12 NA 8 (67%) 1 (8.3%)
Song 1998131 14 NA 2 (14%) 1 (7.1%)
Gomez 1998125 29 NA 1 (3%) 5 (17.2%)
Buyukasik 1997144 20 NA 3 (15%) 12 (60%)
Sloas 1993138 24 24/6,911 (0.35%)b 3 (12%) 2 (8.3%)
Villar 1987128 19 19/438 (4.3%) 4 (21%) 15 (78%)
Mower 1986135 13 13/499 (2.6%) 8 (61%) 12 (92%)
a Pediatric center.
b Denominator includes all patients seen at hospital; incidence for acute myclogenous leukemia patients was 2.1%.

AML, acute myelogenous leukemia.



absolute neutropenia as well as anemia and thrombocytope-
nia.138 The total bilirubin can be elevated and probably
reflects ongoing sepsis and hepatic dysfunction. Positive
blood cultures are associated with higher mortality.135 Stool
cultures can be positive for Clostridium difficile, E. coli,
Pseudomonas, and adenovirus.125,138 In the past, plain radio-
graphs were usually obtained and signs of bowel wall 
thickening, such as thumb printing, were associated with the
diagnosis of NE. However, only 50% of patients have this
radiologic sign.135 Pneumatosis can be seen as well as disten-
sion and cecal fluid. Free air is a sign of perforation and an
indication for surgery.141 CT scan with intravenous and oral
contrast is the study of choice to evaluate patients with sus-
pected NE. In a review of 289 neutropenic patients under-
going abdominal CT scan, 76 had abnormal scans. NE was
present in 53 patients. C. difficile colitis was seen in 14 and
7 had GVHD.142 Bowel wall thickening was seen in all NE
patients, and also in all C. difficile colitis patients and 86%
of the GVHD patients (Figure 73.3). Pneumatosis intestinalis
was seen only in NE and occurred in 21% of the patients.
Abnormalities in the cecum alone were only seen in NE
although entire right colon involvement was seen with the
other conditions. C. difficile colitis was characterized by the
most wall thickening, more pancolitis, and wall nodularity.
Ultrasound has been used to evaluate NE. In a review of 88
leukemic patients with clinical signs of NE, 50% had bowel
wall thickening on ultrasound; this was associated with
higher mortality (29% versus 0%) and longer duration of
symptoms (7.9 days versus 3.8 days).136 In another study,
ultrasonic bowel wall thickening was observed in 6 of 36
patients (16%). Three patients had acute cholecystitis diag-
nosed by ultrasound.143

The treatment of NE is controversial. There are no
prospective randomized trials. Varying criteria for diagnosis
make comparisons between reports difficult. Some series

include both adult and pediatric patients. Some reports focus
solely on NE.125,131,135–138,144 Other reports discuss all abdomi-
nal problems in neutropenic patients.127,128,142,143 These caveats
notwithstanding, recommendations have changed over the
past decade. Initial reports emphasized prohibitive surgical
mortality and recommended medical management.145,146

Nonoperative therapy usually includes broad-spectrum
antibiotics, hydration, bowel rest with or without nasogastric
decompression, and frequent clinical reevaluation. Subse-
quent investigators recommended operative manage-
ment.125,128,135 More recent reports once again emphasize
nonoperative treatment. Gomez et al. reported on 29 cases
from two institutions between 1992 and 1996,125 of which 18
had definite NE while 11 had possible NE, and 28 patients
received nonoperative management. One patient underwent
exploratory laparotomy for suspected intussusception; NE
was found, no resection was performed, and the patient was
treated medically. Overall mortality was 17%. Cartoni et al.
reported on 88 patients. All were managed medically except
one who underwent right colectomy after neutropenia
resolved. Mortality was 14%.136

Current recommendations for patients with suspected NE
include initial evaluation by physical examination, routine
laboratory tests, stool cultures, and CT imaging. Patients
with clearly defined surgical problems other then NE, such
as cholecystitis or appendicitis, should have surgery. Patients
with clearly defined medical problems other then NE, such
as C. difficile or fungal colitis should receive specific appro-
priate medical management. Patients with presumed NE
without clear surgical indications should be managed med-
ically. Indications for surgery include evidence of free 
perforation, pneumoperitoneum, pneumatosis, associated
hemorrhage, or clinical progression despite maximum
medical therapy. When surgery is performed and NE is 
discovered, most authors recommend resection of grossly
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FIGURE 73.3. Computed tomography (CT) scan panels (A, B) show marked bowel wall edema in the terminal ileum in a patient with neu-
tropenic colitis.



involved colon and small bowel because of the degree of
necrosis typically seen. Anastomosis is risky and should be
avoided through use of a stoma.

Causes of Abdominal Pain in Bone Marrow
Transplant Patients

Autologous bone marrow or stem cell transplantation (BMT)
following high-dose chemotherapy is a treatment modality
for many hematologic malignancies. The role of BMT in the
treatment of solid tumors remains controversial. Patients
undergoing autologous transplant are profoundly neutropenic
at the initiation of their therapy and are subject to all the
complications seen in the typical neutropenic patient.
Marrow recovery secondary to reinfusion of stem cells even-
tually resolves the neutropenia. Allogeneic bone marrow
transplant has been used to treat a variety of hematologic
malignancies, aplastic anemia, immunodeficiencies, and
other congenital disorders. Allogeneic transplant patients are
subject to profound neutropenia but have additional problems
related to the infusion of donor marrow or stem cells. Phar-
macologic immunosuppression is required after transplant to
control rejection. Approximately 50% of BMT patients expe-
rience abdominal pain during their treatment. It is helpful to
consider three phases of BMT in relation to the etiology of
abdominal pain in these patients.147

The marrow ablative chemotherapy and radiation therapy
that are used during the induction phase of BMT is toxic to
gastrointestinal mucosa and often causes diarrhea and colicky
pain. Nausea, vomiting, and dysphagia are also common.
These symptoms are usually present starting 3 to 7 days fol-
lowing induction therapy and may last as long as 2 weeks.148

Overt GI bleeding occurs in about 8% of patients, with gas-
tritis and esophagitis being the most common endoscopic
findings.149 When neutropenia evolves 7 to 10 days following
induction therapy, patients are subject to all the causes of
abdominal pain previously discussed, including neutropenic
enterocolitis, fungal or viral enteritis, and more run-of-the-
mill entities, such as pancreatitis or cholecystitis; this repre-
sents the second phase of BMT-related abdominal pain. As in
non-BMT patients with NE, management is usually con-
servative, but surgery may be required for perforation or 
hemorrhage.126

After 2 to 10 weeks, bone marrow engraftment with res-
olution of neutropenia occurs. The patient enters the third
phase of BMT-related abdominal pain. This phase is charac-
terized by the possibility of the presence of graft-versus-host
disease (GVHD) in patients undergoing allogeneic transplant
(although GVHD may be seen as soon as 7 days posttrans-
plant).2,148 In acute GVHD, donor T cells attack the host. The
presence and course of the disease is determined by the degree
of histocompatibility mismatch between the donor and the
recipient and the extent of immunosuppression in the recip-
ient. Patients with acute GVHD may experience diarrhea,
abdominal pain, and GI bleeding along with skin rash and
hepatopathy characterized by hyperbilirubinemia.149 It is
occasionally difficult to differentiate GVHD from infectious
complications. Biopsy of the gastric or rectal mucosa or the
skin can be helpful. GVHD is thought to occur in 30% to 80%
of BMT patients.148,150 Despite the frequency with which
GVHD appears, most patients do not require surgical inter-
vention. Severe bleeding, obstruction, or perforation are the

most common indications for operation.149–151 Pneumatosis
intestinalis has been reported in up to 20% of BMT patients
with acute GVHD.152 In this setting, associated pneumoperi-
toneum may be managed nonoperatively, as a frank bowel
perforation or necrosis may not be present; persistent evi-
dence of peritonitis, hemodynamic instability, sepsis, or aci-
dosis necessitate surgery.153,154 Chronic GVHD appears several
months to a year after transplant and is usually preceded by
acute GVHD; it is seen in 20% to 40% of BMT patients. Most
patients with chronic GVHD have liver function abnor-
malities, as well as chronic abdominal pain, diarrhea, and 
malnutrition.

Veno-occlusive disease (VOD) is another condition spe-
cific to BMT patients. It is seen in 20% to 50% of BMT
patients and usually occurs several weeks posttransplant sec-
ondary to the intense chemoradiation preparative regimen.155

In 15% of patients the VOD is severe, with mortality
approaching 100%. The pathogenesis is thought to be sec-
ondary to hepatic endothelial damage from chemotherapy
and radiation therapy with resulting postsinusoidal obstruc-
tion. Patients with preexisting liver disease have a higher
incidence. Patients may experience fluid retention, weight
gain, hepatomegaly, ascites, jaundice, and encephalopathy.
The diagnosis can be confirmed with liver biopsy that reveals
centrolobular necrosis with obliteration of the sinusoids and
terminal venules. VOD resolves in most patients but can lead
to multisystem organ failure. Treatment is primarily sup-
portive with attention to maintaining fluid volume and renal
function. There are case reports of successful liver transplan-
tation to salvage patients dying of severe VOD.156 Anticoagu-
lant and thrombolytic agents have also been used to treat
VOD. Tissue plasminogen activator was used to treat 42
patients with VOD and was successful in 29%. However,
therapy had to be started before multiorgan failure appeared
and was associated with a significant risk of hemorrhage.157

In a small study with historical controls, antithrombin III
concentrate was associated with clinical improvement and
increased survival in patients with severe VOD.158 VOD is not
treated surgically but may be confused with surgical diag-
noses. It can mimic myriad other entities, including chole-
cystitis, hepatitis, cholangitis, sepsis, and GVHD. The
ultrasound findings in patients with VOD may suggest the
presence of cholecystitis.159 As noted previously, in cases of
suspected VOD, liver biopsy is confirmatory. It is worth
noting that jaundice is observed in as many as one-fourth of
all patients undergoing BMT and is rarely the result of a
problem requiring surgery.160

Perianal Problems in Neutropenic Patients

Perianal problems occur with some frequency in neutropenic
patients. The incidence of perianal problems among patients
with leukemia ranges from 5% to 8%.161–163 The diagnosis and
management of these disorders in neutropenic patients must
be modified because of their immunocompromised status.
Patients present with perirectal pain, pain with defecation,
and fever in 70% of cases.161 The most common physical find-
ings are tenderness, erythema, and induration; they are
present in almost all patients.163 Most common is perirectal
infection (what would otherwise be an abscess in an immuno-
competent host), seen in 30% of neutropenic patients with
perianal problems, followed by fissures and hemorrhoids.161
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Fistula in ano is much less common. In advanced cases of
perianal infection, tissue necrosis and fasciitis (Fournier’s
gangrene) can develop. Most perianal infections are polymi-
crobial, based on the results of needle aspiration for culture
or surgical incision and drainage. Common organisms include
Pseudomonas aeruginosa, Escherichia coli, Streptococcus,
and Klebsiella. Anaerobic organisms and Candida may also
be involved.161,162,164

The etiology of these perianal problems is not definitively
known but probably involves the translocation of normal
microbial flora through physiologically and immunologically
compromised mucosal and dermal barriers on the perineum.
The diarrhea often seen in neutropenic patients can lead to
breakdown of perianal skin and transitional epithelium in the
anal canal, forming a nidus that is particularly problematic in
the setting of compromised immune function. Once estab-
lished, an infection can spread through the perirectal tissue
planes. Although historically observed in patients with hema-
tologic malignancies, solid tumor patients are increasingly
prone to these problems, perhaps reflecting the use of more
aggressive chemotherapeutic regimens.165

Upon initial evaluation, examination of the perianal area
is often limited by tenderness. Historically, digital rectal
examination and instrumentation with anoscopes has been
avoided because of concern over traumatic microbial seeding.
More recent studies suggest this may not be the case.163,166

There is little information concerning the use of CT scans or
other imaging modalities in the evaluation of perianal infec-
tions. Radiographic as well as physical examination findings
are often limited by the absence of the usual stigmata of
inflammation and infection.163,166 The host is simply inca-
pable of mounting an effective immune response. Aspiration
of an indurated area may be performed with culture results
used to guide antibiotic coverage. One report suggested this
practice leads to modification of the antibiotic regimen in up
to 50% of cases.165 Antibiotic treatment alone is usually ade-
quate, as return of immunocompetence with resolution of the
neutropenia almost always clears the process. Specific antibi-
otics targeted to anaerobic infection are beneficial, increasing
resolution from 55% to 88% in cases that do not require
surgery.164 Symptomatic treatment with sitzbaths, stool soft-
eners, and analgesia is usually also recommended.

Despite adequate antibiotic coverage, in some patients
infection will progress. Surgical intervention may be required,
although the need is less common in more recent series (Table
73.8). Absolute indications for surgery include fluctuance,
worsening sepsis, extension of erythema, soft tissue necrosis,
and crepitus. Fluctuance indicates the presence of pus in the
perianal tissues. Incision and drainage is the most common

procedure performed in all studies reviewed. In severe cases,
debridement of tissue and diverting colostomy may be nec-
essary. Overall mortality appears to be lower currently in
comparison to older studies,164,165 which may be the result of
earlier recognition of perianal sepsis, improved antibiotic
therapy, and more prompt surgical intervention when indi-
cated. It is important to undertake a more thorough exami-
nation when the neutropenia resolves. At that time, patients
can be evaluated for hemorrhoids or fissures that may require
therapy, particularly if further chemotherapy is planned.
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Oral Complications of
Cancer Therapy

Mark S. Chambers and Adam S. Garden

any patients receive cytotoxic therapies that result
in complications to the oral mucosa. Other patients
receive either radiation or surgery as treatment of

malignancies involving the head and neck region, with resul-
tant consequences to the normal structures of the oral cavity
and pharynx.

Strategies for managing these sequelae of therapy include
a combination of preventive measures, treatment directed at
reversal of the insults to the oral tissues, and supportive care
interventions. Few objective scales on oral morbidity have
been reliably evaluated in clinical measure studies.

General Considerations

Overview

Evaluation, treatment, and prevention of any oral and dental
preexisting pathology is an important aspect of the overall
treatment outcome for cancer patients.1,2 Patients undergoing
aggressive anticancer treatment encounter preventable, if 
not treatable, oral mucosal and dental sequelae that could
produce morbid events.3 Complications vary with each
patient, depending on the individual’s oral and dental status,
the type of malignancy, and the therapeutic approach (i.e.,
surgery, radiation therapy, chemotherapy, or a combination of
these treatments).4

Oral complications associated with cancer therapy can be
classified into seven general types: stomatitis, infection,
bleeding, mucositis, pain, loss of function, and xerostomia.5

Such complications arise primarily in three anatomic sites:
the mucosa, periodontium, and teeth.4 Management algo-
rithms for these complications are reviewed in the following
sections dedicated to the causative modalities.

Pretherapy Evaluation and Management

An oral and dental consultation before chemotherapy, radia-
tion therapy, or head and neck surgery is extremely impor-
tant in the oral management of cancer patients.2,6–11

Addressing the dental needs at the outset allows for more
careful planning of the timing of the overall treatment; as
with regard to nonsurgical therapies, timing can influence
outcome. Necessary dental work can be managed at the same
time as the surgery, and in the immediate postsurgical period,
the oral cavity should be prepared for appropriate prosthetic
rehabilitation to correct postsurgical deficits. The following

sections describe methods of integrating dental and oral treat-
ment into specific oncologic therapies.

Radiation Therapy

Radiation-Induced Oral Complications

The complications from radiation therapy are categorized as
either acute (e.g., mucositis, infectious stomatitis, alteration
of taste or smell acuity, dermatitis, pain, inflammation, and
difficulty swallowing) or late (e.g., xerostomia, caries, abnor-
mal development, fibrosis, trismus, osteoradionecrosis, and
pain).2,12,13 The term late refers to effects that either affect
slowly responding tissues, such as muscles and bone, or
effects that persist and are generally irreversible, such as
xerostomia.

The severity of treatment-induced morbidity depends on
multiple factors, such as the radiation dose, energy source,
volume of tissue treated, pretreatment performance status,
and pretreatment periodontal condition.14 In addition, treat-
ment intensification by altered fractionation or the use of
concurrent chemotherapy can increase the morbidity to the
oral mucosa. The volume of tissue irradiated is susceptible to
dermatitis and mucositis, which are often accompanied by
salivary gland hypofunction, dysgeusia, dysphagia, odynopha-
gia, hypovascularity of soft and hard tissues, fibrosis, or
trismus.2,14–16 Widespread oral melanotic hyperpigmentation
and hypopigmentation have been reported.17 Developmental
abnormalities of the dentition and jaws may occur in children
undergoing head and neck radiation therapy.17–25 In patients
of all ages, altered tissues within the volume of tissue radi-
ated are highly susceptible to infectious processes, especially
with fungal organisms (Candida species)26,27; bacterial infec-
tions, especially with streptococci and staphylococci; and
viral infections, especially with herpes simplex virus
(HSV).28,29

Mucositis

Oral mucositis generally occurs 5 to 7 days after initiation of
external-beam radiation therapy by accelerating the rate of
destruction of the basal cell layer compared with the prolif-
eration of new cells. Subepithelial edema can provoke 
an epithelial breakdown, beginning with erythema of the
involved mucosa in the second week of therapy. As treatment
continues, the epithelial surface cells shed, but their replace-
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ment by cells from the basal level does not occur. The mucosa
becomes thin and superficially ulcerated, appearing as white
patches, commonly mistaken for a yeast infection. As radia-
tion progresses, the patches coalesce, forming large fields of
superficial ulceration, referred to as confluent mucositis.
Infrequently, radiation-induced mucositis can form deep
ulceration with necrosis and hemorrhage. By the end of treat-
ment, diffuse erythema, ulceration, spontaneous bleeding,
and white or yellow pseudomembrane formation may be
present.30–32 Following a course of fractionated radiation, the
mucositis heals, generally in 6 weeks after therapy, but ulcer-
ation can last for 2 or 3 months and occasionally longer.33,34

The definitions of the degree and intensity of mucositis
are quite varied. Numerous scoring systems, none universally
accepted, have been proposed and are used in clinical trials.35

The most common are the World Health Organization (WHO)
system that incorporates subjective symptoms (dysphagia)
into the scores, and the NCI CTC system, a simple 0–4
system based on the observed degree of mucositis. This lack
of uniformity, as well as the question of the validity of these
systems despite their common usage, further compounds the
difficulty in assessing trials exploring mucositis.

Management of mucositis is twofold. Agents are used or
are being developed to either prevent or delay both the onset
and severity of mucositis. The primary mode of mucositis
management, however, is on symptom management. These
agents are being used or tested for mucositis, but they fall into
one of three categories: drugs designed to protect damage to
the proliferating cells, drugs that are antiinflammatory, or
drugs that are antiinfective.

Mucosal Protectors

Amifostine (WR-2721), a radioprotector, is a phosphorylated
aminothiol pro-drug.36 In tissue, membrane-bound alkaline
phosphatase dephosphorylates the drug to its active metabo-
lite, the free thiol WR-1065. The postulated mechanism of
action of WR-1065 is scavenging of free radicals created by
the action of radiation. The drug is currently approved for the
prevention of radiation-induced xerostomia, but investigators
have also been interested in using the drug to prevent or
reduce the severity of mucositis.

To date, the impact of amifostine on mucositis is contro-
versial. In more than 300 patients randomized in a trial whose
primary endpoint was xerostomia, amifostine did not reduce
the incidence of mucositis.37 Mucositis grade 3 occurred in
35% of the amifostine group and in 39% of the radiotherapy-
alone patients. The median duration of mucositis was also
similar in the two groups of patients (41 days versus 38 days,
respectively).

Several smaller randomized trials have also investigated
the role of amifostine for patients with head and neck cancer,
with mucositis as a primary endpoint. Bourhis and colleagues
randomized 26 patients treated with an extremely accelerated
course of radiation.38 Patients randomized to amifostine had
a lower incidence of grade 4 mucositis and required their
feeding tubes for a shorter duration. Buntzel et al. investigated
the role of amifostine with concurrent chemotherapy and
radiation. Randomizing 28 patients, they report a significant
reduction in mucositis, as none of the patients receiving ami-
fostine had grade 3 or 4 mucositis, compared with 86% of
patients treated with radiation alone.39 Despite the conflict-

ing reports, the question is likely moot; as amifostine has
been demonstrated to reduce xerostomia, it will be adminis-
tered to many patients undergoing radiation for head and neck
cancers.

Growth factors and/or cytokines can either stimulate or
suppress proliferation, including interleukin 11 and trans-
forming growth factor-beta.40–43 Some, through a variety of
mechanisms, may reduce mucositis either by interfering with
epithelial proliferation or through other effects. Clinical use
of these agents for radiation-induced mucositis remains
highly investigational.

Keratinocyte growth factor (KGF) is another growth factor
speculated to have a role in prevention of mucositis. KGF has
stem cell stimulatory properties. Recombinant human kera-
tinocyte growth factor (rHuKGF)44 has been demonstrated to
cause a marked increase in oral mucosal radiation tolerance
in mice. However, preliminary reports of a Phase 2 testing
rHuKGF in patients receiving head and neck irradiation are
mixed, and Phase 3 trials still are to be conducted.45

Preclinical data have demonstrated granulocyte macro-
phage colony-stimulating factor (GM-CSF) can influence the
proliferation of keratinocytes.46 Clinical observations that
patients receiving GM-CSF, with myeloablative chemother-
apy for hematologic malignancies, appeared to have a lower
incidence of grade 3 and 4 mucositis, compared with placebo
controls47 have also garnered interest. However, small trials
using this agent via a subcutaneous route that have been con-
ducted48,49 have not demonstrated a benefit with regard to
mucositis reduction. Topical administration of GM-CSF is
also under investigation. Despite encouraging results in
single-arm trials testing topical GM-CSF,50 a trial randomiz-
ing patients receiving concurrent chemoradiation to topical
administration of GM-CSF or a control solution, was discon-
tinued when preliminary results did not demonstrate any
benefit.51

Sucralfate, an agent that has little systemic absorption
and adheres to ulcer bases, has been postulated to be of use
in the prevention or amelioration of mucositis. It is believed
that the coating action provides some protection from injury
and also promotes healing. The majority of studies (Table
74.1), including double-blinded, placebo-controlled random-
ized trials, show little if any benefit of sucralfate in reducing
radiation-induced oral side effects.52–59

Antiinflammatory Agents

Despite the recognition that a severe inflammatory response
ensues following radiation injury, few investigations and few
data support the use of classic (steroids and nonsteroidal) 
antiinflammatory agents. Topical prostaglandins are believed
to have antiinflammatory properties that may benefit
patients who develop radiation-induced mucositis. However,
both prostaglandin E1 (misoprostol), and prostaglandin E2

(prostin) have been evaluated in small trials, and neither has
been demonstrated to either prevent or reduce the severity of
radiation-induced mucositis.60,61

Benzydamine hydrochloride (HCl) is a topical agent that
has been studied for preventing or alleviating radiation-
induced mucositis. The primary mode of action is believed to
be antiinflammatory, and it has been demonstrated62 that ben-
zydamine HCl inhibits the production and effects of inflam-
matory cytokines.
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In a randomized trial of nearly 150 patients,63 for conven-
tionally fractionated radiation up to cumulative doses of 
50Gy, benzydamine significantly (P = 0.006) reduced ery-
thema and ulceration by approximately 30% compared with
the placebo, and more than 33% of benzydamine subjects
remained ulcer free compared with 18% of placebo subjects
(P = 0.037). However, benzydamine was not effective in sub-
jects receiving accelerated radiation doses. Further studies are
under way.

Targeting Infection

It has been theorized that the formation of ulcerative mucosi-
tis, combined with changes in the pH of the oral cavity caused
by effects of radiation on salivary glands, creates a favorable
environment for microbials and local infections. These infec-
tions create additional stress on the tissues and thereby inten-
sify the severity of mucositis. Based on this theory, topical
antimicrobials have been studied as a strategy to minimize
mucositis.

Chlorhexidine, a broad-spectrum rinse effective against
both gram-positive and gram-negative bacilli and yeast, has
been tested in several randomized trials for preventing or alle-
viating oral mucositis. No trial has demonstrated it to be effi-
cacious,64,65 and it may even be detrimental for some patients
undergoing radiation for head and neck cancer.66

Several centers have studied rinses or pastilles using a
combination of agents. Typically, the combinations have
included an antifungal (amphotericin B or clotrimazole) and
antibacterials, particularly those to combat gram-negative
organisms. PTA, a combination of polymyxin B, tobramycin,
and amphotericin B,67 has been tested in several centers as an
antimicrobial strategy for mucositis prevention, with both
randomized placebo-controlled trials having mixed results,
using either a lozenge or pastille.68,69 Differences in several
measured secondary endpoints including a lower incidence of

worse reported grade of mucositis, dysphagia, and weight loss
in patients treated with the drug have been reported. Wijers
et al. also tested a PTA paste in a randomized placebo-
controlled double-blind study and did not find that PTA
reduced the incidence of mucositis.70 El-Sayed et al. random-
ized patients to either a lozenge of bacitracin, clotrimazole,
and gentamicin, or placebo, and found no differences in the
severity of mucositis in patients receiving conventionally
fractionated radiation between the two groups.71

A trial investigating iseganan HCl, a broad-spectrum
antimicrobial rinse, randomized patients in a Phase III mul-
tiinstitutional trial to active drug, placebo rinse, or best stan-
dard of care. There was no benefit to the active drug compared
with placebo.72 A summary of randomized trials testing
antibiotic therapy is shown in Table 74.2.

Mucositis Symptom Management

The management of radiation-induced mucositis primarily
involves managing pain. Mucositis that is not severe can be
managed with topical agents, although their efficacy has not
been proven. Baking soda rinses, with or without salt, are
advocated, although they too have not been proven to allevi-
ate mucositis. However, they are important in maintaining
good oral hygiene.

Lidocaine gel (2%) is occasionally useful particularly for
anterior oral sores. Diluting lidocaine in magic mouthwashes
is a common practice. These mouthwashes combine alu-
minum hydroxide antacid, benadryl, and lidocaine. Although
prophylactic antifungal agents are not needed, some practices
include nystatin in the mouthwash. Again, it should be
emphasized that no significant evidence-based studies exist
to support the use of these mouthwashes.73

Other topical agents with soothing properties, including
aloe vera and the bioadherent Gelclair, have not demon-
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TABLE 74.1. Randomized trials evaluating sucralfate versus placebo for the prevention or alleviation
of mucositis secondary to radiation therapy to the head and neck.

No. of
Authors patients Endpoint(s)a Results P value

Scherlacher et al.52 45 1: Absence (minimal) 1: 88% (S) vs. 43% (Pl) ND
mucosal inflammation

2: Absence (minimal) pain 2: 79% (S) vs. 28% (Pl)
Epstein et al.53 33 1: Mucositis score No differences NS

2: Severity of pain
Makkonen et al.59 40 Mucosal changes No differences 0.79
Franzen et al.57 48 1: Mucosal reactions weeks 1–3 1: Less mucositis (S) <0.05

2: Pain 2: No differences >0.1
Lievens et al.58 102 1: Mean peak reactions No differences NS

2: Subjective intolerance
Carter et al.55 102 1: Grade 3 mucositis No differences 0.31

2: Pain 0.88
Cengiz et al.56 18 Degree of mucositis Less mucositis (S) <0.05
Etiz et al.54 44 1: Oral mucositis score Lower scores (S) <0.0002

2: Pain score <0.09

S, sucralfate; Pl, placebos; ND, not described; NS, not significant [value(s) not provided].
a Several studies evaluated more than two endpoints; in those cases, only two are provided for the table.
b In general, scoring systems and descriptions of mucositis were study specific.



strated benefit in randomized trials. Neither aloe vera nor
Gelclair has been shown in randomized Phase III trials to
benefit patients with radiation-induced mucositis.

Ultimately, mucositis is managed with analgesics includ-
ing acetaminophen or nonsteroidal antiinflammatory agents
and, eventually, narcotics. Our pain regimens begin with
codeine-based products, then progress to morphine-based
products, primarily hydromorphone or morphine sulfate or
methadone. Recently, we have found fentanyl transdermal
patches are effective for many patients, as they are long-acting
and avoid contact with oral mucous membranes.

Osteoradionecrosis

Radiation can permanently destroy cellular elements of bone
and thus limit the potential for wound maintenance and the
ability to heal after infection or trauma (e.g., dental extrac-
tion, alveoloplasty).74,75 Further, the risk of complications fol-
lowing trauma or oral surgical procedures in an irradiated
field can be highly significant, depending on a predetermined
threshold of irradiation, and result in osteoradionecrosis
(ORN).14,16,75,76 For these reasons, elective oral surgical proce-
dures, such as extractions or soft tissue surgery, are 
contraindicated within an irradiated field owing to 
hypovascularity, hypocellularity, and hypoxia.2 However,
nonsurgical dental procedures that can safely be performed
include routine restorative procedures, oral prophylaxis, radi-
ography, endodontic, and prosthodontic procedures.2,12,13

If oral or periodontal surgical intervention is required after
radiation therapy, the clinician should discuss the volume of
tissue radiated and specific treatment parameters with the
treating radiation therapist and should request a copy of the
simulation or port films and treatment summary. Preopera-
tive hyperbaric oxygen (HBO) therapy may increase the poten-
tial of wound healing while minimizing the risk of ORN by
promoting angiogenesis and osteogenesis.77–79 HBO therapy
must be used as an adjunct to debridement (sequestrectomy),

wound care, parenteral antibiotics (as dictated by bone
culture results), and composite bone and muscle grafts by free
tissue transfer (subject to the availability of the requisite
microvascular skills).78,79

Optimal oral health must be maintained during and after
radiation therapy. However, to avoid soft tissue injury during
the postradiation healing period, patients must curtail all but
the most basic oral hygiene procedures (i.e., brushing, floss-
ing, and fluoride therapy). Conventional oral physiotherapy
(oral opening exercises) can be performed during and after
radiation treatment, especially if the pterygoid regions 
are involved in the radiation treatment fields, resulting in
increased fibrosis of masticatory musculature and
trismus.80–82 Trismus is a challenging problem and may prove
to be irreversible. Therefore, patients should be encouraged
to perform mouth-stretching exercises before, during, and
after radiation therapy.2,6,80,83,84 Sophisticated means of oral
opening exercises may need to be employed with opening
devices. In addition to exercising, other supportive care
adjuncts should include nutritional counseling and smoking
cessation therapy, as indicated.

Following initial recovery from radiation effects, non-
surgical periodontal therapy, usually with prophylactic
antibiotic coverage, is appropriate for treatment of the 
periodontium within the radiation field. It is important to
detect and treat dental caries or traumatic dental injury that
could lead to pathosis. However, ORN can occur sponta-
neously if wound healing is compromised.85–89 If postradiation
extractions are necessary, HBO therapy, along with a specific
oral care regimen, is indicated to augment wound healing. In
such cases, tissues should be managed gently, and antibiotic
coverage is required. Local anesthetics containing epineph-
rine should be avoided, when possible, to prevent further vas-
cular constriction.11 Workers have reported successful
placement of endosseous implants in irradiated fields, with 
a pretreatment regimen of hyperbaric oxygen.90,91 In con-
trast, ORN has been initiated by such elective surgical 
intervention.86,88,91
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TABLE 74.2. Randomized trials evaluating topical antibiotic therapy versus placebo for the prevention or alleviation of mucositis
secondary to radiation therapy to the head and neck.

No. of Differences detected between 
Authors patients Regimen Endpoint(s)a regimen  and placebo P value

Spijkervet et al.65 30 Chlorhexidine Mucositis scoresb No ND
Ferretti et al.64 30 Chlorhexidine Mucositis incidence and severity No ND
Foote et al.66 52 Chlorhexidine Objective stomatitis No 0.82

Subjective stomatitis No 0.06
Okuno et al.68 108 PTA Objective mucositis No NS

Subjective mucositis Yes 0.02
Symonds et al.69 275 PTA Mucositis distribution Yes 0.002

Severity of dysphagia Yes 0.007
Wijers et al.70 77 PTA Mucositis scores week 4 No 0.33

Pain duration week 4 No 0.36
Stokman et al.81 55 PTA Mean mucositis score No >0.2
El-Sayed et al.71 137 BcoG Time to develop mucositis No 0.61
Trotti et al.72 545 Iseganan HCl Proportion of patients without No (9% vs. 9%) 0.998

ulcerative mucositis

PTA, polymyxin E, tobramycin, and amphotericin B; BcoG, bacitracin, clotrimazole, and gentamicin.
a Several studies evaluated more than two endpoints; In those cases only two are provided for this table.
b In general, scoring systems and descriptions of mucositis were study specific.



Xerostomia

When the major salivary glands are involved in the volume
of tissue irradiated, the quality and quantity of salivary secre-
tions decrease.2,92,93 Serous cells, found predominantly in the
parotid glands, are extremely radiosensitive, and undergo
apoptosis when exposed to low doses of radiation.94 Salivary
gland dysfunction to the direct effects of radiation on the vas-
cular and connective tissues of the glands92,93 may account for
the effects on the submandibular glands, which have a high
proportion of mucinous cells and are essential for resting
saliva.

Radiation damage to the major glands results in either a
transient or permanent decreased salivary flow.92 Saliva is a
complex bodily fluid that consists of multiple small organic
molecules, electrolytes, and immunoglobulins that defend
the oral cavity from contamination and promote healing.
Salivary hypofunction can increase the risk for dental caries
and compromise mucosal integrity.2 Dryness of the mucosal
tissues may increase the susceptibility to oral infections and
lead to difficulty in chewing, swallowing, and speech.76,93

Therefore, when the salivary glands are within the radiation
field, irreversible damage due to the cytotoxic effects of the
radiation is imminent, as are the clinical manifestations of
xerostomia.

Dental caries is a common postradiation morbid sequela
that is often exacerbated by xerostomia.95 Irradiation of major
salivary glands leads to qualitative and quantitative changes
in salivary secretions, thus increasing plaque and mucoid
debris accumulation, reducing the salivary pH, and reducing
the buffering capacity of saliva.96 This sequence creates a car-
iogenic oral environment, particularly in patients ingesting a
diet high in carbohydrates or sucrose. Susceptibility to caries
is not limited to the dentition within the volume of tissue
irradiated. Because of the harmful effect of postradiation
caries, patients who have undergone radiation should be
treated with a specific prophylactic regimen consisting of
flossing, brushing, and fluoride therapy. An effective combi-
nation of oral hygiene, frequent dental follow-up examina-
tions, and appropriate prophylactic treatment procedures are
essential to caries prevention, as is fluoride treatment con-
sisting of a daily application of 0.4% stannous fluoride or
1.1% sodium fluoride to the dentition using a brush-on tech-
nique or gel-filled trays (i.e., fluoride carriers).2,14,96,97 In adults
with xerostomia, fluoride leaches out of the enamel within
24 hours; thus, the fluoride regimen must be performed daily
for optimal protection. The most efficient method of fluoride
application is to use a custom-made polypropylene fluoride
carrier that completely covers, and extends slightly beyond,
the tooth surface.14 Patients who receive low doses of radia-
tion and are expected to have a slight degree of xerostomia
can use a toothbrush to apply the fluoride gel.98 Sensitivity
and pain are common side effects of fluoride and may neces-
sitate a change in the fluoride concentration or the method
of application. A daily fluoride program can decrease postra-
diation dentinal hypersensitivity, remineralize cavitated
enamel matrices, and, more importantly, inhibit caries-
forming organisms.2,14

Managing Xerostomia

Radiation-induced reductions in salivary flow are worrisome
because saliva protects the oral mucosa from dehydration and

assists in the mechanical lavage of food and microbial debris
from the oral cavity.93 To avoid oral infections and to reduce
the mucositis that may arise during radiation therapy,
patients must frequently rinse the oral cavity to reduce oral
microorganisms and to maintain mucosal hydration. Such
oral lavage can be performed by rinsing with a solution of 1
tsp sodium bicarbonate dissolved in 1 quart water several
times each day to alkalinize the oral cavity and keep the oral
and oropharyngeal tissues moist.2,12

The traditional treatment for radiation-induced xerosto-
mia and mucositis is inadequate, as no effective salivary sub-
stitute for patients with these conditions can replicate natural
salivary mucin and protective salivary components.14,99

Mouth rinses, saliva substitutes, and gustatory stimulants
have not been tested in Phase III trials to clearly demonstrate
their efficacy. Oral Balance or Biotene were found to have pal-
liative effects superior to the effects of a placebo.100

Sialogogue therapy, such as with cholinergic agonists (e.g.,
pilocarpine hydrochloride and cevimeline), has been shown
to provide clinically significant relief of symptoms of postra-
diation xerostomia in randomized trials.101–103

PREVENTING XEROSTOMIA

Cholinergic agonists, primarily pilocarpine, have been tested
in the postradiation setting, and the evidence is fairly con-
vincing that they have a palliative benefit in a subset of
patients who experience radiation-induced xerostomia. Pilo-
carpine has also been tested during radiation to determine if
stimulation of salivary glands can result in either improve-
ment in quality of life during radiation or long-term benefits.

Two randomized trials conducted in North America
tested pilocarpine compared with placebo administered
during radiotherapy. Warde et al. found no improvement in
quality of life measures or differences in subjective measures
of xerostomia or mucositis.104 The Radiation Therapy Oncol-
ogy Group (RTOG) did find objective measures of increased
salivary flow when pilocarpine was administered during radi-
ation, but this finding did not translate into improved sub-
jective scores.105 The authors concluded that during and
immediately following radiation, mucositis plays such a dom-
inant role in patient quality of life that xerostomia was not a
critical issue. Rode et al. not only studied the effects of sali-
vary stimulation during radiation but also salivary inhibition
with biperiden.106 In a small randomized trial, the authors
concluded that patients benefited the most from salivary inhi-
bition with biperiden during radiation followed by stimula-
tion with pilocarpine following radiation treatment. In
conclusion, the evidence for prevention of xerostomia by sali-
vary stimulation is weak. Table 74.3 summarizes randomized
trials evaluating agents tested for prevention or alleviation of
xerostomia.

The main efforts for prevention of xerostomia are either
with drugs that are true radioprotectors or by using methods
to limit the dose to some of the major glands. When admin-
istered intravenously, during radiation therapy, amifostine, a
free radical scavenger, has been shown to diminish toxic
effects of irradiation on salivary glands.37 Amifostine,
described in the mucositis section, has been tested in several
randomized trials. Brizel et al. demonstrated an absolute
reduction of grade 2 xerostomia in approximately 20% of
patients treated with amifostine daily before delivery of 
fractionated radiation. Quality of life measures were also
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improved in the amifostine-treated patients.107 The study,
however, was neither blinded nor placebo controlled.

When administered intravenously, amifostine has a
modest toxicity profile, with a small incidence of hypoten-
sion that can potentially be severe and a high incidence of
drug-induced nausea. To decrease the toxicity, the drug can
be administered subcutaneously,108 and smaller trials have
suggested it is efficacious when delivered via this route with
a lower incidence of both nausea and severe hypotension.109,110

Preliminary results of a randomized trial comparing the two
routes of administration suggest that the subcutaneous route
is safer with a lower incidence of hypotension, and to date, it
is as efficacious with respect to xerostomia.111

An intriguing method to prevent xerostomia is to trans-
fer surgically one gland away from the proposed radiation
field. Jha et al. have conducted a Phase II trial.112 During
patients’ oncologic surgery, one submandibular gland was
transferred into the submental space, an area that routinely
is not irradiated. The gland was not transferred in 20% of
patients and was not shielded in an additional 16% of
patients. In those patients in whom the gland was transferred
and shielded from radiation, only 20% experienced severe late
xerostomia. Further evaluation of this technique is planned
in a multiinstitutional setting.

Conformal radiation, and, in particular, intensity-
modulated radiation, are radiation techniques that potentially
can minimize the dose to salivary glands and thereby decrease
the incidence of xerostomia. Unfortunately, the threshold
dose for salivary gland sparing is unclear. It is recognized that
high doses (50Gy and above) result in a high incidence of
xerostomia, but the effects of intermediate doses (between 15
and 35Gy) are less clear. Eisbruch et al., using conformal tech-
niques, stated that keeping the mean parotid dose below 26
Gy minimized the incidence of xerostomia,113 whereas Chao
and colleagues, using complex mathematical modeling, have
stated the threshold dose is 32Gy, and each gray results in a
4% reduction in salivary flow.114

Eisbruch et al. have used conformal techniques with
parotid gland sparing in their treatment of patients with head
and neck cancer and report a reduction in the incidence of
xerostomia.115 Similarly, Chao et al. have reported similar
results with the use of intensity-modulated radiation.116 Lee
et al. analyzed the results of intensity-modulated radiation 
in the treatment of patients with nasopharynx cancer.117

Although the goal of the technique was improved tumor cov-
erage, a by-product has been lower doses to the parotid glands,
and the group described a low incidence of grade 2 or greater
xerostomia. The RTOG is now testing intensity-modulated
radiation in the multiinstitutional setting.

Chemotherapy and Bone 
Marrow Transplantation

Most cytotoxic drugs are effective in destroying cancer cells
because they interfere, through various mechanisms, with the
synthesis or function of DNA.118 Thus, it is not surprising
that these drugs are in general more toxic to proliferating cells
than to those incapable of replication and are most effective
against tumors with high growth fractions.12 Chemothera-
peutic agents have gained a certain notoriety for damaging
normal tissue, resulting in such effects as hematologic sup-
pression, mucositis, and hair loss. In many patients, these
drugs also cause nausea and vomiting with marked oral
effects.

Malignancy coupled with aggressive chemotherapeutic
regimens profoundly compromises the immune system,
leading to multiple serious infections with varying potential
to involve the oral cavity. Empirical use of prophylactic
antimicrobial agents may substantially alter the risk of infec-
tion of the oral cavity and the presenting signs and symptoms
of infection during chemotherapy.12,119,120 Oncologic physi-
cians and treatment centers vary in their treatment philoso-
phies on the use of such antiinfectious agents.

The dentoalveolar complex should be thoroughly evalu-
ated for microbial reservoirs or sanctuaries (e.g., plaque, cal-
culus, or periodontal pockets), and these infectious foci
should be eliminated before the start of chemotherapy.12,119–121

A compromised periodontal status presents a risk of infec-
tion.122,123 Clinically, however, the risk of infection depends
on multiple interacting factors, such as oral hygiene,
immunomyelosuppressive status, chemotherapeutic agents
used, prophylactic or therapeutic antimicrobial agents used,
and the degree of periodontal pathology.

To minimize the risks of periodontal infection, it is
important to develop simple and practical guidelines for
maintaining periodontal health and for diagnosing, prevent-
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TABLE 74.3. Randomized trials evaluating agents for prevention or alleviation of xerostomia.

Differences detected 
No. of between regimen 

Authors patients Drug and timing Endpoint(s) and placeboa P value

Brizel et al.37 303 Amifostine during radiation Acute and late grade 2 xerostomia 51% vs. 78% <0.0001
34% vs. 57% 0.002

Antonadou et al.139 50 Amifostine during Grade 2 5% vs. 30% 0.047
radiochemotherapy xerostomia (2 years)

Warde et al.104 130 Pilocarpine during radiation Subjective measure in severity of xerostomia No difference
Fisher et al.105 214 Pilocarpine during radiation Quality of life assessment of amount of No difference

saliva
Johnson et al.101 207 Pilocarpine after radiation Subjective improvement in oral dryness 44% vs. 25% 0.027
Leveque et al.102 162 Pilocarpine after radiation Improvement in overall global assessment 0.035
aAmifostine trials with no treatment rather than placebo arm.



ing, and treating periodontal infections during therapy.2,12

Cancer patients should make regular dental visits for over-
all dental and periodontal assessment. Patients receiving
chemotherapy can undergo a dental cleaning, provided that
they meet the following hematologic conditions: first, an
absolute neutrophil count of approximately 1,000/mm3

(white blood cell count times % neutrophils equals the
absolute neutrophil count), a level at which the risk of devel-
oping an infection is minimal, and second, a platelet count
greater than 50,000/mm3 with a normal coagulation profile.124

The administration of prophylactic antibiotics is essential,
owing to the induced bacteremia, immunocompromised
status, and potential for hypofunctioning white blood cells
introduced by chemotherapy.

Patients with an uninfected dentition and good periodon-
tal health do not pose a diagnostic treatment challenge, nor
do patients with advanced periodontal disease that mandates
immediate surgical intervention. However, patients with
increased loss of attachment, with bone loss at the junction
of the roots of molar dentition and frank bone exposure
without gingival coverage (furcation) or periodontal pocket
formation with furcation involvement, pose a treatment
dilemma.12 Patients in whom the soft tissue parallels the bone
loss and in whom pocket depth is normal can be treated with
regular periodontal care and maintenance. Extraction should
be considered only for patients with pathologic mobility of
dentition or with a fulminant periapical abscess.2,12 Patients
with moderate to advanced periodontal disease, present a
greater challenge and would, under usual circumstances,
receive instructions for infection prophylaxis and dental
hygiene, as well as surgical correction. However, the feasi-
bility of such comprehensive therapy during chemotherapy
can be limited by several factors, including performance
status, type of malignant disease, cycling of chemotherapy,
and hematologic competence. The clinician should strive to
provide a thorough scaling and to encourage maintenance
through exceptional plaque control (i.e., brushing, flossing,
and use of chlorhexidine gluconate).12,125–130 To reduce the 
risk of a septic foci, extractions should be considered for
patients with any exacerbated acute periodontal infection.
This oral surgical correction should be performed at the
appropriate time in the treatment cycle (beginning of cycle 
or during recovery phase with hematological/chemistry 
stability) or when the patient’s cancer is in complete 
remission. If chemotherapy is on hold, oral surgical inter-
vention could be considered provided that the hematologic
status is appropriate. The oral surgeon must discuss with the
treating medical oncologist the patient’s oral status, treat-
ment plan, and contraindications to surgical intervention, 
as well as the appropriate timing of oral treatment 
intervention.12,118,131

Toothbrushing and flossing should be the standard of
dental care for patients who routinely brush and floss.
However, as in the general population, many patients with
cancer either do not floss or floss only infrequently. Thus,
clinicians either may instruct patients to floss or may stress
brushing techniques only. In most cases, patient factors and
limited time parameters do not permit the patient to become
proficient in flossing techniques. However, if the clinician
identifies an area where food continually lodges, the patient
should be encouraged to floss the area to reduce the risk of
gingival inflammation.13,132–136 Patients who floss on a regular

basis are instructed to modify the flossing technique in
certain clinical situations. First, patients are instructed to
floss gently when the lining of the oral cavity starts to become
sensitive to thermal changes or food substances, indicating
mucosal thinning caused by suppressive effects of chemother-
apy on the normally proliferative epithelium.134,136 Second,
patients are instructed to floss only to the gingiva when the
platelet count falls below 50,000/mm3. This technique
removes most of the debris from this area.12

Toothbrushing is imperative for plaque control. The
patient should be instructed to always brush after each meal.
In certain clinical situations, such as increased mucosal sen-
sitivity to food or thermal changes, increased sensitivity 
to toothbrush bristles, irritation of the gingival tissues by 
the toothbrush, or profound thrombocytopenia (less than
20,000/mm3), patients should change from a soft to an ultra-
soft-bristled or sensitive-bristled toothbrush.2,12,13,29 In con-
trolling plaque accumulation, it is important to minimize the
risk of gingival inflammation, the oral bacterial load, and the
potential for infection.137 Along with routine brushing and
flossing, rinsing with chlorhexidine gluconate should be ini-
tiated when patients begin chemotherapy. Such rinsing is an
adjunct to ideal oral periodontal care and can also be used
when indications arise, such as oral mucosal changes sec-
ondary to chemotherapy and subsequent increased soft tissue
sensitivity.12,125–130,138 Patients undergoing chemotherapy
should be encouraged to rinse with a dilute saline and sodium
bicarbonate solution (5%) to reduce adherent mucoid debris
on oral soft tissues, lubricate oral mucosal and oropharyngeal
tissues, and elevate the pH of oral fluids.13,139 Patients encoun-
tering nausea and anorexia should be encouraged to rinse with
the sodium bicarbonate and salt water solution several times
throughout the day to reduce oral acidity and minimize the
mucosal insult.140,141

Another challenge cancer patients face is the risk of local
infection or septicemia associated with dental implants. If an
implant with its restorative component poses a risk of infec-
tion for patients under normal circumstances, this risk will
be intensified during chemotherapy. Interventional antibi-
otics and aggressive hygiene have limited ability to control
infection caused by a poorly integrated endosseous implant,
whereas a well-integrated implant should not pose problems
if its integrity is maintained with effective dental hygiene
practices.142–144

Aggressive anticancer therapy severely undermines the
integrity of the mucosal epithelium of the oral cavity. In addi-
tion, the oral cavity is a focused area for trauma from teeth,
denture prostheses, and hot or cold dietary substances.4 Many
patients are at risk for infection from resident microflora or
opportunistic pathogens sequestered in sanctuary areas. 
Furthermore, cancer patients share with the general popula-
tion common problems of the oral cavity, such as poor
hygiene, poorly maintained dentition, periodontal disease,
and prostheses in poor repair, with the associated mucosal
pathology.12 With all these interactive injurious influences in
such close proximity, even small alterations in the area could
cause a problem. Each course of chemotherapy introduces
this threat of oral complication, and the risk of developing
complications with subsequent courses increases as local or
systematic resistance is challenged. Appropriate evaluation of
the oral cavity and correction of existing oral and dental
pathology can minimize, and in some cases eliminate, treat-
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ment-limiting toxicities, such as mucositis, oral infections,
and bleeding, that necessitate chemotherapy dose reduction
or termination.12,118,145

Mucositis

The oral mucosal response to cancer therapy is varied and
unpredictable. Mucositis, the most common acute complica-
tion of chemotherapy, has a specific, defined mechanism of
progression: mucosal erythema progresses to oral sensitivity
and then to mucosal denudation3,136,146 Several grading scales
for oral mucositis have been developed to assess the severity
of the mucosal reaction during each course of chemotherapy.
These grading scales allow the clinicians to prescribe appro-
priate preventive or therapeutic measures to treat mucosal
situations after chemotherapy or during subsequent treat-
ment courses. Grading scales range from the simple to the
complex.35,147,148

Mucosal HSV infections occurring early in the
chemotherapy cycle can mimic mucositis. Failure to collect
diagnostic cultures with each mucosal reaction can lead to a
misdiagnosis of mucositis, in which case the infection goes
untreated.149–153 Culturing at this early stage of therapy is
essential for differentiating mucositis from infectious stom-
atitis that can be caused by a bacterial, fungal, or viral agent
and that is usually associated with low hematologic values
(i.e., the nadir).2,12 Oral mucosal infectious agents must be cor-
rectly identified and treated, because the loss of mucosal
integrity creates a portal of entry for systemic infection in
immunocompromised patients.154–156

Unlike the approach to oral stomatitis, effective therapy
for oral mucositis has not been standardized. All the inter-
ventional agents are aimed at either the prevention and reduc-
tion or the palliation of chemotherapy toxicity. The many
agents used vary widely in their mechanisms of action.146,157

When mucositis can be controlled as a dose-limiting toxicity,
chemotherapy agents, alone or in combination regimens, are
escalated to higher doses to achieve the ultimate goal of 
cure. Chemotherapy-induced pancytopenia, combined with
mucositis, can develop oral infection and bleeding events.
Severe thrombocytopenia (less than 20,000/mm3) and neu-
tropenia (less than 500/mm3) may exist with normal-appear-
ing oral mucosa. Serious complications, such as hemorrhagic
diathesis or sepsis, can occur if hematologic parameters are
not considered in the treatment of the oral cavity. Thus, clin-
icians should conduct a benefit-versus-risk analysis of the
intended therapy and should thoroughly assess the hemato-
logic values before each treatment intervention. Treatment
guidelines based on such assessments have been estab-
lished.2,3,12,121,145

Drug-related mucositis can be severe, with onset occur-
ring within 7 days after initiation of chemotherapy and with
duration varying from several days to weeks. Compared with
single-agent therapy, combination drug therapy or chemora-
diation therapy is more likely to induce intensified mucosal
morbidity. Maximal myelosuppression can induce thrombo-
cytopenia, thereby causing gingivitis and gingival bleeding.
Drugs most frequently associated with mucositis and myelo-
suppression include cytoxan, etoposide, cyclophosphamide,
doxorubicin, dactinomycin, daunorubicin, 5-fluorouracil,
bleomycin, melphalan, and methotrexate.3,6,19,118,131,158–163

Gingival hemorrhage can usually be controlled by such
local measures as the application of pressure, cool water, peri-
odontal dressings, topical thrombin, gelatin sponges, oxidized
cellulose, prefabricated stents lined with a hemostatic agent,
or tranexamic acid.2 Persistent hemorrhage may require
platelet support.6,11,12,139

As previously mentioned, any emergent oral treatment
given while patients undergo myelosuppressive chemother-
apy requires prophylactic antibiotic coverage, and all patients
with in-dwelling central venous catheters require prophylac-
tic antibiotic coverage for procedures likely to induce bac-
teremia.13,164 The dental specialist should consult with the
patient’s treating oncologist to select the most appropriate
antibiotic.

Although grossly overlooked, diet profoundly influences
the stability of the oral tissues and can cause mucosal prob-
lems when a patient is undergoing cancer therapy.2,131 During
the myelosuppressive phase of therapy or when the mucosa
is thinned owing to chemotherapy, the diet should consist of
nontraumatizing, soft foods that cannot puncture, abrade, or
otherwise damage the compromised mucosal epithelium.
Hard or abrasive food items can lead to increased pain, infec-
tion, or bleeding episodes as they interact with the oral
mucosa.

Although all patients with cancer and on chemotherapy
are at risk for oral complications, some patients are at a
greater risk than others, depending primarily on the type of
malignancy and the aggressiveness of the cancer treatment.
Patents with hematologic malignancies (e.g., leukemia and
lymphoma) have a greater risk than do patients with solid
tumors (e.g., breast cancer, lung cancer, and sarcomas),
because the protective elements that maintain bodily home-
ostasis are part of the malignant process of hematologic
malignancies.14,131

Viral reactivity may lead to severe oral or disseminated
infections during periods of myeloimmunosuppression. In
particular, HSV infections are often associated with severe,
painful, and prolonged ulcerations atypical of those found in
immunocompetent hosts.149–151,153,165,166 Suspected HSV lesions
should be treated with antiviral agents, such as acylovir
administered orally or intravenously and managed as
described previously for irradiated patients. The diagnosis
should be established using viral cultures, direct immuno-
fluorescence, or other rapid diagnostic tests, and the
lesions.149–153,163,165

Bacterial infections following chemotherapy can cause
localized mucosal lesions, sialoadenitis, periodontal
abscesses, pericoronitis, or acute necrotizing ulcerative gin-
givitis.12,158 Because systemic infection is a serious complica-
tion in neutropenic patients, constant vigilance must be
maintained to prevent or manage oral infections of any
type.2,12,13,163,167 Because antileukemic therapy is designed to
achieve myelosuppression, this risk may be higher among
patients with leukemia than among those with solid
tumors.163,168 Oral infections should be treated with selected
antibiotic combinations (broad-spectrum antibiotics), includ-
ing an agent effective against anaerobic gram-negative bacilli
such as Pseudomonas, Klebsiella, or enterobacteria, which are
often found in the oral cavity of immunocompromised indi-
viduals.12,13,132,135,158,161 Oral microbial culture testing should be
used to ensure antibiotic sensitivity and resistance selection
and to assist in identification of the causative organisms.139,169
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Bone Marrow Transplant

The risk of oral complications from an autologous transplant
is similar, possibly slightly higher, to that of conventional
chemotherapy because patients receive their own cells after
undergoing an intensified chemotherapy regimen. Thus, the
risk is highest during immunomyelosuppression and engraft-
ment of the stem cells.170–173 In contrast, patients who undergo
an allogeneic transplant face ponderous complications during
the conditioning chemotherapy, infusion of the donor’s stem
cells, and engraftment. Allogeneic transplant patients, with
all the interactive dynamic clinical signs and symptoms,
patient factors, and topical and systemic medicines used to
treat their conditions, challenge the diagnostic acumen of oral
healthcare practitioners.

Patients with bone marrow transplantation (BMT) are 
at high risk for the development of candidiasis, viral infec-
tions (most commonly HSV, varicella zoster, and
cytomegalovirus),29,138,174–179 and bacterial infections, includ-
ing those associated with microorganisms of periodontal
origin.123,180,181 Workers have reported hairy leukoplakia
caused by Epstein–Barr viral infection in human immunode-
ficiency virus-negative BMT patients.182 Atypical, potentially
life-threatening pathogenic organisms have been isolated in
cultures from sites of preexisting periodontitis in patients
with myelosuppression, a finding that emphasizes the impor-
tance of establishing periodontal health status before cancer
therapy.12,13,183

Graft-versus-host disease (GVHD)184–188 is associated 
with a spectrum of intraoral presentations, ranging from
atrophy/erythema to lichenoid hyperkeratosis resembling
lichen planus to ulceration-pseudomembrane reaction.147 The
associated symptoms vary widely depending on the mucosal
changes, thus making oral care and dietary support difficult.
Additional chemotherapeutic agents, such as methotrexate
and cyclosporin, may be required to prevent severe GVHD fol-
lowing BMT.175

For patients undergoing chemotherapy or BMT, proper
oral care is imperative to preventing complications. Because
of the varying clinical presentations, oral infections are
exceedingly difficult to diagnose. Clinicians must constantly
be vigilant and suspect any mucosal change or symptom as
infection.176,189–191 Oral and dental care depend on the degree
of mucosal sensitivity and the patient’s tolerance to treat-
ment. Exceptional plaque control with topical fluoride is
imperative in the treatment of rampant caries. The use 
of typical steroid-containing rinses provides additional oral
comfort when mucosal changes develop in BMT
patients.126–128

Conclusion

The oral cavity should be thoroughly evaluated in all patients
diagnosed with cancer, as well as in patients undergoing any
immunomyelosuppressive therapy. Preventing and treating
the oral complications of cancer are important responsibili-
ties of the treating physicians, and anticipating primary and
secondary mucosal insults and recognizing oral complica-
tions promptly in this setting, can decrease the incidence of
such complications or ameliorate their morbid side effects.
By fostering communication and compliance among the mul-

tidisciplinary team, the cancer patient can receive optimal
oral care while undergoing oncologic treatment.
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Alopecia and Cutaneous
Complications of

Chemotherapy
Faith M. Durden and Paradi Mirmirani

Alopecia and Chemotherapy

The hair growth cycle is composed of three well-recognized
phases: anagen (growth), catagen (deconstruction), and
telogen (resting) phases. At any time, approximately 90% of
the 100,000 to 150,000 scalp hairs are in the anagen phase An
in-depth discussion of hair cycling is beyond the scope of this
chapter, but please refer to the referenced article for an 
excellent review on the current thinking on the subject.1

Only the hair follicle has the unique ability to destruct via
apoptosis, remodel, and reconstruct a hair shaft on a continu-
ous, cyclic, and relatively rapid basis, occurring, in most cases,
throughout the life of the individual. Remarkably, however, it
does so with such precision that malignancies of the hair shaft
are rare. This fact, coupled with the fact that the hair growth
rate rivals many malignancies, makes the hair follicle an
important organ to understand. In addition, despite perturba-
tions, such as insult via chemotherapeutic agents, the hair fre-
quently deconstructs, biding its time until the insult has
ceased, before resuming its growth cycle once again.

Alopecia is the most common side effect of cancer
chemotherapy. Known as anagen effluvium, or anagen arrest,
this typically begins in the first 1 to 4 weeks after instituting
cancer chemotherapy, becoming most noticeable 1 to 2
months after therapy begins. As the name implies, hairs in
the anagen phase are predominantly affected. Long-term or
repeated treatment often results in complete, but usually
reversible, hair loss. It is because of the hair follicle epithe-
lium’s high replication rate that it is exquisitely susceptible
to insult from chemotherapeutic agents. Although loss of
scalp hair is more readily noted by the patient, loss of body
hair, such as the axillae, pubic region, beard, and lashes and
brows may occur as well. The hair loss occurs as a result of
dystrophic hair shaft development, resulting in hair fragility
and easy breakage proximal to the scalp.2

Transduction signals results in accelerated apoptotic
activity in chemotherapy patients. This induced programmed
cell death (cell suicide) results in a dystrophic hair. Apopto-
sis appears to occur either as a result of direct action of the
drug on the cell or as a result of cell-cycle events resulting in
delayed activation. The apoptosis regulatory gene, bcl-2,
exhibits increased expression in mice treated with cyclophos-
phamide, promoting catagen and subsequent alopecia. Bcl-2
is most strongly expressed during the anagen phase.3

p53 also plays a major role in chemotherapy-induced hair
follicle apoptosis. The mechanism of p53 in inducing hair fol-
licle apoptosis is unknown but may be secondary to upregu-
lation of IGF–BP3, coupled with upregulation of Fas/Apo-1
and alteration of the bcl-2/Bax ratio, resulting in the presence
of endonucleases and upregulation of interleukin 1-beta-
converting enzyme.4–7

Microscopic evaluation of the affected hair shaft reveals a
decrease in hair shaft diameter, with separation of the pro-
tective outer layer (cuticle) from the inner core (cortex).
Depigmentation occurs frequently. Splaying of the hair shaft,
swelling of the inner and outer root sheath, and cuticular frag-
mentation also occur.8

Although these findings are usually temporary, 58% of
women found possible hair loss the most concerning side
effect of chemotherapy, and in some cases, were at risk for
not accepting therapy as a result of this potential complica-
tion. In addition, those who experience hair loss reported 
feelings of alienation, isolation, and embarrassment because
of personal feelings and reactions from others. Others felt
shame, loss of privacy while trying to cope with cancer
therapy, and loss of self-esteem. Social interactions may
become impaired or avoided altogether. Alopecia caused a sig-
nificant number of women to exhibit evidence of poor body
image and sexual dysfunction.9–16

Studies are being conducted to determine the validity of
using computer-generated images to allow patients to view
how they will look without hair as a modality to have
patients adjust to the possibility of alopecia. The patient may
also generate multiple images using wigs, scarves, and other
coverings. This technique allows the patient to not only view
herself as bald before this actually occurs but to have a plan
of adaptive strategies before chemotherapy has begun.17

If treatment regimens have no differing efficacy, consid-
erations of side effects, including potential for a regimen to
induce alopecia, should be considered. However, one must
keep in mind that the majority of patients adjust well to the
hair loss, with appropriate counseling. Additionally, hair may
even regrow during the course of long-term chemotherapy.
Recovery typically occurs in 6 to 12 months after chemother-
apy has ended. Occasionally, the hair may have an altered
texture and/or color. The degree of hair loss is dependent on
the type of drug used, its half-life, and the dose of the drug,
as well as the duration of use, duration of infusion, and use
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of combination regimens. Chemotherapeutic agents typically
producing alopecia are listed in Table 75.1.18

One study reviewed the incidence of irreversible alopecia
in patients receiving high-dose chemotherapy using carbo-
platin, thiotepa, and cyclophosphamide. Although these
patients had received previous chemotherapy and cyclophos-
phamide was also part of the regimen, it was thought that
carboplatin and thiotepa may have played the principal role
in the hair loss. Thus, it may be advisable to warn patients
of the possibility of permanent alopecia if chemotherapy
employing carboplatin and thiotepa is offered.19

By contrast, a study of 17 patients with Hodgkin’s disease
with ABVD or MOPP/ABV suggested that those who fail to
experience alopecia may have a poorer response than those
who do.20

Unfortunately, there are currently no preventative treat-
ments available in the United States to prevent the alopecia
common to chemotherapy patients. Scalp hypothermia for
prevention of alopecia, being investigated in other countries,
is thought to work by limiting the follicular uptake of
chemotherapy due to vasoconstriction. Factors influencing
efficacy of hypothermic devices include rapidity, dose, type
of chemotherapy, route of administration, and duration and
degree of cooling of the scalp. Three recently studied devices
used outside the United States are reviewed in Table 75.2.
Previously used in the United States, scalp cooling has been
banned by the U.S. Food and Drug Administration (FDA) sec-
ondary to reports of scalp metastases occurring in patients.
However, benefits versus risks remain controversial. There
may be an eventual role in using such a modality in patients
receiving palliative therapy who are concerned about hair
loss. However, should an indication receive approval, well-
controlled studies will be required to determine optimal 
temperature, type of device to use, optimal cooling agent,
duration of treatment, and objective measurement of the
degree of alopecia.21–25

Other modalities to prevent loss and/or induce growth
have been studied as well. Preliminary studies suggest topical
2% minoxidil may decrease the duration of alopecia. It is well
tolerated. Topical 1,25-dihydroxyvitamin D3 was not effective
in preventing hair loss in humans in one small series.
However, murine models suggest that use of 1,25-dihydroxy-
vitamin D3 may help accelerate the hair regrowth process.
Further studies are necessary to evaluate these very safe
options.26 Antioxidants not only fail to prevent alopecia, they
may actually impede response to chemotherapy.27

On the horizon: The primary approach in preventing
chemotherapy-induced alopecia has been to alter or manipu-
late the hair cycle either before or after a chemotherapeutic
insult. Typically, candidate agents are those compounds
known to affect the follicular cycle. The data presented here
have been derived from animal models but may hold promise
for future developments for viable treatment options (murine
models predominating).
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TABLE 75.1. Frequency of alopecia from various
chemotherapeutic agents.

Frequency of alopecia Drug

Common Cyclophosphamide
Daunorubicin
Docetaxel
Doxorubicin
Idarubicin
Ifosfamide
Paclitaxel

Often Bleomycin
Etoposide
Mechlorethamine
Methotrexate
Mitoxantrone

Infrequent 5-Fluorouracil
Hydroxyurea
Thiotepa
Vinblastine
Vincristine
Vinorelbine

Rare Procarbazine

Source: From Alley et al.,18 by permission of Current Opinion in Oncology.

TABLE 75.2. Treatment modalities for prevention/treatment of chemotherapy-induced alopecia.

No. of Median
Treatment Reference Year patients Randomized Placebo Intervention/design follow-up Conclusions

Hypothermia 21 2003 74 No No Digitized, scalp 15 months 100% prevention of hair loss in
cooling system anthracycline-treated patients

Hypothermia 22 2002 83 No No MSC Cold Cap Unknown 69%–88% effective in 
preventing alopecia from
anthracycline, etoposide, or
taxane

Hypothermia 23 2000 70 No No Cold cap system Unknown 92% effective in prevention of
alopecia from anthracycline
and taxane

Minoxidil topical 26 1996 22 Yes Yes 2% Minoxidil N/A Decreased duration of alopecia 
solution topical solution caused by chemotherapy
Topical calcitriol 27 1999 14 Yes Yes Topical topitriol 30 days after All patients developed grade 2

(calcitriol, 1,25- chemotherapy alopecia 20–30 days post-
dihydroxyvitamin chemotherapy demonstrating
D3) at various lack of efficacy of calcitriol in
dosages 7 days this schedule of administration.
before and 5 days
after chemotherapy



Murine studies suggest a role for a topical sonic hedgehog
expression therapy, which appears to induce hair regrowth
after treatment with cyclophosphamide. Similarly, the
immunophilins cyclosporine A and tacrolimus were found to
transiently induce anagen and to decrease cyclophosphamide-
induced alopecia in mice. Although cyclosporine response
was dose dependent, response to tacrolimus was not. In addi-
tion, tacrolimus was more effective in decreasing cyclophos-
phamide-induced hair loss. Importantly, however, hair 
loss occurred eventually. Further studies in humans are 
warranted.28,29

Pretreatment with calcitriol decreased, but failed to com-
pletely inhibit, follicular apoptosis postcyclophosphamide
therapy in mice. Although the exact mechanism of action 
of inhibition unknown, it may be secondary to calcium-
dependent effects.30–32

The parathormone/parathormone receptor protein
(PTH/PTHrP) antagonist aided in hair retention in cyclophos-
phamide-treated mice. In addition, the PTH/PTHrPR agonist
resulted in hair growth promotion after chemotherapy.
Similar findings of hair loss reduction have been reported in
mice treated with topical p53 inhibitors, CDK2 antagonists,
fas/fasl inhibitors, and caspase-3. These latter agents are
known to impede apoptosis.33,34

N-Acetylcysteine may provide a protective effect against
alopecia in mice and rats receiving chemotherapy, as hair was
retained.35

Cutaneous Complications of Chemotherapy

The following section of this chapter is devoted to the
common cutaneous side effects of chemotherapy.

Hypersensitivity Reactions

Fortunately, allergic reactions are relatively rare, but can be
severe enough to change or alter the dose of the offending
drug. Although type I hypersensitivity reactions (HSR) are
most common, type II, III, and IV reactions may occur as well.
Manifestations include urticaria, angioedema, anaphylaxis,
eczematous dermatitis, vasculitis, and variants of erythema
multiforme. Table 75.3 summarizes common chemothera-
peutic agents causing hypersensitivity reactions.18

l-Asparaginase is the most common cause of type I hyper-
sensitivity, followed by cisplatin, carboplatin (intravenous),
docetaxel, and paclitaxel. The former has been reported
mainly in children. Although rare, rasburicase, used to
prevent tumor lysis syndrome, may cause hypersensitivity
reactions, in some cases, severe. In addition, this medication
is contraindicated in persons who are G6PD deficient.36–38

Using a test dose for taxanes has proven beneficial in
decreasing the severity of hypersensitivity reactions, medica-
tion waste, and costs associated with managing patients 
suffering from such reactions. Escherichia coli asparaginase
is generally well tolerated, but Erwinia asparaginase may be
substituted in individuals sensitive to the E. coli derivative
without sacrificing efficacy.39

Of note, mechlorethamine ranks as one of the major
causes of type IV hypersensitivity reaction. These eruptions
are eczematous in presentation, resembling the eruption one
might see with a nickel- or poison ivy-type rash.

In summary, hypersensitivity reactions are idiosyncratic.
However, if feasible, test doses may be given to try to iden-
tify patients who may be at risk for HSR type I. In those
patients with a positive reaction, desensitization, prophy-
laxis, or use of an efficacious alternative may be employed.
Indeed, prophylaxis is highly recommended before treatment
with the aforementioned agents associated with HSR type 1,
using H1 with H2 blockers and systemic corticosteroids.
Treatment of reactions include use of epinephrine, systemic
corticosteroids, antihistamines, and stable maintenance of
the patient’s hemodynamic status. In some instances, cis-
platin may be successfully substituted for carboplatin-hyper-
sensitive individuals; again, skin testing should be performed
first.40

Extravasation Reactions

Extravasation reactions occur in approximately 0.1% to 6%
of adults, and the rate is higher in children. The two types of
reactions include irritant and vesicant reactions.41 Clinically,
irritant reactions present with erythema, tenderness, and
swelling at the infusion site, with associated phlebitis. Necro-
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TABLE 75.3. Common chemotherapeutic agents causing
hypersensitivity reactions.

Drug Type of reactiona

Alemtuzumab Type I
l-Asparaginase Type I
Bleomycin Type I
Carboplatin Type I
Cisplatin Type I, II
Chlorambucil Type I, II
Cyclophosphamide Type I
Cytarabine Type I
Docetaxel Type I
Daunorubicin Type I
Doxorubicin Type I
Dacarbazine Type I
Etoposide Type I, III
5-Fluorouracil Type I
Ifosfamide Type I
Mechlorethamine (topical) Type IV
Melphalan Type I
Methotrexate Type I, III
Mitomycin Type I, III, IV
Mitoxantrone Type I
Paclitaxel Type I
Procarbazine Type I, III
Pentostatin Type I
Rituximab Type I, III
Teniposide Type I
Trastuzumab Type I
a Type I, immediate hypersensitivity reaction (mediated by IgE antibody to spe-
cific antigens); type II, cytotoxic antibody reaction (mediated by IgG and IgM
to specific antigens); type III, immune complex reaction (antigen–antibody
complexes deposit in tissue); type IV, delayed-type hypersensitivity (mediated
by T lymphocytes to specific antigens).

Source: From Alley et al.,18 by permission of Current Opinion in Oncology.



sis does not occur. Later, sclerosis and hyperpigmentation
may occur. Treatment includes discontinuation of the drug
and aspiration to remove as much residua as possible. The
extremity should be elevated. Use of hot or cold compresses
may prove beneficial; cold compresses help alleviate associ-
ated discomfort.

Extravasation with vesicating agents are typically similar
to irritant extravasation reactions. They may occur days to
weeks after exposure to an offending drug. In addition to ery-
thema, pain, hyperpigmentation, and superficial desquama-
tion, bullae may form. Extensive extravasation may result in
ulcer formation. If small, these ulcers typically heal with
routine wound management. By contrast, larger ulcers may
remain indolent or enlarge. Thus, prompt management may
help reduce the risk of involvement of tendons, nerves, and
blood vessels, which, in turn, could further complicate
wound healing and result in disabling outcomes, including
joint contractures. Fortunately, secondary local and system-
ic infection is rare, even in persons with extensive 
ulceration.42–44

Common vesicants include the vinca alkaloids, the
anthracyclines, nitrogen mustard, paclitaxel, and cisplatin.
Reactions are treated with extremity elevation and cold com-
presses. The exception to this is in the case of the vinca alka-
loid. As cold compresses have been associated with increased
necrosis in animal models, hot compresses are preferred.
Surgery is indicated only for failure to respond to conserva-
tive therapy or if ulceration and/or necrosis occur. Cortico-
steroids, lidocaine, hyaluronidase, and phentolamine are 
ineffective in preventing necrosis associated with extravasa-
tion of vesicating agents.45–47

Hyperpigmentation

Hyperpigmentation is common, occurring locally secondary
to mechanical stress (i.e., electrodes, monitors, bandages), or
diffusely. Increased pigmentation may be identified not only
in the skin but in hair, mucous membranes, and nails as
well.48 The exact mechanism of diffuse hyperpigmentation is
unknown. Serpiginous and linear streaks of hyperpigmenta-
tion have been associated with bleomycin therapy. Pigmen-
tation will usually resolve spontaneously in 6 to 12 months
after discontinuation of therapy. However, a single case report
of permanent hyperpigmentation occurred in a patient treated
with bleomycin and cisplatin. Serpentine supravenous hyper-
pigmentation has been reported as well. Diffuse pigmentation
may be seen with persons receiving busulfan, hence the term
“busulfan tan.”48–52

Acral Erythema

Also known as Burgdorf’s syndrome, toxic erythema of the
palms and soles, palmar-plantar erythema, palmoplantar 
erythrodysesthesia, and hand–foot syndrome, this condition
occurs most commonly with cytarabine, doxorubicin, and
fluorouracil, but may occur with many other chemothera-
peutic agents, including tegafur, a derivative of fluorouracil.
The frequency varies from 6% to 42% of patients, and it
occurs almost exclusively in adults but may occur in children
receiving high-dose methotrexate therapy. Lesions typically
develop 1 to 90 days after chemotherapy.53

Capecitabine, an oral derivative of fluorouracil, has a long
tissue half-life. It is associated with acral erythema in up to
10% of treated patients, with 57% of patients having some
symptomatology of acral erythema.

The patient typically complains of a burning sensation of
the palms and soles, followed by exquisite tenderness and/or
pruritus and swelling. Subsequently, discrete, intensely red
plaques develop on the thenar and hypothenar eminence,
and/or the lateral fingers, with occasional extension to the
dorsum of the hands. Periungual erythema and erythematous
bands over the joint surfaces may occur. The hands are
affected more than the feet. A morbilliform eruption may
occur on the head, neck, chest, and extremities; periorbital
swelling may also occur. Symptoms resolve with discontinu-
ation of the offending agent, but subsequent desquamation is
not uncommon. Complete recovery occurs in approximately
1 month.54–56

The bullous variant, reported in persons receiving cytara-
bine and methotrexate, is associated with necrosis, slough-
ing, and subsequent reepithelialization. The exact cause is
unknown but may be dose related. The condition is typically
more severe with short-term bolus infusions compared with
low-dose infusions.

Acral erythema resembles early graft-versus-host disease
of the hands and feet and may be quite difficult to distinguish
in patients who have undergone bone marrow transplant.
Similarly, the two diseases may occur simultaneously. Serial
biopsies, performed 3 to 5 days apart, will eventually eluci-
date the cause, allowing for appropriate management. There
are no evidence-based protocols for treatment of acral ery-
thema, but pyridoxine and corticosteroids have been reported
beneficial anecdotally.

Pain management, elevation of the extremities, and cold
compresses help relieve symptoms. Cold immersion of the
hands and feet may also decrease the incidence and severity
of the reaction, presumably secondary to vasoconstriction
resulting in lower drug levels being delivered to the extrem-
ities. Acral erythema might also be prevented by using lower
drug dosages, when feasible, coupled with use of pyridoxine.
Some patients may resume their chemotherapy with subse-
quent decreased severity of the condition.

Inflammation of Keratosis

Precancerous actinic keratoses and, occasionally, benign 
seborrheic keratoses become inflamed when patients receive
systemic fluorouracil (most common) and other types of
chemotherapy. The reaction is thought to be secondary to the
lesions’ relative rapidly dividing nature, compared to unin-
volved skin. The lesions are characterized by focal, scaly
papules or plaques in sun-exposed areas that become inflamed
and/or eroded. No intervention is necessary, unless the
lesions become bothersome for the patient, as removal of
actinic keratosis will prevent subsequent development of
cutaneous squamous cell carcinoma, which might otherwise
occur in these lesions. The patient may use low-potency
topical corticosteroids if the lesions become symptomatic.

Graft-Versus-Host Disease

Although mild graft-versus-host disease (GVHD) may have a
therapeutic effect against malignant cells, severe reactions

alopecia  and cutaneous  complications  of  chemotherapy 1 3 5 7



may result in significant morbidity and mortality. GVHD is
divided into acute and chronic GVHD, occurring within and
after 100 days posttransplant, respectively.

Acute GVHD estimates are 6% to 90%. Factors increas-
ing risk include patient’s age, prevention protocols, and HLA
type. In HLA-matched adults, the incidence is approximately
35%. The selective epithelial inflammation typically affects
the skin, digestive tract, and liver, with cutaneous involve-
ment being the most common. Patients frequently complain
of itching, but pain and tenderness may also occur. Patients
develop a morbilliform eruption, often with folliculocentric
prominence. Involvement of the palms, soles, and ears is
common. In rare cases, a toxic epidermal necrolysis-type pre-
sentation may occur, presenting either with erythema with
superficial desquamation, or in a vesicular pattern.57,58

Lymphocytic infiltration and cytopathic changes of kera-
tinocytes are the major features of acute GVHD. However,
histopathologic diagnosis is difficult because of other factors
that can cause a similar histopathologic picture in these
patients, and thus the biopsy results must be interpreted in
the context of the clinical findings in the patient, as well as
other sites of presumed involvement, such as the liver and
gut. Histologic signs are classified into four grades, as sum-
marized in Table 75.4.

One school of thought suggests GVHD develops when the
donor T lymphocytes are recognized as foreign, resulting in
activation of recipient T cells and recipient IL-2 secretion.
The recipient IL-2/donor IL-2 receptor binding results in
expansion and proliferation of the T lymphocytes, and 
in release of tumor necrosis factor-alpha (TNF-a), which, in
turn, recruits effector cells, including natural killer cells,
macrophages, and mast cells, in concert with fas/fasl (the
latter found only in TH-1 lymphocytes), perforingranzyme,
and tumor necrosis factor. Interleukin (IL)-1, -2, and -6, as well
as interferon-gamma, may also play a role. Cellular apoptosis
and tissue damage ensues, resulting in continued activation;
thus, the cycle perpetuates itself. Acute GVHD is thought to
be predominantly TH-1 mediated.

Conditioning regimens themselves cause release of
cytokines, promoting GVHD; these are amplified in the
“second phase” when the marrow or PBSCs are infused. Sub-
sequently, the aforementioned mediators are released, poten-
tiating the entire cascade. Patients with high IL-10 production
have partial protection from GVHD.59–61

Current treatment options include psoralens/UVA pho-
tochemotherapy (PUVA; improves cutaneous GVHD only).
Other drugs used include oral and topical corticosteroids, 

calcineurin inhibitors, and cyclosporine A. The role of extra-
corporeal photochemotherapy remains unclear.

On the horizon: One murine study demonstrated block-
ade if only the fas was associated with effective inhibition of
GVHD without inducing graft versus leukemia. In addition,
blockade of fasl in mouse models was associated with
improvement of GVHD. Thus, further study into blockade of
fas/fasl is warranted.62–64

Antithymocyte antibody improves the cutaneous stig-
mata of acute GVHD but not advanced internal GVHD. Thus,
there was no difference in survival outcomes in those treated
with antithymocyte globulin and those who were not.65

“Mega-dose” CD34+ cells, coupled with a conditioning
regimen of thiotepa, antithymocyte globulin, cyclophos-
phamide, and total-body irradiation, was well tolerated and
appeared to allow for inhibition of GVHD without inhibiting
a graft-versus-leukemia effect. Similar findings have been
found in vitro.66

Chronic graft-versus-host disease (c-GVHD) occurs in
60% to 80% of allogeneic hematopoietic stem cell transplant
recipients, and is also associated with a high morbidity and
mortality rate. It is unclear if it is TH-2 mediated. Chronic
GVHD occurs more frequently in those with previous acute
GVHD (a-GVHD) (11-fold increase, compared with those
without a history of a-GVHD, older donor or recipients, males
receiving alloimmune female donor marrow, and those
receiving non-T-cell-depleted bone marrow). Because c-
GVHD involving skin only is associated with only mild 
morbidity, some question the utility of treating under this
scenario. Mortality is as high as 40% in those with visceral
involvement, usually secondary to liver failure, infection,
and/or wasting. Chronic GVHD may occur in a continuum
of acute GVHD, de novo, or as an intermittent finding.67–72

The two types of c-GVHD are lichenoid and scleroder-
matous. In early c-GVHD, the lichenoid form predominates,
typically with involvement of the palms, soles, ears, and 
periorbital region, and occasionally the penis, foreskin, and
vaginal mucosa. Again, the eruption may be folliculocentric.
The sclerodermatous form occurs later and is characterized
by erythematous plaques and papules occurring on the
extremities, with progressive involvement of the trunk. Con-
junctivitis, mucositis, esophageal, and genital strictures are
associated findings also. Nail changes, including onycholysis,
vertical ridging, and periungual telangiectasias, may occur as
well. Secondary onychomycosis may develop. The scleroder-
matous pattern is characterized by firm, indurated, pearl-
white papules and plaques, often with a surrounding border
of erythema. These lesions may remain localized but can
become generalized and debilitating. As a result of the con-
striction associated with the sclerodermatous skin changes,
patients are at risk for chronic leg ulcers, peripheral 
neuropathy, joint constriction and retraction, and lung 
constriction.73,74

Treatment options include oral and topical tacrolimus
(the latter for skin involvement only), cyclosporine A, corti-
costeroids, thalidomide, hydroxychloroquine, UVB and
PUVA, and mycophenylate mofetil. Although thalidomide for
c-GVHD may decrease the need for long-term corticosteroid
therapy, it increases the risk of c-GVHD if used prophylacti-
cally. The dose ranges from 1,200 to 1,600mg/day. Complete
or partial response occurs in up to 20% of conventional
therapy nonresponders. However, the side effects, including
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TABLE 75.4. Histologic grading of cutaneous graft-versus-host
disease (GVHD).

Grade Histologic description

Grade I Basal cell vacuolization
Grade II Basal cell vacuolization and single necrotic 

keratinocytes
Grade III Superepidermal clefts and numerous necrotic 

keratinocytes
Grade IV Necrosis of the entire epidermis and complete 

separation from the dermis

Source: From Aractingi et al.,57 by permission of Archives of Dermatology.



somnolence and neuropathy, are great.75–82 The prognosis is
poor in those with generalized sclerodermatous changes, due
in great part to lung constriction.

On the horizon: TNF antagonists show promise, even in
systemic disease. Depletion of cd20-positive B lymphocytes
via monoclonal antibodies may prove beneficial as well.83–85

Radiation Recall

Radiation recall occurs in a previously irradiated site after
receiving chemotherapy. It occurs most often after use of 
doxorubicin and dactinomycin but may occur in association
with other chemotherapeutic agents as well.86–88

The condition usually occurs after the first 1 to 2 weeks
after ionizing radiation therapy and hours to days after 
receiving the corresponding chemotherapeutic agent. Recall
reactions occur after first exposure to the drug. Although 
erythema is present, symptoms vary from none to extreme
pain. Pruritus and swelling may also occur. The erythema is
well demarcated, corresponding to the radiation field. Rarely,
ulcer formation and necrosis may occur.89,90

There should be a reasonable interval between radiation
therapy and chemotherapy. Elicitation of a reaction seems
predicated on the time interval between radiation and admin-
istration of chemotherapy. Two case reports in the literature
suggest that the magnitude of radiation therapy dictates the
severity of the radiation recall reaction. The mechanism of
action is unknown, but it may be secondary to defects asso-
ciated with DNA repair mechanisms.91,92

Recall reactions seem to occur more rapidly with infused
medications, compared with oral agents. By contrast, recov-
ery time is longer for oral medications, compared with
infused agents. Resolution occurs with discontinuation of 
the drug and, in some cases, will resolve despite continuation
of the offending agent. Additionally, recurrence on 
rechallenge is often associated with an attenuated 
reaction. Although dosages are often altered and/or systemic
corticosteroids are used, this practice has not undergone
scrutiny.

Standardization of reporting would help better delineate
the pathophysiology of this phenomenon. Those radiation
reactions occurring within 7 days after radiation therapy may
represent radiation enhancement reactions; therefore, these
would represent an insult to tissue undergoing repair and thus,
should not be included with true radiation recall reactions.

Radiation Enhancement

In contrast to radiation recall, radiation enhancement repre-
sents the phenomenon associated with increased toxicity 
of radiation in a patient receiving chemotherapy than would
be expected if radiation had been used alone. The effect may
be additive or synergistic.

The radiation therapy and the chemotherapy occur within
7 days of one another; the reaction may occur in nearly any
organ tissue. It is dose dependent, related to the time between
chemotherapy and radiation therapy, the treated tissue, and
the mechanism of action of the drug. The most common
agents associated with this phenomenon are listed next.

Although radiation enhancement may have a beneficial
effect on solid tumors, and may be part of the therapeutic

regimen, significant cutaneous side effects may occur. Ery-
thema, swelling, blister formation, and erosions may develop;
ulceration and necrosis may occur in severe cases. Although
typically involving only the area irradiated, local extension
may occur. Mucositis may occur if a mucous membrane is
within the radiation port. Eventually, the eruption clears,
with subsequent pigmentary changes, atrophy, scarring, and
telangiectasias. Treatment is supportive, with avoidance of
further injury to the involved area.

Ultraviolet/Photosensitivity

Photosensitivity reactions occur in patients receiving
chemotherapy, followed by intentional or unintentional
ultraviolet (UV) exposure. Most of these reactions resemble
an exaggerated sunburn, with erythema, swelling, pruritus
and/or pain, superficial desquamation, and occasionally,
blister formation. Subsequent hyperpigmentation is not
uncommon. Diagnosis is aided when the eruption occurs in
areas typically receiving the greatest sun exposure, such as
the face, posterior neck, the “V” of the chest (upper medial
region), dorsum of the arms, and anterior legs.

Treatment consists of discontinuation of the offending
agent and complete avoidance of UV light for 2 weeks. Phys-
ical sunblocks providing at least SPF 30 afford the greatest
protection; these include those containing zinc oxide and tita-
nium dioxide. Treatment is supportive, and includes systemic
antihistamines, cold compresses, and topical immunomodu-
lators, such as corticosteroids or calcineurin inhibitors
(tacrolimus, pimecrolimus).93

Porphyrins, used for photodynamic therapy in the treat-
ment of solid tumors, are known cutaneous photosensitizers.
Thus, patients treated with these compounds are at great risk
for photoxicity, even after taking the appropriate precautions
to avoid UV exposure, including bright lights. The photosen-
sitivity is of longer duration, lasting up to 6 weeks after 
discontinuing the porphyrins.

Nails can be affected in a process called photo-onycholysis
in which the distal third of the nail plate separates from the
nail bed. This effect has been reported in patients receiving
mercaptopurine.

UV recall may occur with use of methotrexate, after a pre-
vious episode of recent phototoxicity, such as a sunburn
(within 5 days). Similar reactions have been reported with use
of suramin. In contrast to recall associated with methotrex-
ate, however, often there is no history of previous sun 
exposure.94

Cutaneous Eruption of Lymphocyte Recovery

This condition develops in some individuals receiving abla-
tive chemotherapy for subsequent bone marrow transplant,
typically 6 to 21 days after receiving chemotherapy. Periph-
eral lymphocytes in the skin recover, becoming immuno-
competent once again and subsequently causing cutaneous
toxicity, characterized by erythematous macules, papules,
and possible erythroderma. Fever is common. The rash
usually clears within 1 week, with desquamation and hyper-
pigmentation.

Histologic findings are nonspecific and may resemble
GVHD.
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The Role of Skin Biopsies in Therapeutic
Outcomes

In a retrospective study performed by Chren et al., the out-
comes of 123 adult hospital inpatients with 190 episodes of
skin rashes were reviewed. The study revealed that although
the utility of biopsy for diagnostic purposes might alter the
clinical impression of the rash, it does little in altering man-
agement strategies. Interestingly, none of the patients receiv-
ing biopsy to evaluate for an infectious etiology for the rash
required change in their management. In addition, even in
cases when the prebiopsy and postbiopsy diagnosis differed,
therapeutic changes occurred in only 22% of patients: Change
of systemic management occurred in 14%. Comparatively,
changes in systemic therapy occurred in 12% of individuals
where the pre- and postbiopsy diagnoses were the same. Addi-
tionally, follow-up of patients not receiving biopsy revealed
no incidence that later deemed a biopsy should have been 
performed. Nevertheless, the article points out that biopsy
can prove beneficial for reasons other than planning thera-
peutic strategies.95
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Infectious Complications
of Cancer Therapy
Nasia Safdar, Christopher J. Crnich, 

and Dennis G. Maki

dvances in the management of cancer, particularly the
development of new chemotherapeutic agents, have
greatly improved the survival and outcome of patients

with hematologic malignancies and solid tumors; overall 5-
year survival rates in cancer patients have improved from
39% in the 1960s to 60% in the 1990s.1 However, infection,
caused by both the underlying malignancy and cancer
chemotherapy, particularly myelosuppressive chemotherapy,
remains a persistent challenge.2

Impairment of Immunity with Cancer and
Treatment of Cancer

Infection occurs commonly during treatment of cancer; 80%
of patients with acute leukemia, 40% to 60% of those with
lung cancer, and 50% of those with lymphoma, develop an
infection at some point in the course of the illness.3 A number
of factors account for the increased risk of infection in the
cancer patient: poor nutritional status, mechanical obstruc-
tion by the tumor, breach of anatomic barriers by surgery,
intravascular devices (IVDs), or mucositis caused by cytotoxic
chemotherapy, and defects of humoral and cell-mediated
immunity that are either disease associated or follow myelo-
suppressive chemotherapy (Table 76.1).

Granulocytes are the most critical component of the host
innate defense against infection. Granulocytopenia is defined
as a neutrophil count less than 500 cells/mm3 or less than
1,000 cells/mm3 with expected decrease to less than 500
cells/mm3 within 48 hours, and it is the main immune defect
of cancer patients following chemotherapy.4

The inverse relationship between the magnitude of gran-
ulocytopenia and subsequent infection was first delineated in
the 1960s by Bodey et al., in patients with acute leukemia5:
the incidence of infection was 14% if the absolute granulo-
cyte count fell below 500 to 1,000/mm3 and 24% to 60% if
it fell below 100/mm3 (Figure 76.1).5 Prolonged granulocy-
topenia, especially a rapid decline in circulating granulocytes,
also increases the risk of deep fungal infection.5 Absolute
granulocyte counts less than 500 cells/mm3 for more than 10
days is now viewed as the threshold for a greatly increased
risk of severe infection.6 Common pathogens causing infec-
tion in granulocytopenia include a wide array of gram-
negative and gram-positive bacteria, Candida species, and 
filamentous fungi, such as Aspergillus and Fusarium.1

In general, with the exception of lymphoproliferative
malignancies, defects of humoral immunity are not seen in
most patients with cancer. However, globulin dysfunction or
depletion is common in chronic lymphocytic leukemia (CLL)
and nearly universal in multiple myeloma, predisposing to
invasive infection with encapsulated organisms, particularly
Streptococcus pneumoniae.7

Impairment of cell-mediated immunity (CMI) occurs with
selected chemotherapeutic agents, such as the purine ana-
logues,8 and has also been described with novel therapies for
cancer, such as monoclonal antibodies. Pathogens typi-
cally associated with impaired CMI include Pneumocystis
jiroveci (formerly carinii), the herpesviruses, especially
cytomegalovirus (CMV) and varicella-zoster virus (VZV), and
atypical mycobacteria, Candida, and Nocardia.

Infections Associated with Chemotherapeutic
Agents

Purine Analogues

Purine analogues, particularly fludarabine, and to a lesser
extent, cladribine (2-chlorodeoxyadenosine, 2-CdA) and pen-
tostatin (2’-deoxycoformycin, 2’-DCF), are potent chemother-
apeutic agents for the treatment of lymphoproliferative
malignancies, such as CLL, Waldenstrom’s macroglobuline-
mia, non-Hodgkin’s lymphoma, T-cell leukemia, Sezary syn-
drome, and hairy cell leukemia (HCL). This class of drugs
produces profound lymphocytopenia and a marked decrease
in CD4 cells that can persist for several years following the
discontinuation of treatment, which, in the case of fludara-
bine, has been associated with a high incidence of severe
opportunistic infections, as high as 50% in some series, most
occurring during the first 6 weeks of therapy.8

Early reports on the spectrum of infections associated
with purine analogues emphasized, in addition to the usual
bacterial pathogens causing infection in granulocytopenic
patients, an increased incidence of infections caused by
pathogens associated with impaired cell-mediated immunity
(CMI), particularly Listeria monocytogenes and Pneumocys-
tis jiroveci (carinii), occurring most often in patients who
were heavily pretreated with alkylating agents and may 
also have received concomitant corticosteroids. Invasive
infections with opportunistic pathogens, such as Nocardia,
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Mycobacterium tuberculosis, and atypical mycobacteria and
fungi have also been reported.9 The most frequent late infec-
tion has been herpes zoster, both localized and disseminated,
with a median time to onset following treatment of 7 to 8
months.9

Factors that further increase the risk of infection with
purine analogue therapy include organ damage, such as 
severe mucositis, renal or hepatic failure, prior therapy with
antineoplastic agents, advanced stage of underlying cancer,
advanced age and poor performance status, pretreatment pan-
cytopenia, high doses of purine analogue therapy, and failure
of the cancer to respond to purine analogue therapy.9

Strategies suggested to prevent opportunistic infection in
patients receiving purine analogue therapy include prophy-
laxis against P. jiroveci (carinii). No placebo-controlled trials
have been conducted to address the issue; however, some

authorities recommend trimethoprim-sulfamethoxazole
(160/800mg by mouth) thrice weekly for 2 months following
fludarabine therapy.8

Immunotherapy

Monoclonal antibodies are a new class of biologic anticancer
agents targeted at specific receptors on tumor cells. Five 
monoclonal antibodies—rituximab, trastuzumab, gemtuzu-
mab, ozagamicin, alemtuzumab, and ibritumonab tiuxetan—
are in clinical trials with a variety of hematologic malignan-
cies, especially lymphomas and solid tumors.10 Infusion-
related fever, chills, and hypotension may occur with any of
the monoclonal antibodies. However, the incidence and
microbiology of infections vary according to the cell line
affected by the monoclonal antibody. The only commercially
available monoclonal antibodies at the present time are ritux-
imab (Rituxan), for the treatment of lymphoma and relapsed
HCL, and alemtuzumab (Campath), for the treatment of CLL.

Rituximab, a chimeric monoclonal antibody, targets the
B-cell antigen CD20, resulting in the depletion of peripheral
B-lymphocyte counts by approximately 90% within 3 days;
B-cell recovery occurs slowly, over 9 to 12 months. Mild 
transient reductions in granulocyte count may also be seen.
Infections have been reported with the use of rituximab;
however, the incidence of infections with rituximab appears
to be no higher than that seen with conventional cytotoxic
chemotherapy.11

Alemtuzumab is a chimeric monoclonal antibody that
binds to the CD52 antigen. Because this antigen is present on
the surface of all lymphocytes, alemtuzumab significantly
depletes both B and T cells and is associated with infections
caused by organisms similar to those seen with purine ana-
logue therapy, including P. jiroveci (carinii) pneumonia and
invasive infection caused by Candida, Aspergillus, VZV, and
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TABLE 76.1. Defects in host defense mechanisms and common infections associated with malignant diseases.

Proportion (%) 
of patients

Disease developing infection Predominant defect Common infections

Acute leukemia, aplastic 80 Granulocytopenia Gram-positive cocci, gram-negative bacilli, 
anemia Candida, Aspergillus, Fusarium,

Trichosporon
Hairy cell leukemia 60 Granulocytopenia, impaired Gram-negative bacilli, gram-positive

lymphocyte function, cocci, mycobacteria (including
monocytopenia nontuberculous)

Chronic lymphatic 50 Hypogammaglobulinemia Streptococcus pneumoniae;
leukemia, multiple Haemophilus influenzae; Neisseria
myeloma meningitidis
Hodgkin’s disease 75 Impaired T-lymphocyte Pneumocystis, Cryptococcus,

response mycobacteria, Toxoplasma, Listeria,
Cryptosporidum, Candida,
cytomegalovirus

Bone marrow transplant 90 Granulocytopenia, Gram-positive cocci, gram-negative 
recipient increased activity of bacilli, cytomegalovirus, Candida,

suppressor T lymphocytes Aspergillus, other herpes viruses
Breast cancer 35 Tissue necrosis Staphylococci and gram-negative bacilli
Lung cancer 46–62 Local obstruction, tissue Gram-positive cocci, gram-negative

necrosis bacilli, anaerobic bacteria
Gynecologic malignancy 25 Local obstruction, tissue Mixed aerobic and anaerobic enteric

necrosis bacteria

Source: Adapted from Rolston and Bodey,1 by permission of Cancer Medicine.

FIGURE 76.1. Relationship between granulocyte count and infec-
tion in patients with acute leukemia. The incidence of infection is
inversely related to the level of circulating granulocytes. (Adapted
from Bodey et al.,5 by permission of Annals of Internal Medicine.)



CMV. All patients receiving alemtuzumab should receive
trimethoprim-sulfamethoxazole (TMP-SMZ) prophylaxis
against Pneumocystis carinii pneumonia (PCP) and acyclovir
for prevention of herpes simplex virus (HSV).

Myeloablative Chemotherapy and Bone 
Marrow Transplantation

An increasing number of cancers are now being treated with
myeloablative chemotherapy, followed by autologous or allo-
geneic bone marrow transplantation.12,13 The intense
immunosuppression incurred by this approach, which
involves high-dose cytotoxic chemotherapy and total-body
irradiation, places the cancer patient at extremely high risk
of infection. Typically, profound marrow suppression lasts 2
to 3 weeks until the newly infused marrow engrafts. Severe
granulocytopenia and mucositis during this period, often
necessitating parenteral nutrition, are major risk factors for
infection. Gram-negative bacilli, fungi including Candida
spp. and Aspergillus, herpesviruses, and CMV are the major
pathogens causing invasive infection following bone marrow
transplantation. In allogeneic bone marrow transplantation,
well-conducted studies have shown that acyclovir, given 
prophylactically for 3 months, almost completely prevents 
an otherwise very high incidence of severe HSV mucosal
infection.14

Infection in the Granulocytopenic Patient

General Considerations

Infection remains the most frequent life-threatening compli-
cation in patients with hematologic malignancies or solid

tumors. Infection is the cause of death of 50% of patients with
solid tumors and lymphomas and 75% of patients with
leukemia.15,16

Microbiology

The epidemiology and microbiology of infections in patients
with granulocytopenia and malignancy has undergone a shift
from predominantly gram-negative bacilli in the 1960s and
1970s, to a preponderance of gram-positive organisms in more
recent years17 (Table 76.2). Between 30% and 50% of febrile
episodes in granulocytopenic patients can be confirmed
microbiologically, and of these, most represent bacteremia.6

Causes of fever in the granulocytopenic patient are shown in
Figure 76.2.18

The emergence of gram-positive bacteria as pathogens in
patients with granulocytopenia is most striking for blood-
stream infections (BSIs) (see Table 76.2).19 This dramatic shift
in the ecology of invasive infection reflects greatly increased
use of IVDs for long-term access, the wide use of antibiotic
prophylaxis against gram-negative infections, most often
with TMP-sulfa or fluoroquinolones, intense antineoplastic
therapy, which produces severe mucositis, and initiation of
broad-spectrum empiric antiinfective therapy at the first sign
of fever in the cancer patient.

Nevertheless, gram-negative bacilli continue to be asso-
ciated with major morbidity and mortality in granulocy-
topenic patients, and the emergence of strains highly resistant
to multiple antibiotics, such as Acinetobacter spp.,
Stenotrophomonas maltophilia, and Alcaligenes xylosoxi-
dans, is of great concern. Resistance in all nosocomial gram-
negative bacilli is increasing: data from the U.S. Centers for
Disease Control and Prevention, show that nosocomial infec-
tions in intensive care unit (ICU) patients caused by gram-
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TABLE 76.2. Bacterial infections in 4,452 febrile episodes in granulocytopenic cancer patients.

1975–1977 1986–1989 1994–1995 1999–2000

Infection type No. (%) No. (%) No. (%) No. (%)

Microbiologically 318 (31) 344 (27) 189 (28) 207 (30)
documented

Gram-positive 65 (21) 170 (51) 86 (46) 99 (48)
Gram-negative 201 (63) 110 (33) 54 (28) 51 (25)
Polymicrobial 42 (13) 54 (16) 49 (26) 51 (25)
Anaerobic 10 — — — — — — —
Unexplained 481 (47) 644 (53) 373 (56) 390 (57)

fever

Source: Adapted from Rolston and Bodey,1 by permission of Cancer Medicine.
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FIGURE 76.2. (A, B) Causes of fever in granulocytopenic patients
with hematologic malignancies or solid tumors. Data derived from
four consecutive European Organization for Research and Treatment
of Cancer studies between 1991 and 2000, and from a North 

American Study conducted between 1992 and 1997.212,293,294,303,304 [By
permission of Marchetti O, Calandra T. Infections in the neutropenic
cancer patient. In: Cohen J, Powderly WG (eds) Infectious Diseases,
2nd ed. St. Louis: Mosby, 2004:1083.]



negative bacilli resistant to third-generation cephalosporins,
have risen to 32.2% of all Enterobacter infections and 14%
of all Klebsiella pneumoniae infections.20

Moreover, new and emerging pathogens, such as Chryseo-
bacterium meningosepticum, Aeromonas spp., Fusobac-
terium nucleatum, Burkholderia cepacia, Roseomonas,
Agrobacterium radiobacter, and Sphingomonas paucimo-
bilis, many of which are associated with significant attribut-
able mortality, are being increasingly encountered in
granulocytopenic patients.21 The major pathogens that cause
infection in granulocytopenic cancer patients are shown in
Table 76.3.

Major Bacterial Pathogens in Patients 
with Granulocytopenia

ENTEROBACTERIACEAE

Enterobacteriaceae are the leading gram-negative pathogens
implicated in bacteremia in granulocytopenic patients.
Although in recent years the overall frequency of gram-
negative infections has declined, the proportion of gram-
negative infections caused by Enterobacteriaceae has
remained remarkably unchanged. Data from several surveil-
lance studies show that Enterobacteriaceae cause 65% to
80% of documented gram-negative infections in cancer
patients, with Escherichia coli and Klebsiella pneumoniae

most commonly isolated. The bloodstream is the most fre-
quent site of infection, followed by the urinary tract and the
lung.

The recent widespread emergence of resistance to beta-
lactams, mediated by inducible and extended-spectrum beta-
lactamases, poses a major problem.22 Risk factors for infection
caused by an extended-spectrum beta-lactamase-producing
organism, include exposure to broad-spectrum cephal-
osporins, prolonged hospitalization, invasive devices, 
and immunocompromised state.23 Although the majority of
infections caused by Enterobacteriaceae can yet be treated
with standard therapy, most often, a third-generation
cephalosporin or a fluoroquinolone, a carbapenem should be
used if infection with an extended-spectrum beta-lactamase-
producing organism is suspected or confirmed.24

PSEUDOMONAS AERUGINOSA

Historically, Pseudomonas aeruginosa has been the leading
cause of life-threatening invasive infection and bacteremia 
in the granulocytopenic cancer patient.25 In recent years,
however, the incidence of bacteremia caused by P. aeruginosa
has declined. A recent large retrospective cohort study of P.
aeruginosa bacteremia in a cancer hospital, found that the
incidence of BSI fell from 4.7 to 2.1 per 1,000 admissions in
1991 to 1995; however, no decline was noted in patients with
acute leukemia, and P. aeruginosa accounted for 15% to 20%
of gram-negative infections in leukemic patients.26

Pseudomonas aeruginosa rarely causes serious infection
in the normal host but is capable of causing devastating, inva-
sive disease if host defenses are breached by mucositis or
myelosuppression from chemotherapy or the underlying
malignancy, IVDs, or other invasive devices. However, the
most important risk factor for life-threatening P. aeruginosa
infection in patients with cancer is granulocytopenia.26,27

Pseudomonas aeruginosa causes a wide spectrum of
infections in the granulocytopenic patient. Pneumonia and
bacteremia are most common, but involvement of the urinary
tract and skin also occurs. Skin lesions are present in approx-
imately 20% of cancer patients with bacteremia. Ecthyma
grangrenosum, the classic skin lesion historically associated
with P. aeruginosa in patients with granulocytopenia, occurs
most commonly in the axilla, groin, and perianal region28

(Figure 76.3). Histologically, these lesions show a septic vas-
culitis with dense bacillary infiltration of the blood vessel
walls. P. aeruginosa septicemia may also be associated with
subcutaneous nodules, deep abscesses, cellulitis, vesicular or
pustular lesions, bullae, or necrotizing fasciitis.29

In general, treatment of P. aeruginosa sepsis represents a
formidable challenge, because of the intrinsic resistance of
the organism to most antimicrobials, and the capacity to
rapidly develop resistance during therapy. Factors associated
with an unfavorable outcome include persistent neutropenia,
especially an absolute granulocyte count of less than 100
cells/mm3, septic shock, lung, skin, or soft tissue involve-
ment, or unidentified source, renal failure, metastatic foci,
rapidly or ultimately fatal underlying disease, and inappro-
priate antibiotic therapy.26,27,30 Most studies have found a
higher mortality rate among patients with P. aeruginosa bac-
teremia compared with other bacteremias.26,27 It is not clear
to what extent a higher mortality rate reflects the more 
severe underlying illnesses affecting patients susceptible to
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TABLE 76.3. The most common pathogens in granulocytopenic
cancer patients.

Gram-positive aerobic bacteria
Coagulase-negative staphylococcia

Viridans streptococcia

Staphylococcus aureusa

Other streptococci (Streptococcus pneumoniae, Streptococcus
pyogenes)a

Enterococcus spp.a

Corynebacterium jeikeiuma

Bacillus spp.
Listeria monocytogenes

Gram-negative aerobic bacteria
Enterobacteriaceae

Escherichia colia

Klebsiella spp.a

Enterobacter
Other (Proteus, Serratia, Citrobacter spp.)

Pseudomonas aeruginosaa

Legionella spp.
Anaerobic bacteria

Bacteroides spp.
Clostridium spp.
Fusobacterium spp.
Propionibacterium spp.

Fungi
Candida spp.
Aspergillus spp.
Other molds (Fusarium, Pseudoallescheria boydii, Scedosporium,

Mucorales)
Viruses

Herpes simplex
Varicella-zoster
Respiratory viruses (influenza, respiratory syncytial virus)

Parasites
Strongyloides stercoralis

aCommon causes of bacteremia.



Pseudomonas bacteremia as contrasted with the greater
inherent virulence of the organism.

It is absolutely essential that empiric antimicrobial
therapy for granulocytopenic patients with fever always
include a drug or drugs active against P. aeruginosa. The
number and choice of antibiotics in this setting are contro-
versial, however. In a recent meta-analysis of five studies 
of P. aeruginosa bacteremia, mortality was reduced with
combination therapy [relative risk (RR), 0.65; P less than
0.05].31 The conventional approach to presumptive therapy 
in the face of granulocytopenia, or other settings in 
which Pseudomonas is a potential pathogen, is to combine
treatment with an aminoglycoside or fluoroquinolone 
plus an extended-spectrum antipseudomonal penicillin 
(e.g., piperacillin-tazobactam or ticarcillin-clavulanate) or
antipseudomonal cephalosporin (ceftazidime or cefepime) or
a carbapenem (imipenem or meropenem). The specific choice
of agents should be guided by institutional antibiotic suscep-
tibility patterns and guidelines. Although the subject of
intense debate, cohort studies and a recent meta-analysis
suggest that, in patients with P. aeruginosa sepsis, there is a
survival advantage with combination therapy as contrasted
with treatment with one antimicrobial to which the infect-
ing strain is susceptible.31

Staphylococcal Infections

Coagulase-negative staphylococci have emerged as major
pathogens in granulocytopenic patients; two large multicen-
ter studies in patients with hematologic malignancy or solid
tumor, identified coagulase-negative staphylococci to be the
most common cause of bacteremia in granulocytopenic
cancer patients.19 This increase in incidence clearly reflects
an ever increasing use of long-term IVDs in this population.

Although widely regarded as organisms of low virulence,
recent studies have shown that infections caused by coagu-
lase-negative staphylococci are associated with considerable
morbidity and mortality in immunocompromised patients.32

Primary bacteremia is the major site of infection; complica-
tions, such as abscesses and septic phlebitis, have been well
described.

Virtually all Staphylococcus epidermidis infections are
health care associated and most are multiresistant, reflecting
the selection pressure of widespread antibiotic use in that
setting. Vancomycin remains the mainstay of therapy for
coagulase-negative bacteremia.

Staphylococcus aureus is still a major pathogen causing
intravascular device-related (IVDR) BSI in granulocytopenic
patients and is associated with severe morbidity and mortal-
ity. Metastatic infection to distant sites, particularly endo-
carditis, always poses a threat. In the healthcare setting,
approximately 50% of S. aureus isolates are resistant to
methicillin (MRSA).33 Until recently, vancomycin was the
only available treatment for MRSA; however, recently, two
new antimicrobials, linezolid and daptomycin, have been
approved for treatment of MRSA infections. In two large ran-
domized trials, linezolid has been shown to reduce mortality
from MRSA pneumonia in ICU patients.34 The optimal dura-
tion of therapy for S. aureus uncomplicated or complicated
bacteremia has not been studied thus far; in most instances,
a prolonged course (4–6 weeks) of parenteral antimicrobial
therapy is desirable for complicated S. aureus bacteremia.
An echocardiogram to rule out endocarditis in S. aureus
bacteremia is highly recommended to determine whether
prolonged therapy is necessary, as discussed next.

Alpha-Hemolytic (Viridans) Streptococci

Viridans streptococci have become increasingly important
pathogens in cancer patients, particularly, patients with acute
leukemia undergoing intensive chemotherapy and allogeneic
bone marrow transplant recipients; Streptococcus mitis,
Streptococcus sanguis, and Streptococcus salivarius are the
predominant infecting species.35–37 Viridans streptococci are
now a leading cause of bacteremia in febrile, neutropenic
patients. At the M.D. Anderson Cancer Center in Houston,
the incidence of streptococcal bacteremia increased from 1
case per 10,000 admissions in 1972 to 47 per 10,000 in 1989.

A number of studies have examined risk factors for 
viridans streptococcal bacteremia in patients with cancer.36–38

Bacteremia usually occurs in association with aggressive
cytoreductive therapy for acute leukemia or allogeneic bone
marrow transplantation, especially after treatment with 
high-dose cytosine arabinoside.39 In a case-controlled study,
the risk of viridans streptococcal bacteremia was reported to
increase with profound neutropenia, prophylactic adminis-
tration of trimethoprim-sulfamethoxazole or a fluoro-
quinolone, and use of antacids or histamine type 2 (H2)
receptor antagonists (e.g., cimetidine).36 Another risk factor
strongly implicated is the presence of mucositis38,40,41; in one
noncomparative study of 32 patients, 78% had oral inflam-
mation or ulceration at the onset of infection.40 Bostrom and
Weisdorf reported an association of viridans streptococcal
bacteremia with an increased radiation dose to the oral
cavity,42 whereas Ringden and colleagues described an asso-
ciation with herpes simplex infection43; prophylactic acy-
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FIGURE 76.3. Classic ecthyma gangrenosum secondary to Pseudo-
monas aeruginosa infection. [By permission of Fekety R. External
manifestations of systemic infections. In: Mandell GL (ed). Essential
Atlas of Infectious Diseases for Primary Care. Current Medicine, 
vol. 1. Philadelphia: Churchill-Livingstone, 1997:45.]



clovir reduced the frequency of all bacteremias following 
allogeneic bone marrow transplantation.

Although the most common clinical presentation of 
viridans streptococcal infection in patients with cancer is
primary bacteremia, in many patients, the infection is fulmi-
nant, producing septic shock and acute respiratory distress
syndrome (ARDS) akin to toxic shock syndrome, resulting in
a 25% to 35% mortality, despite prompt and appropriate
antimicrobial therapy.44,45

Also of great concern is the fact that 20% to 60% of alpha-
hemolytic streptococci now exhibit high-level penicillin
resistance in some centers.46,47 All these strains remain sus-
ceptible to vancomycin, although tolerance to glycopeptides
has been described, and the use of antibiotic combinations,
such as vancomycin plus rifampin, with or without gentam-
icin, may be needed to control infections caused by resistant
strains.35

Enterococci

Enterococcal infections, distinctly uncommon in cancer
patients until the mid-1970s, are now the second most
common gram-positive species, after coagulase-negative
staphylococci, isolated from granulocytopenic patients. Their
increased frequency almost certainly derives from the very
heavy use of cephalosporins over the past 25 years, drugs to
which all enterococci are intrinsically resistant. The most
common infections caused by enterococci are bacteremias,
urinary tract infections, and postoperative surgical site infec-
tions; endocarditis is seen only rarely in patients being treated
for cancer.48 Enterococcus faecalis is the predominant species,
accounting for 75% to 80% of enterococcal infections;
however, infections caused by Enterococcus faecium are
rapidly rising. This finding is of great concern, because 25%
of all enterococcal isolates in U.S. hospitals are now resistant
to vancomycin, and most of the vancomycin-resistant strains

are E. faecium.49 In the setting of granulocytopenia, bac-
teremia with vancomycin-resistant enterococci (VRE) has
been associated with mortality greater than 70%.50

Major Infectious Syndromes in the
Granulocytopenic Patient

Numerous studies have shown that infection can be clinically
or microbiologically documented in only 50% of patients
with granulocytopenia and fever.51 A large multicenter study
from 1985 to 1990 found, in 1,573 patients with granulocy-
topenic fever, that pulmonary infections were most frequent
(17%), followed by BSI and fungemia; in only 5% of cases was
an infection clinically and microbiologically diagnosed. The
response to treatment was significantly poorer in documented
infections than in unexplained fever, with the worse out-
comes for pulmonary infections (crude mortality, 21%).

Perianal Infection

Perianal infections occur in 10% to 25% of patients with
leukemia undergoing chemotherapy and are associated with
a 15% to 35% mortality.52 Most patients with perirectal infec-
tion have underlying hematologic malignancy, although the
incidence of these infections appears to be increasing in
patients with solid tumors, probably because of more 
intensive myelosuppressive chemotherapy. Although fever is
near universal, the predominant local presenting symptom is
rectal pain; fewer than half of the patients, however, have
frank fluctuance or drainage. Because hypotension or septic
shock occurs in 10% of patients, a high index of suspicion for
this condition is essential.

The majority of anorectal infections are caused by gram-
negative bacilli, particularly, P. aeruginosa and E. coli; the
role of anaerobes is much less clear (Table 76.4). Computed
tomography (CT) imaging should be performed to ascertain

1 3 6 8 chapter 76

TABLE 76.4. Major infectious disease syndromes in patients with granulocytopenia.

Syndrome Microbial etiology Differential diagnosis Diagnostic tests

Skin and soft tissue infection
Perirectal infection Pseudomonas aeruginosa Clinical; computed tomography to 

Aeromonas spp. determine extent of infection
Complicated cellulitis Staphylococci, streptococci, Percutaneous aspirate, biopsy; computed

gram-negative bacilli tomography
Pulmonary infections P. aeruginosa, Klebsiella, Aspiration Chest radiograph, high-resolution 

Escherichia coli, Pulmonary edema computed tomography, sputum stains 
Enterobacteriaceae, Streptococcus Pulmonary embolus and cultures, bronchoalveolar lavage,

pneumoniae, Staphylococcus aureus, Atelectasis biopsy if platelet count permits
Aspergillus, Fusarium, Mucor Alveolar hemorrhage

Acute respiratory distress 
syndrome

Pulmonary toxicity from
chemotherapy

Granulocytopenic Gram-negative bacilli C. difficile infection Plain films and computed tomography of 
typhlitis abdomen

Intravascular Coagulase-negative staphylococci, S. Sepsis from another source Paired quantitative or qualitative blood 
device-related BSI aureus, enterococci cultures

Antibiotic-associated Clostridium difficile Typhlitis Stool toxin A and B; cytotoxin B; flexible
colitis Peritonitis sigmoidoscopy

Oropharyngeal- Herpes simplex Candida spp. Aphthous ulceration Biopsy, culture for herpes simplex virus 
esophageal mucositis (HSV) and Candida

BSI, bloodstream infection.



the extent of necrotic tissue and inflammation. Combination
regimens with antipseudomonal drugs should be adminis-
tered, including an agent with activity against anaerobic 
bacteria. Surgical intervention should be considered only if
the disease progresses despite adequate antimicrobial therapy.
With simple cellulitis, without fluctuance or abscess, most
patients will do well without surgical debridement, if granu-
locyte function is returning or can be anticipated to return in
the immediate future. The occurrence of severe gram-
negative soft tissue infection in patients with refractory pro-
found granulocytopenia may be an indication for allogeneic
granulocyte transfusion therapy to keep the infection under
control until granulocyte function returns. The main predic-
tor of improvement is recovery of granulocyte function.

Patients with fissures or hemorrhoids should undergo fis-
surectomy or hemorrhoidectomy when their malignancy is in
remission; failure to do so will result in an increased risk of
perianal infection with myelosuppression.52

Other Skin and Soft Tissue Infections

Skin infections in patients with cancer may also occur 
secondary to necrotic tumor masses, postoperative wound
infection, extravasation of vesicant drugs, infected IVDs, 
folliculitis, infected pressure ulcers, or as a manifestation of
systemic bacteremic infection. Bacterial cellulitis in granulo-
cytopenic patients is most often caused by staphylococci or
streptococci, the leading causes of cellulitis in immunocom-
petent patients. However, gram-negative bacilli, such as P.
aeruginosa, which rarely cause de novo skin and soft tissue
infection in normal hosts, commonly cause severe soft tissue
infections in the granulocytopenic patient.

Antineoplastic therapy makes cancer patients more 
vulnerable to necrotizing soft tissue infections, “necrotizing
fascitis,” which may involve underlying muscle. These infec-
tions are usually polymicrobial, caused by gram-positive 
bacteria, gram-negative bacilli, and anaerobic organisms. Bac-
teremia occurs in up to 40% of cases.53 In contrast to uncom-
plicated monomicrobial gram-negative cellulitis in the
granulocytopenic patient, which can usually be managed 
nonsurgically, with necrotizing polymicrobial soft tissue
infections, early surgical debridement is imperative to avert
otherwise very high mortality.54

Any soft tissue inflammation occurring in patients at risk
for complex cellulitis must be vigorously evaluated diagnos-
tically, at the minimum with Gram stain and culture of per-
cutaneous aspirates or biopsies55; in most cases, the Gram
stain will show the infecting organisms. If a grayish hue or
frank necrosis is seen or gas is present in the deep tissues on
radiographic examination, surgical debridement is imperative
at the outset.

Intraabdominal Infections

Focal enterocolitis (typhlitis) is a life-threatening condition
occurring primarily in granulocytopenic patients.56 Although
the pathogenesis is poorly understood, mucosal injury by
cytotoxic drugs in the setting of profound granulocytopenia
is thought to foster microbial invasion of the bowel wall,
leading to necrosis. The cecum is almost always affected but
the infection may involve the entire colon. This infection 

is assumed to be polymicrobial; however, the presence of
Clostridium septicum, in association with typhlitis, has been
described.57

Typhlitis must be considered in the differential diagnosis
of any profoundly granulocytopenic patient (absolute granu-
locyte count less than 500/mL) who presents with fever 
and abdominal pain, usually in the right lower quadrant.
More than 60% of patients have bloody diarrhea; two-thirds
develop gram-negative bacteremia. Peritoneal signs and shock
suggest full-thickness necrosis with perforation of the bowel
wall. Stomatitis and pharyngitis, suggesting widespread
mucositis, may be present. Symptoms typically appear 10 to
14 days after cytotoxic chemotherapy, at a time when granu-
locytopenia is most profound and the patient is febrile.

Computed tomography is the preferred diagnostic modal-
ity; findings include presence of a fluid-filled dilated and dis-
tended cecum, diffuse cecal wall thickening, or the presence
of intramural edema, air, or hemorrhage; localized perforation
with free air or a soft tissue mass, suggesting abscess forma-
tion, may also be seen.58 Other diagnoses to be excluded,
include appendicitis, cholecystitis, intraabdominal abscess,
pseudomembranous colitis, and Ogilvie’s syndrome (colonic
pseudoobstruction). In patients with uncomplicated typhlitis,
that is, without peritonitis, perforation, or bleeding, nonsur-
gical management, with combination antimicrobial therapy,
bowel rest, nasogastric suction, and IV fluids, is usually effec-
tive if there is a return of granulocyte function; in one study,
70% of affected patients survived with medical therapy
alone.59

Surgical intervention is reserved for patients with gener-
alized peritonitis, free perforation, persistent gastrointestinal
bleeding despite correction of coagulopathy, or clinical dete-
rioration despite medical treatment. If surgery is necessary, a
two-stage right hemicolectomy is preferred, and further
chemotherapy should be delayed until recovery. Resection of
all necrotic tissue is essential; incomplete removal of necrotic
tissue is almost always fatal.56

Pulmonary Infections

Pulmonary infiltrates occur in 15% to 25% of all patients with
profound granulocytopenia following intensive chemother-
apy.60 In approximately two-thirds of cases, they become
apparent within the first 5 days after the onset of fever. Pul-
monary infections in granulocytopenic patients are associated
with the highest mortality and remain a formidable challenge, 
diagnostically and therapeutically.60 Noninfectious causes of
pulmonary infiltrates that mimic infectious pneumonitis
include aspiration, alveolitis, fluid overload, alveolar hemor-
rhage, malignant infiltration, and pneumonitis caused by
chemotherapy or radiotherapy. Although pneumonia has
become less frequent in patients with granulocytopenia
because of earlier initiation of empiric antibiotic therapy with
the onset of fever, gram-negative pneumonia is still common,
although there has been an increased incidence of gram-
positive pneumonia caused by Streptococcus pneumoniae,
viridans streptococci, and Staphylococcus aureus.61 Pneumo-
nia caused by viridans streptococci has been encountered
most commonly in patients with severe oropharyngeal
mucositis following chemotherapy with high-dose ARA-C.35

Hematogenous pneumonia occurs in 3% to 31% of patients
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with bacteremia, whereas a fatal ARDS syndrome is noted
with about the same incidence.

Accurate microbiologic diagnosis of pneumonia poses the
greatest challenge to optimal management. In 20% to 30% of
patients with gram-positive and gram-negative bacteremia,
there is radiographic evidence of pneumonia, and it is usually
assumed to be caused by the same organisms causing 
bacteremia; this is not necessarily the case, particularly 
with bacteremia caused by bacteria, such as enterococci, 
coagulase-negative staphylococci, Bacillus species, or
Corynebacterium jeikium, which rarely cause pneumonia.
Conventional chest radiographs show pulmonary infiltrates
in less than 10% of patients who remain febrile despite
antibacterial therapy, whereas CT, particularly the use of
high-resolution scans, shows lung infiltrates in 50% of these
patients.62 Microbiologic diagnosis is based on blood cultures
and cultures of specimens obtained by bronchoscopy or bron-
choalveolar lavage. However, the role of invasive diagnostic
procedures in granulocytopenic patients remains controver-
sial; moreover, many bronchoscopists are reluctant to
perform bronchoscopy, especially transbronchial biopsy, in
patients with severe thrombocytopenia. During the past
decade, molecular diagnostic methods have become available
for the diagnosis of pneumonia caused by S. pneumoniae,
Aspergillus, and Legionella.63 However, the predictive value
of these tests in patients with granulocytopenia and pneu-
monia has not been adequately characterized at this time.

The initial step in the management of a patient with a
focal infiltrate early in the granulocytopenic period begins
with early intensive empiric antimicrobial therapy, providing
coverage for gram-positive and gram-negative pathogens. In
institutions where MRSA is a common pathogen in granulo-
cytopenic patients, the initial regimen should include van-
comycin or linezolid.34 In our institution, a fourth-generation
cephalosporin (cefepime), combined with a fluoroquinolone,
is most often used, but a carbapenem is also acceptable.
Patients who are clinically stable and have a small infiltrate
may be observed for 48 hours. If the chest radiograph is sug-
gestive of fluid overload, a trial of diuretics may be given, but
continued observation of diffuse infiltrates is not recom-
mended, as rapid clinical deterioration tends to occur when
the problem is diffuse pneumonitis.64

If rapid clinical improvement does not ensue, and the 
infiltrate has not changed, the patient may continue to be
observed on therapy, and follow-up pulmonary imaging
should be considered. If the infiltrate progresses on antimi-
crobial therapy, more aggressive diagnostic procedures are
strongly recommended, preferably fiberoptic bronchoscopy
with bronchoalveolar lavage (BAL).64

In many centers, if no improvement is noted after 5 to 7
days of antibiotics, empiric therapy with amphotericin B is
started. In general, fungal infections are rarely documented
before the patient has received at least 5 days of therapy.

Finally, if an infiltrate appears during antimicrobial or
antifungal therapy, the approach needs to be modified in favor
of an early bronchoscopy because of the high likelihood of
infection caused by a fungus or a bacteria resistant to the
empiric therapy, or another process altogether, such as viral
pneumonitis or a noninfectious process.

In a large prospective study conducted by the Paul Ehrlich
Society, supplementation of antibiotics with amphotericin B
in all persistently febrile granulocytopenic patients with pul-

monary lung infiltrates resulted in a favorable response rate
of 78%.65 This finding has led to the recommendation that
empiric treatment with amphotericin B should be given early
for all febrile granulocytopenic patients with pulmonary infil-
trates, especially if there is not an early clinical response to
empiric antimicrobial therapy.

CLOSTRIDIUM DIFFICILE-Associated Diarrhea

Clostridium difficile is the major infectious cause of nosoco-
mial diarrhea66 and is associated with prolonged hospitaliza-
tion and increased hospital costs.67 The incidence of infection
with this organism is increasing in hospitals worldwide as a
result of the widespread use of broad-spectrum antibiotics,
with reported rates ranging from 1 to 10 cases per 1,000 dis-
charges and 17 to 60 cases per 100,000 bed-days.68

Patients with hematologic malignancies are at particu-
larly high risk of developing C. difficile-associated diarrhea,
and outbreaks have been reported.69–71 The majority of these
patients receive antimicrobial therapy; mucositis and surgi-
cal procedures also increase risk.23 Studies have also impli-
cated chemotherapeutic agents as independent risk factors for
C. difficile-associated diarrhea, even in the absence of antibi-
otic therapy, presumably because of alteration of the normal
bowel flora and extensive mucosal inflammation caused by
chemotherapy, facilitating colonization by C. difficile.71 A
recent case-control study in hematology and oncology
patients showed that antineoplastic therapy was associated
with a fivefold-greater risk of developing C. difficile colitis
[adjusted odds ratio (OR) 5.1; P = 0.01].72

Clostridium difficile infection encompasses a spectrum of
conditions ranging from asymptomatic colonization to ful-
minant disease with toxic megacolon.73 The usual presenta-
tion is acute watery diarrhea with lower abdominal pain and
fever occurring during or shortly after beginning antimicro-
bial therapy. The antibiotics that most predispose to C.
difficile infection are third- or fourth-generation cephalospo-
rins, clindamycin, and penicillins74; however, virtually any
antimicrobial may trigger C. difficile infection.

Diagnosis of C. difficile-associated diarrhea can be reliably
made by detection of C. difficile toxins A and/or B by enzyme-
linked immunosorbent assay (ELISA) in a stool sample.75 If
this test is negative and C. difficile infection is strongly sus-
pected, then cytotoxin testing, widely regarded as the refer-
ence standard, should be performed. This test, although 94%
to 100% sensitive and 99% specific, takes at least 48 to 72
hours before results are available. In severely ill patients, 
flexible sigmoidoscopy provides a rapid means of diagnosis,
because 90% of cases of pseudomembranous colitis involve
the left side of the colon; the visualization of colonic
pseudomembranes is essentially pathognomonic for C.
difficile infection (Figure 76.4). CT of the abdomen, although
useful for identifying bowel wall thickness, does not differ-
entiate between C. difficile and other causes of bowel wall
thickening, such as ischemic colitis.76

The most important step in the treatment of C. difficile
is discontinuation of the culpable antimicrobial, if possible;
in approximately 25% of cases of antibiotic-associated 
diarrhea, this will prove sufficient to resolve the infection.
However, discontinuation may not always be possible in a
profoundly granulocytopenic patient who is infected or
febrile. Modification of the regimen to exclude drugs with
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unnecessary antianaerobic activity is strongly recommended
if antimicrobials cannot be discontinued.

Oral metronidazole in a dose of 500mg three times daily
for 7 to 10 days is the treatment of choice for symptomatic
C. difficile infection; vancomycin given orally should be
restricted to patients who fail to respond to metronidazole or
who have had relapses.77 In critically ill patients unable to
take oral medications, intravenous metronidazole should be
given in conjunction with vancomycin given either by intra-
colonic instillation or by enema.78 C. difficile colitis cannot
be treated with an agent that fails to achieve high intralumi-
nal concentrations; vancomycin given intravenously is 
ineffective. In most clinical situations, it is not necessary to
repeat stool toxin assays in patients who are responding 
satisfactorily to therapy.

Clostridium difficile has now become a major nosocomial
pathogen widely prevalent in healthcare institutions, and
control of nosocomial transmission is also essential. A
growing body of literature suggests that the inanimate envi-
ronment may contribute to nosocomial transmission of C.
difficile. Commonly used hospital disinfectants are not 
germicidal against C. difficile spores, which may persist for
very prolonged periods on surfaces. A recent before–after
study using sodium hypochlorite solution to disinfect a bone
marrow transplant ward found that rates of C. difficile infec-
tion decreased from 8.3 per 1,000 patient-days to 3.4 per 1,000
patient-days; when hypochlorite disinfection was discontin-
ued, rates rose to the baseline level.79

The Society for Healthcare Epidemiology of America has
published a guideline for prevention and treatment of C. dif-
ficile infections (Table 76.5).80 Patients with C. difficile should
be placed in private rooms and gowns and gloves should be
worn for all contacts with the patient. Hand hygiene with an
antiseptic agent is essential. It is important to note that
alcohol-based handrubs do not have activity against the spore
form of C. difficile. Equipment, such as stethoscopes and
sphygmomanometers, should be dedicated to the patient, and
the environment should be terminally disinfected with an
agent active against spores, such as sodium hypochlorite.

Intravascular Device-Related Bloodstream Infection

The use of IVDs has become an essential component of care
to patients with cancer. Unfortunately, vascular access is
associated with substantial and generally underappreciated
potential for producing iatrogenic disease, particularly BSI
originating from infection of the percutaneous device used for
vascular access. Nearly 40% of all nosocomial bacteremias
derive from vascular access in some form81 and are associated
with excess mortality,82 increased length of hospitalization,
and excess healthcare costs.83 Different types of IVDs pose
widely ranging risks of infection (Table 76.6).84

Figure 76.5 summarizes the microbial profile of IVD-
related BSIs from 159 published prospective studies.85 As
might be expected from knowledge of the pathogenesis of
these infections, skin microorganisms account for the largest
proportion of IVDR BSIs.

Recent evidence-based guidelines provide the best current
information on the evaluation of the ICU patient with fever
or other signs of sepsis (Table 76.7).86 Before any decision
regarding initiation of antimicrobial therapy or removal of an
IVD, the patient must be thoroughly examined to identify all
plausible sites of nosocomial infection, including pneumonia,
urinary tract infection, surgical site infection, or antibiotic-
associated colitis, as well as line sepsis.

Despite the challenge of identifying the source of a
patient’s signs of sepsis,86 several clinical, epidemiologic, and
microbiologic findings point strongly toward an IVD as the
source of a fever: patients with abrupt onset of signs and
symptoms of sepsis without any other identifiable source
should prompt suspicion of infection of an IVD; the presence
of inflammation or purulence at the catheter insertion site is
now uncommon in patients with IVDR BSI87; however, if
purulence is seen, it is highly likely the patient has IVDR BSI,
and this finding should prompt removal of the IVD. Finally,
recovery of certain microorganisms in multiple blood cul-
tures, such as staphylococci, Corynebacterium or Bacillus
species, or Candida or Malassezia species, strongly suggests
infection of the IVD.81
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FIGURE 76.4. (A, B) Diffuse hemorrhagic colitis is seen in the
resected colon. (B) Closeup reveals the diffuse mucosal irregularity
and pseudomembrane formation seen with Clostridium difficile

infection. [By permission of Stone DR, Gorbach SL (eds) Atlas of
Infectious Diseases. Philadelphia: Saunders, 2000.]
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TABLE 76.5. Recommendations for prevention and treatment of Clostridium difficile-associated diarrhea (CDAD) in the healthcare
institution.

Strength of
Recommendation recommendationa

Surveillance and diagnosis
Surveillance for CDAD should be performed in every institution B-III
Appropriate and prompt diagnostic testing should be performed in patients with antibiotic-associated diarrhea A-II
Diagnostic tests for Clostridium difficile should be performed only on diarrheal (soft or unformed) stool specimens, B-III

unless ileus is suspected
Testing of stool specimens from asymptomatic patients for C. difficile (including “test of cure” after treatment) B-II

Treatment
If possible, discontinuation of the offending antimicrobial agent is recommended A-I
Oral metronidazole should be considered the treatment of choice for CDAD; oral vancomycin should be administered A-I

only if  there has been failure to respond to metronidazole, or if the patient cannot tolerate or is allergic to 
metronidazole

Treatment of asymptomatic patients with C. difficile colonization is not recommended A-I
First recurrences of CDAD following treatment of initial episode should be retreated as for the initial episode B-III

Prevention and control
Implement policies to ensure prudent antimicrobial use A-II
Surveillance of antimicrobial utilization in the facility should be conducted B-III
Healthcare providers in the facility should be educated about the epidemiology of CDAD B-III
Patients with CDAD and fecal incontinence should be in a private room; if possible, all patients with CDAD should be B-III

in private rooms
Meticulous hand hygiene with soap or an antiseptic agent is recommended after contact with patients, their body B-III

substances, or their potentially contaminated environment
Healthcare providers should wear gloves for contact with patients with CDAD A-I
Use of disposable, single-use thermometers (rather than shared electronic thermometers) is recommended A-II
Patient care items, such as stethoscopes and sphygmomanometers should be dedicated; if they must be shared, they B-III

should be disinfected between patients
Disinfection of the environment of a patient with CDAD should be done using sporocidal agents, such as a diluted B-II

sodium hypochlorite solution
Patients with CDAD may be removed from contact isolation when their diarrhea has resolved B-III

aData in part from the 2002 Society for Healthcare Epidemiology of America guidelines for the prevention of Clostridium difficile-associated diarrhea; Simor et
al.,80 Infection Control and Hospital Epidemiology 2002;23:696–703; from the Infectious Diseases Society of America Guidelines for weighting recommendations
based on the quality of scientific evidence.283 Category: A, good evidence to support a recommendation for use; B, moderate evidence to support a recommenda-
tion for use; C, poor evidence to support a recommendation for use. Quality of evidence: I, evidence from one or more properly randomized controlled trial; II, evi-
dence from one or more well-designed observational study, multiple time-series, or dramatic results of uncontrolled experiments; III, expert opinion, descriptive
studies.

TABLE 76.6. Rates of bloodstream infection (BSI) caused by various types of devices used for vascular
access.

Rates of device-related BSI

Per 100 catheters Per 1,000 catheter-days

Pooled Pooled
Device (number of prospective studies) mean 95% CI mean 95% CI

Peripheral venous catheters (13) 0.16 0.08–0.23 0.60 0.31–0.88
Arterial catheters (17) 0.75 0.49–1.02 1.78 1.17–2.40
Short-term, nonmedicated central 4.48 4.19–4.78 2.51 2.34–2.68
venous catheters (CVCs) (88)
Pulmonary-artery catheters (15) 1.45 1.06–1.85 5.50 4.00–7.01
Hemodialysis catheters Noncuffed (17) 7.41 6.43–8.39 2.62 2.26–2.98
Cuffed (19) 18.48 17.13–19.82 1.81 1.67–1.96
Peripherally inserted central catheters (14) 2.49 1.76–3.21 0.75 0.53–0.97
Long-term tunneled and cuffed CVCs (48) 21.25 20.13–22.38 1.53 1.44–1.62
Subcutaneous central venous ports (18) 3.91 3.22–4.59 0.13 0.11–0.15

CI, confidence interval.

Source: Data in part from Kluger and Maki,84 based on 245 published prospective studies where every device was eval-
uated for infection.

It is indefensible to start antiinfective drugs for suspected
or presumed infection in the critically ill patient without first
obtaining blood cultures from two separate sites, at least one
of which is drawn from a peripheral vein by percutaneous
venipuncture. In adults, if at least 30mL blood is cultured,

99% of detectable BSIs should be identified.88 Similar operat-
ing characteristics are achieved in the pediatric population
using a weight-based graduated volume approach to blood cul-
tures.89 Standard blood cultures drawn through central venous
catheters (CVCs) provide excellent sensitivity for diagnosis of



BSI but are less specific than cultures obtained from a periph-
eral vein.90

Short-term IVDs should be removed from the outset in
unstable patients with suspected IVDR BSI or if IVDR BSI is
documented (see Table 76.7); however, it is difficult or, more
often, unnecessary to arbitrarily remove surgically implanted
IVDs, such as Hickman and Broviac catheters or central

venous ports. Only 15% to 45% of long-term IVDs that are
removed for suspected infection are truly colonized or
infected at the time of removal.91,92 To avoid unnecessary
removal of IVDs, novel methods have been developed to 
identify IVDR BSI without removing the device: (1) paired
quantitative blood cultures drawn from the IVD and 
percutaneously from a peripheral vein93; (2) differential time-
to-positivity (DTP) of paired standard blood cultures, one
drawn from the IVD, the second from a peripheral vein94; and
(3) Gram stain95 or acridine orange staining96 of blood samples
drawn through the IVD.

Quantitative blood cultures are labor intensive and cost
almost twice as much as standard blood cultures. The differ-
ential-time-to-positivity (DTP) of paired blood cultures, one
drawn through the IVD and the second concomitantly from
a peripheral vein, has been shown to reliably identify IVDR
BSI of long-term IVDs if the blood culture drawn from the
IVD turns positive 2 or more hours before the culture drawn
peripherally. In studies of patients with long-term IVDs, 
the sensitivity and specificity of DTP are 92% and 75%,
respectively.94

If a short-term vascular catheter is suspected of being
infected because the patient has no obvious other source of
infection to explain fever, there is inflammation at the inser-
tion site, or cryptogenic staphylococcal bacteremia or can-
didemia has been documented, blood cultures should be
obtained and the catheter should be removed and cultured (see
Table 76.7). Failure to remove an infected IVD puts the patient
at risk of developing septic thrombophlebitis with peripheral
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FIGURE 76.5. Microbial profile of intravascular device-related
bloodstream infection based on an analysis of 159 published prospec-
tive studies. (From Maki DG, Crnich CJ,85 by permission of Seminars
in Respiratory and Critical Care Medicine.)

TABLE 76.7. Algorithm for diagnosis and management of intravascular device (IVD)-related bloodstream infection.

• Examine the patient thoroughly to identify unrelated sources of infection.
• Carefully examine all catheter insertion sites; Gram stain and culture any expressible purulence from sites.

• Obtain two 10- to 15-mL cultures:
If standard (nonquantitative) blood cultures, draw one by percutaneous peripheral venipuncture and one through the suspect IVD.
If quantitative blood culture techniques are available (e.g., the Isolator system), catheter-drawn cultures can enhance the diagnostic

specificity of blood culturing in diagnosis of line sepsis. However, a peripheral percutaneous quantitative blood culture must be drawn
concomitantly.

• Option regarding a peripheral IV or arterial catheter: remove and culture catheter.
• Options regarding a short-term central venous catheter:
Purulence at insertion site or no purulence, but patient floridly septic, without obvious source:

Remove and culture catheter.
Gram stain purulence.
Reestablish access at new site.

No purulence, patient not floridly septic:
Leave catheter in place, pending results of blood cultures.

or
Remove and culture catheter, reestablish needed access at new site.
• Options regarding surgically implanted, cuffed Hickman-type catheters.
Remove at outset if:

Infecting organism known to be S. aureus, Bacillus spp., JK Diptheroid, Mycobacterium species, or filamentous fungus.
Refractory or progressive exit-site infection, despite antimicrobial therapy, especially with Pseudomonas aeruginosa.
Tunnel infected.
Evidence of septic thrombosis of cannulated central vein or septic pulmonary emboli.
Evidence of endocarditis.

Remove later on if:
Any of the above become manifest.
BSI persists 3 days or more, despite IV antimicrobial therapy through catheter.

• Options regarding surgically implanted subcutaneous central ports (e.g., Portacath):
Cellulitis without documented bacteremia: begin antimicrobial therapy, withhold removing port.

Aspirate from port shows organisms on Gram stain or heavy growth in quantitative culture, or documented port-related bacteremia:
remove port.

• Decision on whether to begin antimicrobial therapy, before culture results available, based on clinical assessment and/or Gram stain of
exit site or the blood drawn from a long-term IVD.

• With no microbiologic data to guide antimicrobial selection in a septic patient with suspected line sepsis, consider: IV vancomycin and
ciprofloxacin, cefepime, or imipenem/meropenem.

Source: Adapted from Maki,213 by permission of Lippincott Williams & Wilkins.



IV catheters, septic thrombosis of a great central vein with
CVCs,97 or even endocarditis. Continued access, if necessary,
can be established with a new catheter inserted in a new site.
Although small studies have found some utility in catheter
exchange over a guidewire in the management of CVCs 
suspected of being infected,98 we believe that, in the absence
of randomized studies demonstrating its safety, guidewire
exchange generally should not be performed if there is strong
suspicion of IVDR BSI, especially if there are signs of local
infection, such as purulence or erythema at the insertion site
or signs of systemic sepsis without a source (see Table 76.7).
In these cases, the old catheter should be removed and cul-
tured, and a new catheter should be inserted in a new site.

Bloodstream infection that might have originated from a
long-term IVD, such as a Hickman catheter or subcutaneous
port, does not automatically mandate removal of the device,
unless (see Table 76.7) there has been persistent exit site
infection; the tunnel is obviously infected; there is evidence
of complicating endocarditis, septic thrombosis, or septic 
pulmonary emboli; the infecting pathogen is S. aureus,
Corynebacterium JK, a Bacillus species, Stenotrophomonas
spp., Burkholderia cepacia and all pseudomonal species, a 
filamentous fungus or Malassezia species, or a mycobacterial
species; or bacteremia or candidemia persists for more than 3
days despite adequate therapy.99 Intravascular device-related
BSI caused by S. aureus must always prompt removal of the
IVD, even if signs of bacteremia have resolved following
antimicrobial therapy, because of the significant risk of 
infectious endocarditis (IE) or other metastatic infection if
bacteremia recurs.100,101 Similarly, we believe that patients
with documented for presumed IVDR candidemia should
have their catheter removed in most situations.102–104

In small, uncontrolled clinical trials of “antibiotic lock
therapy” (ALT), usually in conjunction with systemic antibi-
otic therapy, cure rates of infected IVDs in excess of 90% have
been reported.105–107 Most of the IVDs reported in these studies
were infected with coagulase-negative staphylococci and fer-
menting gram-negative bacilli; therefore, at this time ALT
cannot be recommended for the management of long-term
IVDs infected by S. aureus, Bacillus sp., Corynebacterium JK,
Stenotrophomonas spp., B. cepacia, all Pseudomonas species,
fungi, or mycobacterial species. Obviously, if IVDR BSI recurs
after an attempt to salvage an IVD with ALT, the device
should be removed.

Infected surgically implanted subcutaneous central ports
have rarely proven to be curable with medical therapy alone,
especially if it is clear that the device is infected (e.g., an aspi-
rate from the port shows heavy growth).108 A recent study of
patients with acquired immunodeficiency syndrome (AIDS),
with surgically implanted ports who developed IVDR BSI,
found that ALT, combined with systemic antibiotic therapy,
resulted in 70% of the ports being salvaged; however, long-
term follow-up data on surveillance cultures of the ports were
not reported.109 The only other clinical study of the utiliza-
tion of ALT in subcutaneous central port infections achieved
salvage rates less than 50%.110 Based on the marginal efficacy
of ALT in these two studies and the historically poor cure rate
achieved with systemic antibiotics alone, we believe that
definitive therapy of infected subcutaneous central ports
mandates removal of the infected device.

If IVDR BSI is suspected, after cultures have been
obtained, the combination of IV vancomycin (for staphylo-

cocci resistant to methicillin, i.e., MRSA) with a fluoro-
quinolone, cefepime, or imipenem/meropenem (for multire-
sistant nosocomial gram-negative bacilli) (see Table 76.7),
should prove effective against the bacterial pathogens most
likely to be encountered (see Figure 76.5). Initial therapy can
then be modified based on the ultimate microbiologic identi-
fication and susceptibilities of the infecting organisms.

How long to treat IVDR BSI will be influenced by 
the infecting microorganism, and by whether the patient 
has underlying valvular heart disease, already has evidence 
of endocarditis or septic thrombosis, or shows evidence of
metastatic infection. If endocarditis is suspected, trans-
esophageal echocardiography offers superior sensitivity and
discrimination for detecting vegetations, as compared with
transthoracic echocardiography.101 In patients with high-grade
bacteremia or fungemia, but without clinical or echocardio-
graphic evidence of endocarditis, septic thrombosis should be
suspected.97 Central venous thrombosis can now be diagnosed
by venography, ultrasonography, magnetic resonance imaging,
or CT.111

Although there are no prospective studies to guide the
optimal duration of antimicrobial therapy for IVDR BSIs, most
coagulase-negative staphylococcal infections can be cured
with 5 to 7 days of therapy,112,113 whereas most infections
caused by other microorganisms are adequately treated with
10 to 14 days of antimicrobial therapy.113 These recommen-
dations hold only as long as there are no complications related
to the infection and the BSI clears within 72 hours of initiat-
ing therapy. Nosocomial enterococcal bacteremia deriving
from an IVD is rarely associated with persistent endovascular
infection, and unless there is clinical or echocardiographic
evidence of endocarditis, treatment with IV ampicillin or 
vancomycin alone for 7 to 14 days should suffice.48

The management of S. aureus device-related infection
deserves special mention, as there have been no prospective
studies to evaluate the optimal duration of therapy for IVDR
BSIs caused by this ubiquitous human pathogen. Historically,
high rates of associated IE and late complications led to a 
universal policy of 4 to 6 weeks of antimicrobial therapy for
all patients with S. aureus bacteremia. Earlier diagnosis and
initiation of bactericidal therapy of nosocomial S. aureus BSIs
in recent years have been associated with lower rates of IE
and metastatic complications, prompting suggestions that
short-course therapy (i.e., 14 days) is effective and safe for
most patients with S. aureus IVDR BSI, so long as the patient
defervesces within 72 hours and there is no evidence of
metastatic infection.114 In a study of transesophageal echocar-
diography (TEE) in 103 hospitalized patients with S. aureus
bacteremia, 69 related to an IVD, Fowler et al. found a sur-
prisingly high incidence of endocarditis, 23% with IVDR S.
aureus BSI.101 In a more recent report, these authors have
reported that the routine use of TEE with IVDR S. aureus BSI,
as a means to stratify patients into short-course or long-
course therapy, is cost-effective.115 However, at this time,
there are no prospective studies to affirm this approach. Until
more data are available, short-course therapy for IVDR S.
aureus bacteremia therapy should be approached with
caution, and used only when the TEE is unequivocally nega-
tive and the patient has defervesced within 72 hours of
removing the IVD and starting antiinfective therapy.

All patients with an IVDR BSI must be monitored closely,
for at least 6 weeks after completing therapy, especially if
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they have had high-grade bacteremia or candidemia, to detect
late-appearing endocarditis or other metastatic infection, such
as vertebral osteomyelitis.

An updated guideline for the prevention of intravascular
device-related bloodstream infections (IVDR BSIs) was pub-
lished in 2002 by the CDC’s Healthcare Infection Control
Practices Advisory Committee.116 The use of antimicrobial
lock solutions for prevention of BSIs caused by long-term
IVDs has been of particular interest in cancer patients. Seven
randomized, prospective trials have examined a vancomycin-
containing antibiotic lock solution for the prevention of
IVDR BSI,117 the largest of which found that use of a van-
comycin or vancomycin/ciprofloxacin lock solution reduced
the risk of IVDR BSI nearly 80% (P equal to or less than
0.005).118 Concern about the emergence of resistance with
prophylactic antibiotic-containing lock solutions has limited
their acceptance to date. Three of the seven studies performed
serial surveillance cultures for vancomycin-resistant entero-
coccus; VRE was not found in any of these studies. However,
the use of prophylactic antibiotic lock solution is considered
acceptable in the HICPAC Guideline if a patient with an
essential long-term IVD has continued to experience recur-
rent IVDR BSIs despite consistent application of recom-
mended infection control practices.116

Viral Infections

Patients who have inherited or acquired impairment of 
cell-mediated immunity are at risk of opportunistic viral
infections. Not surprisingly, patients who are treated with
agents with potent activity against this arm of the immune
system, such as glucocorticoids, calcineurin inhibitors (i.e.,
cyclosporine A and tacrolimus),119 alkylating agents (i.e.,
cyclophosphamide),120 selected antimetabolites (i.e., azathio-
prine, methotrexate, and fludarabine),121 and monoclonal 
antibodies [i.e., alemtuzumab (anti-CD52) and basiliximab
and daclizumab (anti-CD25)]122 are at greatest risk. In general,
reactivation of latent herpesviruses account for the majority
of viral infections in this population, although community-
and nosocomial-acquired infections caused by other common
viral pathogens occur at an increased frequency, compared to
the general population, and may be associated with increased
patient morbidity and mortality.

Herpesviruses

Currently, there are eight herpesviruses that can infect
humans and cause disease (Table 76.8). All members of this
family demonstrate a tropism for human cells and share the

ability to establish themselves in a state of latency following
acute infection. Reactivation of latent infection, character-
ized by viral replication and shedding, tends to occur most
often during periods of immunosuppression, although there
is variability in the clinical manifestations of reactivated
infection, depending on the virus.

HERPES SIMPLEX VIRUS TYPE 1 AND 2
Herpes simplex virus type 1 and 2 (HSV-1 and HSV-2) are
widely distributed in the population, seroprevalence in adults
approaching 95% for HSV-1 and 25% for HSV-2. Upward of
70% to 80% of seropositive stem cell transplant (SCT)
patients begin to shed HSV following transplantation,123 a
finding that has led to recommendations for routine acyclovir
prophylaxis in bone marrow transplantation (BMT) and
patients with hematologic malignancies who are receiving
chemotherapy.124

Herpes simplex virus infection typically manifests as
localized mucocutaneous disease, most commonly involving
the oral cavity, which can be necrotizing in the immuno-
compromised patient (Figure 76.6), less commonly the genital
area. Extensive mucocutaneous disease involving the esoph-
agus may occur in up to 10% of cancer patients with upper
gastrointestinal symptoms.123 Life-threatening disease is rare,
even in this population; however, HSV pneumonia, hepatitis,
encephalitis, and disseminated disease are seen, and are 
associated with a high mortality, despite appropriate antivi-
ral therapy.

The diagnosis of HSV infection is usually made on clini-
cal grounds in immunocompetent individuals; however, iden-
tification of HSV infection is complicated in cancer patients
because extensive mucocutaneous disease can be caused by
chemotherapeutic drugs, as well as a number of other oppor-
tunistic infections. It is thus important that the clinician
strive to determine the etiology of the patient’s mucocuta-
neous signs and symptoms.

In the case of acute mucocutaneous disease, viral culture
of a swab of an unroofed vesicle or open ulcer offers the best
method of confirming HSV infection, with results available
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FIGURE 76.6. Herpes simplex mucositis in an immunocompro-
mised patient. [By permission of Yogev R. Pediatric HIV infection. In:
Mandell GL (ed). Essential Atlas of Infectious Diseases for Primary
Care. Current Medicine, vol. 1. Philadelphia: Churchill-Livingstone,
1997:45.]

TABLE 76.8. The human herpesviruses.

Alphaherpesviruses
Herpes simplex virus type 1 (HSV-1)
Herpes simplex virus type 2 (HSV-2)
Varicella-zoster virus (VZV)

Betaherpesviruses
Cytomegalovirus (CMV)
Human herpesvirus type 6 (HHV-6)
Human herpesvirus type 7 (HHV-7)

Gammaherpesviruses
Epstein–Barr virus (EBV)
Human herpesvirus type 8 (HHV-8)



in most cases within 48 to 96 hours. Direct Giesma staining
(Tzanck preparation) of fluid from an unroofed vesicle,
seeking giant cells or intranuclear inclusions, cannot reliably
differentiate between varicella-zoster virus (VZV) infection
and HSV infection, is insensitive, and should not be used to
rule out HSV infection. When feasible, every attempt should
be made to obtain specimens for pathologic examination and
viral culture or polymerase chain reaction (PCR) in patients
with suspected HSV esophagitis or pneumonitis, although
empiric treatment based on clinical symptoms may be nec-
essary in patients in whom the risks of invasive tests are too
high. In patients with suspected HSV encephalitis, PCR
testing of cerebrospinal fluid (CSF) has shown sensitivity and
specificity approaching 100%,125 although the yield has been
shown to be laboratory dependent.126

The treatment of HSV infections is dependent on the loca-
tion and severity of infection (Table 76.9).123 Valaciclovir and
famciclovir have an oral bioavailability three to five times
that of oral acyclovir, making oral therapy of serious disease
a technical feasibility. Nevertheless, the use of oral therapy
from the outset should be restricted to immunocompromised
patients who have limited mucocutaneous disease. In the
presence of extensive mucocutaneous disease, esophagitis,
pneumonitis, or disseminated disease, initial therapy should
begin with intravenous acyclovir, 5 to 10mg/kg every 8 hours,
to ensure adequate tissue levels, particularly in patients in
whom intestinal absorption is in question. Once the patient
has shown a favorable response to therapy, therapy may be
completed with a highly bioavailable oral agent such as
valaciclovir or famciclovir.

VARICELLA-ZOSTER VIRUS

Primary varicella-zoster virus (VZV) infection, in the form of
chicken pox, is a ubiquitous childhood infection, most com-
monly associated with a diffuse vesicular rash, and is associ-
ated with secondary reactivation later in life, in the form of
a painful, localized eruption, herpes zoster. Primary infection
usually occurs in children under the age of 13; however, mor-
bidity and mortality related to primary infection occurs dis-
proportionately in susceptible adults over the age of 23.

Immunocompromised persons are at high risk of primary
and reactivation disease,127 and these patients are more likely
to experience visceral dissemination, with involvement of the
lungs, liver, or brain.127 Primary VZV infection usually occurs
in children with hematologic malignancy where infection is
associated with pneumonia in up to 32% of untreated cases.128

In contrast, herpes zoster is a delayed reactivated infection
that occurs most commonly in adults undergoing chemother-
apy and is associated with visceral involvement in up to 13%
of cases.129

The diagnosis of varicella and herpes zoster infection is
usually made on clinical grounds, with a generalized vesicu-
lar centripetal rash in lesions in varying stages of develop-
ment seen in chicken pox and a unilateral dermatomal
eruption with herpes zoster (Figure 76.7). Cutaneous dissem-
ination can follow a dermatomal eruption in up to 35% of
cancer patients, in contrast to only 4% in persons without
cancer. Involvement of adjacent dermatomes is not unusual
in immunocompetent patients and does not usually represent
disseminated disease. Viral culture of lesions fails to detect
the virus in 40% to 70% of cases.130 Fluorescent antibody
staining appears to be easier and far more sensitive diagnos-

tically. Amplification of VZV DNA is of limited value in the
diagnosis of cutaneous disease, but PCR of bronchoalveolar
lavage and cerebrospinal fluid can be a useful adjunct in the
diagnosis of VZV pneumonia or meningoencephalitis.131,132

Treatment of immunodeficient patients with varicella 
or herpes zoster is described in Table 76.9. Intravenous 
acyclovir, 10mg/kg every 8 hours, is recommended for most
patients; however, oral therapy with valaciclovir or famci-
clovir may be used in patients with mild to moderate
immunosuppression who do not have evidence of dissemi-
nated or visceral disease. Resistance to acyclovir, mediated by
mutation of the viral thymidine kinase, has been seen almost
exclusively in patients with AIDS, but should be suspected in
any patient not responding to therapy, in which case the use
of foscarnet or cidofovir is recommended (see Table 76.9).123

The median time to onset of herpes zoster in BMT patients
is 5 months123; as a result, preventive therapy with acyclovir
or its congeners is not recommended. The use of varicella
zoster-immunoglobulin (VZIG) can reduce the risk of primary
infection and its attendant complications, but must be given
to susceptible immunodeficient individuals within 96 hours
of exposure at a dose of 125U/10kg (maximum dose, 625U).133

The use of live, attenuated varicella virus vaccine is con-
traindicated in immunocompromised adults at the present
time, although a clinical trial of the vaccine is under way in
susceptible children.133 Household contacts of immunodefi-
cient patients at risk should be vaccinated if they are known
to be susceptible to varicella infection (i.e., children and adults
with no known history of varicella).134

CYTOMEGALOVIRUS

Cytomegalovirus (CMV) is a herpesvirus that may infect up
to 50% to 70% of the population in developed countries.123

Cytomegalovirus infection is seen mainly in patients under-
going BMT or solid organ transplantation,135,136 although there
have been increasing reports of CMV infection among
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FIGURE 76.7. Herpes zoster infection in immunosuppressed adult.
Note the dermatomal distribution of the eruption. [By permission of
Stone DR, Gorbach SL (eds). Atlas of Infectious Diseases. Philadel-
phia: Saunders, 2000.]



TABLE 76.9. Treatment and prophylaxis of infections caused by viral pathogens.

Indication Drug Route Dosage Duration

HSV 1 and 2
Prophylaxis Acyclovir IV 5mg/kg q12 For the period of the most severe immunosuppression

(usually 2–3 months)
PO 200–400mg Same

q8 to 800mg q12
Valacyclovir PO 500–1,000 q12 Same
Famciclovir PO 500mg q12 Same

Treatment
Mucocutaneous Acyclovir IV 5mg/kg q8 7–10 days

disease
PO 200–400mg 7–10 days

5¥/day
Valacyclovir PO 500–1,000mg q12 7 days
Famciclovir PO 500mg q12 or 7 days

250mg q8
Esophageal Acyclovir IV 5mg/kg q8 10 days

disease
Encephalitis or Acyclovir IV 10–15mg/kg q8 14–21 days

pneumonia
Resistant Foscarnet IV 60mg/kg q12 As above

infection or 40mg/kg q8
Cidofovir IV 5mg/kg once Continue every 2 weeks until healing

weekly for 2 
weeks

VZV
First prophylaxis VZIG IV 125U/10kg once Must be given within 96 hours of exposure

(patient VZV immunoglobulin
seronegative)

Second Not
prophylaxis recommended
(patient VZV
seropositive)

Treatment
Disseminated or Acyclovir IV 10mg/kg q8 7–10 days

invasive disease
Localized Acyclovir PO 800mg 5¥/day 7–10 days

mucocutaneous
disease

Valacyclovir PO 1,000mg q8 7–10 days
Famciclovir PO 500mg q8 7–10 days

Resistant Foscarnet IV 60mg/kg 7–14 days or until complete healing
infection q8–q12

CMV
Prophylaxis Ganciclovir IV 5mg/kg q12 then 5 days

From engraftment until day 100 after bone marrow
5mg/kg daily transplantation (BMT)

Preemptive Ganciclovir IV 5mg/kg q12 then 14 days
therapy 6mg/kg daily 5 Until CMV surveillance test negative

days per week
Foscarnet IV 60mg/kg q12 then 14 days

Until CMV surveillance test negative
90mg/kg daily

5 days per week
Treatment Ganciclovir IV 5mg/kg q12 then 14 days

30 days or until complete recovery
5–6mg/kg daily

Resistant Foscarnet IV 90mg/kg q12 or Until complete recovery
infection 60mg/kg q8 for

2 weeks, then
90–120mg/kg once

daily
Influenza A

Prophylaxis Amantidine PO 200mg daily For duration of peak influenza activity in community
Rimantidine PO 100mg bid For duration of peak influenza activity in community

Treatment Amantidine PO 200mg daily 4–5 days or until 24–48 hours after symptomatic improvement
Rimantidine PO 100mg bid 4–5 days or until 24–48 hours after symptomatic improvement

Influenza A & B
Prophylaxis Oseltamivir PO 75qd For duration of peak influenza activity in community
Treatment Oseltamivir PO 75mg bid 5 days

Zanamavir inhaled 2 inhalations bid 5 days
RSV Ribavirin Inhaled 55mg/h for 7–14 days

12 hours
RSV IVIG IV 1.5g/kg Once

VZV, varicella-zoster virus; CMV, cytomegalovirus; RSV, respiratory syncytial virus.

Source: Adapted in part from Reusser,123 by permission of Mosby.



patients with leukemia, as a result of exposure to powerful
immunosuppressive drugs, such as fludarabine and
cytoxan.137 Seropositive patients undergoing BMT or those
who receive marrow from a seropositive donor without pre-
ventive therapy, develop infection in 60% to 70% of cases.123

The likelihood of CMV infection is greatly increased in
patients who develop graft-versus-host disease, those who
receive an HLA-mismatched transplant, or those who receive
antithymocyte immunoglobulin.138,139

Clinically, CMV infection in immunosuppressed patients
can range from asymptomatic excretion to fulminant dis-
seminated disease. Cytomegalovirus viremia often presents
as unexplained fever without specific end-organ involvement
but usually manifests as pneumonia or gastroenteritis.
Without therapy, CMV pneumonia is fatal in up to 85% of
cases.139 Less common manifestations include esophagitis,
myocarditis, hepatitis, encephalitis, and retinitis.

The diagnosis of CMV infection requires documentation
of CMV in blood, tissue, or bronchoalveolar fluid specimens.
Serologic, histopathologic, and direct culture methods have
proven to be insensitive for diagnostic purposes, as high-
lighted in BMT patients where CMV cultures of blood may
be negative in up to 30% of cases of proven invasive disease.140

Newer molecular techniques, including pp65 CMV antigen
detection, PCR, branched-chain DNA, and hybrid capture
CMV DNA assay, have revolutionized the diagnosis of 
invasive CMV disease.141 Studies of quantitative CMV
antigen assays and real-time PCR have found that these tests
have negative predictive values that range from 90% to 95%,
with positive predictive values ranging from 50% to
84%.141,142

Ganciclovir should be used for the initial treatment of all
suspected or established CMV disease in immunocompro-
mised patients (see Table 76.9). Many transplant centers also
use CMV immunoglobulin for the treatment of patients with
CMV pneumonia; however, this recommendation is based on
older studies utilizing historical controls,143 and at least one
contemporary study has failed to find additional benefit over
ganciclovir therapy alone.144 As a result, we do not recom-
mend the adjunctive use of CMV immunoglobulin in the
treatment of invasive CMV disease.

The prophylactic use of antivirals in patients at risk for
developing invasive CMV disease is also another area of con-
troversy. Many transplant centers routinely give prophylactic
ganciclovir to patients who are CMV seropositive or who
have received a transplant from a CMV-positive donor.
Although this approach does lead to a reduction in docu-
mented episodes of invasive CMV, no study has shown a 
survival advantage.123 An alternative approach, which relies
on preemptive ganciclovir therapy in patients with docu-
mented CMV viremia, as determined by use of one or more
of the molecular techniques already described, has been found
to be associated with a survival advantage in several prospec-
tive trials.145,146 However, studies have found that up to 86%
of patients with evidence of CMV shedding, based on molec-
ular surveillance studies, ultimately do not require therapy.147

As a result, whether to use a prophylactic or preemptive strat-
egy remains controversial, and the approach used will be
influenced by institutional rates of CMV infection. The pre-
vention of primary CMV infection in susceptible (antibody-
negative) patients is best approached by using CMV-negative
marrow and blood products.

EPSTEIN–BARR VIRUS

Epstein–Barr virus (EBV) occurs in more than 90% of the 
population. In developed countries, primary infection occurs
principally in adolescents and teenagers, and as a result
primary infection is a rare phenomenon in adults with cancer.
However, EBV-induced posttransplant lymphoproliferative
disease (PTLD) is a threat to patients who have undergone
solid organ or allogeneic BMT. The incidence of this disorder
in patients with solid organ transplants varies by the degree
of immunosuppression; renal transplant patients have an
incidence of PTLD of 1%, whereas the incidence in small
bowel transplant patients is as high as 14%.123 In contrast, the
incidence of PTLD in BMT patients appears to be lower,
around 1.3%.148 The mortality from PTLD ranges from 30%
to 80%, although mortality in BMT patients approaches
90%.149 Treatment of patients with PTLD is difficult and 
generally requires a reduction or, better, total cessation of
immunosuppressive therapy.150 Use of antiviral agents is gen-
erally of little benefit, although anecdotal success has been
reported with infusions of donor-derived leukocytes and the
use of anti-B-cell antibodies.149

HUMAN HERPESVIRUS 6
Human herpesvirus 6 (HHV-6) causes exanthem subitum in
children, and shedding of the virus may be seen in up to 60%
of patients undergoing BMT.123 Human herpesvirus 6 has been
implicated as a cause of rejection, marrow suppression,
encephalitis, and interstitial pneumonia in this population;
however, clear evidence of a causal role has only been estab-
lished clearly for encephalitis.151 There have been no prospec-
tive trials reported to evaluate the effectiveness of antiviral
therapy in infections thought to be caused by HHV-6,
although both foscarnet and ganciclovir exhibit in vitro 
activity, and successful treatment of patients with HHV-6
encephalitis with ganciclovir and foscarnet has been reported
anecdotally.152

Community-Acquired Viral Respiratory Pathogens

Community-acquired viral respiratory pathogens (Table
76.10) are increasingly recognized causes of infection in
immunocompromised patients. In one study at the M.D.
Anderson Cancer Center, a respiratory virus was isolated
from 33% of adult patients presenting with a respiratory
illness, 31% caused by respiratory syncytial virus (RSV), 28%
by rhinoviruses or picornaviruses, 18% by influenza A or B,
and 23% by parainfluenza or adenoviruses.153 Parainfluenza,
rhinoviruses, and andenovirus infections occur year round,
whereas infections caused by influenza A and B and RSV peak
during the winter months. Although many respiratory viral
infections are community acquired, several studies have
clearly demonstrated the potential for nosocomial acquisi-
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TABLE 76.10. Community-acquired respiratory pathogens.

Influenza A and B
Respiratory syncytial virus A & B
Parainfluenza viruses 1, 2, & 3
Rhinoviruses
Adenoviruses
Coronaviruses



tion, most likely as a result of transmission from visitors or
healthcare workers.154,155

Mortality associated with these infections is difficult to
establish, because many patients infected by these viruses die
with, rather than of, their viral infection. Nevertheless,
studies examining mortality in immunocompromised
patients from whom a viral respiratory pathogen has been iso-
lated have found case-fatality rates ranging from 22% to
44%.153 Mortality appears to be higher for patients infected
with RSV; Whimby et al. found that 60% of leukemic patients
who developed RSV died of complications related to their 
infection.156

Diagnostic tests for most of the major respiratory viral
pathogens, such as influenza A and B, parainfluenza 1, 2, and
3, RSV, and adenovirus, are commercially available. A
description of individual tests is beyond the scope of this text;
however, a new rapid reverse transcriptase PCR test (Hexa-
plex; Prodesse, Waukesha, WI), which simultaneously tests
for the presence of both influenza subtypes, the three parain-
fluenza subtypes, and the two RSV subtypes, has shown high
diagnostic accuracy.157

The treatment of most respiratory viral infections is 
supportive; however, there are viable treatment options for
influenza and RSV.158 The neuraminidase inhibitor,
oseltamivir, is active against both influenza A and B, whereas
amantidine and rimantidine possess activity only against
influenza A; therapeutic impact appears to be negligible if the
antiviral agent cannot be started within 48 to 72 hours of
onset of clinical symptoms.158 Aerosolized ribavirin has 
traditionally been used in patients with RSV; however, its
benefit appears to be marginal in patients with established
infection. The concomitant use of RSV immunoglobulin with
aerosolized ribavirin has been shown to reduce mortality in
leukemic adults by 30% compared to historical controls (70%
to 50%).155 The results from an ongoing randomized trial of
aerosolized ribavirin versus ribavirin plus RSV immunoglob-
ulin are still unavailable. The use of intravenous ribavirin
does not appear to be of clinical benefit and can be associated
with hemolysis, limiting its utility in this population.159

The prevention of nosocomial transmission of community-
acquired respiratory viral infections, such as influenza and
RSV deserves mention, given the number of reports of insti-
tutional outbreaks.160,161 Minimum infection control practices
to prevent nosocomial respiratory viral infections include (1)
timely immunization of patients and staff against
influenza162; (2) prevention of patient contact with persons
(friends, family, and healthcare staff) who have active respi-
ratory symptoms; (3) use of rapid diagnostic tests to quickly
identify symptomatic patients with potentially transmissible
viral pathogens; (4) grouping patients with confirmed infec-
tion when single rooms are not available; and (5) placement
of patients with suspected community-acquired respiratory
viral infections in droplet isolation precautions. The use of
more aggressive isolation procedures, such as contact and 
airborne isolation precautions, with or without the use of
prophylactic antiviral agents, may require consideration with
outbreaks among very high risk patients.

Fungal Pathogens

The growing problem of devastating fungal infections in
cancer patients necessitates a major focus on the leading

fungal pathogens in patients with malignant disease. Most
fungal infections occur in patients with hematologic malig-
nancies as a result of the intrinsic nature of the disease and
the chemotherapeutic regimens that result in severe and pro-
longed granulocytopenia, which correlate very strongly with
an increased risk of infections caused by the filamentous
fungi, such as Aspergillus and Fusarium. Filamentous fungal
infections are far less common in patients with lymphoma
and rare in patients with solid tumors. Regardless of the type
of malignancy, all patients with cancer are at increased risk
of infection caused by Candida spp., primarily as a result of
the widespread use of IVDs and the intensive chemothera-
peutic regimens used in this patient population.

CANDIDA

The risk of developing a Candida infection is closely associ-
ated with the type of cancer; candidiasis occurs in 9% to 25%
of patients undergoing BMT, 1% to 13% of patients with gran-
ulocytopenia as a result of chemotherapy and hematologic
malignancies, 1% to 2% in patients being treated for lym-
phoma, and 0.5% in patients undergoing treatment for solid
tumors.163 Candida albicans is most commonly isolated;
however, many centers are experiencing a sharp rise in infec-
tions cause by non-albicans species, including Candida
glabrata, Candida tropicalis, Candida krusei, and Candida
parapsilosis.164 The clinical relevance of this finding is that
most non-albicans species are relatively resistant to azoles,
including fluconazole and itraconazole, necessitating the use
of alternative therapeutic agents, such as amphotericin and
caspofungin.

There is a wide spectrum of diseases caused by Candida
spp., including oropharyngeal mucosal infection, esophagitis,
BSI, and hepatosplenic candidiasis. Pulmonary and neurologic
involvement are rarely seen as isolated disease and most often
occur in conjunction with disseminated infection.

Oropharyngeal candidiasis is characterized by the pres-
ence of typical adherent white plaques on the tongue, palate,
or buccal mucosa. Staining or cultures of the adherent mate-
rial usually is not necessary unless infection caused by non-
albicans species is suspected. Treatment with clotrimazole
troches is usually sufficient with limited oropharyngeal
disease, although systemic therapy with fluconazole or itra-
conazole is mandatory in patients with severe disease or
when concomitant esophagitis is suspected (Table 76.11).165

Intravenous amphotericin or caspofungin may be necessary
in patients with severe oropharyngeal disease caused by azole-
resistant non-albicans species.

Candida esophagitis often presents with dysphagia, but
retrosternal pain, nausea, vomiting, and gastrointestinal
bleeding are other common complaints. Contrast radio-
graphic studies are nonspecific and may be negative in up to
25% of cases; therefore, the diagnosis of candida esophagitis
rests on detection of characteristic pseudomembranes and
ulcerations by endoscopy. Examination of biopsy specimens,
if obtained, confirms the diagnosis. Topical therapy with 
nonabsorbable antifungals is ineffective in patients with
esophagitis, and systemic therapy with fluconazole, caspo-
fungin, or IV amphotericin B is mandatory. The latter two
agents are preferred in institutions with high rates of infec-
tions caused by non-albicans species or in patients with
candida esophagitis who have received azoles in the past.
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Candida spp. are also an increasingly common cause of
nosocomial BSI,166 associated with case-fatality rates ranging
from 30% to 60%.167,168 Disseminated infection usually
occurs as a complication of candidemia and may be associ-
ated with cutaneous lesions, retinitis or endophthalmitis,
osteomyelitis, and even endocarditis. Most episodes of can-
didemia in nongranulocytopenic patients originate from
IVDs.169 However, controversy exists over the relative role 
of IVDs versus intestinal translocation in patients with 
granulocytopenia or who have received intensive cytotoxic
chemotherapy.170

Studies performed two decades ago found that blood 
cultures are negative in more than 50% of patients with 
disseminated Candida infections confirmed at autopsy.171 In
contrast, recent studies have found that automated blood 
culturing systems detect up to 93% of cases of active 
candidemia.172

Recovery of Candida spp. from a blood culture should
never be regarded as a contaminant in decisions regarding
treatment. Controversies about the source of candidemia
aside, a considerable body of literature suggests that retention
of an IVD is associated with prolonged candidemia and excess
mortality.102–104 As a result, we believe that IVDs should be
removed from most patients with proven candidemia. Can-
didemia that responds rapidly to removal of the device and
institution of IV amphotericin B can be reliably treated with
a daily dose of 0.3 to 0.5mg/kg and a total dose of 3 to 
5mg/kg.173 If a lipid-associated formulation of amphotericin
B is being used, a daily dose of 1 to 2mg/kg and a total dose
of 10 to 20mg/kg should be sufficient in most cases.104

If the patient has septic thrombosis of the central vein, 
associated with high-grade candidemia and florid sepsis, or
infection caused by non-albicans species, a higher dose of 
IV amphotericin B is recommended, 0.7mg/kg/day and 
20mg/kg or more total conventional amphotericin, 2 to 
3mg/kg/day and 20 to 30mg/kg total, for a lipid-associated
formulation.173

Fluconazole (400mg/day) has been shown to be as effec-
tive as IV amphotericin B in randomized trials in nongranu-
locytopenic patients,174,175 and has further been shown to be
comparable to amphotericin B in observational studies of
granulocytopenic patients with Candida IVDR BSIs,104 but
should not be used in IVDR BSIs associated with septic
thrombosis and high-grade candidemia or in BSIs caused by
azole-resistant species.

Infections caused by fluconazole-resistant organisms, such
as Candida krusei and Candida glabrata, have become all too
common, with many centers reporting that more than 50% of
their Candida isolates are non-albicans species that are
usually resistant to azoles.164 Caspofungin was recently shown
to be at least as effective as IV amphotericin B in a prospective
randomized double-blind trial in patients with deep Candida
infections, most of whom had candidemia176; most notably,
caspofungin was associated with a greatly reduced rate of study
drug withdrawal because of adverse events (2.6% versus
23.2%; P = 0.003). Intravenous caspofungin, which has a low
incidence of side effects and can be given once daily, can now
be considered a first-line drug for initial treatment of deep inva-
sive candidal infection in centers with high rates of infection
caused by non-albicans species, pending identification and
susceptibility of the bloodstream isolate.

Hepatosplenic candidiasis is a more indolent form of 
visceral candidiasis that typically presents as persistent fever
in a cancer patient who is recovering from granulocytope-
nia.177 Blood cultures are usually negative; however, imaging
with CT demonstrates multiple small nodules in the liver and
spleen (Figure 76.8), and occasionally in the lungs, kidneys,
or bone as well. Cultures of material obtained by percuta-
neous aspiration or biopsy can confirm the diagnosis but
because of the small size of the infected nodules may be neg-
ative. Therefore, most clinicians initiate therapy (see Table
76.11) on the basis of radiographic findings and only proceed
to invasive diagnostic procedures when patients remain
refractory to treatment.
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TABLE 76.11. Treatment of selected infections caused by Candida species.

Infection Drug Route Dosage Duration

Oropharyngeal Clotrimazole PO 10mg troche 5¥/day 7–14 days
Fluconazole PO 100mg daily 7–14 days
Itraconazole PO 200mg daily 7–14 days
Amphotericin B IV 0.3mg/kg daily 7–14 days
Caspofungin IV 70mg loading dose 7–14 days

50mg daily thereafter
Esophagitis Fluconazole IV/PO 200–400mg loading 14–21 days

dose 100–200mg
daily

Amphotericin B IV 0.3–0.7mg/kg daily 14–21 days
Caspofungin IV 70mg loading dose 14–21 days

50mg daily thereafter
Candidemia Amphotericin IV 0.3–0.5mg/kg daily 14 days after last positive culture

Fluconazole IV 400mg daily 14 days after last positive culture
Caspofungin IV 70mg loading dose 14 days after last positive culture

50mg daily thereafter
Visceral Amphotericin IV 0.5–0.7mg/kg daily Until lesions have resolved or 

candidiasis calcified
Fluconazole IV 400mg daily Until lesions have resolved or 

calcified
Caspofungin IV 70mg loading dose Until lesions have resolved or 

50mg daily thereafter calcified

Source: Adapted in part from Pappas et al.,173 by permission of Clinical Infectious Diseases.



Aspergillus

Aspergillus spp. are ubiquitous environmental organisms,
encountered most often in rural areas but also found through-
out most hospitals. Invasive infections caused by Aspergillus
spp. are an increasing problem in many hematology and solid
organ transplant centers, with incidence rates of 5% to 24%
among patients with acute leukemia.178 Invasive aspergillosis
is most often a complication of severe and prolonged granu-
locytopenia, and the duration of granulocytopenia is the most
powerful predictor of risk of invasive aspergillosis. The
median time to onset of disease in patients with severe gran-
ulocytopenia is 17 days and, historically, the majority of cases
occur within 90 days in patients undergoing BMT,163 although
recent studies have found an increasing number of patients
with invasive aspergillus that developed in 90 days or
more.179,180 Other risk factors associated with invasive
aspergillosis include receipt of OKT3 antibodies, active CMV
disease, and renal failure.163 The most commonly isolated

species have been Aspergillus fumigatus (more than 90% of
all proven infections), Aspergillus flavus, Aspergillus niger,
and Aspergillus terreus.

Aspergillus can infect any organ, but sinopulmonary
disease is the most common manifestation. Infections often
present insidiously in patients with granulocytopenia and
fever may be the only manifestation. Dull chest pain that may
become pleuritic in nature, cough, and sinus congestion are
also common. Hemoptysis, although suspicious for invasive
pulmonary aspergillosis, is relatively uncommon. Up to half
of patients with lung involvement have disseminated disease
that can involve the central nervous system, gastrointestinal
tract, kidney, liver, or skin.163 Less common presentations
include isolated skin lesions, often at sites of vascular
catheter insertions181 or isolated gastrointestinal involve-
ment,163 possibly the result of ingestion of water containing
these organisms.182 Despite advances in diagnosis and treat-
ment, mortality in patients with invasive aspergillosis
remains high, 90% in BMT patients and nearly 80% in
patients with leukemia.183

The diagnosis of invasive Aspergillus infection remains 
a formidable challenge. Chest radiographs are completely
normal in 10% of patients with documented infection.184

Chest CT is read as normal in only 3% of cases, and up to
85% of infected patients have characteristic radiographic
findings, such as a “halo”185 or “crescent”186 sign. Aspergillus
species are rarely isolated from expectorated sputum, and 
cultures of bronchoalveolar lavage (BAL) fluid are positive in
only 20% of cases in most series; however, a positive culture
for Aspergillus fumigatus has a very high positive predictive
value for invasive disease in high-risk patients, in excess of
75%.187 Transbronchial biopsy increases the diagnostic yield
to 75%.184 Molecular diagnostic tests that detect the presence
of circulating galactomannan, a fungal cell wall constituent,
and PCR techniques to detect ribosomal genetic material con-
served across Aspergillus species, may eventually abrogate
the need for invasive tests.163 The sequential use of an ELISA
to detect galactomannan was found to have an 87.5% posi-
tive predictive value and a 98.4% negative predictive value in
a recent prospective trial in neutropenic BMT patients.188

The treatment of invasive aspergillosis has also undergone
evolution. Traditional therapy has relied upon IV ampho-
tericin B deoxycholate in doses of 1 to 1.5mg/kg/day (Table
76.12); however, at these doses, nephrotoxicity is ubiquitous.
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FIGURE 76.8. Hepatosplenic candidiasis in a patient with acute
myelogenous leukemia seen on computed tomography (CT) scan.
Multiple nodules can be seen in the liver and spleen. [By permission
of Marchetti O, Calandra T. Infections in the neutropenic cancer
patient. In: Cohen J, Powderly WG (eds) Infectious Diseases, 2nd ed.
St. Louis: Mosby, 2004:1083.]

TABLE 76.12. Treatment options for patients with invasive infections caused by Aspergillus species.

Drug Route Dose Duration

Amphotericin B deoxycholate IV 1.0–1.5mg/kg daily Until evidence of infection has resolved
Liposomal amphotericin B IV 5.0–7.5mg/kg daily; doses as high as Same
(Ambisome) 15mg/kg daily have been used safely
Amphotericin B lipid complex IV 5.0mg/kg daily Same
(ABLC)
Amphotericin B colloidal IV 3–4mg/kg daily Same
dispersion (ABCD)
Caspofungin IV 70mg loading dose 50mg daily Same
Itraconazole (suspension) IV 6–12mg/kg daily 200mg bid Same

PO Same
Voriconazole IV 6mg/kg q12 for 2 doses 4mg/kg bid thereafter Same

PO IV load as above 200mg bid thereafter Same
Combination therapy Investigational



Despite the use of lipid-based agents, such as liposomal
amphotericin B and amphotericin B lipid complex, in daily
doses of 5 to 10mg/kg, treatment-related side effects have
remained high, prompting a search for less toxic alternatives.
Caspofungin, a member of a new class of drugs that inhibit
the synthesis of 1,3-b-glucan, an integral component of the
fungal cell wall, was approved for the treatment of in-
vasive aspergillosis refractory to treatment with other 
agents in 2001.189 Itraconazole also possesses activity against
Aspergillus spp. and appeared to be equivalent to ampho-
tericin B deoxycholate in a retrospective analysis190; however,
bias toward treatment of less severely ill patients limits the
generalizability of this report, and we do not believe that clin-
icians should rely upon itraconazole alone for the treatment
of invasive aspergillus infections at this time.190 On the other
hand, the newly released triazole, voriconazole, was recently
shown to be superior, in terms of fewer side effects and
improved clinical response (53% versus 32%) and patient 
survival (71% versus 58%), compared to amphotericin B
deoxycholate in a large multicenter randomized trial.191 As a
result, voriconazole is now widely considered the standard of
therapy for patients with documented Aspergillus infections.
The use of antifungal drug combinations for treatment of
invasive aspergillosis is currently under investigation, with
caspofungin combined with lipid-based amphotericin B or
voriconazole showing the most promise.192,193

Zygomycetes

Zycomycosis, known more commonly as mucormycosis, is a
devastating infection caused by a variety of filamentous fungi
in the order Mucorales. Risk factors for mucormycosis
include diabetic ketoacidosis, iron overload, and, increas-
ingly, prolonged granulocytopenia.194 Rhinocerebral disease is
the most common presentation in patients with diabetic
ketoacidosis; however, pulmonary involvement, very similar
to that seen with invasive aspergillosis, appears to be the
most common manifestation of Mucorales infection in
patients with cancer.194 A black eschar may be seen on the
nasal mucosa or soft palate in rhinocerebral disease, or on the
skin in disseminated disease (Figure 76.9), or at sites of
intravascular catheter insertion.195 Involvement of the central

nervous system can occur either as a result of direct exten-
sion from the sinuses, with rhinocerebral disease, or
hematogenously, in disseminated disease.

Diagnosis of Mucorales infection rests on histopathologic
examination or culture of a biopsy specimen, as blood and res-
piratory tract specimens are almost always culture negative,
and the radiographic presentation may not be distinguishable
from that seen with invasive pulmonary aspergillosis. It is
important to recognize that the newer antifungals, voricona-
zole and caspofungin, have no activity against zygomycetes.
Treatment begins with aggressive debridement whenever 
possible, combined with the use of conventional (1.0 to 1.5
mg/kg/day) or lipid-based amphotericin B (5 to 7.5
mg/kg/day). Despite treatment, mortality is greater than 75%
in cancer patients.163

FUSARIUM

Fusarium species are soil saprophytes that have been increas-
ingly implicated as a cause of fatal infection in patients with
cancer, primarily patients with acute leukemia or those
undergoing BMT.196 Colonization originating from contami-
nated hospital water systems has been described,197 although
the significance of this finding has been challenged.198 Fusar-
iosis may be acquired either as a result of inhalation, with the
development of pulmonary disease indistinguishable from
invasive pulmonary aspergillosis, or from direct inoculation
through the skin or an IVD access site. In all settings,
hematogenous dissemination with widespread cutaneous
involvement is common, and blood cultures are positive in
up to 50% of patients with documented systemic fusariosis.163

Recovery from granulocytopenia is critical to patient sur-
vival: a recent study found that all patients who had refrac-
tory granulocytopenia died of fusarium infection.199

Fluconazole and itraconazole are inactive against Fusar-
ium species, and amphotericin B (1.0 to 1.5mg/kg/day) is still
considered the first line of therapy. Voriconazole possesses
activity against Fusarium species in vitro, and its clinical use
was associated with a complete or partial response in 43% of
patients in a recent small trial.194 Granulocyte infusions may
have an important adjunctive role in infected patients with
refractory granulocytopenia.199

Other Fungal Infections

A variety of unusual fungal organisms has been increasingly
reported in infected patients with cancer.163 Infections caused
by these rare organisms have recently been reviewed by Walsh
and Groll.200 Table 76.13 lists some of the more prevalent
emerging fungal pathogens and possible therapeutic options,
although it is important to note that the outcome with most
of these infections has been poor, and reported successes with
treatment modalities have been anecdotal.

Evaluation of the Granulocytopenic Patient 
with Fever6

Infection in the granulocytopenic patient can progress very
rapidly; hence, a thorough evaluation of the granulocytopenic
patient with fever must be undertaken without delay. 
Characteristic signs and symptoms of inflammation may be
minimal or absent,201 and careful examination is necessary to
detect subtle findings, especially in the periodontium; the
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FIGURE 76.9. Necrotizing rhinocerebral infection with Rhizopus.
Note the black eschar on the nose. [By permission of Stone DR,
Gorbach SL (eds) Atlas of Infectious Diseases. Philadelphia: Saunders,
2000.]



pharynx; the lower esophagus; the lung; the perineum, includ-
ing the anus; the eye (fundus); and the skin, including bone
marrow aspiration sites, vascular catheter access sites, and
tissue around the nails.

Bacterial cultures of blood should be obtained, including
one drawn through the IVD; if a catheter insertion site has
exudate, the material should be also be sent for Gram stain
and culture. If the exudate is chronic, the material should also
be analyzed for fungi and mycobacteria. A sample for urine
microscopy and culture should also be obtained.

The evaluation of infectious diarrhea is based on whether
it is community acquired, nosocomial, or chronic. For com-
munity-acquired diarrhea, stool specimens should be cultured
for Salmonella, Shigella, Campylobacter, and Escherichia
coli O157:H7. The major cause of nosocomial diarrhea is
Clostridium difficile, which has been addressed in an earlier
section; for diarrhea after 3 or more days of hospitalization,
stool cultures for common community-acquired enteric
pathogens have very low yield and are rarely necessary.202 Per-
sistent infectious cryptogenic diarrhea may warrant evalua-
tion for giardia and cryptosporidium infection.

New, abnormal skin lesions in granulocytopenic patients
often represent invasive bacterial or fungal infection and
should be aspirated, or better, biopsied, and a Gram stain, bac-
terial and fungal culture, and histopathologic examination
should be performed.

Chest radiographs should be obtained whenever signs or
symptoms point toward a respiratory tract process. Some
experts recommend chest radiography for all persons who are
to be treated as outpatients, even without clinical evidence of
pulmonary infection. A baselineradiograph may be helpful for
granulocytopenic patients who subsequently develop respira-
tory symptoms or evidence of an infiltrate but may not be
cost-effective on a routine basis. Of note, high-resolution CT
will reveal evidence of pneumonia in more than one-half of
febrile granulocytopenic patients who have normal findings
on chest radiograph.

Examination of CSF is not recommended as a routine pro-
cedure unless the patient has severe headache, meningismus,

or altered mental status. However, in general, a CT scan with
and without intravenous contrast should be obtained before
performing a lumbar puncture because of the risk of intracra-
nial hemorrhage in patients with drug-induced thrombocy-
topenia and to rule out central fungal infection.

Complete blood cell counts and determination of the
levels of serumcreatinine and urea nitrogenare needed to plan
supportive care and to monitor antiinfective drug toxicity.
These tests should be done at least every 3 days during the
course of intensive antiinfective therapy; more frequent mon-
itoring may be required if amphotericin B is also being given.

Initial Empiric Antimicrobial Therapy

Empiric antimicrobial therapy should be instituted without
delay in all granulocytopenic patients with fever, ideally,
within 2 hours of the clinical evaluation. Afebrile patients
who are granulocytopenic, but who have signs or symptoms
suggestive of infection, should also receive empirical antimi-
crobial therapy, begun in the same manner as for febrile
patients. The choice of initial antimicrobial regimens should
be based on knowledge of the most common infecting
pathogens in that center or patient population and the antibi-
otic susceptibilities at that institution. The major pathogens
causing infection in granulocytopenic patients are shown 
in Table 76.3. Because of the ever-present risk of life-
threatening infection by Pseudomonas aeruginosa, all initial
antimicrobial regimens must include at least one drug with
antipseudomonal activity.

Despite a plethora of randomized trials, no single empiric
regimen can be recommended for the treatment of all patients
with granulocytopenic fever. Comparing numerous studies is
difficult because of differing definitions of disease and crite-
ria used to assess the response to treatment.

The 2002 IDSA Guideline offers three options for initial
intravenous antimicrobial therapy that are considered to be
of comparable efficacy,6 with the caveat that one may be more
appropriate for certain patients or in certain institutions than
the others: single-drug therapy (monotherapy), two-drug
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TABLE 76.13. Emerging fungal pathogens in patients with cancer.

Organism Treatment

Dematiaceous (dark-walled) fungi
Alternaria Amphotericin B + flucytosine, itraconazole
Bipolaris Itraconazole, voriconazole
Cladosporium Amphotericin B, itraconazole
Curvularia Amphotericin B, itraconazole, terbinafine
Scedosporium apiospermum (Pseudallescheria Voriconazole, amphotericin B + itraconazole

boydii)
Wangiella (Exophilia) dermatidis Amphotericin + itraconazole, itraconazole

Hyaline fungi
Acremonium Amphotericin B, voriconazole
Geotrichum Amphotericin B ± 5-flucytosine, itraconazole
Paecilomyces lilacinus Amphotericin B, terbinafine
Paecilomyces variotii Itraconazole or fluconazole
Penicillium Amphotericin B, fluconazole, itraconazole
Trichophyton Itraconazole or fluconazole

Yeasts
Blastoschizomyces capitatus Fluconazole
Trichosporon beigelii Amphotericin B



therapy without a glycopeptide (vancomycin), and therapy
with glycopeptide (vancomycin) plus one or two other 
antiinfective drugs.

MONOTHERAPY

Multiple studies have shown no outcome differences between
monotherapy and multidrug combinations for empiric treat-
ment of uncomplicated fever in granulocytopenic patients,
that is, those without clinical evidence of local infection or
sepsis at the outset. Two recent meta-analyses encompassing
more than 4,000 patients, found that patients with uncom-
plicated granulocytopenic fever treated with a beta-lactam
alone, as contrasted with a beta-lactam plus an aminoglyco-
side found no significant difference in all-cause mortality (RR,
0.85–0.87; P = 0.057).203,204 Although rates of superinfection in
both groups were similar, the frequency of adverse events was
higher in patients receiving combination therapy. Another
meta-analysis, using clinical failure of antimicrobial therapy
as the outcome measure, also found beta-lactam monother-
apy to be comparable to aminoglycoside-containing combi-
nations in uncomplicated granulocytopenic fever.205

The antimicrobial agents that have been best studied 
for monotherapy include a third-generation (ceftazidime) or
fourth-generation cephalosporin (cefepime) or a carbapenem
(imipenem-cilastatin or meropenem). The emergence of
extended-spectrum b-lactamases (ESBL) in Enterobacteri-
aceae has reduced the utility of ceftazidime for monother-
apy.206 Imipenem-cilastatin, meropenem, and cefepime,
unlike ceftazidime, are active against ESBL-producing 
Enterobacteriaceae and also have excellent activity against
viridans streptococci and pneumococci. A prospective 
double-blind study of 411 patients with cancer showed that
the rate of clinical response was higher in febrile granulocy-
topenic patients treated with meropenem than it was in those
treated with ceftazidime.207

It is important to recognize that the spectrum of any of
these drugs does not usually encompass coagulase-negative
staphylococci, methicillin-resistant Staphylococcus aureus,
vancomycin-resistant enterococci, and some strains of mul-
tiresistant Streptococcus pneumoniae or viridans strepto-
cocci. Therefore, close monitoring of the clinical response to
treatment is important, and antiinfective therapy may need
to be adapted to institutional susceptibilities, and modified,
based on the susceptibilities of the organisms recovered in
culture.

Current evidence to support the use of fluoroquinolones
as monotherapy is limited and the results of the few studies
have been conflicting.208 The widespread use of fluoro-
quinolones for prophylaxis in granulocytopenic patients also
limits their utility for initial empiric therapy, and this class
of drugs cannot be recommended for initial monotherapy 
in patients with granulocytopenia and fever. Treatment 
with aminoglycosides alone is also suboptimal and not 
recommended.

TWO-DRUG COMBINATION THERAPY

Two-drug combination therapy most often comprises an
aminoglycoside (gentamicin, tobramycin, or amikacin) 
plus an antipseudomonal penicillin (ticarcillin-clavulanate 
or piperacillin-tazobactam) or an antipseudomonal cephalos-
porin (cefepime or ceftazidime), or an an aminoglycoside plus

a carbapenem (imipenem-cilastatin or meropenem). These
regimens have been shown to have comparable efficacy in
numerous trials.204 Because of intrinsic and growing acquired
resistance in many species of gram-negative bacteria causing
serious infections,209 and the high mortality associated with
these infections, combination antimicrobial therapy, most
commonly with two drugs, is intuitively appealing. However,
as noted, the studies to date have not shown combination
therapy to be superior to monotherapy if there is no clinical
obvious source of infection at the time therapy is begun.31,204

Moreover, there are disadvantages to using combination anti-
infective therapy, including increased toxicity and cost and,
possibly, an increased likelihood of a superinfection with
even more resistant bacteria or fungi.

Although the combination of ciprofloxacin with
piperacillin-tazobactam was found to have efficacy compara-
ble to tobramycin and piperacillin-tazobactam in a large mul-
ticenter randomized trial,210 in our opinion, fluoroquinolones
in initial empiric regimens should not be used if the patient
has had heavy exposure to this class of drugs in the past, such
as for prophylaxis or treatment of a recent infection.

VANCOMYCIN-CONTAINING REGIMENS

There has been much controversy regarding the inclusion 
of vancomycin in the initial empiric regimen for the febrile
granulocytopenic patient to provide a drug active against
methicillin-resistant staphylococci, enterococci, and
Corynebacterium species. Comparative trials have found that
inclusion of vancomycin in the initial regimen does reduce
the frequency of secondary nosocomial BSIs with these 
organisms during therapy211; however, these studies have not
shown reduced morbidity and mortality. A recent prospective
trial randomized 165 granulocytopenic patients with persis-
tent fever despite piperacillin/tazobactam to the addition of
vancomycin or placebo; no statistically significant differences
were noted regarding time to defervescence or additional
episodes of gram-positive bacteremia.212

In general, heavy use of vancomycin in the absence of a
clear clinical indication is undesirable because of the risk of
promoting vancomycin resistance in enterococci or S. aureus.
Thus, routine use of vancomycin in the initial antimicrobial
regimen for the febrile granulocytopenic patient is not rec-
ommended unless (1) the hospital has a high rate of nosoco-
mial infection with MRSA or the patient is known to have
previously been colonized or infected by MRSA, (2) there are
reasons to suspect overwhelming alpha-hemolytic viridans
streptococcal bacteremia, that is, shock with respiratory 
distress, (3) the patient shows evidence of infection at the exit
site or tunnel of a CVC, or (4) the patient is at risk for endo-
carditis, that is, has a prosthetic heart valve.213

For microbiologically confirmed infections with coagu-
lase-negative staphylococci or other resistant gram-positive
organisms, vancomycin should be added to the initial
regimen. Linezolid, the first U.S. Food and Drug Administra-
tion (FDA)-approved oxazolidinone, offers promise for treat-
ment of resistant gram-positive bacterial infections, including
those caused by VRE, although reversible drug-related myelo-
suppression can be seen, mainly with prolonged courses.
Quinupristin-dalfopristin, another drug that has recently
been approved by the FDA, is also effective against van-
comycin-resistant E. faecium (but not E. fecalis) and other
gram-positive bacteria.214 However, further studies are needed
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before recommendations can be made for the use of these
drugs in initial empiric regimens in patients with cancer.

Oral Antimicrobial Therapy

Until recently, the accepted standard of care for the cancer
patient with granulocytopenic fever, has been immediate hos-
pitalization for parenteral administration of antibiotics, with
close monitoring for complications and response to therapy.215

As a result, there has been a dramatic decrease in mortality
among febrile granulocytopenic patients. Recent investiga-
tions have shown that granulocytopenic patients with fever
are a heterogeneous population, with varying risks relative to
the response to therapy, the occurrence of serious medical
complications, and mortality.216,217

Over the past decade, subsets of febrile granulocytopenic
patients at low risk for complications have been identified,
which have impelled studies of using oral antimicrobials,
entirely in the outpatient setting or in the hospital, usually
following a brief course of parenteral broad-spectrum antiin-
fective therapy. Table 76.14 summarizes the randomized con-
trolled trials that have been undertaken to examine the
efficacy and safety of oral antimicrobial therapy for low-risk
patients with granulocytopenic fever.

These trials should be interpreted within the context of
their limitations. Assessment of risk of infection, antimicro-
bial regimens used, and location of antimicrobial therapy
(inpatient or outpatient) varied widely. Moreover, the
outcome “success of therapy” was not uniformly defined.
Nonetheless, the results of these important studies show
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TABLE 76.14. Randomized controlled trials assessing the efficacy of oral antibiotic therapy in granulocytopenic patients with fever.

Location of Oral
Patient group treated Antimicrobial regimen Resolution of infection treatment RR

Author population orally Oral treatment Inpatient parenteral parenteral Inpatient Relative risk

Minotti Adults Outpatient Ciprofloxacin Ceftriaxone 82% 75% 1.09
1999284

Paganini Children Outpatient Ceftriaxone then cefixime Ceftriaxone + amikacin 98% 98% 1.00
2000285

Paganini Children Outpatient Initial ceftriaxone then Ceftriaxone + amikacin 100% 98% 1.02
2001286 ciprofloxacin followed by cefixime
Paganini Children Outpatient Ciprofloxacin Ceftriaxonea 85% 82% 1.03
2003287

Shenep Children Inpatient Cefixime Ticarcillin + tobramcyin + 72% 73% 0.98
2001288 vancomycin
Mullen Children Outpatient Ciprofloxacin Ceftazidimea 80% 94% 0.85
1999289

Hidalgo Adults Outpatient Ofloxacin Ceftazidime + amikacin 89% 91% 0.97
1999290

Innes Adults Outpatient Ciprofloxacin + Gentamicin + piperacillin- 84% 90% 0.93
2003291 amoxicillin-clavulanate tazobactam
Petrilli Children Outpatient Ciprofloxacin Ceftriaxonea 83% 75% 1.16
2000292

Freifeld Adults Inpatient Ciprofloxacin + Ceftazidime 71% 67% 1.05
1999293 amoxicillin-clavulanate
Kern Adults Inpatient Ciprofloxacin + Ceftriaxone + amikacin 86% 84% 1.02
1999294 amoxicillin-clavulanate
Engervall Adults Outpatient Trimethoprim- Ceftazidime 30% 36% 0.83
1996295 sulfamethoxazole +

amikacin
Velasco Adults Inpatient Ciprofloxacin and Amikacin + carbenicillin 94% 93% 1.01
1995296 penicillin
Giamarellou Adults Inpatient Ciprofloxacin Ceftazidime + amikacin 50% 50% 1.00
2000208

Malik Adults Inpatient Ofloxacin as outpatient Ofloxacin as inpatient 81% 83% 0.97
1992297

Rubenstein Adults Inpatient Ciprofloxacin + Clindamycin + aztreonama 88% 95% 0.92
1993298 clindamycin
Johnson Adults Outpatient Ciprofloxacin Azlocillin + netilmicin 38% 42% 0.90
1992299

Flaherty Adults Outpatient Ciprofloxacin + azlocillin Ceftazidime + amikacin 35% 56% 0.62
1989300

Chan Adults Outpatient Ciprofloxacin + netilmicin Piperacillin + netilmicin 59% 62% 0.95
1989301

Rolston Adults Outpatient Ciprofloxacin + Clindamycin + aztreonam 90% 87% 1.03
1995302 amoxicillin-clavulanate
a Parenteral regimen was provided on an outpatient basis.



that, in general, the outcomes for low-risk patients treated
with oral antimicrobial therapy are generally equivalent to
those for similar-risk patients treated with intravenously
administered therapy. Oral therapy has the advantages of
reduced cost, the potential for outpatient management, and
avoidance of intravenous access, thereby obviating the risk of
IVDR BSI. The oral regimens that have been most thoroughly
evaluated are ofloxacin alone, ciprofloxacin alone, and
ciprofloxacin plus amoxicillin-clavulanate.

Pivotal to the success of this approach in clinical practice
is to accurately identify patients at low risk. Clinical predic-
tion rules have been developed for this purpose. The hypoth-
esis of Talcott et al. that granulocytopenic patients with
controlled cancer and no serious comorbidity who developed
fever in an outpatient setting are at low risk and can safely
be treated as outpatients, was validated in a prospective
study.217 Klastersky et al. developed a Multinational Associa-
tion for Supportive Care in Cancer risk index; a score of more
than 21 identified low-risk patients with a positive predictive
value of 91%, specificity of 68%, and sensitivity of 71%.218

The variables comprising this index are summarized in Table
76.15.

Summary Recommendations for Initial
Empiric Therapy

Figure 76.10 summarizes the IDSA 2002 Guideline Recom-
mendations for Initial Empiric Antimicrobial Therapy in
Granulocytopenic Patients with Fever.6 The first step is to
determine whether the patient is at low or high risk for
serious life-threatening infection, on the basis of the criteria
observed at the time of presentation (see Table 76.15). If the
risk is high, IV antimicrobials must be used; if risk is low, the
patient may be treated with either intravenous or oral drugs.
Second, decide whether the patient qualifies for vancomycin
therapy. If the patient qualifies, begin treatment with a two-
or three-drug combination, with vancomycin plus cefepime,
ceftazidime, or a carbapenem, with or without an aminogly-
coside. If vancomycin is not indicated, begin monotherapy
with a cephalosporin (cefepime or ceftazidime) or a car-
bapenem (meropenem or imipenem-cilastatin), administered

intravenously for uncomplicated cases. Two-drug combina-
tions are recommended for management of complicated cases
or if antimicrobial resistance is strongly suspected.

Adults selected for oral therapy may receive ciprofloxacin
plus amoxicillin-clavulanate. Selection of patients for outpa-
tient therapy must be done carefully from the low-risk group,
depending on the capabilities of the medical center and the
feasibility of close follow-up. Initial therapy with oral antimi-
crobials alone in the outpatient setting is not recommended
for children because of a lack of sufficient evidence.

Modification of Empiric Therapy

The majority of patients with febrile granulocytopenia will
not have a microbiologically documented infection. There-
fore, duration of therapy usually cannot be guided by moni-
toring clinical resolution of a local infection or clearance of
bacteremia. Scientific evidence to answer this important
question is scant and does not permit definitive conclusions.
The evidence-based 2002 IDSA Guideline for the manage-
ment of granulocytopenic fever stratifies patients by duration
of fever and, for patients who become afebrile by day 3, 
recommends discontinuation of antiinfective therapy if the
patient’s granulocyte count is 500 cells/mm3 or higher for 2
consecutive days, there is no definite site of infection, and
cultures remain negative. If the patient’s granulocyte count is
still less than 500 cells/mm3 by day 7, but the patient was
initially at low risk and there are no subsequent complica-
tions, therapy may be stopped when the patient is afebrile for
5 to 7 days. However, if the patient was initially considered
to be high risk, antiinfective therapy should be continued
(Figure 76.11).6

Patients with persistent fever for more than 3 days after
initial therapy, for whom no infected site of organism has
been identified, pose the greatest challenge. Persistent fever
suggests that the patient has a nonbacterial, especially fungal,
infection, a bacterial infection resistant to or slow to respond
to the drug or drugs being given, the emergence of a superin-
fection, inadequate serum and tissue levels of the antibi-
otic(s), drug fever, or need for source control (e.g., an abscess
or infected IVD). Although some patients with microbiologi-
cally defined bacterial infections, even when appropriately
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TABLE 76.15. Scoring index for identification of low-risk febrile
granulocytopenic patients at time of presentation with fever.a

Characteristic Score

Extent of illnessb

No symptoms 5
Mild symptoms 5
Moderate symptoms 3

No hypotension 5
No chronic obstructive pulmonary disease 4
Solid tumor or no fungal infection 4
No dehydration 3
Outpatient at onset of fever 3
Age less than 60 years 2
a Does not apply to patients 16 years of age or less. Initial monocyte count of
100 cells/mm3 or more, no comorbidity, and normal chest radiograph findings
indicate children at low risk for significant bacterial infections.
b Choose one item only. Highest theoretical score is 26. A risk index score of 21
or more indicates that the patient is likely to be at low risk for complications
and morbidity.

Source: Adapted from Hughes et al.,6 by permission of Clinical Infectious 
Diseases.

Fever (temperature ≥38.3°C) + Neutropenia (<500 neutrophils/mm3)

Low risk High risk

ivOral Vancomycin
not needed

Vancomycin
needed

Reassess after 3–5 days

Ciprofloxacin
+

Amoxicillin-
clavulanate
(adults only)

Monotherapy Two Drugs Vancomycin +

Vancomycin
+

Cefepime, ceftazidime,
or

carbapenem
± aminoglycoside

•Cefepime,
•Ceftazidime,
      or
•Carbapenem

Aminoglycoside
            +
•Antipseudomonal
penicillin,
•Cefepime,
•Ceftazidime, or
•Carbapenem

FIGURE 76.10. Algorithm for initial management of febrile granu-
locytopenic patients. (From Hughes et al.,6 by permission of Clinical
Infectious Diseases.)



treated, may require 5 days of therapy before defervescence
occurs, a comprehensive reassessment should be undertaken
if the patient fails to respond to initial therapy within 3 days,
to include a review of all culture results, physical examina-
tion, chest radiograph, culturing of additional blood samples,
and samples from clinically suspected sites of infection, and
diagnostic imaging of any deep organ suspected of harboring
infection. Ultrasonography or high-resolution CT are espe-
cially helpful for patients with suspected pneumonia, sinusi-
tis, or typhlitis.

If fever persists after 5 days of antimicrobial therapy and
reassessment does not yield a cause, there are three possible
approaches (Figure 76.12): (1) continue treatment with the
initial antibiotics, (2) modify the initial regimen, or (3) add an
antifungal agent to the regimen, with or without modifica-
tion of the antibacterial regimen.

If no discernible improvement in the patient’s condition
has occurred (i.e., the patient remains febrile but stable)
during the first 4 to 5 days of initial antimicrobial therapy,
and if reevaluation yields no new information to the contrary,

the initial regimen can be continued. This decision will be
strengthened if the granulocytopenia can be expected to
resolve within the ensuing 5 days.

If evidence suggests clinical deterioration or a complica-
tion (such as the onset of abdominal pain from enterocolitis
or typhlitis, new or worsening mucosal lesions, or drainage
from an IVD exit site or pulmonary infiltrates) during the
initial antimicrobial course, consideration should be given 
to adding appropriate antibiotics or changing to a different
regimen.

If the initial regimen is monotherapy or two drugs
without vancomycin, vancomycin may be considered if any
of the criteria for use of vancomycin previously mentioned
has been met. If a blood- or site-specific pathogen is isolated,
the most appropriate antibiotic should be used while contin-
uing broad-spectrum coverage.

The third decision to consider is the addition of empiric
antifungal therapy. Amphotericin B is usually the drug of 
first choice (see Figure 76.12). Studies in 1982219and 1989220

suggested that up to one-third of febrile granulocytopenic
patients who do not respond to a 1-week course of empiric
antimicrobial therapy have a systemic fungal infection that,
in most cases, is caused by Candida or Aspergillus species.
The empiric use of IV amphotericin B deoxycholate in
patients with prolonged febrile granulocytopenia, was shown
to reduce the incidence of invasive fungal infection and
improve patient survival.221,222 Although clinicians disagree
when amphotericin B therapy should be initiated empirically,
most believe that the patient who remains febrile and pro-
foundly granulocytopenic for 5 days, despite administration
of antimicrobial therapy in adequate doses, is a candidate for
antifungal therapy.6 However, every effort should be made to
determine whether systemic fungal infection exists, by
biopsy of suspicious lesions, radiographs of chest and sinuses,
nasal endoscopy to investigate sinusitis, and CT of the
abdomen and chest, before amphotericin B therapy is started.

Comparative trials show that lipid formulations of
amphotericin B can be used as alternatives to amphotericin
B deoxycholate for empiric therapy. Although they do not
appear to be any more effective therapeutically,223 lipid for-
mulations of amphotericin are associated with much less
infusion-related toxicity and, especially, nephrotoxicity.224,225

The use of azoles—fluconazole, itraconazole, or voricon-
azole—in patients with febrile granulocytopenia has been less
well studied. Small trials have demonstrated equivalency
between amphotericin B deoxycholate and fluconazole226 or
itraconazole227; however, both these studies were performed
in populations with low rates of filamentous fungal infection.

The new triazole, voriconazole, has also been compared
to liposomal amphotericin B in a large randomized multi-
center study.228 The use of voriconazole was associated 
with a reduced incidence of documented invasive fungal
infections; however, voriconazole was found to be inferior 
to liposomal amphotericin, based on a five-part composite
primary endpoint. As a result, voriconazole has not 
been licensed by the FDA for the empiric therapy of febrile
granulocytopenia.229

Duration of Antimicrobial Therapy

The most important guides to successful discontinuation of
antibiotics are the granulocyte count and defervescence
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Afebrile within first 3-5 days of treatment

No etiology identified Etiology identified

Adjust to most
appropriate treatment

High
risk

Low
risk

Discharge

Continue
same

antibiotics

Change to:
ciprofloxacin

+
amoxicillin-
clavulanate
(adults) or

cefixime (child)

FIGURE 76.11. Guide for management of patients who become
afebrile in the first 3 to 5 days of initial antibiotic therapy. See Table
7.15 for rating patients at low risk. (From Hughes et al.,6 by permis-
sion of Clinical Infectious Diseases.)

Persistent fever during first 3–5
days of treatment: no etiology

Reassess patient on days 3–5

Continue
initial

antibiotics

Change
antibiotics

if no change in
patient’s condition

(consider
stopping

vancomycin)

-if progressive
disease,

-if criteria for
vancomycin

are met

If febrile through
days 5–7 and
resolution of

neutropenia is
not imminent

Antifungal drug,
with or without

antibiotic change

FIGURE 76.12. Guide to treatment of patients who have persistent
fever after 3 to 5 days of treatment and for whom the cause of the
fever is not found. (From Hughes et al.,6 by permission of Clinical
Infectious Diseases.)



(Table 76.16). As noted earlier, if no infection is identified, if
the granulocyte count is 500 cells/mm3 or more for 2 con-
secutive days, and the patient is afebrile for 48 hours or more,
empiric antimicrobial therapy may be stopped at that time.

If the patient becomes afebrile but remains granulocy-
topenic, the best course is less well defined and no consen-
sus exists. Some authorities recommend continuation of
antibiotics, given intravenously or orally, until granulocy-
topenia has resolved; others suggest that for granulocytopenic
patients who appear healthy clinically, who are in a low-risk
category at onset of treatment, and who have no radiographic
or laboratory evidence of infection may have systemic
antimicrobial therapy stopped after 5 to 7 afebrile days, or
sooner with hematologic recovery.230 If antibiotics are stopped
while the patient has granulocytopenia, the patient must be
monitored very closely and intravenous antibiotics resumed
immediately with the recurrence of fever or other evidence
of bacterial infection.231 In general, antibiotic therapy should
be continued throughout the granulocytopenic period in
patients with profound granulocytopenia (less than 100
cells/mm3), mucous membrane lesions of the mouth or 
gastrointestinal tract, unstable vital signs, or other identified
risk factors.

In patients with prolonged granulocytopenia in whom
hematologic recovery cannot be anticipated, one can consider
stopping antibiotic therapy after 2 weeks if no site of infec-
tion has been identified and the patient can be observed care-
fully (see Table 76.16).

The duration of amphotericin B therapy differs. If a sys-
temic fungal infection has been identified, the course of anti-
fungal therapy will be determined by the causative agent, the
extent of the disease, and the clinical and microbiologic
response. However, if no fungal infection is found, it is less
clear how long empiric amphotericin B or other antifungal
drugs should be continued. Experience is limited predomi-
nantly to amphotericin B. When granulocytopenia has
resolved, the patient is clinically well, and CT of the abdomen

and chest reveal no suspicious lesions, amphotericin B may
be discontinued.232 For clinically well patients with prolonged
granulocytopenia, it is suggested that, after 2 weeks of daily
doses of amphotericin B, if no discernible lesions can be found
by clinical evaluation, chest radiography (or CT of the chest),
and CT of the intraabdominal organs,233 the drug can be
stopped. In the patient who appears ill or is at high risk, one
should consider continuation of therapy with antibiotics and
amphotericin B throughout the period of granulocytopenia,
assuming that hematologic recovery can be anticipated.

Predictors of Response to Antimicrobial Therapy

Elting et al. assessed predictors of outcome in 909 episodes of
bacteremia selected from 10 randomized clinical trials of
antimicrobial therapy for infection in patients with cancer
and granulocytopenia.234 Extensive tissue infection signifi-
cantly compromised response to initial therapy (74% versus
38%; P less than 0.0001), ultimate outcome of infection (94%
versus 73%; P less than 0.0001), and survival (94% versus
75%; P less than 0.0001). Log regression showed that shock
(OR, 18.0; P less than 0.0001) and bacteremia caused by P.
aeruginosa species (OR, 7.0; P = 0.03), Clostridium species
(OR, 9.0; P = 0.006), or a pathogen resistant to antibiotics used
for initial therapy (OR, 3.0; P less than 0.0001), were each
independently associated with a poor outcome. Recovery of
the granulocyte count predicted a favorable outcome (OR, 0.4;
P less than 0.0001). Although the overall mortality rate was
not significantly increased when patients with bacteremia
caused by gram-negative organisms initially received
monotherapy or when patients with bacteremia due to gram-
positive organisms received delayed vancomycin therapy,
these strategies increased the duration of therapy by 25%.
Patients with bacteremia caused by alpha-hemolytic strepto-
coccus were more likely to die if vancomycin was not
included in the initial empirical regimen (P = 0.004).

Hematopoietic Growth Factors

Hematopoietic growth factors have been studied as an adjunct
to antimicrobial therapy for granulocytopenic fever in several
randomized trials. Although the duration of granulocytopenia
was consistently shorter in these studies, it did not translate
into clinically relevant improved outcomes. In a meta-
analysis of 13 randomized, controlled trials comparing antibi-
otics and granulocyte colony-stimulating factor (G-CSF) with
antibiotics alone for granulocytopenic fever, Clark et al. found
a decrease in length of hospitalization [RR, 0.63; 95% confi-
dence interval (CI), 0.40–0.82; P less than 0.001] and a shorter
time to granulocyte recovery (RR, 0.32; 95% CI, 0.23–0.46; P
less than 0.001); however, no effect on either overall mortal-
ity (OR, 0.68; 95% CI, 0.43–1.08; P = 0.05) or infection-related
mortality (OR, 0.85; 95% CI, 0.33–2.20; P = 0.7) was
observed.235 Based on the available evidence, recent guide-
lines6,236 that have addressed the use of G-CSF and granulo-
cyte macrophage colony-stimulating factors (GM-CSF) in
patients with cancer recommend against the routine use of
hematopoietic growth factors. However, under certain condi-
tions, with a worsening of the course and expected delay in
marrow recovery, use of these agents may be appropriate with
pneumonia, hypotension, or shock, severe cellulitis or sinusi-
tis, systemic fungal infections, or multiorgan dysfunction 
secondary to sepsis.6 Therapy with colony-stimulating factors
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TABLE 76.16. Recommendations for duration of empiric
antimicrobial therapy for patients with granulocytopenic fever.

Duration Recommendation

Afebrile by day 3–5
ANC >500 per 2 consecutive days Stop antibiotics 48 hours 

after afebrile and ANC 
ANC <500 by day 7 >500

Initially considered low-risk Stop antibiotics when 
patient and clinically well afebrile for 5–7 days

Initially considered high risk, or Continue antibiotics
profoundly granulocytopenic, 
or with mucositis or clinically
unstable

Persistent fever without identifiable
source or pathogen

ANC >500 Stop antibiotics 4–5 days 
after ANC >500 and
reassess

ANC <500 Continue antibiotics for 2 
weeks; reassess and stop 
if no disease is found

Source: Adapted from Hughes et al.,6 by permission of Clinical Infectious 
Diseases.



could also be considered for patients who remain severely
granulocytopenic and have documented infections that have
failed to respond to appropriate antimicrobial therapy, such
as gram-negative cellulitis.

Granulocyte Transfusions

Existing evidence does not support the routine use of granu-
locyte transfusions in patients with granulocytopenic fever.
The major indication for granulocyte transfusion support at
the present time is the patient with profound granulocytope-
nia and overwhelming gram-negative bacillary infection,
especially major soft tissue infection that is unresponsive to
antiinfective therapy.237

Supportive Therapy

Treatment of infection, especially associated with sepsis or
early multiple organ dysfunction (MODS) syndrome, does not
stop with source control and antiinfective therapy but
demands the highest skills of the clinician to keep the patient
alive until the infection can be controlled.

Circulatory Support

The importance of very early and aggressive circulatory
support of the septic patient with large volumes of fluids,
with or without cardiovascular pressor drugs, cannot be
overemphasized.238 The most experienced clinician cannot by
physical examination alone reliably assess a critically ill
patient’s cardiac performance vis-à-vis ventricular filling pres-
sures or cardiac output. Thus, if an infected patient exhibits
hypoxemia or hypotension refractory to initial fluid resusci-
tation, a flow-directed, balloon-tipped, pulmonary artery
catheter (PAC) can be helpful to guide fluid therapy and deci-
sions on choice of pressors and inotropic drugs, with the phys-
iologic goal of optimizing oxygen delivery and uptake. Recent
fear, based on a retrospective study, that PACs increase mor-
tality in critically ill patients239 has been dispelled by a large,
multicenter randomized trial in older adult surgical patients
showing that PACs can be used safely without increased 
mortality.240

There are no data to indicate that colloid solutions, such
as albumin, plasma protein fraction, or hydroxyethyl starch
(hetastarch) are superior to crystalloids, such as 0.9% normal
saline or Ringer’s lactate, for support of the failing circulation
in the patient with septic shock. Crystalloids should be the
IV fluid of choice for treatment of sepsis and in the patient
with shock and should be given aggressively in the first 4 to
6 hours, guided by the central venous pressure, to minimize
mortality.238

Novel Adjunctive Therapies

For nearly 40 years, despite advances in antiinfective therapy
and in ICU care, the mortality of septic shock has declined
only marginally, pointing up the need to modulate the severe
systemic inflammatory response syndrome that underlies
shock, multiorgan dysfunction, and death.213

Patients who have been receiving long-term cortico-
steroid therapy who develop sepsis need supplemental stress
doses of corticosteroids, hydrocortisone 50 to 75mg IV every

6 hours, to prevent acute adrenal crisis. However, there is
growing evidence to suggest that these doses of hydrocorti-
sone will improve survival in patients with severe sepsis. A
recent multicenter, double-blind randomized trial in France
found, in patients with severe sepsis or septic shock, that
adjunctive therapy with hydrocortisone 50mg IV every 6
hours and fludrocortisone 5mg per day orally reduced mortal-
ity 30%.241

It has long been recognized that most patients with septic
shock have low levels of the essential physiologic anticoagu-
lant, protein C. A recent international, multicenter trial 
was undertaken to assess the therapeutic effect of repleting
protein C with a recombinant activated form (rhAPC) in
patients with severe sepsis, 75% with shock.242 The choice of
protein C was influenced by knowledge of its capacity to
modulate inflammation through inhibition of monocyte 
production of tumor necrosis factor-alpha (TNF-a) and 
interleukin (IL)-1b, inhibition of neutrophil activation, and
downregulation of endothelial expression molecules, inter-
cellular adhesion molecule ICAM-1, E-selectin, and VCAM-
1. In the double-blind trial in 1,640 patients, a continuous
infusion of rhAPC 24mg/kg/min, begun within 24 hours of the
onset of severe sepsis and continued for 96 hours, was asso-
ciated with a 19% reduction in 28-day all-cause mortality 
(P = 0.005). There was a slight increase in bleeding complica-
tions in recipients of rhAPC (serious bleeding, 3.5% versus
2.0%; P = 0.06); however, rhAPC was well tolerated, consid-
ering the critical illness of most of the recipients.242 The major
contraindications to adjuvant use of rhAPC in cancer patients
are active bleeding, severe thrombocytopenia (less than
30,000), or chronic renal or hepatic failure.

Prevention of Infection in the Patient 
with Cancer213

Protective Isolation

Profound and prolonged granulocytopenia, whether caused by
the primary hematologic malignancy or its therapy, puts the
patient at great risk for severe infection. Approximately 70%
of deaths from acute nonlymphoblastic leukemia (ANLL) are
ascribed to infection, the risk of which is inversely related to
the absolute granulocyte count. Prevention of infection may
allow patients to receive more intensive chemotherapy and
thereby increase the rates of remission and overall survival.
Concerted efforts have been made to protect the granulocy-
topenic patient from nosocomial infection during chemother-
apy or bone marrow transplantation. Randomized trials have
prospectively evaluated various procedures for protection of
the granulocytopenic patient, including protective environ-
ments, the use of prophylactic nonabsorbable antibiotics, or
both.243

Most programs have been based on elaborate protocols for
protection against both extrinsic and endogenous pathogens,
typically isolating the patient in a room or tent with filtered
ultraclean air and requiring persons entering the room to wear
sterile overgarments, gloves, shoe covers, and masks. Such
protocols have been supplemented by regular applications of
cutaneous and orificial disinfectants, use of food and water
low in microbial content, and continuous administration of
prophylactic oral nonabsorbable antibiotics. Because the
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expense of such complex programs is prohibitive for most
hospitals, simple protective isolation (or reverse precautions)
requiring that the person entering the room wear a clean
gown, gloves, and mask is widely used as an alternative
means to protect the granulocytopenic patient from infection.
A prospective, randomized unblinded study to assess the effi-
cacy of protective isolation in 37 granulocytopenic patients
with 43 episodes of infection found no statistically significant
differences in the overall incidence of infection, time to onset
of first infection, or days with fever.244 Neither response 
to antileukemic therapy nor survival was improved with 
isolation.

These randomized trials are difficult to compare because
of differing isolation protocols, different antileukemic or
antibiotic regimens; moreover, criteria of infection have not
been consistently defined. In general, however, comparative
studies have shown that patients in whom some method or
protection was used, either a protective environment or
antibiotics alone or in combination, had fewer infections,
fewer days of fever, and often reduced mortality from infec-
tion. However, more importantly, these measures have failed
to find improvement in rates of leukemic remission or overall
survival.

Prevention of Nosocomial Transmission of
Resistant Organisms

Isolation of infected and colonized patients is widely regarded
as the most important measure to prevent spread of resistant
pathogens through the healthcare institution.245,246 The most
recent CDC Guideline categorizes isolation precautions: (1)
standard precautions and (2) transmission-based precau-
tions.247 Standard precautions specify the use of gloves for any
anticipated contact with blood, any body fluid, secretions or
excretions (except sweat), nonintact, skin or mucous mem-
branes. Gowns are recommended if patient care activities are
likely to generate splashes of blood, body fluids, and secre-
tions. Hand hygiene is expected after removing gloves and
between patients. Standard precautions apply to all patients,
without regard to clinical diagnosis.

Transmission-based precautions include contact, droplet,
and airborne precautions, each based on the mode of trans-
mission of the infectious agent within the healthcare setting.
Acknowledging that multiresistant nosocomial pathogens,
particularly MRSA and VRE, are spread primarily by direct
(and indirect) contact with healthcare workers, the Guideline
specifies that patients known to be colonized or infected by
resistant bacteria are to be placed in contact isolation, which
requires a private room for the patient (or pairing the patient
in a semiprivate room with another patient who is also 
colonized or infected by the same organism). Healthcare
workers are expected to wear gloves on entry to the room,
and gowns as well if substantial contact with the patient or
the environment is anticipated. Gloves and gowns should be
removed and hands treated with a medicated hand hygiene
product while still in the isolation room. Noncritical patient
care items should be dedicated; if reused, they must be 
disinfected between patients.

Unfortunately, the existent paradigm for preventing
spread of resistant organisms in the hospital—waiting until
colonization or infection by MRSA, VRE, or some other resis-

tant organism is serendipitously identified by the clinical 
laboratory, following which the patient is placed in isolation,
usually in a single room, requiring gloves, with or without a
gown, for all contacts with the patient—is failing dismally,
viewing the inexorable growth in antimicrobial resis-
tance.49,248,249

A recent Guideline from the Society for Healthcare 
Epidemiology of America250 recommends that surveillance
cultures to detect silent VRE or MRSA carriage be performed
in roommates of VRE- or MRSA-colonized or -infected
patients and other high-risk patients, at the discretion of
infection control staff; patients found to be colonized must
also be placed in contact isolation.250 If these measures fail to
contain spread, efforts should be intensified in the highest
risk areas, such as the ICU. Grouping of staff and screening
of staff for carriage, if epidemiologic data point to a link, is
recommended. Verification that environmental disinfection
procedures are effective, by environmental surveillance cul-
tures before and after cleaning areas containing VRE- or
MRSA-colonized or -infected patients, is also recommended.

Strategies designed to proactively identify the reservoir of
asymptomatic colonized patients by routine surveillance cul-
tures of patients at high risk for MRSA or VRE carriage, rather
than relying solely on clinical cultures driven by suspicion 
of infection, followed by isolation only if cultures indicate 
the presence of a resistant organism,251,252 have had variable
results; most before-and-after studies have shown that this
strategy has been useful in containing institutional spread 
of multiresistant organisms,251,253,254 but others have found
limited benefit.255–257 It is notable that no randomized trial has
yet been undertaken to assess the effectiveness of prospective
microbiologic surveillance beyond the outbreak setting.

Eradication of VRE or MRSA from the hospital is most
likely to succeed when the rate of colonization or infection
is still low or confined to a single unit.258,259 A comprehensive
multifaceted infection control program, consisting of contact
isolation (gowns, gloves) for patients found to be colonized in
weekly screening of all patients, handwashing, dedicated use
of noncritical equipment, and intensive education, was highly
successful in reducing the prevalence of VRE colonization
from 2.2% to 0.5% in the Siouxland region of Iowa, Nebraska,
and South Dakota, where VRE was only recently detected for
the first time.258 Once hyperendemicity has occurred, eradi-
cation is very difficult and costly. The continued reintroduc-
tion of new multiresistant strains into the institution 
from interinstitutional transfers of unrecognized colonized
patients has fueled the continued spread of multiresistant
nosocomial organisms. Infection control policies must find
ways to prevent both intra- and interinstitutional spread.

The majority of patients admitted to ICUs have multiple
risk factors for colonization or infection by resistant organ-
isms,23 which mandates screening a very large proportion 
of the patients or, better, all of them. Weekly surveillance 
cultures, as performed in the majority of studies that have
used this approach, requires substantial microbiologic
support and is labor intensive.260 By the time the results of
surveillance cultures showing colonization by a resistant
organism become available, and isolation precautions can be
implemented, precious time has passed, providing opportu-
nities for further spread of the organism. Moreover, targeted
screening for only one nosocomial pathogen, such as VRE,

1 3 9 0 chapter 76



ignores the possibility that the patient might be colonized by
nosocomial pathogens other than VRE, such as MRSA, resis-
tant gram-negative bacteria, or Clostridium difficile, which
obviously facilitates their spread.

We believe that a simpler strategy for preventing spread
of all types of multiresistant bacteria, is the preemptive use
of barrier isolation precautions (gowns and gloves) and dedi-
cated patient care items, such as stethoscopes and sphygmo-
manometers, in all high-risk patients from the time of
admission, to prevent healthcare workers from acquiring
hand contamination by multiresistant organisms when
having contact with patients with unrecognized colonization
or infection, and thus, to block transmission to other, as yet
uncolonized, patients. Numerous studies have shown that
the preemptive use of barrier precautions, also called “pro-
tective isolation,” can effectively prevent the spread of mul-
tiresistant organisms, such as MRSA or VRE, in an epidemic
setting,261,262 and other studies have shown the effectiveness
of protective isolation in high-risk populations, such as
patients in an ICU, for prevention of endemic nosocomial
infection, including spread by multiresistant organ-
isms.256,263–267 Three prospective randomized trials have been
conducted to assess the efficacy of preemptive barrier pre-
cautions263,264,268; two showed benefit with a reduction in all
nosocomial infections in ICU patients (relative risk reduc-
tion, 52% to 81%).263,264

Antimicrobial Prophylaxis

Prophylactic antimicrobials during granulocytopenia have
been shown to reduce the frequency of febrile episodes;
however, enthusiasm for the use of prophylactic antimicro-
bials has been damped by the adverse consequences of such
a strategy, particularly emergence of multiresistant bacteria,
superinfection by fungi, and toxicity from the antimicrobials
used.

Combinations of nonabsorbable drugs, such as aminogly-
cosides, polymyxins, and vancomycin, have been used for in-
fection prophylaxis in the past. However, recent prospective,
randomized trials have consistently found that trimethoprim-
sulfamethoxazole (TMP-SMZ) and fluoroquinolones are more
effective and better tolerated.269,270

A recent meta-analysis of nine prospective, randomized
trials (1,202 patients) to assess the benefit of adding an agent
for gram-positive coverage (vancomycin, penicillin, amoxi-
cillin, roxithromycin, or rifampin) to prophylactic fluoro-
quinolones found that although the frequency of infections
caused by gram-positive bacteria (coagulase-negative staphy-
lococci and streptococci) was reduced, overall mortality
attributable to infection was similar in both groups.271 Side
effects occurred twice as frequently in the group receiving
additional prophylaxis against gram-positive bacteria. As
such, the routine use of prophylactic antibiotics for preven-
tion of infection in patients with cancer and granulocytope-
nia is not recommended.

Invasive fungal infection is associated with considerable
morbidity and mortality especially in patients with hemato-
logic malignancy. Because these infections are difficult to
diagnose and have high mortality, prophylaxis against fungal
infections is an attractive approach for patients expected to
have prolonged granulocytopenia. Numerous randomized

trials assessing the efficacy of antifungal agents, most often
fluconazole, itraconazole, or amphotericin have been 
undertaken. The results are difficult to compare because of
differing patient populations, myelosuppressive regimens,
drug dosage and routes of administration, varying durations
of prophylaxis, and lack of uniform case definitions. Nonethe-
less, most trials have found benefit for prevention of invasive
fungal infections; however, a survival benefit was not con-
sistently demonstrated.272,273

The risk of developing a potentially fatal invasive fungal
infection increases in patients with hematologic (rather than
solid organ) malignancy, duration of granulocytopenia, pro-
longed corticosteroid therapy, allogeneic and autologous 
bone marrow and stem cell transplantation, graft-versus-host
disease, and concomitant viral infections.274,275 Therefore, the
best studies of antifungal prophylaxis have focused on these
high-risk groups. Fluconazole has been the most widely
studied agent for prophylaxis in doses ranging from 50 to 400
mg daily. Goodman et al. found that 400mg/day of flucon-
azole was superior to placebo in reducing both the incidence
of invasive fungal infection and attributable mortality.276 In
the second trial, performed in pediatric and adult bone
marrow transplant recipients, fluconazole, given for 100 days
posttransplantation, reduced the incidence of invasive fungal
infection when compared with clotrimazole troches.277

Based on results from these and other studies that
reported similar results, 400mg/day fluconazole is recom-
mended for patients undergoing allogeneic bone marrow or
stem cell transplantation.

Fluconazole has dose-dependent activity against Candida
glabrata and no activity against Candida krusei and
Aspergillus species. An azole with a broader spectrum, itra-
conazole, has been studied in several trials. The oral suspen-
sion has superior bioavailability than capsules and has been
shown to be more efficacious. The results of randomized
trials indicate a reduction in the incidence of fungal infection;
however, a mortality benefit was not consistently demon-
strated. A recent meta-analysis of 13 randomized trials (3,597
patients) found that prophylaxis with itraconazole reduced
the incidence of invasive fungal infection (RR, 40%; P = 0.002)
and mortality from invasive fungal infection; however, no
impact on overall mortality was observed.278 As yet, the
benefit of prophylaxis with itraconazole remains controver-
sial, and it cannot be recommended universally.

Amphotericin B deoxycholate and lipid-based ampho-
tericin B have each been studied in a limited number of 
trials, most of which employed historical controls or a small
number of subjects.279,280 Infusion-related toxicity with
amphotericin B and the high cost of lipid-associated ampho-
tericin B have limited the prophylactic use of these agents.

Two new antifungal agents, voriconazole and caspofun-
gin, have recently become available for treatment of fungal
infection; however, data on prophylaxis are as yet too limited
to draw conclusions.281 Recent recommendations regarding
the use of antifungal prophyalxis have been published by 
the German Society of Hematology and Oncology282 and are
summarized in Table 76.17.
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TABLE 76.17. Summary of recommendations for antifungal prophylaxis in patients with malignancy.

Patient population Drug Dosage Level of evidence

Conventional chemotherapy Fluconazole 50–400mg/day C-I
Itraconazole oral suspension £5mg/kg/day C-I
Itraconazole capsules parenteral Any dose C-I

amphotericin B deoxycholate parenteral 0.5–1.0mg/kg every 48 hours C-II
amphotericin B deoxycholate <0.5mg /kg every 48 hours C-II

Allogeneic transplant Fluconazole 400mg/day A-I
Fluconazole 50–200mg/day C-I
Itraconazole 400mg/day oral solution C-I
Liposomal amphotericin B 1.0mg/kg/day C-I

Solid tumors Any antifungal Any dose C-I

Source: Adapted from Cornely et al.,282 by permission of Annals of Hematology.

From the Infectious Diseases Society of America Guidelines for weighting recommendations based on the quality of scientific evidence.283 Category: A, good evi-
dence to support a recommendation for use; B, moderate evidence to support a recommendation for use; C, poor evidence to support a recommendation for use.
Quality of evidence: I, evidence from one or more properly randomized controlled trial; II, evidence from one or more well-designed observational study, multiple
time-series, or dramatic results of uncontrolled experiments; III, expert opinion, descriptive studies.
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Acute Toxicities of
Therapy: Pulmonary

Complications
Scott E. Evans and Andrew H. Limper

urveillance data indicate that adverse drug reactions
result in between 3.5% and 32.9% of hospitaliza-
tions.1–3 Of the more than 350 medications known or

suspected of causing pulmonary complications, a substantial
number are chemotherapeutic agents.

Twenty percent of patients receiving cytotoxic
chemotherapeutic agents (10% or less for noncytotoxic drugs)
develop symptoms of untoward pulmonary reactions.4,5 Up to
3% of patients on some cytotoxic regimens will succumb to
pulmonary-related mortality.6,7 An estimated 5% to 30% of
pulmonary disorders in cancer patients are directly attributed
to chemotherapy.8 Further, a Mayo Clinic study of lung biop-
sies from immunocompromised patients with diffuse lung
disease, implicated chemotherapeutic agents as causative
21% of the time.9

Despite the prevalence of chemotherapy-associated pul-
monary toxicity (CAPT), the assessment of these effects
remains difficult. The myriad presentations of CAPT are
often nonspecific and vary both by drug and by individual
patient.4,10 Further, although unrecognized CAPT may be
fatal, so too are the conditions from which it must most often
be differentiated: progression or metastasis of the underlying
malignancy and pulmonary infections in the immunocom-
promised cancer patient. Unfortunately, neither blood tests
nor even biopsy can alone confirm the diagnosis of CAPT,9,11

and, accordingly, the diagnosis of CAPT is sometimes a diag-
nosis of exclusion.11,12

Typical Presentations

The first indications of CAPT often arise weeks to years after
the initial administration of chemotherapeutic drugs. The
most consistently described symptoms in CAPT are dyspnea,
nonproductive cough, and, notably, fever. Chills are typically
absent. Although the physical examination varies with the
underlying process, the most common finding in CAPT is the
presence of fine crackles.

With the possible exception of methotrexate pneumoni-
tis-related hilar lymphadenopathy, specific X-ray presenta-
tions cannot be reliably used to predict the offending
chemotherapeutic agent.13 The most frequently described
chest X-ray findings are diffuse interstitial changes,13,14 and a

diffuse mixed alveolar-interstitial pattern may also be
observed in some forms of CAPT (Figure 77.1).

High-resolution computed tomography (HRCT) of the
chest may help exclude common CAPT mimics, such as
some lower respiratory tract infection, radiation pneumoni-
tis, or progression of malignancy.15 Although nonspecific,
identification of suggestive HRCT findings may aid in the
diagnosis of CAPT.16–18 The most common findings in CAPT
are diffuse or multifocal ground-glass opacities, patchy areas
of consolidation, interlobular septal thickening, centrilobular
nodules, pleural effusion, and pulmonary nodules.13,14,18

Gallium (67Ga) uptake is elevated in most chemotherapy-
induced pulmonary reactions.9 One study also prospectively
showed that technetium (99mTc) pentetic acid (DTPA) scintig-
raphy can discriminate patients with methotrexate pneu-
monitis from those not receiving methotrexate.19

Routine pulmonary function testing is often recom-
mended for patients managed with agents known to have pul-
monary toxicities, particularly, bleomycin. Plethysmographic
testing of lung volumes in CAPT can reveal evidence of
restrictive lung disease, although spirometry does not gener-
ally demonstrate airflow obstruction.9 Probably the most 
sensitive pulmonary function parameter for identifying pre-
clinical CAPT is the carbon monoxide diffusing capacity
(DLco). Decrements in the DLco have been prospectively noted
days to weeks before symptoms or radiographic changes of
CAPT are evident,20 and may offer an opportunity to mini-
mize disease progression through drug withdrawal. Conflict-
ing data exist, however, and some authors argue that isolated
DLco decreases rarely progress to clinically relevant disease
and improve after completion of therapy.21

Fiberoptic bronchoscopy with bronchoalveolar lavage
and/or transbronchial biopsy is commonly performed in cases
of suspected CAPT. The utility of this approach remains
unproved in a prospective manner, although valuable infor-
mation may be gained.5 In particular, the presence of lower
respiratory tract infections may be excluded by either bron-
choalveolar lavage or transbronchial biopsy with a reasonably
strong negative predictive value. Either test may reveal alter-
nate pulmonary diagnoses, and transbronchial biopsy may
identify lymphangitic tumor spread. Although sampling error
is always a concern with transbronchial biopsy, it has also
been reported that lymphocytic alveolitis identified in a bron-
choscopically obtained sample may be suggestive of CAPT.22
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The determination for open versus thoracoscopic biopsy must
be made on a case-by-case basis, determined by features, 
such as clinical stability, location of infiltrates, and 
coagulopathies.23

Largely as a result of differing mechanisms of injury and
interindividual variations, no single histologic pattern has
been identified to conclusively prove CAPT. In this respect,
the most informative element of pathologic reports is often
the exclusion of alternate conditions when CAPT is 
suspected.24

Several classic histologic patterns have been described in
CAPT. Most commonly described are “bizarre” changes of
type II pneumocytes with marked cellular atypia and hyper-
plasia, but no changes suggestive of malignancy, and a reduc-
tion in the type I pneumocyte population. The simple
presence of cytological atypia cannot by itself definitively
establish chemotherapy-associated lung injury.

Interstitial inflammation is also frequently reported
during CAPT and can be associated with septal thickening
caused by fibrin and collagen deposition. Such extracellular
matrix deposition can eventually progress to severe fibrosis,
such as occurs during long-term bleomycin therapy (Figure
77.2). Other forms of CAPT, including that associated with
cytosine arabinoside, demonstrate a pattern of diffuse alveo-
lar damage. In addition, bronchiolitis obliterans-organizing
pneumonia has also been described with chemotherapeutic
agents. Because of the limited number of toxic responses the
lung is capable of generating, many biopsy specimens in
CAPT can be characterized no more precisely than intersti-
tial pneumonia.24

Also complicating the pathologic assessment of patients
with CAPT, is incomplete understanding of the correlation
between histologic changes and clinical disease. More pre-
cisely, the relevance of atypical epithelial cells recovered from
bronchial washings or sputum samples remains unclear. Even
when classic type II pneumocyte changes are observed, the
rate of progression to symptomatic CAPT is unknown.

An understanding of the typical timing of various CAPT
syndromes often facilitates determination of the significance
of radiographic and pathologic findings. The majority of
patients who develop CAPT present more than 2 months after
the completion of therapy. Hypersensitivity pneumonitis and
hypersensitivity-like inflammatory interstitial pneumonias,
however, are most often reported in the early days to weeks
of therapy and are most commonly described with methotrex-
ate, procarbazine, carmustine (BCNU), paclitaxel, and
bleomycin.25 These patients present with features typical of
hypersensitivity of other causes, including nonproductive
cough, exertional dyspnea, fine crackles on examination,
interstitial or mixed interstitial-alveolar infiltrates on 
radiographs, and often with peripheral and parenchymal
eosinophilia. As with many other CAPT presentations, they
also tend to have low-grade fevers. Another commonly prob-
lematic early-onset presentation of CAPT, is noncardiogenic
pulmonary edema, with chemotherapy-induced endothelial
inflammation leading to vascular leak. Cytosine arabinoside
(ara-C), interleukin-2, all-trans-retinoic acid (ATRA), and
bleomycin, are the most common culprits in this type of reac-
tion.25 Other well-characterized early presentations include
bronchospasm (vinblastine, methotrexate), pleural effusion
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FIGURE 77.1. Radiographic patterns of chemotherapy-associated
pulmonary toxicity. (A) Chest radiograph of a patient receiving busul-
fan therapy. The X-ray demonstrates diffuse mixed alveolar and inter-

stitial infiltrates. (B) Chest radiograph shows chronic interstitial
fibrotic infiltrates in patient receiving long-term chlorambucil
therapy.



(methotrexate, ATRA, mitomycin-C), and early-onset pul-
monary fibrosis (ATRA, rarely bleomycin).

The norm is CAPT presentation months to years after ini-
tiation of therapy.9,25 Interstitial fibrosis is undoubtedly the
most common manifestation of late-stage CAPT, with
bleomycin, BCNU, busulfan, and mitomycin-C the biggest
offenders.4,26 Although the radiographic distribution may be
somewhat atypical, the histologic features of CAPT-induced
fibrosis are generally identical to those in idiopathic 
pulmonary fibrosis. In addition to interstitial fibrosis, 
both pleural thickening and pulmonary nodules have been
described with late-stage extracellular matrix deposition and
bronchiolitis obliterans-organizing pneumonia. Intriguingly,
cytotoxic chemotherapeutic agents have also been associated
with exacerbations of previously established radiation pneu-
monitis with fibrosis, so-called radiation recall effects.6 And,
conversely, patients with cytotoxic agent-induced fibrosis
have been shown to display accelerated collagen deposition
following exposure to high inspired oxygen concentrations for
at least 6 months after completion of therapy.6

Regardless of the specific agent, the central tenets of
CAPT management are cessation of exposure to the drug and
supportive care. Oxygen supplementation, mechanical venti-
lation, diuresis, and even lung transplantation have been used
when clinically necessary. Corticosteroid therapy is also
widely advocated for many severe reactions, although data 
are lacking to show proof of effect for most CAPT 
reactions.9,10,12,26

Specific Agents

Antibiotics

Bleomycin

With reports of 20% to 46%6 of treated patients demonstrat-
ing clinically relevant CAPT and 1% to 3% mortality,7,27

bleomycin is both the most common cause of CAPT and the
prototypical example. Although other uncommon presenta-
tions abound, pulmonary fibrosis is the characteristic mani-
festation of bleomycin toxicity (Table 77.1).

Bleomycin toxicity appears to result from direct cellular
damage by the drug.6 The predilection for bleomycin to 
affect lung and skin, results from relatively low levels of the
inactivating enzyme bleomycin hydrolase in these cells,6 and
allows for drug accumulation and DNA fragmentation in
pneumocytes. Type I pneumocytes are typically affected first,
but because type II cells proliferate to replace injured type 
I cells, they are affected as well. The cell-cycle-dependent
manner of type II cell injury results in increased risk of type
II cell injury with repeated dosing. The fibroblast prolifera-
tion in bleomycin-induced fibrosis occurs both by direct 
stimulation of fibroblasts by the drug and as a secondary 
consequence of pneumocyte depletion. An additional com-
ponent of free radical-related injury almost certainly exists
and likely accounts for subsequent sensitivity to oxygen
therapy.
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FIGURE 77.2. Histologic manifestations of chemotherapy-associ-
ated pulmonary toxicity (CAPT). (A) Bleomycin typically produces 
a pattern of chronic interstitial fibrosis remarkably similar to idio-

pathic usual interstitial pneumonia. (B) Certain types of CAPT, such
as associated with high-dose cytosine arabinoside (ARA-C), produce
a histologic pattern of diffuse alveolar damage.



Many studies have been undertaken to identify those
most at risk for bleomycin-induced disease, and cumulative
dose is among the most convincing risk factors. Although 
toxicity has been described with as little as 20 units, most
bleomycin-induced fibrosis occurs in patients who have
received more than 450 units.27 At doses greater than 550
units, the mortality rates can exceed 10%. Age also appears
to affect the likelihood of bleomycin-induced lung disease.
Bleomycin-treated patients over 70 years of age demonstrate
a significant increase in the incidence of fibrosis.6 Conversely,
children also may be at elevated risk, with up to 70% of
patients treated for rhabdomyosarcomas developing some
fibrosis.25 Human studies predict risk factors based on poly-
morphisms of the tumor necrosis factor-a2 domain,28 and
animal investigations have implicated numerous foci in
bleomycin susceptibility, including p53.29

In addition to the direct effects of the drug, bleomycin is
uniquely prone to synergistic effects with other pulmonary
toxic agents.9,25,26 As already described, pneumonitis related
to prior or concomitant radiotherapy can be exacerbated, or
even induced, by bleomycin. Inspiring high oxygen concen-
trations during or after bleomycin treatment can foster pro-
gression of bleomycin injury,6 often encountered during
surgery or during episodes of acute respiratory failure. The
durability of this effect is unclear, but this oxygen sensitivity
has been clearly noted for months to years after therapy with
bleomycin. Further, a host of other chemotherapeutic agents
are reported to have enhanced pulmonary toxicities when
coadministered with bleomycin. Implicated drugs include
cyclophosphamide, vincristine, doxorubicin, methotrexate,
and possibly, granulocyte colony-stimulating factor (G-CSF).25

Although prospective evidence of benefit is lacking, many
clinicians advocate frequent monitoring of the diffusing
capacity to predict the development of clinically apparent
bleomycin toxicity. Drug withdrawal is generally recom-
mended when there is a progressive fall in DLco. Studies have
failed to conclusively link subtle gas exchange abnormalities
with dose-limiting toxicity, with some authors arguing that
changes in the vital capacity and pulmonary capillary blood
volume are better predictors of impending CAPT.21 CT scan-
ning appears somewhat helpful in the diagnosis of subclini-
cal bleomycin fibrosis, with one series showing 38%
abnormal CT scans but only 15% abnormal chest X-
rays.6 This finding bears unclear relevance, as up to 20% of
patients with findings indicative of bleomycin toxicity are
asymptomatic.30

After discontinuation of the drug, any additional therapy
for bleomycin-induced fibrosis is strictly empiric. Expert,

mostly anecdotal, opinion suggests dosing prednisone equiv-
alents of approximately 60mg per day for worsening fibrosis.
Outcomes data following corticosteroid therapy are widely
variable.

In addition to the characteristic fibrosis, bleomycin toxic-
ity manifests in many other, less common presentations.
Numerous radiographic patterns are described, including
acute interstitial changes and rare pneumothoraces. Among
the most troublesome presentations, is the development of
single or multiple pulmonary nodules. Because the primary
diagnosis from which this must be differentiated is the pro-
gression of malignancy, essentially all suspected bleomycin-
induced nodules must be biopsied. Most nodules that prove
nonmalignant demonstrate histologic features of bronchioli-
tis obliterans-organizing pneumonia. Hypersensitivity pneu-
monitis and chronic eosinophilic pneumonia have also 
been rarely reported during bleomycin therapy, with abrupt
onset symptoms, cough, fever, exertional dyspnea, and
eosinophilia.31

Mitomycin C

Mitomycin C-related CAPT has been estimated to occur in
the range of 8% to 39% of treated patients.25,26 In many ways,
mitomycin-induced changes are similar to those of
bleomycin, with toxicity commonly evident as an interstitial
pneumonitis with fibrosis that occurs 3 to 12 months after
completion of therapy. As with bleomycin, mitomycin-
treated patients appear more likely to develop significant tox-
icities when exposed to high inspired oxygen concentrations
or radiation therapy. Additionally, prior or concomitant
therapy with bleomycin, cisplatin, cyclophosphamide, dox-
orubicin, or vinca alkaloids is a risk factor for mitomycin-
induced fibrosis. As with bleomycin, the DLco often falls
before the development of fibrosis-related symptoms.
However, the development of symptoms after a decline in the
DLco is less common than with bleomycin (in one series, 28%
of treated patients had a reduction in the DLco, but only 5%
developed symptoms).32 Suggested therapy for mitomycin-
induced fibrosis is identical to that of bleomycin: drug 
discontinuation, avoidance of high oxygen tensions, and 
supportive care. Corticosteroids are reported to be somewhat
more beneficial in mitomycin toxicity than with bleomycin.

Unique to mitomycin toxicity are accumulating case
reports of a microangiopathic hemolytic anemia; this is asso-
ciated with renal failure and noncardiogenic pulmonary
edema, with perhaps half of these patients progressing to
acute respiratory distress syndrome. Pathologic review
demonstrates arteriolar intimal hyperplasia, capillary cellular
atypia, and fibrin thrombi in the kidneys and lungs. Risk
factors for this syndrome appear to include fluorouracil
therapy and blood transfusions.33

Other Antibiotics

Actinomycin D appears particularly prone to radiation recall
effects, even when the drug is given long after completion of
radiation therapy.25,26 It otherwise behaves similarly to the
other antineoplastic antibiotics. Mitoxantrone occasionally
induces interstitial pneumonia.26 Phase I trials of the mito-
mycin C analog KW-2149 have also induced dose-limiting
CAPT that was not prevented by prophylactic corticosteroid
administration.34
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TABLE 77.1. Reported manifestations of bleomycin-induced
pulmonary toxicity.

Chronic interstitial pneumonia/chronic fibrosis
Acute interstitial pneumonia/acute fibrosis
Bronchiolitis obliterans-organizing pneumonia
Hypersensitivity pneumonitis
Single or multiple pulmonary nodules
Chest pain
“Radiation recall”/exacerbation of prior radiation fibrosis
Chronic eosinophilic pneumonia
Pneumothorax (rare)



Alkylating Agents

Busulfan

First identified in 1961, busulfan was the first chemothera-
peutic agent linked to pulmonary toxicity. Although the alky-
lating agents often demonstrate less CAPT when used as
monotherapy than many other agents, prediction of patients
who will develop busulfan toxicity remains very difficult. No
risk factors have been convincingly identified,11 and no rela-
tionship to cumulative dose has been demonstrated. Further,
symptom development averages 3.5 years after completion of
therapy and is reported as much as a decade later. Even more
troubling is the fact that mortality rates from busulfan CAPT
are exceedingly high (estimated 80%), and no therapies are
known to improve this.25

Busulfan toxicity probably occurs in about 4% to 6% of
patients (reported range, 2.5% to 43%).35 In general, the clin-
ical findings are similar to those of bleomycin toxicity, with
progressive fibrosis. These patients may have a greater
predilection for mixed alveolar-interstitial patterns on radio-
graphs. Accordingly, histologic findings often demonstrate
lymphocytic and plasma cell infiltration, in addition to fibro-
sis and type II pneumocyte hyperplasia with atypia. Alveolar
proteinosis is also occasionally described with busulfan toxic-
ity. By report, the proteinosis is more refractory to lavage
therapy than primary alveolar lipoproteinosis. No data exist
regarding corticosteroid therapy in busulfan-induced alveolar
proteinosis.9

Cyclophosphamide

Alhough some experts have suggested that the incidence of
cyclophosphamide-induced pulmonary toxicity is underesti-
mated, current estimates indicate that less than 1% of
patients develop fibrosis with therapy.25 A review of 20 years
experience at the Mayo Clinic identified only six cases in
which cyclophosphamide was the only factor contributing to
pulmonary toxicity.36

Cyclophosphamide toxicity typically presents as one of
two temporally distinct variants.36 Both present with dyspnea,
fever, nonproductive cough, and new parenchymal infiltrates.
The early-onset variety (6 months or less of initiation of
therapy) is often mistaken for an infectious pneumonia
because of its rapidity of onset. This variety responds well to
drug withdrawal alone and may resolve entirely without addi-
tional intervention. The late-onset form (months to years after
initiating therapy) displays less encouraging outcomes. The
interstitial radiographic changes in late-onset cyclophos-
phamide toxicity include marked, progressive fibrosis, often
with honeycombing, and may be associated with bilateral
pleural thickening. On histologic section, the fibrosis in
cyclophosphamide toxicity is associated with lymphocytic
and plasma cell infiltrates and organizing pneumonia. In this
form of toxicity, the pulmonary-related mortality approaches
60% despite drug withdrawal and corticosteroids.36

It appears that cumulative dosing of greater than 150 to
250mg may be associated with CAPT, although this associa-
tion is not universally accepted. The risk of cyclophos-
phamide toxicity is likely elevated when used in conjunction
with carmustine (BCNU) for conditioning before bone
marrow transplantation, but no other drugs have been impli-
cated in inducing cyclophosphamide toxicity. For additionally

unclear reasons, some patients with a history of resolved
cyclophosphamide toxicity can be rechallenged with the drug
and not redevelop the syndrome. For safety reasons, this prac-
tice is not recommended. As previously noted, cyclophos-
phamide may exacerbate bleomycin toxicity.

Ifosfamide

Ifosfamide has rarely been reported to cause pulmonary tox-
icity. These occasional reports describe fibrosis similar to that
seen in cyclophosphamide, as might be expected given the
chemical similarities of the two agents.

Vinblastine

Aside from anecdotal reports of noncardiogenic pulmonary
edema,37 vinblastine has not historically been associated with
significant pulmonary toxicities, despite many years of use.
In recent years, however, combination therapies that include
vinblastine have resulted in increased reports of CAPT.
Approximately 2% of patients treated with concurrent vin-
blastine and mitomycin C present with noncardiogenic pul-
monary edema, interstitial fibrosis, or bronchospasm.37

Chlorambucil

Chlorambucil occasionally induces an interstitial pneumoni-
tis similar to that seen with busulfan and cyclophosphamide.
Peak timing for this complication occurs in the range of 6 to
12 months after initiating therapy; this generally occurs with
doses between 2 and 7.5g and is associated with high mor-
tality rates.25,26

Melphalan

Rare cases of pulmonary toxicity have been described with
high-dose (200mg/m2 or more) melphalan use.38 Some experts
have argued that the incidence is underestimated, although
given the chronicity of use for many melphalan-treated dis-
eases, this seems unlikely. Similar to chlorambucil, when
present, melphalan toxicity is associated with high mortality
rates.

Antimetabolites

Methotrexate

Methotrexate pneumonitis has been confirmed in several
hundred cases8 but represents a quite unusual phenome-
non.39,40 Further, methotrexate pneumonitis-related fatalities
are reported in less than 10% of affected patients.26,39

The CAPT associated with methotrexate is unique in
many aspects. The timing of symptoms is earlier than with
most chemotherapeutic agents. Most patients who eventually
experience cough, dyspnea, and nonproductive cough, do so
in the first days to weeks of therapy, and only rarely in sub-
sequent weeks or months. The histologic features on biopsy
are usually more consistent with hypersensitivity pneu-
monitis than with fibrosis. More than half of affected patients
have a peripheral eosinophilia, also supporting a hypersensi-
tivity state. The radiographic presentation of methotrexate 
pneumonitis is usually homogeneous interstitial infiltrates,
although methotrexate is also uniquely prone to causing
pleural effusions or hilar lymphadenopathy.
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Most cases of methotrexate pneumonitis resolve with
drug withdrawal alone. In the rare cases of acute fibrotic reac-
tions, corticosteroid therapy is thought to reduce sequelae
and to improve mortality.39 The development of methotrex-
ate pneumonitis does not appear to be dose related, and fatal-
ities have been described following intrathecal as well as oral
administration. Fatal noncardiogenic pulmonary edema has
also been seen after intrathecal administration.37 As with 
a handful of other chemotherapeutic drugs, patients with 
confirmed cases of methotrexate pneumonitis have been 
later rechallenged without redevelopment of the toxicity. In
general, we do not, however, recommend rechallenge with
methotrexate or any other agent causing CAPT.

Cytosine Arabinoside (Ara-C)

Noncardiogenic pulmonary edema is the respiratory compli-
cation most frequently reported with ara-C therapy and has
a high mortality.41 Pathologic review typically demonstrates
proteinaceous material filling alveolar airspaces but not the
pneumocyte atypia or inflammatory infiltrates described
with most other chemotherapeutic agents. An estimated 13%
to 28% of patients develop respiratory complaints during
administration of ara-C, and more than 40% develop symp-
toms within 1 month. Clinical management relies on oxygen
supplementation and mechanical ventilation, if needed.
Diuretics may be beneficial, and some have suggested that
clearance is enhanced by corticosteroids.41

Gemcitabine

Although often regarded as minimally toxic to the lungs,
gemcitabine has also been associated with fatal noncardio-
genic pulmonary edema.37,42 This event results from a vascu-
lar leak syndrome, comparable to that seen with chemically
similar ara-C.41 Gemcitabine therapy induces severe dyspnea
in 3% to 5% of treated patients,41 and pulmonary edema
affects 0.1% to 7%, usually after multiple doses.43 Pulmonary
edema may occur more frequently when gemcitabine is com-
bined with docetaxel.37 The early introduction of cortico-
steroids has been advised for gemcitabine-related pulmonary
edema.41 Interstitial pneumonitis has been rarely reported
with gemcitabine and also appears to improve with steroid
therapy.44

Other Antimetabolites

Azathioprine and its metabolite 6-mercaptopurine have both
been occasionally reported to cause interstitial pneumonias,
although many cases are confounded by the coadministration
of other drugs that may have similar toxicities. Most cases 
of azathioprine-associated pulmonary fibrosis have been
reported following solid organ transplants.26 Similarly, flu-
darabine has rarely been reported to cause chronic interstitial
fibrosis, acute eosinophilic pneumonia, and hypersensitivity
pneumonitis, with apparent corticosteroid benefit.45–47

Nitrosoureas

Carmustine (BCNU)

BCNU has been associated with several distinct CAPT syn-
dromes, with an overall incidence estimated between 1.5%

and 20% of treated patients. Some patients experience an
early-onset alveolitis and fibrosis, as can be seen with
bleomycin. This phenomenon appears dose related, likely at
dosages greater than 1,400mg/m2,48 although this has clearly
occurred among patients receiving much lower doses.49 Some
experts note that fever is less prominent with BCNU than in
other CAPT syndromes.

BCNU also results in late-phase pulmonary fibrosis, 6
months to 3 years after completion of therapy. All the
nitrosoureas have been reported to cause fibrosis, but BCNU
has been most often described to produce this effect. It is also
uniquely predisposed to cause upper lobe predominant fibro-
sis. In fact, one small long-term series suggested the incidence
of upper lobe fibrosis might surpass 70% if patients are fol-
lowed long enough. In general, patients with BCNU-related
fibrosis experience clinical courses similar to that seen with
bleomycin-related fibrosis, although the response to cortico-
steroids is reportedly more robust.49

Another unique feature of BCNU-related CAPT is the
occurrence of drug-induced pneumothoraces, which is
seldom described with any other chemotherapeutic agent;
this may be related to the upper lobe fibrobullous changes
induced by this agent.

BCNU synergistically induces pulmonary toxicity with
other antineoplastic interventions, including cyclophos-
phamide and radiation therapy, as mentioned previously.
BCNU-containing regimens also exacerbate bone marrow
transplant-related pulmonary toxicity, with up to 40% inci-
dence.26 Underlying lung diseases, especially chronic obstruc-
tive pulmonary disease and certain pneumoconioses, also
place patients at higher risk of BCNU toxicity.

Other Nitrosoureas

Occasional reports of inflammatory pneumonitis and chronic
fibrosis have been associated with lomustine (CCNU), semus-
tine (methyl-CCNU), fotemustine (CENU), and chlorozo-
tocin. Rare reports of pneumothoraces have also surfaced
with these agents. Their pulmonary toxicities are expected to
be closely aligned with those of BCNU, given their chemical
similarities.

Interleukin 2 (IL-2)

Most patients receiving IL-2 develop some manifestation of
pulmonary toxicity, primarily because of its induction of
severe vascular leakage. Early experience with IL-2 resulted
in pulmonary resulted radiologic infiltrates in up to 80% 
of patients and pleural effusions in more than half. More
recent data place the risk of severe vascular effects in the
range of 3% to 20% of treated patients. Risk factors for devel-
opment of the vascular phenomenon include reduction in 
pretreatment airflows, previous chemotherapy, and bolus
infusion of IL-2.

The noncardiogenic pulmonary edema resulting from IL-
2-induced vascular leak can lead to acute respiratory distress
syndrome. Complicating the management of NCPE/ARDS is
the potential for IL-2 to cause cardiac toxicity, thereby induc-
ing cardiogenic pulmonary edema. Fortunately, even in the
case of severe toxicity, the process resolves in most patients
within days of cessation of therapy.37 There may be a role for
prostaglandins or cyclooxygenase-2 inhibitors in manage-
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ment of this toxicity, although clinicians are increasingly
aware that it may often be avoided through careful patient
selection.37

IL-2 is also responsible for inducing hypersensitivity
pneumonitis, as well as bronchospasm in patients without
preexisting asthma. Both conditions tend to resolve with dis-
continuation of therapy.

Gefitinib

Considerable recent attention has been paid to the pulmonary
toxicity of gefitinib, the selective epidermal growth factor
receptor-tyrosine kinase inhibitor recently approved in the
United States for management of salvage therapy of non-
small cell lung carcinoma. By mid-2003, nearly 200 deaths
had been reported as a result of respiratory failure among
more than 10,000 patients in Japan.50,51 The best characterized
series reports 4 patients among 18 gefitinib-treated patients
who developed severe acute interstitial pneumonia. All 4
patients had undergone previous thoracic radiation and/or
had a low performance score; 2 subsequently improved with
corticosteroids, and 2 patients died.52 Although this agent is
restricted in use to patients who have failed platinum-based
therapy, post-marketing experience will certainly enhance
the understanding of its CAPT.

Miscellaneous Chemotherapeutic Agents with
Pulmonary Toxicities

Procarbazine infrequently causes CAPT, usually after the
third or fourth dose. The characteristic toxicity seen with
procarbazine is hypersensitivity pneumonitis, with marked
eosinophilia. In most cases, this syndrome resolves following
discontinuation of procarbazine therapy. Reports of procar-
bazine-induced fibrosis are exceedingly rare.53

Zinostatin is described to occasionally result in an inter-
stitial pneumonia, particularly among patients receiving
long-term therapy. One histologic feature distinguishing zino-
statin-related CAPT from that of other drugs, is its propen-
sity to induce endothelial hypertrophy in the pulmonary
vasculature.9

Case reports implicate etoposide (VP-16) as having pul-
monary toxic effects.54 However, its frequent use in the man-
agement of small cell lung cancer (especially in combination
with known pulmonary toxic agents, such as methotrexate
and cyclophosphamide) has confounded the comprehensive
evaluation of it pulmonary toxicity.

The pulmonary effects of tumor necrosis factor-a in anti-
neoplastic therapy remain unclear. One small study prospec-
tively showed statistically significant reductions in the DLco

in all patients studied but did not identify other physiologic
manifestations of CAPT.55

Roughly one-quarter of patients receiving all-trans
retinoic acid (ATRA) for acute promyelocytic leukemia
develop a vascular leak syndrome similar to that seen with
IL-2; this is believed to result from the sudden differentiation
of blasts into mature granulocytes that then adhere to the pul-
monary endothelium. Absolute blast count is the only iden-
tified risk factor for this syndrome, although a specific
number below which ATRA is safe remains unidentified.
ATRA can also induce acute pulmonary fibrosis in a smaller

percentage of patients. In addition to drug withdrawal,
steroids appear beneficial if started early.37

The taxanes paclitaxel and docetaxel have both been
reported to cause noncardiogenic pulmonary edema,25,37 and
numerous radiographic patterns have been described for
treated patients.14 Hypersensitivity pneumonitis occurs in
3% to 5% of paclitaxel treated patients,56 although some of
the reported patients were likely hypersensitive to the sus-
pension vehicle (Cremophor EL) rather than the antineoplas-
tic agent.26 The concurrent use of thoracic radiation has been
shown to exacerbate the pulmonary toxicity of paclitaxel.57

Monotherapy with granulocyte colony-stimulating factor
(G-CSF) occasionally induces noncardiogenic pulmonary
edema.37 More frequently, however, it exacerbates preexisting
lung injury, whether caused by CAPT or acute lung injury
associated with previous critical illness.58,59 This effect likely
occurs by a neutrophil-dependent mechanism, and it responds
well to corticosteroids in most cases.60 Further understanding
of G-CSF-induced toxicities is hindered by the rarity with
which it is used as monotherapy.60

When used in combination with radiation therapy,
irinotecan (CPT-11) results in more respiratory symptoms
than are seen among patients receiving radiotherapy alone.
This finding is notable, given the already high incidence
(17.4% to 22%) of cough and dyspnea with CPT-11 therapy.61

A wide range of radiographic patterns accompany the respi-
ratory symptoms, including very rare pleural effusions.14 Fatal
respiratory insufficiency has been reported with CPT-11 
treatment.61

Hormone therapy is generally regarded as having little
pulmonary toxicity. However, one well-characterized case
report describes severe pulmonary fibrosis following therapy
with nilutamide and buserelin.62

Combination Therapies

Many specific combinations of chemotherapeutic agents are
reported to induce pulmonary toxicities at rates greater than
expected from their additive effects. Several are described 
in the foregoing chapter. Additionally, Table 77.2 describes
several additional combinations of agents with their reported
toxicities.

Radiation Effects

The acute effects of radiation can produce tissue changes that
mimic cytotoxic lung responses and may on occasion involve
areas of lung outside the port of radiation. The process is 
generally initiated with fever beginning 3 to 8 weeks after 
initiation of radiation therapy and may progress rapidly to a
respiratory failure despite corticosteroid therapy. The disease
may improve spontaneously but usually progresses to chronic
radiation effects. Bronchoalveolar lavage predominantly
demonstrates lymphocytes, not only in the involved lung but
also in the opposite lung.63 The chronic effects of radiation
are well known: they begin 3 to 6 months or later after radi-
ation therapy, and their primary effect is vascular obliteration
and fibrosis.64 Recently, a form of radiation pneumonitis 
has been observed outside the treatment fields, usually 
in patients with breast cancer.65 Tissue examination has
revealed bronchiolitis obliterans with organizing pneumoni-
tis in these cases.65
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Conclusions

Uniformity in reporting untoward pulmonary effects of
chemotherapy, thereby enhancing our collective ability to
diagnose and manage CAPT, is essential in advancing our
understanding of these processes. One system proposed by the
authors is outlined in Table 77.3. The goal of this approach is
to standardize the commonly used clinical criteria for diag-
nosis of drug-induced lung disease, including drug exposure,
usual clinical symptoms, and time course consistent with the
suspected drug, exclusion of competing diagnoses, and bene-
ficial response to withdrawal of the agent. Widespread use of
such a system would promote a more uniform approach to
reporting CAPT and enhance critical appraisal of the avail-
able literature. In addition to better defining CAPT, authors
must also be challenged to describe its severity. This practice
will help evaluate the success of interventions and provide
data by which one can weigh the risks and benefits of a ther-
apeutic regimen. Such a scoring system has been endorsed for
studies of radiation-induced lung toxicity66 but has not been
defined for CAPT.

State-of-the-art management for CAPT relies on early
recognition of consistent syndromes and prompt drug with-
drawal when necessary. Supportive care and empiric antiin-

flammatory therapies are utilized when removal of the
offending agent is insufficient. As CAPT is better defined, the
systematic assessment of risk factors will certainly assist
clinicians to avoid the induction of CAPT syndromes before
they develop.

References

1. Hallas J, Davidsen O, Grodum E, Damsbo N, Gram LF. Drug-
related illness as a cause of admission to a department of respi-
ratory medicine. Respiration 1992;59:30–34.

2. Hallas J, Gram LF, Grodum E, et al. Drug related admissions to
medical wards: a population based survey. Br J Clin Pharmacol
1992;33:61–68.

3. Nelson KM, Talbert RL. Drug-related hospital admissions. Phar-
macotherapy 1996;16:701–707.

4. Rosenow EC III, Limper AH. Drug-induced pulmonary disease.
Semin Respir Infect 1995;10:86–95.

5. Snyder LS, Hertz MI. Cytotoxic drug-induced lung injury. Semin
Respir Infect 1988;3:217–228.

6. Sleijfer S. Bleomycin-induced pneumonitis. Chest 2001;120:
617–624.

7. Simpson AB, Paul J, Graham J, Kaye SB. Fatal bleomycin 
pulmonary toxicity in the west of Scotland 1991–1995: a 
review of patients with germ cell tumours. Br J Cancer
1998;78:1061–1066.

8. Rosenow EC III. Drug-induced pulmonary disease. Disease-A-
Month 1994;40:253–310.

9. Limper AH, Rosenow EC III. Drug-induced pulmonary disease.
In: Murray JF, Nadel JA (eds) Textbook of Respiratory Medicine,
3rd ed. New York: Saunders, 2000.

10. Camus PH, Foucher P, Bonniaud PH, Ask K. Drug-induced infil-
trative lung disease. Eur Respir J (Suppl) 2001;32:93s–100s.

11. Wesselius LJ. Pulmonary complications of cancer therapy. Com-
prehens Ther 1999;25:272–277.

12. Limper AH, Rosenow EC III. Drug-induced interstitial lung
disease. Curr Opin Pulmon Med 1996;2:396–404.

13. Cleverley JR, Screaton NJ, Hiorns MP, Flint JD, Muller NL.
Drug-induced lung disease: high-resolution CT and histological
findings. Clin Radiol 2002;57:292–299.

1 4 0 8 chapter 77

TABLE 77.2. Chemotherapeutic combinations reported to induce pulmonary toxicity.

Combination Toxicity

Adriamycin, bleomycin, vincristine, dexamethasone (ABVD) Interstitial fibrosis
Cyclophosphamide, cisplatin, carmustine (CPB) Interstitial fibrosis
Mitoxantrone, methotrexate, mitomycin C (3M) Radiation sensitivity
Carmustine, etoposide, melphalan (BEM) Acute interstitial pneumonia
Carmustine, etoposide, cyclophosphamide (BVC, CBV) Acute interstitial pneumonia
Doxorubicin, cyclophosphamide, 5-fluorouracil (CAF) Interstitial fibrosis
Fludarabine, cytarabine, idarubicin, G-CSF (FLAG-ida) Interstitial fibrosis
Cyclophosphamide, dexamethasone, etoposide, cisplatin (CDEP) Acute interstitial pneumonia
Cyclophosphamide, methotrexate, etoposide Acute interstitial pneumonia
Docetaxel, gemcitabine Pulmonary edema
Docetaxel, estramustine Acute interstitial pneumonia
Paclitaxel, carboplatin Interstitial fibrosis
Doxorubicin, G-CSF Acute interstitial pneumonia
Doxorubicin, vindesine Acute interstitial pneumonia
Vinblastine, mitomycin C Pulmonary edema

Listed are combinations of agents with toxicities reported to occur with greater frequency than would be anticipated
from the summative effects of the components, along with their described effects.

TABLE 77.3. Clinical criteria for diagnosis of chemotherapy-
associated pulmonary toxicity (CAPT).

Symptom complex consistent with suspect drug
The time course (acute, subacute, chronic, delayed) is compatible
with that suspect drug
Reasonable competing diagnoses have been excluded
Objective improvement after drug D/C’ed
BAL and tissue compatible
Occurs after rechallenge: the latter is NOT recommended

Definite CAPT requires five criteria are met; probable CAPT requires four cri-
teria are met; suspected CAPT requires three criteria are met.



14. Akira M, Ishikawa H, Yamamoto S. Drug-induced pneumonitis:
thin-section CT findings in 60 patients. Radiology 2002;224:
852–860.

15. Rice KL. Pulmonary infiltrates associated with noncytotoxic
drugs. Semin Respir Infecti 988;3:229–239.

16. Erasmus JJ, McAdams HP, Rossi SE. High-resolution CT of drug-
induced lung disease. Radiol Clin N Am 2002;40:61–72.

17. Erasmus JJ, McAdams HP, Rossi SE. Drug-induced lung injury.
Semin Roentgenol 2002;37:72–81.

18. Ellis SJ, Cleverley JR, Muller NL. Drug-induced lung disease:
high-resolution CT findings. AJR (Am J Roentgenol) 2000;175:
1019–1024.

19. Lin WY, Kao CH, Wang SJ, Yeh SH. Lung toxicity of chemother-
apeutic agents detected by TC-99m DTPA radioaerosol inhala-
tion lung scintigraphy. Neoplasma 1995;42:133–135.

20. Petersen PM, Hansen SW. The course of long-term toxicity in
patients treated with cisplatin-based chemotherapy for non-
seminomatous germ-cell cancer. Ann Oncol 1999;10:1475–1483.

21. Sleijfer S, van der Mark TW, Schraffordt Koops H, Mulder NH.
Decrease in pulmonary function during bleomycin-containing
combination chemotherapy for testicular cancer: not only a
bleomycin effect. Br J Cancer 1995;71:120–123.

22. White DA, Rankin JA, Stover DE, Gellene RA, Gupta S.
Methotrexate pneumonitis. Bronchoalveolar lavage findings
suggest an immunologic disorder. Am Rev Respir Dis 1989;139:
18–21.

23. White DA, Wong PW, Downey R. The utility of open lung biopsy
in patients with hematologic malignancies. Am J Respir Crit
Care Med 2000;161:723–729.

24. Smith GJ. The histopathology of pulmonary reactions to drugs.
Clin Chest Med 1990;11:95–117.

25. Abid SH, Malhotra V, Perry MC. Radiation-induced and
chemotherapy-induced pulmonary injury. Curr Opin Oncol
2001;13:242–248.

26. Hinson JM, McKibben AW. Chemotherapy-associated lung
injury. In: Perry MC (ed) The Chemotherapy Source Book, 3rd
ed. New York: Lippincott Williams & Wilkins, 2001.

27. Ferrozzi F, Schiavi A, Ganzetti A, Bassi P, Campani R. Pul-
monary iatrogenic lesions in chemotherapy: computerized
tomography findings (in Italian). Radiol Med 1998;96:62–67.

28. Libura J, Bettens F, Radkowski A, Tiercy JM, Piguet PF. Risk of
chemotherapy-induced pulmonary fibrosis is associated with
polymorphic tumour necrosis factor-a2 gene. Eur Respir J
2002;19:912–918.

29. Mishra A, Doyle NA, Martin WJC. Bleomycin-mediated pul-
monary toxicity: evidence for a p53-mediated response. Am J
Respir Cell Mol Biol 2000;22:543–549.

30. Hirsch A, Vander Els N, Straus DJ, et al. Effect of ABVD
chemotherapy with and without mantle or mediastinal irradia-
tion on pulmonary function and symptoms in early-stage
Hodgkin’s disease. J Clin Oncol 1996;14:1297–1305.

31. Yousem SA, Lifson JD, Colby TV. Chemotherapy-induced
eosinophilic pneumonia. Relation to bleomycin. Chest 1985;88:
103–106.

32. Castro M, Veeder MH, Mailliard JA, Tazelaar HD, Jett JR. A
prospective study of pulmonary function in patients receiving
mitomycin. Chest 1996;109:939–944.

33. Sheldon R, Slaughter D. A syndrome of microangiopathic
hemolytic anemia, renal impairment, and pulmonary edema in
chemotherapy-treated patients with adenocarcinoma. Cancer
(Phila) 1986;58:1428–1436.

34. Schrijvers D, Catimel G, Highley M, et al. KW-2149-induced
pulmonary toxicity is not prevented by corticosteroids: a 
phase I and pharmacokinetic study. Anti-Cancer Drugs 1999;10:
633–639.

35. Massin F, Fur A, Reybet-Degat O, Camus P, Jeannin L. Busulfan-
induced pneumopathy (in French). Rev Malad Respir 1987;4:
3–10.

36. Malik SW, Myers JL, DeRemee RA, Specks U. Lung toxicity
associated with cyclophosphamide use. Two distinct patterns.
Am J Respir Crit Care Med 1996;154:1851–1856.

37. Briasoulis E, Pavlidis N. Noncardiogenic pulmonary edema: an
unusual and serious complication of anticancer therapy. Oncol-
ogist 2001;6:153–161.

38. Akasheh MS, Freytes CO, Vesole DH. Melphalan-associated pul-
monary toxicity following high-dose therapy with autologous
hematopoietic stem cell transplantation. Bone Marrow Trans-
plant 2000;26:1107–1109.

39. Zisman DA, McCune WJ, Tino G, Lynch JP III. Drug-induced
pneumonitis: the role of methotrexate. Sarcoidosis Vasculitis
Diffuse Lung Dis 2001;18:243–252.

40. Dawson JK, Graham DR, Desmond J, Fewins HE, Lynch MP.
Investigation of the chronic pulmonary effects of low-dose oral
methotrexate in patients with rheumatoid arthritis: a prospec-
tive study incorporating HRCT scanning and pulmonary func-
tion tests [comment]. [Erratum appears in Rheumatology
(Oxford) 2002;41(5):597]. Rheumatology 2002;41:262–267.

41. Pavlakis N, Bell DR, Millward MJ, Levi JA. Fatal pulmonary tox-
icity resulting from treatment with gemcitabine [comment].
Cancer (Phila) 1997;80:286–291.

42. Gupta N, Ahmed I, Steinberg H, Patel D, Nissel-Horowitz S,
Mehrotra B. Gemcitabine-induced pulmonary toxicity: case
report and review of the literature. Am J Clin Oncol 2002;25:
96–100.

43. Sauer-Heilborn A, Kath R, Schneider CP, Hoffken K. Severe 
non-haematological toxicity after treatment with gemcitabine.
J Cancer Res Clin Oncol 1999;125:637–640.

44. Ash-Bernal R, Browner I, Erlich R. Early detection and success-
ful treatment of drug-induced pneumonitis with corticosteroids.
Cancer Invest 2002;20:876–879.

45. Garg S, Garg MS, Basmaji N. Multiple pulmonary nodules: an
unusual presentation of fludarabine pulmonary toxicity: case
report and review of literature. Am J Hematol 2002;70:241–245.

46. Stoica GS, Greenberg HE, Rossoff LJ. Corticosteroid responsive
fludarabine pulmonary toxicity. Am J Clin Oncol 2002;25:
340–341.

47. Trojan A, Meier R, Licht A, Taverna C. Eosinophilic pneumonia
after administration of fludarabine for the treatment of non-
Hodgkin’s lymphoma. Ann Hematol 2002;81:535–537.

48. Weinstein AS, Diener-West M, Nelson DF, Pakuris E. Pul-
monary toxicity of carmustine in patients treated for malignant
glioma. Cancer Treat Rep 1986;70:943–946.

49. Kalaycioglu M, Kavuru M, Tuason L, Bolwell B. Empiric 
prednisone therapy for pulmonary toxic reaction after 
high-dose chemotherapy containing carmustine (BCNU). Chest
1995;107:482–487.

50. Schultz J. Apparent adverse drug reactions prompt concern
about Iressa. J Natl Cancer Inst 2003;95:577–579.

51. Okamoto I, Fujii K, Matsumoto M, et al. Diffuse alveolar damage
after ZD1839 therapy in a patient with non-small cell lung
cancer. Lung Cancer 2003;40:339–342.

52. Inoue A, Saijo Y, Maemondo M, et al. Severe acute interstitial
pneumonia and gefitinib [comment]. Lancet 2003;361:137–139.

53. Mahmood T, Mudad R. Pulmonary toxicity secondary to pro-
carbazine. Am J Clin Oncol 2002;25:187–188.

54. Gurjal A, An T, Valdivieso M, Kalemkerian GP. Etoposide-
induced pulmonary toxicity. Lung Cancer 1999;26:109–112.

55. Kuei JH, Tashkin DP, Figlin RA. Pulmonary toxicity of 
recombinant human tumor necrosis factor. Chest 1989;96:334–
338.

56. Fujimori K, Yokoyama A, Kurita Y, Uno K, Saijo N. Paclitaxel-
induced cell-mediated hypersensitivity pneumonitis. Diagnosis
using leukocyte migration test, bronchoalveolar lavage and
transbronchial lung biopsy. Oncology 1998;55:340–344.

57. Hanna YM, Baglan KL, Stromberg JS, et al. Acute and subacute
toxicity associated with concurrent adjuvant radiation therapy

acute  toxicit ies  of  therapy :  pulmonary complications 1 4 0 9



and paclitaxel in primary breast cancer therapy. Breast J
2002;8:149–153.

58. Azoulay E, Attalah H, Yang K, et al. Exacerbation by granulo-
cyte colony-stimulating factor of prior acute lung injury: 
implication of neutrophils. Crit Care Med 2002;30:2115–
2122.

59. Iki S, Yoshinaga K, Ohbayashi Y, Urabe A. Cytotoxic drug-
induced pneumonia and possible augmentation by G-CSF: clin-
ical attention. Ann Hematol 1993;66:217–218.

60. Yokose N, Ogata K, Tamura H, et al. Pulmonary toxicity after
granulocyte colony-stimulating factor-combined chemotherapy
for non-Hodgkin’s lymphoma. Br J Cancer 1998;77:2286–2290.

61. Madarnas Y, Webster P, Shorter AM, Bjarnason GA. Irinotecan-
associated pulmonary toxicity. Anti-Cancer Drugs 2000;11:
709–713.

62. Seigneur J, Trechot PF, Hubert J, Lamy P. Pulmonary complica-
tions of hormone treatment in prostate carcinoma. Chest 1988;
93:1106.

63. Roberts CM, Foulcher E, Zaunders JJ, et al. Radiation pneu-
monitis: a possible lymphocyte-mediated hypersensitivity reac-
tion. Ann Intern Med 1993;118:696–700.

64. Boyars MC. Clinical management of radiation-induced lung
disease. J Respir Dis 1990;11:167–183.

65. Arbetter KR, Prakash UBS, Tazelaar HD, Douglas WW. Radia-
tion-induced pneumonitis in the “nonirradiated” lung. Mayo
Clin Proc 1999;74:27–36.

66. McDonald S, Rubin P, Phillips TL, Marks LB. Injury to the lung
from cancer therapy: clinical syndromes, measurable endpoints,
and potential scoring systems. Int J Radiat Oncol Biol Phys
1995;31:1187–1203.

1 4 1 0 chapter 77



1 4 1 1

Cardiac Complications
Maged I. Gharib and Alan K. Burnett

ardiac toxicity is a well-recognized serious side effect
of chemotherapy. Since early reports of heart failure
in children treated with doxorubicin,1 anthracyclines

remain the best known chemotherapeutic agents clearly
linked to cardiotoxicity. There are, however, a number of
other chemotherapeutic agents that cause cardiotoxicity
which are still not so well recognized in clinical practice.

Cardiac toxicity may occur acutely, during, or up to 1
week following the administration of chemotherapy, usually
as mild transient blood pressure and/or electrocardiographic
(ECG) changes. More serious acute cardiotoxicity, such as
arrhythmias, myocarditis, pericarditis, or myocardial infarc-
tion occur less commonly. The most clinically significant,
however, is the anthracycline-induced chronic progressive
cardiomyopathy, which may end in left ventricular failure
(LVF) or congestive heart failure (CHF).

Cytotoxic Antibiotics (Anthracyclines 
and Mitoxantrone)

Anthracyclines

The cytotoxic antibiotics daunorubicin and doxorubicin 
were originally extracted from fungi belonging to the species
Streptomyces. They are very efficacious broad-spectrum 
antineoplastic agents that demonstrate a clear dose–response
relationship in several curative chemotherapeutic regi-
mens.2,3 Their cardiotoxicity, however, remains the major
limiting factor for their use at high doses that could substan-
tially improve the cure rates of various cancers. Two distinct
subtypes of cardiotoxicity could follow anthracycline use.

Acute/Subacute Cardiotoxicity

This form of cardiotoxicity occurs within a week of anthra-
cycline administration. Although rare, it may occur after only
one dose. It seldom leads to serious clinical consequences.
Transient electrophysiologic abnormalities detected as ECG
changes may be seen in 20% to 30% of the patients as non-
specific ST- and T-wave changes, T-wave flattening, decreased
QRS voltage, and/or prolongation of the QT interval. Arrhyth-
mias, including ventricular, supraventricular, and junctional
tachycardias, are seen in 0.5% to 3% of patients with an
overall incidence of 0.7%.4 More serious arrhythmias, such as
atrial flutter or atrial fibrillation, are rare. Subacute car-
diotoxicity has resulted in acute left ventricular failure, peri-

carditis, or a fatal pericarditis-myocarditis syndrome in some
rare cases.5 No clear risk factors have been linked to this form
of cardiotoxicity, and it does not appear to be related to the
chronic progressive form.6

Chronic Progressive Cardiotoxicity

Chronic progressive cardiotoxicity is the more recognized and
clinically significant subtype of cardiotoxicity. Authors used
to subdivide chronic anthracycline-induced cardiomyopathy
into early-onset7 and late-onset subtypes.6,8 This designation
originated from the earliest work published on this subject by
Von Hoff and associates,7 who reported that heart failure as a
result of anthracycline-induced cardiomyopathy occurred 0 to
231 days after the completion of therapy. They retrospectively
analyzed 4,018 records of patients treated with anthracy-
clines; their endpoint was “clinically manifest” congestive
heart failure as “recorded” by the treating clinician. With
accumulation of data over the years, it became apparent that
cardiotoxicity remained subclinical but progressed over time
only to become “clinically manifest” years after completion
of the treatment. Steinherz and coworkers have shown that
the both the incidence and severity of systolic ventricular
dysfunction increased with the length of follow-up.9 It there-
fore seems logical not to use this artificial classification.

PATHOGENESIS

The exact mechanism through which anthracyclines cause
cardiac damage is still debatable and is probably multifactor-
ial. There is a general consensus that doxorubicin undergoes
redox cycling to generate free radicals that are responsible for
mediating the myocyte damage. The quinone form of dox-
orubicin is reduced to the free radical semiquinone form by
cytochrome P-450 reductase, particularly in myocardial cells
with a high level of flavin-centered reductases.6 The subcel-
lular targets continue to be debated, however. Anthracyclines
have been shown to alter transcription of myocellular 
proteins.10

INCIDENCE

Because of the variability of treatment protocols (doses, rates
of administration, and combination with other chemothera-
peutic agents and/or mediastinal irradiation), parameters used
for the assessment of cardiac functions and endpoints in dif-
ferent reports (clinically manifest or subclinical echocardio-
graphic finding), age at exposure, and the time lapsed since
exposure, it is not surprising to see a lack of consensus on the
reported incidence of this complication.9–25 An incidence of
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65% of increased afterload or decreased contractility has been
reported with cumulative doxorubicin doses as low as 228
mg/m2 in children treated for leukemia 15 years after treat-
ment.11 In the majority of cases, this effect remains subclini-
cal. The incidence of symptomatic heart failure during or
within the first year of completing anthracycline therapy is
less than 3%.7,9,12 It should be emphasized, however, that
early-onset cardiotoxicity (occurring during or within 1 year
of anthracycline therapy) is the largest predictor of the dete-
rioration over time.9,11,13,14 At 15 years after treatment, up to
5% of children treated with anthracyclines at cumulative
dose higher than 300mg/m2 develop heart failure.25

RISK FACTORS

Risk factors for anthracycline-related chronic progressive car-
diotoxicity include the following:

• Total cumulative dose7,9,10,25; this, by far, is the most
important risk factor

• Age at anthracycline administration7,11,13,20

• Rate of administration7,15–20

• Female gender13,21

• Preexisting heart disease and hypertension7

• Mediastinal irradiation22–24

• Interval since anthracycline chemotherapy should also be
considered as a risk factor, particularly in those who
received the drug in their childhood9,11,13,14

The incidence of CHF secondary to doxorubicin-induced
cardiomyopathy is strongly linked to the cumulative dose of
the drug.7,8,9,11–14 In adults, with a cumulative dose of less than
400mg/m2, the incidence of early CHF was 0.14%, compared
with 7% at a dose of more than 550mg/m2 and to 18% at a
dose of more than 700mg/m2.7 This rapid increase in the clin-
ical cardiotoxicity at doses greater than 550mg/m2 has made
it a common empirical maximum allowable cumulative dose
in clinical practice. There appears to be great individual 
variability in the tolerable anthracycline dose in both adults
and children. Five patients in Von Hoff’s series (3,941
patients) received more than 1,000mg/m2; none of them 
sustained early CHF.7 A cumulative dose of anthracycline
guaranteed not to lead to cardiomyopathy has not been 
established.14

Children appear to be at higher risk of developing anthra-
cycline-induced cardiotoxicity.11,13,20 Age less than 4 years at
the time of exposure has been shown to be a significant risk
factor for abnormal cardiac function; it was mainly predictive
of increased afterload caused by reduced ventricular wall
thickness.11 Anthracyclines have been shown to alter tran-
scription of myocellular proteins.10 The inappropriate reduc-
tion in the left ventricular wall thickness found in children
previously treated with anthracyclines11,14 could be the result
of such an effect. In adults, an increasing risk of doxorubicin-
induced CHF with increasing patient age has been observed
(P = 0.0027).7 Previous cardiac disease and hypertension may
also potentially increase the risk of doxorubicin-induced CHF
(P = 0.08).7

Anthracycline-induced cardiotoxicity seems to be related
to the peak plasma drug concentration. The antineoplastic
activity seems, however, to be dependent on the total sys-
temic exposure or the tissue concentration over time and not
the peak plasma concentration.15 Doxorubicin appears to be
less cardiotoxic when administered as a prolonged, continu-

ous intravenous infusion over more than 48 to 96 hours.15 A
2.81-fold-greater risk of developing cardiomyopathy after a
maximum single dose of 50mg/m2/dose has been reported as
compared with lower dosing schedules,20 which is probably
why anthracycline regimens given as weekly injections
instead of a single bolus injection every 3 weeks were found
to be less cardiotoxic.16–19 Also, female patients appear to be
more vulnerable to the cardiotoxic effects of anthracy-
clines.13,21

Radiotherapy is frequently used in combination with 
multidrug chemotherapy protocols in patients with various
hematologic and solid neoplasms. Mediastinal irradiation is
believed to increase anthracycline-induced cardiotoxicity.22–24

Severity of histopathologic changes evaluated by endomyo-
cardial biopsy were significantly higher (P less than 0.01) in
patients pretreated with mediastinal irradiation before
anthracycline compared with those who did not receive radi-
ation therapy.23

A relatively recently published study on a cohort of 607
children with long-term follow-up (mean, 6.3 years) has
shown the only independent risk factor is a cumulative dose
greater than 300mg/m2. The other possible risk factors (i.e.,
female sex, younger age at diagnosis, radiotherapy involving
the heart, and ifosfamide or cyclophosphamide treatment)
were not associated with increased risk in this cohort.25

MANAGEMENT

Monitoring and Prevention In clinical practice, regular
monitoring of the cardiac functions to stop further exposure,
once evidence of deterioration starts to appear, is still the only
management action. Theoretically, the following measures
could prevent (or minimize) cardiotoxicity:

• Identifying individuals at risk before commencing anthra-
cycline chemotherapy to modify the dose, formulation
(e.g., liposomal encapsulated daunorubicin), and adminis-
tration rate and schedule.

• Regular patient monitoring during and following comple-
tion of anthracycline therapy.

• Anthracycline modification:
• Use of anthracycline analogues of less cardiotoxicity
• Use of cardioprotective drugs (dexrazoxane)
• Liposomal encapsulation (this is likely to supersede the

previous two)

Identifying patients at risk of cardiotoxicity is the first and
crucial step for prophylaxis. The difficulty starts as early as
this because there appears to be a great variation in the indi-
vidual sensitivity to anthracyclines. Histopathologic changes
consistent with anthracycline-induced cardiotoxicity have
been noted at doses as low as 183mg/m2 (less than one-third
of what is considered the allowable maximum cumulative
dose),26 whereas doses greater than 1,000mg/m2 have been
tolerated by others.7,27 There is so far no test to detect those
at high risk. Monitoring still depends on signs of early (sub-
clinical) reduction of left ventricular systolic function aiming
at early discontinuation of anthracyclines.

Noninvasive echocardiographic measurement of left ven-
tricular ejection fraction (LVEF) and fractional shorting (FS) is
by far the most commonly used method in most centers.
Complete recovery of echocardiographic LVEF and FS may
occur if anthracycline therapy is discontinued at an early
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stage,28 although this does not necessarily exclude long-term
reductions in functional reserve.29 Radionuclide angiocardiog-
raphy is also widely used in monitoring for early anthracy-
cline-induced cardiotoxicity. Schwartz et al. proposed 
guidelines for prophylaxis against anthracycline-induced
heart failure based on serial radionuclide measurement of
LVEF.30 Patients with a baseline LVEF of 30% or less should
not receive anthracycline therapy. Those with LVEF greater
than 30%, but less than 50%, can receive doxorubicin, but
measures should be repeated before each dose. For patients
with LVEF of 50% or more, evaluations should be repeated
after a cumulative dose of 250 to 300mg/m2, and thereafter
at 450mg/m2 if they have no risk factors. Doxorubicin
therapy should be stopped if there is a 10% or greater absolute
decrease in the EF, with decrease of the LVEF to 50% or less
in patients with baseline LVEF of 50% or more, and to 30%
or less in those with a baseline LVEF less than 50% but more
than 30%. Multivariate analysis demonstrated a fourfold
reduction in the incidence of CHF in those patients whose
management was concordant with the proposed guideline cri-
teria.30 Unfortunately, resting LVEF obtained by radionuclide
angiocardiography is relatively insensitive in detecting early
anthracycline cardiotoxicity. Both LVEF and FS are load-
dependent indices that give an estimate of the overall left 
ventricular systolic performance rather than the absolute
contractility. Sensitivity could be increased by using load-
independent contractility indices, for example, the stress
velocity index. Exercise radionuclide studies may also
increase the chance of detecting subclinical anthracycline-
induced cardiotoxicity.22,31 Failure to increase the ejection
fraction by 5% over the resting value has been suggested to
be a marker of high risk for developing anthracycline-induced
ventricular dysfunction.32 Serial testing is, however, required
to improve the low specificity of a single test, and maximal
exercise is often difficult for patients receiving chemotherapy,
because most of them are debilitated.

Measuring diastolic parameters has been found useful in
early detection of anthracycline-induced cardiomyopathy.
Results have been inconsistent as to whether this precedes
systolic dysfunction.33–40 This inconsistency probably reflects
the fact that in some patients, anthracyclines cause extensive
endocardial fibrous thickening, which gives a restrictive car-
diomyopathic picture.41

Endomyocardial biopsy is a fairly sensitive indicator of
chronic anthracycline-induced cardiotoxicity. A semiquanti-
tative histologic scoring system that correlated well with 
the cumulative anthracycline dose has been available since
1984.42 Such a monitoring strategy did not find its way to clin-
ical practice for clear reasons, being invasive with concerns
about safety of its repetition, particularly in children.43 More-
over, underestimation of cardiac damage with right ventricu-
lar biopsy may occur because of scattered cardiomyopathic
changes44 or the predominance of left ventricular injury.41

Finally, expertise in obtaining and interpreting biopsy speci-
mens is not widely available.

PROSPECTS FOR IDEAL MONITORING

No ideal screening or monitoring technique has yet been
found. One would speculate that this might aim at detection
of susceptible genotype(s), probably by using one of the recent
molecular techniques or a biochemical marker. The former

might explain the great individual tolerability variation, and
so define individuals in whom anthracyclines should be
avoided. The latter, on the other hand, aims at reliable pre-
diction of early irreversible myocardioctye damage in a way
very similar to the elevation of liver enzymes many years
before the cirrhosis in chronic active hepatitis. Natriuretic
peptides could be useful in this respect, as shown by prelim-
inary studies.45–48 These studies are, however, of small size
and of short-term follow-up. A relatively recent study, on the
other hand, suggested that serial natriuretic peptide mea-
surements cannot be used in predicting the impairment of left
ventricular function. It was found that the decrease in LVEF
started very early and could already be seen after the cumu-
lative doxorubicin dose of 200mg/m2, whereas the increase in
plasma natriuretic peptides was not evident until the cumu-
lative doxorubicin dose of 400mg/m2.49

Endothelin 1 could also be a potential predictor. In a single
small-scale study so far, progressive elevation of its plasma
levels occurred before deterioration of LVEF in patients who
subsequently developed CHF.50,51 Cardiac troponins also
warrant further investigation to evaluate their potential 
use for monitoring patients during and after anthracycline
therapy.52,53

Anthracycline Semisynthetic Analogues

Epirubicin is an epimer of doxorubicin with comparable anti-
tumor activity and less cardiotoxicity.54–56 Cardiotoxicity
appears to occur at a higher cumulative dose greater than 
900mg/m2.

Idarubicin is a lipophilic semisynthetic derivative of
daunorubicin that can be orally administered.6 It was shown
to be less cardiotoxic than doxorubicin.57,58

Cardioprotective Agents

Dexrazoxane is a derivative of ethylenediaminetetraacetic
acid (EDTA) that readily penetrates cell membranes and acts
as an intracellular chelating agent.6 Its proposed mechanism
of cardioprotection is through the chelation of intracellular
iron, which may decrease anthracycline-induced free radical
generation. Dexrazoxane (ICRF-187) has been shown to
decrease the incidence of clinical CHF in patients treated
with anthracyclines.59,60 Neither the normal antioxidant
mechanisms nor the pharmacokinetics of doxorubicin or its
metabolites is affected by dexrazoxane.61 It is given via slow
IV push or rapid infusion not more than 30 minutes before
doxorubicin administration. The recommended dose is 10
times that of the scheduled doxorubicin dose. It is generally
well tolerated, but side effects include enhanced myelosup-
pression and pain on injection.60

Concerns, however, exist concerning possible interfer-
ence of dexrazoxane with the efficacy of the anthracycline
antitumour effect.60,62 It is therefore not routinely recom-
mended with anthracycline therapy, at least at the present
time. Recent guidelines by the American Society of Clinical
Oncology advised that dexrazoxane may only be considered
for patients with metastatic breast cancer who have received
a cumulative doxorubicin dose 300mg/m2 or more in the
metastatic setting and who may benefit from further anthra-
cycline therapy. Patients receiving dexrazoxane should 
continue to be monitored for anthracycline-induced 
cardiotoxicity.63
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Liposomal Anthracyclines

Liposomal encapsulation of daunorubicin improves its phar-
macokinetic properties. Encapsulation reduces its volume of
distribution, the total body clearance, and interindividual vari-
ability.64,65 Experimentally, it has been shown that liposomal
encapsulation reduces the intracellular accumulation speed of
daunorubicin, and therefore, diminishes free radical genera-
tion, ATP depletion, and necrotic (but not apoptotic) cell
death66; however, this does not affect its efficacy on tumor
cells. Both free and encapsulated forms induce activation of
caspases 9 and 3. The sensitivity of leukemic cells correlates
with caspase activation and reduction of mitochondrial mem-
brane potential but not depletion of ATP and the generation of
free radicals.66 In fact, experimentally, liposomal encapsula-
tion overcomes resistance to the free drug in certain resistant
breast (MCF7ADR), ovarian (SKOV3), and small-cell lung
(H69VP) carcinoma cell lines, probably by escaping the mem-
brane pumps, such as P-glycoprotein.67 Early clinical studies
suggest that liposomal daunorubicin is safer with much less
early cardiotoxicity. These results are encouraging, but as
mentioned earlier, cardiomyopathy can appear years after
exposure, and therefore, long-term follow-up for larger number
of patients is essential to give a better profile of its cardiac
safety.

Mitoxantrone

This non-cell-cycle-specific anthraquinone derivative was
developed to provide broad-spectrum antitumor activity,
similar to anthracyclines, without cardiotoxicity. Although
initial animal studies revealed a lack of cardiotoxicity,68,69 its
cardiotoxicity soon became evident in clinical trials. It has
been shown to have an anthracycline-like spectrum of car-
diotoxicity. Prior doxorubicin therapy and mitoxantrone
cumulative dose are the main risk factors.70 The incidence of
CHF significantly increases (more than 5%) beyond a cumu-
lative dose of 160mg/m2, even in the absence of previous 
doxorubicin exposure.71

Prophylaxis should follow the same lines of anthracy-
clines therapy, and mitoxantrone therapy to a patient previ-
ously treated with an anthracycline, should be based on the
risk-to-benefit balance for each individual case and the aware-
ness of the heart failure risk prediction curves60 for anthracy-
clines and mitoxantrone.

Alkylating Agents

Cyclophosphamide

Cyclophosphamide is a non-cell-cycle-specific alkylating
agent that is a mainstay of most pretransplant conditioning
regimens. High-dose cyclophosphamide can cause an acute
form of cardiotoxicity within 10 days of its administra-
tion.72–74 Cyclophosphamide-induced cardiotoxicity presents
as a combination of symptoms and signs of myopericarditis,
which could lead to fatal complications (e.g., CHF, arrhyth-
mias, cardiac tamponade).72,74,75 The total dose of cyclophos-
phamide per course is so far the only reproducible risk
factor.73 The incidence of symptomatic cyclophosphamide-
induced cardiotoxicity in two series,75,76 when combined, was
22% (16/72), and that of fatal cardiotoxicity was 11%. A total

dose greater than 170 to 180mg/kg per course (over 4 to 
7 days) was the risk factor. Goldberg et al. found that 
doses based on body surface area, rather than body weight,
correlate well with incidence of cyclophosphamide-induced
cardiotoxicity.72 The incidence of symptomatic cyclophos-
phamide-induced cardiotoxicity in a group of patients who
never had prior anthracycline therapy was 25% (13/52), with
12% (6/52) mortality when cyclophosphamide dose exceeded
1.55mg/m2/day. Those who received less than 1.55
mg/m2/day had 3% (1/32) symptomatic cardiotoxicity with
no mortality.72 The fact that young children have a relatively
higher body surface area probably explains the lower inci-
dence and severity of cyclophosphamide-induced effects in
them compared with adolescent and adult cardiotoxicity.6,72

Cyclophosphamide-induced cardiotoxicity may last from 1 to
6 days and, despite the relatively high mortality, there are no
long-term sequelae or late cardiotoxicity in patients who
survive the initial acute event.75 So far, there is no evidence
of cumulative cyclophosphamide cardiotoxicity.

Prevention

Ideal prevention would depend on the avoidance of exceeding
a certain critical dose, beyond which the incidence and sever-
ity of cardiotoxicity becomes unacceptably high. Identifica-
tion of this critical dose warrants further large-scale studies,
but it is likely to be around 1.55g/m2/day, as shown by 
the Goldberg group.77 We, therefore, recommend that
hematopoietic stem cell transplant protocols should be mod-
ified to use cyclophosphamide doses calculated per body
surface area/day to limit the daily dose to less than 1.55g/m2.
The current evidence shows that this will significantly reduce
this potentially fatal cardiotoxicity without affecting engraft-
ment success.77

Secondary prevention of cyclophosphamide-induced car-
diotoxicity necessitates awareness by the clinicians of this
potential complication. They should keep it in mind when
looking after patients who received high-dose cyclophos-
phamide within the past 2 weeks.

Ifosfamide

Ifosfamide, structurally similar to cyclophosphamide, seems
to have a similar cardiotoxicity pattern with a 30% incidence
of cardiotoxicity with doses beyond 20g/m2.78 Further studies
are needed to confirm the critical dose that should not be
exceeded, as this will be the efficient route of prophylaxis.

Mitomycin

There is strong evidence that mitomycin (MMC) enhances
doxorubicin-induced cardiomyopathy when administered in
combination with or following such agent.79,80 MMC-related
cardiotoxicity is dose dependent, occurring at cumulative
dose levels of 30mg/m2, mainly in patients treated, previously
or simultaneously, with doxorubicin.81 Careful monitoring of
left ventricular function is therefore essential as with anthra-
cycline chemotherapy.

Miscellaneous Agents

The previously mentioned chemotherapeutic agents are the
most significant as far as cardiotoxicity in clinical practice is
concerned. It is worth mentioning, however, that many other
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chemotherapeutic agents could sometimes cause transient
cardiotoxicity, such as transient ECG change, arrhythmias, or
blood pressure changes. Although these are rarely of clinical
significance, clinicians should be aware of them.

Fluorouracil (5-FU)

Care should be taken with this synthetic pyrimidine
antimetabolite as it can cause myocardial ischemia.82

Although rare (1.6%), the possibility must be taken into
account in practice, particularly in those patients already
affected with cardiac diseases, as cases of massive myocardial
infarctions have occurred.82–84 5-FU cardiotoxicity is more
common following high-dose continuous infusion than after
IV bolus administration.85 Prophylaxis starts with identifying
those with ischemic heart disease in whom the agent should
be avoided. Using IV bolus administration rather than con-
tinuous administration is advisable based on the current
available evidence. Taking this potential cardiotoxicity into
account in practice should be of prophylactic benefit.

Taxanes (Paclitaxel and Docetaxel)

This is a group of antimicrotubule agents originally extracted
from the bark of the western yew tree, Taxus brevifolia. Pacli-
taxel has been linked to cardiotoxicity in two ways: early
arrhythmias during or soon after administration and possible
aggravation of anthracycline-induced cardiomyopathy when
given in combination. Both ways warrant closer scientific
examination.

As regards arrhythmias, critical evaluation of reports
show that in early Phase I studies, paclitaxel was associated
with a high incidence of serious hypersensitivity reactions.7,86

Premedication with antihistamines, and a slower rate of infu-
sion, reduced the frequency and severity of this side effect,
but it also led to routine continuous cardiac monitoring
during paclitaxel administration in Phase II studies in an
attempt to evaluate hypersensitivity reactions more effi-
ciently. This approach had led to unintentional overreporting
of cardiac arrhythmias in patients receiving paclitaxel, with
“asymptomatic sinus bradycardia” being the most frequently
reported cardiac event.87 Paclitaxel-associated cardiac rhythm
disturbances described in the literature, included nearly every
known arrhythmia, but seldom led to clinically significant
sequelae, and the reported incidence of life-threatening 
ventricular arrhythmias (fibrillation or tachycardia) is only
0.26%.88 Ventricular arrhythmias could occur at any time
during the drug infusion. It can occur during first-dose infu-
sion although it is most often seen during second and subse-
quent doses.88 Patients revert to normal sinus rhythm after
discontinuation of paclitaxel, but some patients may con-
tinue to exhibit infrequent, brief episodes of supraventricular
tachycardia or rare ventricular premature beats up to 10 days
after discontinuation of paclitaxel. As mentioned previously,
paclitaxel-induced arrhythmias seldom led to clinically sig-
nificant sequelae.

Paclitaxel and doxorubicin is a highly effective combina-
tion in advanced breast cancer. The unexpectedly high inci-
dence of CHF reported in two of the early trials caused some
concern. It is likely that a pharmacokinetic interaction
between doxorubicin and paclitaxel is responsible for the
higher than expected incidence of congestive heart failure

observed in these studies, as paclitaxel decreases the clearance
of doxorubicin by approximately 30% when the two drugs are
administered in close succession.89 A recent review of results
from 10 studies (657 patients) was, however, reassuring that
the use of combination doxorubicin and paclitaxel is safe up
to a cumulative doxorubicin dose of 340 to 380mg/m2.90

The paclitaxel closely related antimicrotubule, docetaxel,
does not seem to induce arrhythmias.91 No concerns were
raised to its use in combination with anthracyclines.
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Neurologic
Complications

of Therapy
Kristin Bradley and H. Ian Robins

he etiology of neurotoxicity following treatment with
chemotherapy and/or radiation therapy is not always
obvious. Neurologic complications can be difficult to

identify, diagnose appropriately, and measure. In addition,
neurotoxicity may be delayed and patients may experience
tumor-related mortality before the diagnosis of treatment-
related complications. Furthermore, the signs and symptoms
of neurotoxicity may resemble those of disease progression.
Finally, underlying diseases, such as diabetes mellitus, infec-
tions, hypertension, paraneoplastic syndromes, age-related
dementia, seizures, concomitant medications, such as anti-
epileptic agents, and metabolic disorders can be confounding
factors.

Neurotoxicity following treatment spans a spectrum from
acute to chronic, and from reversible to irreversible; neuro-
toxicity may involve the central nervous system (CNS), the
peripheral nervous system (PNS), or both. The complications
can range in grade from subclinical to severe. In the follow-
ing sections, we discuss the neurotoxicities of chemotherapy
and radiation therapy individually, as well as the neurologic
complications of combined chemoradiation. In specific areas,
the limited information regarding prophylaxis and/or treat-
ment of therapy-related neurotoxicity is similarly presented.

In the text to follow, an attempt is made to critically 
summarize an extensive literature. In this regard, many of 
the available data pertaining to this significant treatment-
limiting morbidity are observational. In spite of this, a 
substantial database has been accrued by investigators. Thus,
it is the intention of this review to provide a synopsis to 
reinforce early clinical recognition of these toxicities. It was
further envisioned that this review might serve to stimulate
further laboratory and controlled clinical research.

Chemotherapy-Induced Neurotoxicity

Vinca Alkaloids

Vincristine was the first chemotherapeutic agent described as
having neurotoxicity,1 which, it is dose-limiting for this drug.
Other Vinca alkaloids, for example, vinblastine and vinorel-
bine, share this same predisposition, but to a lesser extent.2

Such neurotoxicity can involve the peripheral, autonomic, or
central nervous system.1–7 Toxicity can be dose related and/or

cumulative. Peripheral neuropathy is well recognized by clin-
icians, and it tends to be reversible over the course of years.7

Severe constipation and bladder atony are not uncommonly
observed. Rarely, cranial nerves can be affected, resulting 
in ophthalmoplegia and facial palsies; laryngeal nerve 
paralysis and cortical blindness have also been reported.5,6

Although many physicians treat these complications with
vitamin therapy (including the B group), there are no data 
to support this practice. The use of metoclopramide has 
been used and reported for gastrointestinal (GI) motility 
dysfunction.8

5-Fluorouracil

Historically, 5-fluorouracil (5-FU) was also an early
chemotherapy drug for which neurotoxicity became readily
apparent,9–17 with an incidence up to 5%. Clinically, patients
can experience loss of coordination, ataxia of the trunk and
extremities, slurred speech, nystagmus, optic neuropathy, and
hypotonia. Peripheral neuropathy and acute encephalopathy
have also been reported.12,13 It has been postulated that the
use of 5-FU in conjunction with levamisole or leucovorin
(both of which can be neurotoxins18,19) may add to the neuro-
toxic potential of 5-FU.16 The neurotoxicity observed is not
necessarily dose or schedule dependent, and it is often
reversible on drug cessation. It has also been postulated20 that
5-FU toxicity may relate to 5-FU-induced thiamine deficiency
(observed in a series of 35 patients21); this may be particularly
relevant to the syndrome of 5-FU-cerebellar ataxia. Patholog-
ically, some toxic events can be correlated with multifocal
cerebral demyelination. In extreme cases, patients can
become encephalopathic.12 This life-threatening complica-
tion may be associated with dihydropyrimidine dehydroge-
nase deficiency. This enzyme deficiency, which may exist in
up to 3% of the population, affects 5-FU metabolism and
places patients at extreme risk for any and all 5-FU compli-
cations.22 Takimoto et al.23 reported such a case in which a
comatose state was reversible with infusional thymidine.

Platinum Agents

With the introduction of cisplatin more than two decades ago,
its neurotoxic potential was immediately recognized. The
toxicity of this heavy metal is generally dose related and in
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part, may be related to segmental demyelination of sensory
nerves.24 Neurologic complications in addition to peripheral
sensory loss, with paresthesias severe enough to result in loss
of fine motor skills, include loss of motor reflexes; foot drop;
leg cramping; neuropathic pain (as an extension of the sensory
neuropathy); Lhermittes’s sign (also induced by radiation);
auditory and visual cranial nerve injury; and autonomic neu-
ropathy.24–32 Although cisplatin-induced hypomagnesmia is
correlated with increased risk for neurotoxicity,29 it is not
clear that diligent magnesium repletion prevents progression
of peripheral neuropathy. Hearing deficits begin the majority
of the time with reversible tinnitus, progress to asympto-
matic loss of high-frequency tones, and finally to sympto-
matic permanent mid-frequency loss. Vision compromise can
range from color alteration to retinal inflammation and/or
damage, transient blindness, and papilledema. The sensory
neuropathy can result in severe gait disturbances. These
observations taken collectively, often necessitate the modifi-
cation or discontinuation of the drug, particularly in patients
not being treated with curative intent. Consideration of a less
neurotoxic analogue, that is, carboplatin, represents an alter-
native option. Amifostine, primarily used as a renal protec-
tant, provides limited neuropathy protection relative to
cisplatin,33 but its use is limited by the amifostine-related side
effects. Most recently, a new platinum analogue, oxaliplatin,
has entered clinical practice. It too has sensory neuropathy
and cramping, but also can produce pharyngolaryngeal dyses-
thesias.34,35 The appearance of the pharyngolaryngeal dyses-
thesias is often acute, as is the appearance of cold intolerance.
Extending the period of oxaliplatin infusion can minimize the
toxicities. The sensory neuropathy is late, cumulative, and
dose dependent, but often reverses to some extent at approx-
imately 6 months. Some clinicians believe that calcium and
magnesium supplementation is beneficial in palliating and
preventing this complication.

Taxanes

At this point in the discussion, it is appropriate to highlight
that the combined use of two neurotoxic agents produces
enhancement of neurotoxicity. Examples include doublets of
platinum agents, Vinca alkaloids, and/or taxanes.2,36–43 Rela-
tive to the taxanes as a class, the two approved analogues,
paclitaxel and docetaxel, also have treatment-limiting periph-
eral neuropathy much the same as the platinum-based drugs
and the Vinca alkaloids.44–50 Taxane-related neuropathy is
cumulative and dose dependent. In general, neurosensory and
neuromuscular effects are less severe and less frequent with
docetaxel than with paclitaxel. The toxicity relates in part to
axonal degeneration and demyelination related to a direct
effect on microtubules.51 Motor myopathy also has been asso-
ciated with the taxanes. It is difficult, however, to differenti-
ate this sequela of therapy from the effect of corticosteroids
usually given with the taxanes to prevent allergic reactions.
Rare reports of visual disturbances and encephalopathy also
exist.52,53 There is some controversy as to whether preexist-
ing conditions, such as diabetes mellitus, can predispose
patients to increased neuropathy.44 As in the case of the pre-
viously discussed peripheral neuropathies, no intervention to
date has been demonstrated to be efficacious in alleviating
symptoms, although the empiric use of amitriptyline is
popular. Early work has reported that glutamine may be 

beneficial in reducing neuropathy associated with paclitaxel
administration.54 These early results, however, need to be
confirmed by a placebo-controlled trial. Occasionally, symp-
toms may reverse several months after drug cessation. 
In contrast to cisplatin, amifostine is not effective for 
taxane-induced neuropathy.55

Cytosine Arabinoside

Cytosine arabinoside (Ara-C), given systemically or intrathe-
cally (IT), can cause an acute dose-dependent cerebellar 
neuropathy defined by specific pathologic changes.56–61

Although this toxicity is reversible with drug cessation, 
permanent truncal and gait ataxia can develop. The neuro-
toxicity of Ara-C is dose and schedule dependent, and is
related to the cumulative dose of the drug. Early clinical signs
include nystagmus, dysarthria, tremors, and dysmetria.
Mental status changes including encephalopathy and seizures
may follow. Additionally, spinal myopathy, basal ganglia
necrosis, and pseudobulbar palsy have been reported.60 If the
need for drug cessation is not recognized early in the patient’s
clinical course, any of these complications can progress to
death.

Methotrexate

Methotrexate (MTX), which can also be given intravenously
(IV) or IT, also can produce significant neurologic symptoms
(both acute and late), ranging from meningeal irritation
and/or transient paraparesis to encephalopathy.62–65 Such com-
plications typically are only seen with IV use at high doses
and probably are directly related to levels in the cerebrospinal
fluid. The physician treating a CNS manifestation of malig-
nancy with MTX (as is also the case with ara-C) must be
careful not to mistake drug toxicity for disease progression,
as the symptoms (e.g., seizures, somnolence, nuchal rigidity,
nausea and vomiting, headache) may overlap. Aminophylline
has been reported to reverse MTX neurotoxicity.66 In gen-
eral, the major neurologic complications encountered with
MTX relate to its use (high-dose IV or IT) in combination 
with ionizing irradiation.67,68 Leukoencephalopathy is a well-
recognized complication following combined modality
therapy. In this regard, children may be at increased risk for
such toxicity.69

Alkylating Agents

The alkylating agent ifosfamide can produce an array of 
neurologic complications, probably as a result of degradation
metabolites.70 Acute clinical manifestations can include 
hallucinations, confusion, seizures, hemiparesis, lethargy,
coma, personality changes, cerebellar and cranial nerve
deficits, peripheral neuropathy, and extrapyramidal prob-
lems.71–75 Although cumulative dose neurotoxic effects have
not been reported, rechallenge with the drug can again pre-
cipitate acute neurotoxicity. Reversal of such CNS toxicity
has been achieved with the use of IV methylene blue.70,71

Altretamine, another alkylating agent, predominantly pro-
duces peripheral neuropathy-related toxicity, but central
effects similar to ifosfamide, including parkinsonian tremors,
have been reported.76
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Radiation Therapy Toxicities

Central Nervous System Toxicity

The neurotoxicities of radiation therapy, similar to those
from chemotherapy, can be broadly classified as acute (within
the first 3 months), subacute (from 3 months to 1 year), and
chronic (years after irradiation).

A person may suffer from headache, nausea, vomiting,
lethargy, fever, and occasionally, exacerbation of their neuro-
logic symptoms within 2 weeks of finishing radiation therapy.
This acute phenomenon is broadly attributed to breakdown
of the blood–brain barrier with subsequent development of
increased intracranial pressure caused by edema. Experi-
mental models in large animals support the hypothesis of
radiation-induced breakdown of the blood–brain barrier with
accumulation of vasogenic edema; in humans, large fraction
radiation, as seen with radiosurgery, supports this observa-
tion.77,78 Rarely, early neurologic toxicity may be more severe
in patients with multiple metastases, a large posterior fossa
tumor, or with large radiation fraction sizes.79

Subacute CNS toxicity generally manifests between 1 to
6 months after radiation therapy and is not limited to a single
clinical presentation; both the brain and the spinal cord can
be affected. In the spinal cord, Lhermitte’s sign, in which neck
flexion triggers fleeting, electrical shocklike paresthesias radi-
ating from the neck to the extremities, typifies the onset of
radiation myelopathy. Believed to be caused by transient
demyelination, the syndrome is self-limiting, gradually
improves over 2 to 9 months, and does not predict for the
development of later, irreversible myelopathy.80,81

Early-delayed brain injury following cranial irradiation is
marked by a somnolence syndrome and is most prominent in
children. Up to three-quarters of children receiving prophy-
lactic or therapeutic CNS irradiation for acute lymphoblastic
leukemia, may develop a somnolence syndrome characterized
by hypersomnia, irritability, anorexia, headache, and fever.82,83

Adults rarely experience the somnolence syndrome.84 The
pathogenesis of the somnolence syndrome is believed to be
due to oligodendroglial cell injury and altered capillary per-
meability resulting in transient demyelination.80,81,85 The syn-
drome may go undiagnosed, with the patient improving
spontaneously over weeks or months. Rarely, subacute CNS
toxicity following irradiation may be severe, or even fatal.81

The manifestations of late-delayed radiation-induced 
CNS toxicity can appear months to years after irradiation.86

Radiation necrosis is one of the most serious delayed CNS
complications. It typically presents 1 to 2 years following
external-beam radiation therapy and 6 to 9 months after inter-
stitial brachytherapy or radiosurgery.87 The reappearance of
prior neurologic deficits, as well as the emergence of new focal
neurologic problems, can simulate tumor recurrence. The use
of positron emission tomography (PET) scanning and/or mag-
netic resonance imaging (MRI) spectroscopy can be useful in
distinguishing recurrent or progressive disease from necrosis.
Radiation necrosis tends to be progressive and may be irre-
versible, with prominent edema and mass effect caused by
coagulative necrosis of cerebral white matter.88 Another
delayed neurotoxicity following irradiation is leukoen-
cephalopathic cognitive dysfunction without necrosis.89,90

Some reports have estimated that there is a 10% to 15% risk
of leukoencephalopathy following whole-brain radiotherapy.

Children whose brains are still developing are at particularly
high risk of developing profound neurocognitive sequelae; the
risk is greatest for children irradiated before 3 to 4 years of age,
the age when CNS myelination is complete.91,92 Radiation-
induced neurocognitive dysfunction ranges from mild changes
in attention span, short-term memory, and problem-solving
ability that do not affect overall performance status, to more
profound functional deficits. Severe decline and alterations of
IQ, memory, response times, problem-solving ability, emo-
tional state, balance, and gait trend toward progressive dete-
rioration, with death 1 to 48 months after the onset of
symptoms.87 The pathophysiology of late cognitive and intel-
lectual decline following cranial irradiation is not fully under-
stood, but clinical, radiographic, and neuropathologic findings
incriminate white matter changes.87,93–95

Spinal cord radiation myelopathy, another delayed neuro-
toxicity, has a median latency of 20 months after irradiation,
but this varies with radiation dose, region and length of spinal
cord irradiated, patient age, and prior treatment.81,96 Clini-
cally, delayed myelopathy may be gradual or sudden and may
result in partial or complete functional deficits, but is gener-
ally progressive and irreversible, often resulting in bowel and
bladder dysfunction, paraplegia or quadriplegia, paresthesias,
partial Brown–Séquard syndrome, and lower motor neuron
dysfunction.81,97 As many as one-half of patients die of sec-
ondary complications, including infection, pulmonary embo-
lism, and respiratory compromise.98

Other chronic radiation-induced CNS toxicities may
include hypothalamic-pituitary axis (HPA) dysfunction with
endocrinopathies, cranial nerve injuries, vascular abnormali-
ties, and second malignancies.

Peripheral Nervous System Toxicity

Shortly after receiving radiotherapy, patients may note pares-
thesias following irradiation of peripheral nerves. More sig-
nificant, however, are the early- and late-delayed
complications of PNS irradiation. Fortunately, reports of
peripheral nerve injury have decreased as a result of the use
of three-dimensional, computer-based planning and improved
quality control.99 Brachial plexopathy following radiotherapy
for locally advanced breast cancer manifests as paresthesias,
pain, and weakness in the distribution of the brachial plexus
nerve roots. The injury may be transient or may develop into
an irreversible, progressive brachial plexopathy, typically a
year or more after receiving 60Gy or greater. Lumbosacral
plexopathy, presenting as unilateral or bilateral lower extrem-
ity sensory or motor deficits following pelvic irradiation, has
been reported less frequently than brachial plexus injury.
Paresthesias and pain may or may not accompany muscle
atrophy and weakness.99 Identifying the etiology of plexop-
athies can be a challenge for the treating physician because
the findings of treatment-induced injury may resemble those
of tumor recurrence.

Toxicities of Combined Chemotherapy and
Radiation Therapy

Neurotoxicity, in particular CNS toxicity, following com-
bined treatment with chemotherapy and radiation therapy, 
is a challenging problem for the oncologist. Although
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chemotherapy and radiation have their own independent tox-
icities, overlapping toxicities make it difficult to clearly iden-
tify the offending modality. Complications of other illnesses,
such as diabetes and hypertension, as well as neurotoxicity
resulting from disease recurrence or progression, must be
eliminated before ascribing a complication to chemoradio-
therapy. The neurotoxicities of two important drug–radiation
interactions are discussed in detail next.

Methotrexate and Cranial Irradiation

There are three widely recognized late syndromes follow-
ing the combined use of methotrexate (MTX) and cranial 
irradiation: necrotizing leukoencephalopathy, mineralizing
microangiopathy, and cognitive impairment.100 Necrotizing
leukoencephalopathy results from white matter necrosis with
sparing of grey matter and is generally without an inflamma-
tory response. The risk of its development appears to be great-
est if MTX is given concurrently with or after radiation
therapy. Usually occurring within 1 year of treatment, it man-
ifests as a change in personality, dementia, seizures, ataxia,
hemiparesis or quadriparesis, and pseudobulbar palsy. The
clinical course may stabilize, or rarely, improve, but for the
majority of patients, it is severe, progressive, and potentially
fatal. Leukoencephalopathy following treatment with MTX
and cranial radiation has been extensively reported in chil-
dren receiving CNS treatment or prophylaxis for acute lym-
phoblastic leukemia (ALL).101–103 The dose of radiation and
intravenous MTX, rather than intrathecal MTX, is correlated
with the risk of its development.103

In contrast to necrotizing leukoencephalopathy, mineral-
izing microangiopathy generally has longer latency periods
and usually produces milder neurologic dysfunction.101 Its
course may be subclinical, or it may produce headaches, inco-
ordination, and seizures. Similar to most neurologic sequelae
of chemoradiation, younger children are at greater risk. Grey
matter changes are seen, resulting from the mineral deposi-
tion in the walls of the small vessels of grey matter.104

A third syndrome seen following the combined use of
MTX and cranial irradiation is cognitive impairment.105–109 In
adults, the use of high-dose MTX, along with whole-brain
radiotherapy for primary CNS lymphoma, has resulted in a
15% to 32% overall incidence of late neurotoxicity.108,109 In
the recently reported Radiation Therapy Oncology Group
(RTOG) study (93-10), a neurotoxicity rate of 15% was seen.109

In children treated with chemoradiation for ALL, medul-
loblastoma, or other intracranial tumors, neurocognitive tox-
icity typically manifests as a decline in IQ with impaired
school performance resulting from learning disabili-
ties.92,105–107 In children 3 to 7 years of age treated for medul-
loblastoma, a 20- to 30-point decline in IQ score over a 3- to
4-year period has been reported.92 A debate continues about
whether cranial irradiation or intrathecal MTX is the primary
causative factor.110,111

Cisplatin and Cranial Irradiation

As discussed in a previous section, cisplatin alone can result
in neurotoxicity. One of the most recognized neurotoxicities
of cisplatin is ototoxicity, a high-frequency hearing loss
resulting from hair cell damage. When cranial irradiation is
combined with cisplatin, either sequentially or concurrently,

the risk of severe ototoxicity increases significantly.112,113 As
the sensorineural hearing loss progresses from high frequen-
cies to frequencies required for speech perception and recog-
nition, a child’s ability to understand and learn is impaired.
In an attempt to decrease the audiotoxicity of combined cis-
platin and irradiation, intensity-modulated radiation therapy
(IMRT), which provides for more conformal radiation deliv-
ery, has been employed to decrease radiation dose to the audi-
tory apparatus.114 A retrospective comparison of patients with
medulloblastoma who received either conventional radio-
therapy or IMRT showed that IMRT delivered 32% less radi-
ation dose to the auditory apparatus while delivering full
doses to the target volume. Children treated with IMRT expe-
rienced lower ototoxicity: 13% of the IMRT patients had
grade 3 or 4 hearing loss compared with 64% of the conven-
tional radiotherapy patients.114

Management of Neurotoxicity Following
Chemotherapy and Radiation Therapy

The first and most important step in the management of neu-
rotoxicity related to chemotherapy and/or radiation therapy
is to recognize its existence and, subsequently, to make
attempts at prophylaxis. Prevention begins with the elucida-
tion of factors that predict such toxicity, including age;
medical comorbidities; use of concomitant chemoradiother-
apy; and the specifics of dose, dose-per-fraction, and volume
treated. Whenever possible, an attempt should be made to
mitigate these risk factors.

Symptomatic Management

Corticosteroids are commonly used in the symptomatic man-
agement of treatment-related, and particularly radiation-
induced, neurotoxicity. They are employed to decrease the
edema seen after radiation.115 Although beneficial in decreas-
ing vasogenic edema, dexamethasone is less effective for
treatment-related brain necrosis. Animal and human studies
have shown, at best, only a minor delay in the development
of radiation necrosis with dexamethasone.116,117 Similarly, fol-
lowing spinal cord irradiation, some studies have demon-
strated that corticosteroids can temporarily delay the
progression of radiation myelitis but do not prevent or suc-
cessfully treat it.85,118 Other pharmacologic agents, including
deferrioxamine, anticoagulants, lipid peroxidase inhibitors,
and antioxidants, have been investigated with mixed
results.119–121

Management of Radiation Necrosis

Because corticosteroids have a limited role in the sympto-
matic management of brain necrosis following chemoradia-
tion, other strategies have been explored as treatment
options. Resection of the necrotic tissue may or may not lead
to recovery of impaired neurologic functions. Surgical resec-
tion is more successful for discrete areas of necrosis than for
areas of diffuse necrosis.122,123 Hyperbaric oxygen (HBO)
therapy also has been used to treat complications of radiation
therapy. By increasing tissue oxygenation concentration,
HBO stimulates angiogenesis and improves capillary func-
tion.124,125 Small reports have detailed improvement of radia-
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tion myelitis and cerebral radiation necrosis with HBO
therapy.126–128 Additional study of the application of HBO
therapy in adults and children suffering from nervous system
necrosis after chemoradiation is required before a conclusion
can be reached about its effectiveness. Controlled clinical
trials of innovative therapeutic interventions for radiation
necrosis are difficult to design and execute. Nevertheless,
such studies are now being designed by the RTOG.

Amifostine

In considering the collective neurotoxicities of chemother-
apy, it is the peripheral neurotoxicities that represent the
major clinical problem, as they are often dose limiting. Many
attempts have been made to develop strategies for treatment
and prevention. Amifostine (WR 2721) has been explored as
a neuroprotective agent. Amifostine is a thiol compound that
requires endothelial dephosphorylation to be activated.
Because normal endothelium dephosphorylates the drug
more efficiently than tumor endothelium, amifostine may
exert a preferential protective effect in normal tissue.129,130

However, the intracranial permeability and localization of
amifostine in normal brain are very limited; hence its value
as a radioprotector for the CNS is limited. Amifostine pro-
vides some protection against cisplatin-related peripheral
neurotoxicity, but its utility is limited by vomiting and sig-
nificant hypotension.33,38

Conclusions

Neurotoxicity can occur following chemotherapy, radiation
therapy, or the combined use of both therapeutic modalities.
Neurologic complications can develop during the course of
therapy, weeks to months after finishing therapy, and even
years following treatment. Similarly, their severity covers a
wide range, with a reported spectrum of mild to function
impairing to potentially fatal. The clinical and radiographic
signs and symptoms of neurotoxicity often are not unique to
the etiology. As a consequence, distinguishing treatment-
related toxicities from recurrent tumor or from complications
of other medical illnesses can be difficult. Currently, man-
agement of the neurotoxicities of chemotherapy and radiation
therapy is mostly symptomatic, with initial efforts being
undertaken at prevention and prophylaxis. Further elucida-
tion of the mechanisms of these toxicities (via preclinical and
controlled clinical studies), coupled to the investigation of
patient- and treatment-related factors that predict for or
increase the risk of their development, are needed. Only when
these mechanisms and predictive factors are better under-
stood will significant success at prevention and prophylaxis
be achieved. The elucidation of both mechanistic and predic-
tive factors should provide a foundation for future research
encompassing prevention, prophylaxis, and treatment.
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Issues in Vascular Access
with Special Emphasis
on the Cancer Patient

Paul F. Mansfield and David L. Smith

Vascular Access in the Cancer Patient

The management of the cancer patient is often complex and
involves multiple disciplines. The complexity of the care that
is required often necessitates venous access for the adminis-
tration of myriad therapies and the acquisition of blood
samples. Reliable venous access is critical for the optimal
management of the many aspects of care of a patient with
cancer. Although the exact number of catheters inserted
annually in the United States for care of cancer patients is
unknown, it is likely that it represents a significant percent-
age of the more than 5 million central venous catheters
placed.1

Many chemotherapeutic agents require prolonged venous
access for continuous infusion, which may last several days,
and a full course of treatment may last a year or more. Crit-
ically ill patients may require monitoring of central venous
pressure or central access for administration of vasoactive
agents. In addition, maintaining adequate nutrition in the
cancer patient is often a difficult issue. Although the use of
total parenteral nutrition (TPN) in the cancer patient may be
controversial, we generally believe it is a reasonable option
in the patient actively undergoing therapy. Although the 
alimentary tract is always the preferred route of feeding in
patients, in the cancer patient, TPN is often necessary,
because the gastrointestinal side effects of chemotherapeutic
agents can be severe, and complications of surgery may render
the gastrointestinal tract unusable for various periods of time.
The selection of patients for the use of TPN is a complex one
that requires careful consideration of the patient’s treatment,
the response of the malignancy to therapy and physical
factors, and in some rare circumstances, such as appendiceal
cancer, a patient may live for several years on TPN. TPN,
vesicant or protracted infusion chemotherapy, or central pres-
sure monitoring and resuscitation, all require consistent and
durable access to the central venous system.

Peripheral venous access is not often reliable or available
for long in cancer patients. Some patients simply have very
poor peripheral veins to start with, whereas others lose their
venous access from repeated use and caustic agents. The mul-
tiple episodes of venipuncture for blood draws and adminis-
tration of medications and fluids often result in sclerosis of
the vessels. In a randomized trial between peripherally
inserted central catheters (PICC) and peripheral IVs for the

postoperative management of pediatric patients, Schwengel
et al. found, not surprisingly, that there were fewer venipunc-
tures in the PICC group and that both patient and parent sat-
isfaction were higher in the PICC group (P less than 0.05).2

Major complications were rare in both groups but minor ones
were common in the IV group. The authors advocated the use
of PICC lines whenever postoperative hospitalization was
anticipated to last 4 or more days.

In general, the choice of peripheral venous access versus
central venous access is determined by the following factors:
the nature of the planned therapy, the length of time of
administration, the number of agents and the nature of their
compatibilities, the patients’ desire for a particular type of
access, which may be based on lifestyle, and the status of the
patients’ peripheral venous system versus their central
venous system. Patients with multiple prior central venous
catheters may require investigation of the patency of the
central vasculature as a part of their assessment. Peripheral
access is certainly appropriate in a patient with excellent
peripheral veins requiring a short-term course of therapy or a
weekly infusion with nonsclerosing agents.

Catheter Types

We initially globally review some of the various issues of
access and then examine studies that address the major issues
which apply to all access approaches, specifically, those
related to the insertion, and then the complications of throm-
bosis and infection. There are many venous access devices
available, which have been designed to fit pediatric and adult
patients with various body types and various clinical scenar-
ios. The catheters are also designed to accommodate infu-
sions at different rates, allow for blood draws, accommodate
patients’ daily activities, and, more recently, to withstand the
pressures of bolus infusions for radiographic imaging. The
types of central venous catheters can be divided in several dif-
ferent ways:

• External versus implanted
• Tunneled versus nontunneled
• Peripheral versus central
• Single lumen versus multilumen
• Untreated versus antibiotic-coated or antibiotic-

impregnated
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Each of these choices has specific benefits and downsides, and
there are also some unusual situations that can arise in the
patient who has lost the use of the major venous branches
feeding into the superior vena cava. The common approaches
to central access are via the subclavian, jugular, or femoral
approaches. In addition, some of the most difficult access
cases may require direct inferior vena cava (IVC) puncture
through a translumbar or a transhepatic approach, or through
the azygous system or directly into the right atrium (RA) via
thoracotomy.

Devices that have an external component have a higher
risk of infection than totally implanted ones but can be
inserted or exchanged more easily. This higher rate of infec-
tion comes from two potential sources: first, from the
repeated manipulation and accessing of the hub of the
catheter, and second, from the area where the catheter tran-
sits the skin. Implanted ports require flushing with heparin
for thrombosis prevention only once a month, whereas exter-
nal devices generally are flushed once a day. The implanted
port has a silicon diaphragm that can sustain repeated pene-
trations by an offset (Huber) needle. One should never use a
standard needle for accessing these devices. For an active
person who likes to participate in water sports, an implanted
port may be better. However, if a patient is facing a bone
marrow or stem cell transplant, a percutaneous catheter may
be a better choice, as one can exchange the catheter over a
wire and not lose access if a catheter-related bloodstream
infection (CRBSI) is suspected. Implanted ports are usually
placed in the operating room, and patients may require a trip
back to the operating room for removal, both with obviously
added expense. If frequent, repeated, and prolonged instru-
mentation of the port is anticipated, this may increase the
risk of infection. There has never been a prospective ran-
domized trial of implanted ports versus percutaneous
catheters, and thus, the decisions are often based on patient
and local clinical practice patterns.

External catheters may be tunneled (usually with a cuff)
or percutaneous. Cuffed catheters are designed to be tunneled,
with the cuff in a subcutaneous position. The cuff encourages
significant fibrosis in the surrounding tissue. This fibrotic rim
of tissues provides a mechanical barrier to pathogens, which
can gain access via the external components of the device. In
a small prospective randomized trial of cuffed versus non-
cuffed catheters, Flowers et al. found a significant reduction
in both the rate of colonization (34.5% to 7.7%) and that of
CRBSI (13.8% to 0%).3 One of the major problems with this
study is that most of the infections were fungal, as an antibac-
terial (not fungicidal) ointment was used for dressings. Tun-
neled catheters may have a lower rate of infection than
percutaneous catheters, but in patient populations where
intense education and training in catheter care are performed,
the rates are similar. One area where this may not be accu-
rate was revealed in a randomized trial of tunneled versus
nontunneled femoral catheters by Timsit et al.4 In a study of
336 evaluable intensive care unit (ICU) patients, they found
probable systemic catheter-related sepsis occurred in 15 of
168 nontunneled catheters and 5 of 168 tunneled catheters (P
less than 0.025). The relative risk of actual CRBSI in the tun-
neled group was 0.28 [confidence interval (CI), 0.03 to 0.72; P
= 0.005]. Whether this approach would also benefit sites with
lower general risk of infection, such as the subclavian
approach, is unknown. Cuffed, tunneled catheters are usually

placed in the operating room or interventional radiology,
whereas percutaneous ones may be placed at the patient
bedside. It should be noted that both implanted catheters and
implanted ports should be placed with fluoroscopic guidance.
Similar to implanted ports, if a catheter-related infection is
suspected, a cuffed or tunneled catheter generally cannot be
exchanged over a wire as can a percutaneous catheter, as we
do for suspected CRBSI. This approach was endorsed in a
small prospective (and partially randomized) trial by Michel
et al., in which they found fewer insertion problems in the
exchange group, when compared with the new insertion
group and no difference in infection rates.5

Peripherally inserted catheters generally eliminate the
risk of puncture of the lung, or arterial or nerve structures,
during insertion, but carry a 15% incidence of throm-
bophlebitis. In our experience, in 3% of patients this is severe
enough to necessitate removal. Centrally inserted catheters
also have the risk of puncture (or less frequently, laceration)
of the subclavian artery or injury to nerves (brachial plexus,
phrenic, and vagus have all been reported) or the thoracic
duct. These concerns are discussed in more detail next.

Single-lumen catheters are used for the simplest of ther-
apies, such as antibiotic therapy or single-agent chemother-
apy. Multilumen catheters (two or three) are used for more
complex therapies, particularly when there are problems of
compatibility. When there is a choice about the number of
lumens that will be necessary, it is generally considered best
to use the fewest lumens (which is generally a reflection of
catheter diameter and has been associated with increased risk
of thrombosis).6 Farkas et al. conducted a randomized trial of
single- versus triple-lumen catheters.7 They found it was
much more likely that patients with a single-lumen catheter
would need additional peripheral access (25/68 versus 1/61,
respectively; P less than 0.001). However, they found no dif-
ference in the incidence of catheter-related sepsis. In contrast,
Clark-Christoff et al. randomized 204 patients to either a
single- or double-lumen catheter, and found a substantial
increase in the incidence of catheter-related sepsis when
using the triple-lumen catheter, compared with a single-
lumen catheter [2/78 (3%) versus 13/99 (13%); P less than
0.01].8 Ma et al. found no difference among single-, double-,
and triple-lumen catheters used to administer TPN.9

Implanted ports and tunneled catheters also come as single-
or double-lumen constructions. In this chapter, we examine
the common complications of central venous catheters 
and ways to prevent or treat them or minimize their risk:
these include (1) risks of insertion, (2) infection, and (3)
thrombosis.

Site Selection

The first issue with central venous access is to determine the
site of placement. We find the subclavian approach to be the
best for long-term access; however, other sites may have spe-
cific advantages and disadvantages. Ruesch et al. conducted a
systematic review of internal jugular (IJ) versus subclavian
approaches in 17 prospective randomized trials (comprising
more than 4,500 patients).10 They found there were more arte-
rial punctures in the IJ group (3.0% versus 0.5%) but more
malpositioned catheters with the subclavian approach (5.3%
versus 9.3%). In our own experience, from a prospective trial
of more than 800 subclavian catheters alone, the risk of arte-
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rial puncture occurred in approximately 3% of patients and
the risk of malposition was about 4%.11 The authors found
the risk of CRBSI was roughly twice as high with the IJ
approach compared to the subclavian (8.3% versus 4.0%).
Curiously, in this study the risk of hemothorax or pneu-
mothorax was nearly the same, at 1.3% versus 1.5%, whereas
the rate of pneumothorax is generally assumed to be lower
with the jugular approach. Martin et al. conducted a compar-
ative, nonrandomized trial of IJ compared with subclavian
catheters, and found no difference in a series of 141 patient
(catheter-related infection, 8.1% for subclavian and 7.6 for IJ,
respectively).12 Merrer et al. conducted a randomized trial of
femoral and subclavian approaches for central access in eight
ICUs across France.13 They examined mechanical, infectious,
and thrombotic complications in 289 patients. Overall infec-
tion rates were 19.8% in the femoral group and 4.5% in the
subclavian group (P less than 0.001); however, the risk of
sepsis was 4.4% versus 1.5% (P = 0.07). The risk of throm-
botic complications was 21.5% and 1.9%, respectively. Com-
plete thrombosis of the vessel occurred in 6% of the femoral
approach and none of the subclavian group (P = 0.01).
Although this study underscores the increased thrombotic
and infectious risks with the femoral approach, there are still
occasions (such as the coagulopathic patient) where this
approach is necessary. As in all of medicine, it is a weighing
of the relative risks and benefits.

Insertion Technique

Once a decision is made to place a central venous catheter,
there are some specific and general considerations. In general,
implanted ports and catheters (tunneled) should be placed in
the operating room (for maximal sterility) with fluoroscopic
assistance. Several authors have examined the role of sterile
barriers. Hu et al. conducted a systematic review of the use
of maximal sterile barriers and found three primary research
studies.14 Although each study seemed to support the use of
the barriers and gowns, the authors seemed lukewarm in their
endorsement of the approach. In a prospective randomized
trial from our institution, Raad et al. found a significant
reduction in catheter-related infections when using the bar-
riers, and following patients for up to 3 months (4/176 test
group versus 12/167 in the control group; P = 0.03).15 This was

a controlled population of cancer patients; however, anyone
who has placed a central venous catheter recognizes the ease
with which the wire may easily brush against a forearm or
nonsterile sheet if the whole site is not protected. Different
institutions handle patient education in different ways, from
minimal or none to extensive programs. For external devices,
intensive training of patients and their caregivers can dra-
matically decrease the incidence of infection. In preparation
for placement of the venous access device, the patient and a
caregiver should be instructed on the placement and long-
term care of the device. This procedure allows the patient 
an opportunity to determine what lifestyle changes may be
necessary as well as which device would be best suited to 
the patient. At University of Texas M.D. Anderson 
Cancer Center, the patients are shown a detailed video 
regarding implantation and care of the device. Patients and
their caregivers (typically the spouse or other family member)
also receive personal detailed instruction in the care of 
the catheter and must even pass a test, demonstrating 
competency.

Before arriving for line placement, patients should be
assessed for the appropriate form of access to be used. This
assessment includes an evaluation of the coagulation profile
[prothrombin time (PT) and platelet count] as well as the
intended use of the catheter. Table 81.1 is a copy of the guide-
lines used at M.D. Anderson Cancer Center for the manage-
ment of various coagulation situations one may encounter.
These may seem a bit liberal for some but have proved to be
quite safe in a setting where more than 6,000 subclavian inser-
tions are performed annually. If a patient’s coagulation profile
cannot be corrected, a safer alternative, such as a jugular or
femoral approach, where pressure can be applied directly, may
be used. After a detailed history, including number of previ-
ous catheters or attempts and prior operations, such as axil-
lary or neck dissection, has been obtained, a physical
examination is performed and a suitable site is selected. The
factors important in this decision include anatomic factors,
such as evidence of occlusion (prominent collaterals) or loca-
tion of tumor or open wounds or irritated skin, whether the
patient is left- or right-handed, as well as preferences of the
healthcare provider placing the device. In the case of central
venous catheter placements, a chest radiograph is also
obtained to confirm the absence of any anatomic abnormali-
ties that might alter the side of placement (bony abnormali-
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TABLE 81.1. Coagulation profile and platelet count guidelines for insertion of central venous catheters (CVCs) procedure.

Platelet count PT less than or equal to 16 s PT greater than 16 s

More than 50K Place line Give 2 units of FFP (or vitamin K if indicated)
If PT remains greater than 16s, consider femoral or jugular line

More than 20K Place line while 6 units of platelets are Give 4–6 units of platelets
but less than infusing If platelet count and/or PT improve, then reassess
50K If PT remains more than 16s, consider femoral jugular line

Then 4–6 more units of platelets should be infused while line is placed
Less than 20K Give 4–6 units of platelets Give 4–6 units of platelets and 2 units of FFP

If platelet counts remain less than 20,000, If platelet count and PT remain out of range, then femoral or jugular line
primary medical team should contact may be placed with additional 4–6 units of platelets
surgical team for line placement; then 4–6 
units of platelets should be infused while
line being placed

Large-bore subclavian and jugular catheters have more risk and require platelet transfusion when necessary. Large-bore catheter placement in patients with 
abnormal coagulation carries increased risk, to be weighed against the need for access.

PT, prothrombin time; FFP, fresh frozen plasma.



ties or pleural effusions). Patient anxiety level and the ability
to tolerate only local anesthesia also may determine the need
for sedation during the planned procedure. Over the past few
years, we have significantly increased the availability of con-
scious sedation for patients undergoing this procedure.
Patients should also be instructed to be off any antiplatelet
therapy for several days before insertion.

Several factors have been found to increase the risk of
complications or failure during insertion: these include the
experience of the inserter as well as patient factors, including
previous catheters, prior radiation, surgery at the site, or a
body mass index greater than 30 or less than 20.1,11

Technique for Specific Sites

Subclavian Vein

All patients for elective line placement are encouraged to
hydrate themselves well the night before the procedure and
to not eat or drink for at least 8 hours before if they are to
receive sedation. Although most surgeons are trained to place
a rolled towel between the shoulder blades, Jesseph et al. per-
formed a magnetic resonance imaging (MRI) and cadaver dis-
section study, and found that such practice actually distorted
the regional anatomy and would make the risk of failure or
malposition greater.16 Boyd et al. conducted a prospective 
randomized trial by a single house staff officer of placing a
shoulder roll (bump); of 105 randomized patients, 93 had a
successful outcome (98% in the bump group and 83% in the
no-bump group; P less than 0.04).17 The limitations of a single
practitioner study cannot be overemphasized, although the
results are intriguing. Fortune and Feustel examined five dif-
ferent patient positions with ultrasound in healthy volun-
teers, and found that the Trendelenburg’s position with the
shoulders flat and head neutral maximized the diameter of
the subclavian vein at the level of the clavicle, whereas
arching the back (roll or bump) caused the vein to be closer
to the clavicle.18 We prefer to use a neutral position. The
patient’s chest is prepped and draped in a sterile fashion with
the patient in the supine position. Minimal draping and only
sterile gloves for the person inserting the catheter should be
discouraged. Parienti et al. conducted a randomized trial of

alcoholic 5% povidone-iodine solution with aqueous 10%
povidone-iodine solution.19 This study, which was conducted
over a 2-year period, randomized two different ICUs and alter-
nated therapy by unit every 3 months to achieve randomiza-
tion. Catheter colonization and catheter-related infection
were both less in the alcohol group [relative risk (RR), 0.38 (P
less than 0.001) and 0.34 (P less than 0.04)], respectively.
Catheter-related bacteremia was similar in both arms of the
study, however. For the reasons already mentioned, we gen-
erally do not use a shoulder roll and keep the head in the
neutral position. The patient’s bed is then placed in Trende-
lenburg’s position to facilitate distension of the subclavian
vein. Although the vein is technically fixed as it courses
between the clavicle and first rib, some distension does occur,
as noted in the study by Fortune and Feustel.18 Using local
anesthesia, the area of the chest wall at the site of the bend
in the clavicle, as well as the periosteum of the clavicle is
anesthetized. If the patient is not too obese, we often try to
find the vein with the 1.5-in. local anesthetic needle; this will
provide information about the location depth and angle of
entry to the vein while minimizing any risk should an arter-
ial puncture or puncture of the lung occur. The introducer
needle with syringe attached is then inserted under the clav-
icle, entering the skin 2cm from the inferior edge of the clav-
icle, in the direction of the suprasternal notch (Figure 81.1).

Once under the clavicle with negative pressure applied to
the syringe, the subclavian vein is punctured. Upon obtain-
ing good venous blood flow, the syringe is removed and the
guidewire is inserted into the subclavian vein. The color and
nature (pressure or flow) of the blood return must be carefully
noted to make sure that it is not arterial. The needle is then
withdrawn over the guidewire and a small incision is made
in the skin at the site of entry of the guidewire. Ectopy is gen-
erally considered evidence that the wire is in the correct loca-
tion. A dilator is passed over the guidewire with gentle
pressure to avoid penetrating the back wall of the vein while
keeping the wire straight to prevent kinking of the wire in
the subcutaneous tissues. The dilator is removed and the
catheter is inserted over the guidewire to the predetermined
length. Several studies have looked at ways to confirm the
best location of the tip of the catheter. The system we use
was developed by a nurse in our infusion therapy unit and is

i s sues  in  vascular access  with special  emphasis  on the  cancer patient 1 4 3 7

Subclavian vein

Sternal
notch

FIGURE 81.1. Approach to subclavian vein, aiming to just
above the sternal notch. (By permission of Chen H, Sonneday CJ,
Lillemoe KD. Manual of Common Bedside Surgical Procedures.
Philadelphia: Lippincott Williams & Wilkins, 2003.)



reproduced as Table 81.2. Using these lengths, based on
patient height and site of insertion, in a series of 382 inser-
tions, 373 (97%) were correctly placed.20 Several studies have
shown that the optimal location of the catheter tip is in the
distal superior vena cava (SVC) or at the junction of the SVC
and RA; tip placement outside this area leads to much higher
risk of thrombosis. If an implanted port or tunneled catheter
is being placed, this should always be done with fluoroscopic
guidance to confirm the position of the tip of the catheter, as
it cannot easily be corrected after final placement.

Internal Jugular Vein

The neck is palpated and examined before the insertion. 
Attention must be addressed to the location of the carotid
artery and the heads of the sternocleidomastoid muscle. The
patient’s head is turned to face the direction away from the site
of insertion. The area is prepped and draped in sterile fashion
and the patient’s bed is placed in Trendelenburg’s position.

With the operator standing at the head of the bed, the
carotid artery is palpated. The area is anesthetized, and the
internal jugular vein is accessed with a small-gauge needle by
directing the venipuncture lateral to the location of the
carotid artery in a direction toward the ipsilateral nipple. A
larger-gauge needle mounted on a syringe is then used to
access the internal jugular vein. Once adequate blood flow is
obtained, Seldinger’s technique is once again used to pass the
guidewire and subsequently place the catheter. As with the
subclavian vein placement, fluoroscopy can be used to deter-
mine catheter location, although this is only truly necessary
for tunneled catheters. At this time, the exit area for a tun-
neled device is determined. The subcutaneous pocket or the
exit site for external devices that are tunneled is situated on
the midanterior chest wall within 5 to 10cm of the midclav-
icle area. This area is anesthetized, as well as the tract of the
tunnel between the planned exit site of the device or the sub-
cutaneous pocket for the port. The subcutaneous tunnel is
created by passing the tunneling device from the site of inser-
tion of the guidewire to the planned exit site or the subcuta-
neous pocket. The catheter is attached to the tunneling

device, which is then withdrawn, bringing the catheter to the
site of insertion of the guidewire. The catheter is then passed
over the guidewire and secured as previously described.

Complications

Insertion Related

Several factors are associated with an increased risk of com-
plications. For jugular catheters, a short neck or obese patient
makes the insertion more difficult and the risk of complica-
tions (principally arterial puncture) greater. For subclavian
venipuncture, the most common complications include
pneumothorax, arterial puncture, hemothorax, malposition of
the catheter, and injury to the regional nerves (including
brachial plexus, vagus, and phrenic nerves). Although injury
to the nerves is extremely rare (approximately 1 :20,000–1:
30,000 procedures), injuries can happen and typically are asso-
ciated with less experienced practitioners or persistence
beyond a reasonable chance of success. As mentioned previ-
ously, factors that are associated with an increased risk of
complications, include a very thin patient, prior surgery or
radiotherapy in the area, and an inexperienced practitioner.
The incidence of insertion-related pneumothorax, which is
continuously monitored on an ongoing basis at M.D. Ander-
son Cancer Center (MDACC), is between 1% and 1.5%. Most
pneumothoraces are asymptomatic and a postprocedure chest
X-ray (CXR) is mandatory. Although most of these CXRs are
negative, it is important to confirm the location of the tip of
the catheter. A malpositioned catheter can oftentimes be cor-
rected by either patient positioning or a power flush.21 Some-
times a partial withdrawal over a wire or fluoroscopic
correction is needed. In a study by Laronga et al. from our
institution, 100 pneumothoraces were detected in a consecu-
tive series of 9,637 patients (1.04%), suggesting that the yield
of routine CXR to be very low for pneumothorax in the
asymptomatic patient.22 If one were able to confirm catheter
tip by another means, this could then lead to a challenge 
of the practice of obtaining routine CXR following central
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TABLE 81.2. Lum’s CVC measurement guide.

Height (in) Height (cm) R. SC (cm) L. SC (cm) R. JGC (cm) R. PICC (cm) L. PICC (cm) Height (cm) Height (in)

4ft 8 in. 142 14.0 18.0 13.0 43.0 47.0 142 4 ft 8 in.
4 ft 10 in. 147 14.5 18.5 13.5 44.0 48.0 147 4 ft 10 in.
5 ft 152 15.0 19.0 14.0 45.5 49.5 152 5 ft
5 ft 2 in. 157 15.5 19.5 14.5 47.0 51.0 157 5 ft 2 in.
5 ft 4 in. 163 16.0 20.0 15.0 48.5 52.5 163 5 ft 4 in.
5 ft 6 in. 168 16.5 20.5 15.5 50.0 54.0 168 5 ft 6 in.
5 ft 8 in. 173 17.0 21.0 16.0 51.5 55.5 173 5 ft 8 in.
5 ft 10 in. 178 17.5 21.5 16.5 53.0 57.0 178 5 ft 10 in.
6 ft 183 18.0 22.0 17.0 54.5 58.5 183 6 ft
6 ft 2 in. 188 18.5 22.5 17.5 56.0 60.0 188 6 ft 2 in.
6 ft 4 in. 193 19.0 23.0 18.0 57.5 61.5 193 6 ft 4 in.

CVC, central venous catheter; R, right; L, left; JGC, jugular catheter; SC, subclavian cathether; PICC, peripheral inserted central catheter; for “JGC,” insertion is
at the apex of the sternocleidomastoid m. triangle or cricoid level.

Source: From Lum PL. A new formula-based measurement guide for optimal positioning of central venous catheters. Journal of the Association for Vascular Access
2004;9:80–85. Reprinted with permission from the Association for Vascular Access.



venous access placement. However, we have not yet reached
that state. CXR performed in patients with symptoms appears
to be a more pertinent approach, and in fact, both the patient
and clinician must be aware of the risk of delayed pneu-
mothorax, which we find comprises about 10% of our pneu-
mothoraces. If the line is inserted as an outpatient procedure,
the patient may not develop the symptoms of pneumothorax
for 12 to 24 hours. It is imperative that such patients seek
medical attention urgently. Laronga et al. also developed a
treatment algorithm for the management of postcentral
venous catheter (post-CVC) pneumothorax, whereby some
patients, based on size of pneumothorax, presence of symp-
toms, difficulty of insertion, and prior history of a CVC, may
safely be observed with follow-up CXR22 (Figure 81.2).

Hemorrhage is another potential complication of central
venous access placement. As with pneumothorax, this occurs
infrequently, and although most are self-limited, the outcome
of this complication can be fatal. Hemorrhage can be a con-
sequence of either accidental arterial puncture or result from
a venous puncture. Major vessel injury can occur during
placement of the introducer sheath. As mentioned in the
Insertion section, the introducer sheath should be placed with
gentle pressure. When this placement occurs too vigorously
the sheath can accidentally penetrate the back wall of the
vessel. The loss of blood into the chest cavity may also go
unrecognized before the patient develops symptoms. In
roughly 1 of 10,000 procedures, the artery may be injured 
in such a fashion as to become an emergency requiring 
either surgical, or in some cases, interventional radiology, 
correction.

The proximity of the brachial plexus to both the subcla-
vian and internal jugular veins, places these nerves at risk for
laceration by the introducer needle, although fortunately, this
risk is quite low. Another mode of injury can occur as a result
of compression by a hematoma. This effect is usually associ-
ated with neuropraxia as opposed to paralysis. The symptoms
associated with nerve injury from compression are usually
self-limiting and usually resolve without any sequelae.

An unusual, and more annoying than life-threatening
complication of central venous access, is that of a chyle leak.
This complication can be encountered while accessing the
left subclavian vein or the left internal jugular vein. Perfora-
tion of the thoracic duct results in leakage of chyle, which
tracks back out around the catheter. Chyle leaks are treated
with direct pressure dressing, and if this fails, the catheter
may need to be removed and a new stick performed. Only on
the rarest of occasions may surgical exploration with ligation
of the thoracic duct become necessary.

Numerous efforts have been undertaken in an attempt to
minimize the risks of central venous catheter placement.
Most often these attempts have involved the use of imaging
guidance of the insertion attempt. Although some have found
the use of ultrasound beneficial, this advantage may be site
dependent. In a randomized trial of more than 800 patients,
we found that ultrasound localization (but not real-time guid-
ance) was of no benefit for subclavian catheter placement.11

Other investigators have found varying results. In a random-
ized study, in which a single clinician inserted the catheters,
Lefrant et al. found only modest benefit from ultrasound guid-
ance.23 Although the overall risk of complications was
decreased by using ultrasound guidance from 16.8% to 5.6%
(P less than 0.01), most of this benefit was actually for mal-
positioned catheters (7.7% to 0.7%; P less than 0.01). In fact,
failures, immediate complications, and total number of skin
punctures were similar in the two arms, whereas the Doppler
ultrasound arm took six times as long for insertion (300
versus 27 seconds). Bold et al. conducted a randomized trial
of Doppler-guided placement of subclavian catheters in
approximately 500 patients, and found no benefit to the tech-
nology.24 Clinicians inserting the catheters were either highly
efficient with and without the technology or they were not.
This is one of the problems with applying technology across
the board; there is significant operator variation. Conversely,
Teichgraber et al., in a randomized trial of 100 patients under-
going IJ venipuncture, found that ultrasound markedly
decreased time of insertion, failure rate, and complications.25
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Pneumothorax

<30%, asymptomatic, no difficulty
with insertion, no prior CVC

Observation
Failure Failure

Small pigtail catheter

Success

>30%, symptoms, difficult
insertion, prior CVC

Emergency

Large tube
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FIGURE 81.2. Algorithm for management of pneumothorax occurring secondary to central venous catheter (CVC) placement. (From Laronga
et al.,22 by permission of American Journal of Surgery.)



Randolph et al. performed a meta-analysis of real-time ultra-
sound guidance for both subclavian and IJ catheter placement
and found improvements in failure rate (RR, 0.32; 95% con-
fidence interval, 0.18–0.55) and complications (RR, 0.22; 95%
confidence interval, 0.10–0.45).26

Catheter Related

The two main considerations here, are CRBSI and venous
thrombosis, although there is some overlap between the two.
We examine first the issue of thrombosis and then move to
infection.

Thrombosis

Venous thrombosis is a serious and relatively common
catheter-related complication. Although studies have exam-
ined the use of various anticoagulants to prevent thrombosis,
perhaps one of the most important interventions to prevent
them is to make sure the catheter tip is in the correct posi-
tion (distal superior vena cava to junction of superior vena
cava and right atrium).27 In patients with central venous
access, this may present with upper extremity swelling or dif-
ficulty withdrawing blood from the device. One must differ-
entiate between an occluded catheter and an occluded vein or
determine if both are present, with the latter causing the
former. The evaluation of this would include either a nuclear
or contrast venogram, although duplex Doppler can also be
helpful. Once the diagnosis is made, the decision on how to
treat is heavily influenced by the need of the patient for the
device. If it is suspected that a clot or a fibrin sheath obstructs
the catheter, tissue plasminogen activator (tPA) may be
instilled in the device with a high success rate.28 Recombi-
nant urokinase has also been shown to be better than placebo
at restoring catheter patency.29 If the thrombosis involves the
subclavian vein, anticoagulation with heparin, followed by
warfarin therapy, may be necessary as these clots can also lead
to pulmonary embolism. If one has an aggressive interven-
tional radiology unit, and the patient is anticipated to have
long-term needs for venous access and loss of this vessel
would be extremely detrimental to that care, a peripheral
catheter can be inserted and tPA used to lyse the clot and the
patient is then placed on long-term anticoagulation.

Several efforts have been made to prevent the formation
of clots. It is helpful to know how frequent the problem is
before trying to prevent it. In a prospective study by Martin
et al., it was found that 47% of patients developed a fibrin
sheath and that partial vein occlusion occurred in 8% of
patients.30 An additional 3% of patients developed evidence
of a radiographic complete occlusion. In addition, the authors
examined the duration of catheter presence and found that
catheters in place less than 2 weeks were unlikely to develop
thrombosis. Abdelkefi et al. examined the use of continuous-
infusion low-dose heparin (compared with saline) to prevent
catheter-related thrombosis in patients with hematologic
malignancies.31 They found, in 128 randomized patients, that
catheter-related thrombosis occurred in 1.5% of the heparin
group and 12.6% of the control group (P = 0.03). There was
no difference in bleeding complications (2 in the heparin
group and 3 in the control group). Massicotte et al. conducted
a randomized trial of low molecular weight heparin for pre-

vention of CVC-related thrombosis.32 This study, conducted
in children, was closed early for slow accrual; no difference
was found in the rate of venous thromboembolism between
standard care and reviparin-sodium (12.5% and 14.1%,
respectively, in 80 and 78 patients), and there was also no dif-
ference in bleeding complications.

Infection

There are several components to the issue of catheter-related
infections. Some of these, including skin preparation and
draping the patient, we have already discussed. Contrary to
the suggestion in the study by Ma et al. mentioned earlier,
regarding the risk of infection and TPN, Tokars et al. evalu-
ated risk factors for infection in catheters maintained in an
outpatient setting.33 Of 988 catheters maintained in 827
patients, they found five factors associated with an increased
risk of infection, including (1) recent bone marrow transplant
(RR, 5.8), (2) TPN (RR, 4.1), (3) receipt of therapy outside the
home (such as at a physician’s office) (RR, 3.6), (4) use of a
multilumen catheter (RR, 2.8), and (5) history of a previous
bloodstream infection (RR, 2.5). Patients who had three or
more of these risk factors had an approximately 40-fold-
increased risk of infection when compared with those with
none of these risk factors. In addition, catheter maintenance
(including the site and connections), the various uses of the
catheter, prophylactic antibiotics, routine catheter exchange,
antimicrobial flushes, and use of catheters impregnated or
coated with various antimicrobial agents, all may have roles.
This section examines these issues.

Prophylactic Antibiotics

Bock et al. conducted a prospective randomized trial of prein-
sertion intravenous antibiotics compared with placebo or
routine catheter exchange in 92 patients undergoing therapy
with interleukin 2 (IL-2).34 They found a significant decrease
in catheter-related sepsis in the oxacillin group (P = 0.05), as
well as a decrease in bacterial colonization (P less than 0.001)
when compared with the other two arms.

Catheter Exchange

Bonawitz et al. randomized 85 patients with 159 catheters to
have a replacement at 3 or 7 days and whether or not a cuffed
catheter was used.35 They found no benefit to either the
earlier exchange or the use of the cuff, although the size of
the study may have been limiting. Nevertheless, there was
certainly no obvious benefit to routine exchange. Cobb et al.
also examined the role of routine catheter exchange in a four-
arm randomized trial.36 Patients were randomized to either
having the catheter exchanged or replaced every 3 days or
when clinically indicated. They found that there was no
decrease in infections with replacement or exchange every 3
days. Exchange over a wire was associated with an increase
in infections, and new placement every 3 days was associated
with an increased risk of complications of insertion. Eyer 
et al. conducted a prospective randomized trial among every-
7-days over-wire exchange, every-7-days new catheter place-
ment, and change based only on clinical need in 112
patients.37 Although there was no difference in catheter-
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related infections, the size of the study does limit conclusions
to some degree.

Catheter Dressings, Connections, and Tubing

As noted earlier in the study of catheter cuffs by Flowers 
et al., in fact the topical antimicrobial may have been respon-
sible for fungal infections.3 Other investigators have exam-
ined various aspects of the local care of catheters. Conly et
al. randomized 115 patients between a transparent or gauze
dressing, and found that colonization was far less in the gauze
group (P = 0.009).38 Local catheter-related infection and
catheter-related bacteremia were both significantly more
common in the transparent group (P = 0.002 and P = 0.15,
respectively). Maki et al. randomized 442 patients to one of
three local dressing approaches: (1) sterile gauze and tape
replaced every 2 days, (2) conventional polyurethane dressing
replaced every 5 days, or (3) a highly permeable polyurethane
dressing replaced every 5 days.39 Although they found no dif-
ference in catheter colonization or CRBSI, bacterial coloniza-
tion under the dressing was greatest with the standard
polyurethane dressing, and least with the gauze dressing (P
less than 0.001). Laura et al. compared two different time
intervals for CVC dressing changes in a bone marrow trans-
plant population.40 This multiinstitutional study evaluated
399 patients with either a tunneled or nontunneled catheter.
The randomized times were different for the two types of
catheters (5 or 10 days for the tunneled and 2 or 5 for the non-
tunneled). They found no difference in local infection rates
based on duration of dressing, but did find more local skin
reactions in the every-2-day group. Crawford et al. conducted
a cost–benefit analysis based on randomized controlled trial
data of chlorhexidine dressings when compared with standard
dressings.41 Considering averted cost of treatment of both
local infections and CRBSI at all Philadelphia area hospitals,
they calculated that the standard use of a chlorhexidine glu-
conate dressing would result in potential savings of $275
million to $1.97 billion, with 329 to 3,906 lives saved annu-
ally across the United States. Rickard et al. examined the
practice of routine changing of the intravenous administra-
tion sets on colonization or infection of CVCs.42 In this study,
251 patients with 404 catheters were randomized to have
their IV administration sets changed at 4 days or not. There
were 10 colonized CVCs in the change group and 19 in the
no-change group, the difference not being statistically differ-
ent (P less than 0.1). All lines were removed by day 7. One of
the major considerations of trying to extrapolate from these
data, is that all the patients had chlorhexidine gluconate and
silver sulfadiazine-coated catheters. Henrickson et al. con-
ducted a three-arm randomized trial in 126 pediatric patients
comparing the impact of flushing the catheter with van-
comycin, heparin, and ciprofloxicin (VHC), with vancomycin
and heparin (VH), and heparin alone.43 Both the VHC and VH
groups had substantially fewer CRBSIs than the heparin-alone
group (heparin, 31; VH, 3; VHC, 6). Interestingly, there were
significantly fewer episodes of occlusion in the VHC group
when compared with the heparin-alone group (P less than
0.001). Two reports of the use of needle-less connectors found
somewhat divergent results. Cookson et al. found a signifi-
cant increase in the risk of BSIs in patients after the intro-
duction of a needle-less system (9.4 versus 5.0/1,000 CVC
days).44 The authors conjectured that much of the increase

was likely the result of nurses’ unfamiliarity with the devices
and departure from manufacturers’ recommendations. Casey
et al. conducted a randomized trial of needle-less versus stan-
dard cap in 77 cardiac patients.45 After 72 hours, the
caps/connectors were cultured; 55 of 306 (18%) of the stan-
dard Luer group were contaminated, whereas 18 of 274 (6.6%)
of the needle-less group were contaminated (P less than
0.001). The authors also randomized patients to receive
various disinfectants for the external surfaces and found the
combination of chlorhexidine and alcohol was far superior to
alcohol alone (30.8% versus 69.2%, respectively; P less than
0.001).

At M.D. Anderson, line care is done according to very spe-
cific treatment guidelines to minimize site infections and
prolong catheter life. However, site problems will occur, and
these are managed at our institution according to the algo-
rithm shown in Figure 81.3, based on the severity of the site
problem.

Impregnated or Coated Catheters

In what seems to be the pinnacle of attempts to prevent
CRBSI, several investigators have either coated or impreg-
nated catheters with various agents to prevent the develop-
ment of the biofilm that coats catheters and serves as a 
nidis for infections, as well as to prevent the severe toxic-
ity of CRBSI. A summary of reported trials with at least 
100 randomized patients is included in Table 81.3. Maki et al.
conducted a randomized trial of a chlorhexidine/silver sulfa-
diazine-impregnated polyurethane catheter with a standard
polyurethane catheter46 that studied 403 catheters in 158 adult
patients. Catheter colonization, bloodstream infection, and
CRBSI were all significantly less common in the treated-
catheter group. There were in fact no instances of CRBSI in
the treatment group, whereas 8 occurred in the control group
(P = 0.003). Carrasco et al. performed a randomized trial
between a heparin-coated catheter and a chlorhexidine/silver
sulfadiazine-coated one in 180 patients requiring a triple-
lumen catheter.47 Of the 132 heparin catheters, 29 were colo-
nized, whereas 13 of the 128 chlorhexidine/silver sulfadiazine
catheters were (P = 0.03). The incidence of CRBSI was similar
in the two arms, 3.24 per 1,000 catheter-days and 2.6 per 1,000
catheter-days, respectively. Corral et al. evaluated a silver
central venous catheter in 206 patients randomized to receive
a standard catheter or the silver one.48 Colonization was less
in the silver group, with 30 of 103 compared with 45 of 103,
respectively (P = 0.04), whereas the rates of CRBSI were 0.8
and 2.8 per 1,000 catheter-days (P less than 0.001). Darouiche
et al. conducted a multiinstitutional randomized trial com-
paring minocycline/rifampin (MR)-impregnated catheters
with those impregnated with chlorhexidine/silver sulfadi-
azine (CSS),49 in which 865 catheters were inserted and 85%
were evaluable. Colonization occurred in 28 of 356 (7.9%) MR
catheters and 87 of 382 (22.8%) in the CSS group (P less than
0.001). Most importantly, CRBSI occurred in only 1 of 356
(0.3%) MR catheters and 13 of 382 (3.4%) of the CSS catheters
(P less than 0.002). All these studies utilized polyurethane
catheters, which are generally associated with a greater risk
of thrombosis and generally have a much shorter functional
life than silicone catheters. Hanna et al. randomized 370
patients to receive either a standard silicone catheter or one
impregnated with minocycline and rifampin.50 There were
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356 evaluable catheters in 355 patients. In this study, the
mean duration was more than 2 months in both groups, and
the risk of CRBSI was substantially less in the impregnated
catheters than the standard ones (0.25 and 1.28/1,000 catheter-
days; P = 0.003). The importance of these results should not
be minimized as silicone catheters generally have a much
longer duration of use than polyurethane ones. At M.D.
Anderson, we generally restrict their use to patients receiving
a marrow or stem cell transplant or IL-2-based therapy; those
who are having a catheter exchanged for suspected infection;
long-term ICU patients; and those patients who are known to
have poor access options and have had catheter-related infec-
tions in the past.

General Infection Recommendations

Based on some of the data presented here, in 2002, the Centers
for Disease Control and Prevention (CDC), issued guidelines
for the prevention of catheter-related infections.51 Their
major points were (1) education and training of those placing
and maintaining the catheters, (2) use of maximal sterile
barrier at time of insertion, (3) use of a 2% chlorhexidine 
skin preparation, (4) avoidance of routine catheter replace-
ment, and (5) use of antiseptic/antibiotic-impregnated
catheters if the rate of infection is high despite the other 
interventions.
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Site Problems

MODERATE

Assess

MILD SEVERE

AssessAssess

Change ointment/
no ointment as indicated

Follow-up/Evaluate

Improves Worsens

Continue Protocol

Notify MD
Culture with order

Remove or treat with order

Drainage

Positive culture

Notify MD

Apply appropriate ointment per
MD order daily ¥ 7 days

Improves Worsens

Notify MDBi-weekly dressing
changes

Continue protocol ¥ 1
mo. or until

completely resolved

Notify MD

Worsens

Continue protocol

Improves

Follow-up/
Evaluate

Negative culture

Mupirocin ointment 2% to CVC
site daily with order,
Febrile = infectious diseases
recommends quantitative blood
cultures

No drainage

Change dressing/
protocol as
appropriate

FIGURE 81.3. Algorithm for management of CVC site problems. (By permission of Raad IL. Guidelines for Managing VAD Site Complica-
tions. Infusion Therapy Team, The University of Texas M.D. Anderson Cancer Center, June 25, 1996.)
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Conclusions

With all the progress that has been made, issues that remain
of concern for venous access in patients with cancer are the
optimal way to minimize the risk of thrombosis, the best way
to minimize the risks of insertion, and balancing the com-
peting concerns of minimizing complications and the costs
of these interventions, particularly in those populations
which may be at lower risk. Although there are many efforts
to increase the use of oral agents in the treatment of the
cancer patient, it is unlikely that the need for central venous
access will diminish during our lifetime.
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normous advances have occurred in the past two
decades in our understanding of cancer pain and in our
capacity to relieve it in most cases. Progress has been

made in our understanding of the pathogenesis of nocicep-
tion, the epidemiology of cancer pain, the validation of effec-
tive treatment algorithms, and the evaluation of novel
pharmacologic and nonpharmacologic approaches to amelio-
rate pain. Paralleling these developments in research,1 pain
management has emerged as a priority in healthcare policy
and medical education.2

Despite these advances, pain remains the aspect of cancer
perhaps most feared by patients. Substantial barriers to
optimal pain management persist, including the expense of
appropriate medications or lack of access to them, healthcare
disparities based on age, gender, and race,3 inadequate aware-
ness or expertise on the part of practitioners, and the stigma
still attached to opioid analgesics.4

This chapter is an updated synopsis of two recently pub-
lished comprehensive evidence reports focusing on three
broad areas of cancer pain: occurrence (i.e., prevalence and
incidence), methods of assessment, and treatment.

Cancer Pain: Definitions

Cancer pain may be a manifestation of the disease itself, or
may result from treatments, including surgery, radiotherapy,
and chemotherapy. Acute pain, chronic pain, tumor-specific
pain, and treatment-related pain may exist simultaneously or
sequentially.

The experience of pain is profoundly influenced by cul-
tural5 and psychologic factors,6 and therefore a distinction can
be made between pain and the distress and suffering that 
may result from it.7–9 In cancer, pain may be a reminder of
mortality and carries profound personal, social, cultural, and
religious implications.10,11

Cancer pain shares mechanisms with both acute and
chronic noncancer pain. Traditional definitions of chronic
pain require duration of 3 to 6 months.12–15 Yet, current pain
research16 confirms that every physiologic feature considered
essential for chronic pain—central sensitization, hyperalge-
sia, novel gene expression, synaptic remodeling (“plasticity”),
“pain memory” formation, and behavioral adjustment—is
triggered within days of acute, ongoing tissue injury.17 Thus,

pain of relatively brief duration has the potential to provoke
the physiologic responses associated with chronic pain. Fur-
thermore, when a new painful stimulus occurs in a patient
with cancer, the intensity of the pain and its response to anal-
gesics may be modulated by a nervous system sensitized by
prior nociception.

Tumors cause pain by the local release of inflammatory
mediators and by exerting pressure on surrounding tissues,
including nerves.18,19 Inflammatory mediators associated with
cancer include prostaglandins, cytokines, such as tumor
necrosis factor,20 growth factors, and other tumor-derived
products, such as endothelin,21 each of which can excite 
nociceptors.22 Some cancers induce the production of auto-
antibodies that are implicated in painful paraneoplastic 
syndromes.23,24 Animal models of bone cancer pain have sug-
gested a distinctive neurochemical and histologic “signature”
in afferent nerves and their spinal cord connections.25

Cancer pain frequently has neuropathic components, in
which damage to the nervous system causes pain,26 as well as
nociceptive components, in which injury to nonneural tissue
is conveyed through an intact nervous system. Common
causes of neuropathic pain in cancer patients include nerve
entrapment syndromes, postprocedural pain, and neurop-
athies due to chemotherapy and radiation therapy.

Current therapeutic options for cancer pain relief overlap
substantially with those for noncancer pain. However, there
is increasing evidence to support the use of modalities that
are specific for cancer pain. The palliative benefit of external-
beam radiation for cancer pain is well established. The use of
bisphosphonates, radiofrequency tumor ablation, and sys-
temic radionuclides has been shown to improve pain in 
specific cancer types. Improved pain control also has been
demonstrated in clinical trials of chemotherapy and hor-
monal therapy for certain advanced cancers.

Methodology of Finding, Retrieving, and
Evaluating the Evidence on 
Cancer-Related Pain

A comprehensive, systematic review of cancer pain is beyond
the scope of this chapter. The material presented represents
a summary and selective update of two recent evidence
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reports on cancer pain prepared for the Agency for Healthcare
Research and Quality (AHRQ) at the request of the American
Pain Society27 and, subsequently, the National Cancer Insti-
tute.28 The purpose of the evidence reports was to provide a
comprehensive overview of published studies on the occur-
rence, assessment, and treatment of cancer pain. In preparing
the evidence reports, a sensitive search strategy was applied
to the Medline and CancerLit databases and the Cochrane
Controlled Trials Registry. This strategy yielded 24,822
reports published in English. Studies selected for inclusion in
the evidence reports met all the following criteria: (a) all or
part of the population studied suffered from cancer, (b) pain
was a measured primary or secondary outcome, and (c) pain
was attributed to the cancer itself or to cancer treatment.
Studies with the primary purpose of assessing the prevalence
or incidence of cancer pain, were used to obtain information
about the occurrence of cancer pain. Both retrospective and
prospective studies were used to obtain information about the
methods of assessment of cancer pain. Randomized con-
trolled trials were used to assess the efficacy of interventions.
The characteristics of the retrieved studies were analyzed
with respect to population and disease characteristics, patient
demographics, treatment comparisons, outcome measures,
and methodological features. The methodological quality, the
applicability of the reported findings, and the magnitude of
treatment effects of randomized controlled trials (RCTs) were
assessed. For the purposes of this text, a selective review of
the evidence included in these two evidence reports is pro-
vided, and more recent studies of particular importance are
highlighted.

Occurrence of Cancer-Related Pain

Twenty-nine studies were identified reporting the prevalence
and/or incidence of cancer-related pain29–57 (Table 82.1). More
than half the studies were conducted in the United States.
The majority of the remaining studies were conducted in
Europe; 2 were from Asia and 1 was from South Africa. Two
studies focused on pain in pediatric cancer patients.32,33 In two
studies, the prevalence of pain in patients with recently diag-
nosed cancers was reported.44,52 Three studies focused on
hospice or end-of-life care.35,43,55 We identified only 2 studies
that provided a quantitative estimate of the prevalence of pain
in minority groups (African-Americans, Hispanics, Asians,
and American Indians)42,51 and 1 study that reported the preva-
lence of pain in elderly cancer patients.51

The patient populations were heterogeneous in the major-
ity of studies, representing a mixture of demographics, cancer
types, stages of disease, and mechanisms of pain. Two studies
focused on the occurrence of a specific pain syndrome, pain
after surgery for breast cancer.46,49 Four studies focused on
specific malignancies: one on patients with colon or lung
cancer,38 and one each on ovarian cancer,41 lung cancer,43 and
pancreatic cancer.44

The large majority of the studies involved selected
cohorts, ranging from 60 to 2,266 subjects, from hospitals,
clinics, pain services, and hospices. The largest study by far
(and the only one that could be considered population based)
was a national survey from Japan of 35,683 hospitalized
patients with cancer.37 In this study, the incidence of pain was
defined as the percentage of patients receiving analgesics
(32.6%), a definition that excludes untreated pain and there-

fore, almost certainly represents an underestimate of the true
incidence.

By any measure, pain is extremely common among cancer
patients, and a large majority experience pain during the
course of their illness. None of the studies identified a pain
prevalence rate less than 14% of the patients surveyed, and
rates of up to 100% were found in selected populations. As
might be expected, pain appears to be more common in
metastatic than in localized cancer. It is difficult, however, to
determine other reliable correlations between the prevalence
or incidence of pain and patient factors, disease characteris-
tics, the setting in which care is provided (e.g., primary care
or specialized oncology or pain treatment clinics), or specific
treatments directed toward the underlying disease. Various
methods were used to assess pain, and therefore the reported
rates in different studies are not readily comparable.

The total number of patients surveyed in studies on the
occurrence of cancer pain is a minuscule fraction of those
affected, a much lower fraction than has been studied in other
conditions of comparable frequency and impact. Few of the
studies were longitudinal and none focused on cancer sur-
vivors. Only one study was population based; the others were
cohort studies. Studies of selected cohorts may underestimate
the true burden of pain because patients with the most
intense pain may have been too symptomatic to participate
or perhaps less likely to receive their care in the academic
referral centers where the majority of the studies were con-
ducted. Although much has been learned about the preva-
lence of cancer pain, the picture remains far from complete.
Little is known about the variations in the prevalence, sever-
ity, and course of cancer pain with respect to patient factors
(age, gender, race, socioeconomic status, ethnicity), disease
characteristics (type, stage, and phenotypic or genotypic clas-
sifications), treatment modalities, provider attributes, and the
setting in which care is provided.

Assessment of Cancer-Related Pain

Simple patient self-report instruments, such as numeric,
verbal, or pictorial scales and brief questionnaires have
proven to be a rapid, reliable way to assess cancer pain. The
U.S. Joint Commission on Accreditation of Healthcare Orga-
nizations includes the assessment of pain using such methods
among its standards for accreditation of hospitals. The Brief
Pain Inventory (BPI) has been validated in at least 18 lan-
guages and is perhaps the most widely used multiple-item
pain assessment instrument. Despite the availability of reli-
able methods of assessment and the mandate for their use as
a matter of healthcare policy, it remains uncertain how effec-
tively and consistently cancer pain is assessed in various 
practice settings. A number of studies have suggested that
inadequate assessment is a major contributing factor to the
undertreatment of cancer pain, particularly in children, the
elderly, and minorities (see following).42,51,58

In clinical practice, regular evaluation of pain is the foun-
dation of effective treatment.12,59,60 Patients with cancer may
experience acute or chronic pain related to their primary diag-
nosis, from treatment, or from unrelated, even preexisting
disorders. The initial evaluation of a patient with cancer pain
should include assessment of the pain intensity by patient
self-report, using a numerical, verbal, or pictorial scale.
Assessment of cancer pain intensity serially, using a standard,
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TABLE 82.1. Summary of studies reporting the prevalence and/or incidence of cancer pain.

Incidence or prevalence of pain, 
Author Setting Population Aim of the study Type of cancer etiology, characteristics (comments)

Daut Country: USA N = 667 To evaluate the Breast (289/667 = Met
198229 Setting: hospital Age: 19–88 years incidence of pain 43.3%) Non-met

clinic (inpatients Symptoms: pain at the time of Prostate (48/667 = Breast
and outpatients) Sx duration: 9 months diagnosis and in 7.2%) 64%

Specialty: Source of data: progression of Colon/rectal (127/667 40%
oncology, questionnaire, disease. Also = 19.0%) Prostate
urology, and charts evaluated were Cervix (91/667 = 75%
gynecology intensity, location, 13.6%) 30%

and perceived Uterine (27/667 = Colon/rectal
cause, treatment, 4.0%) 47%
and efficacy, Ovary (85/667 = 40%
interference with 12.0%) Cervix
life. ND

35%
Uterine
40%
14%
Ovary
59%
39%
Total (pain due directly to 

tumor):
33%
6%
6%–7% pain due to other

etiologies
Ahles Country: USA N = 208 To determine Breast (62/208 = 33.5% pain due to cancer

198430 Setting: clinic Age: 17–86 years prevalence of pain 29.8%) 6.7% cancer-related
outpatients Symptoms: pain and relation of pain Lung (26/208 = 12.5%) procedures

Specialty: Sx duration: 7 months to cancer, treatment Lymphoma (22/208 = 11.0% non-cancer-related pain
oncology Source of data: of cancer, or other. 10.6%) commonly associated with

questionnaire, The study also Colon (19/208 = 9.1%) metastatic disease.
charts evaluated the Other (79/208 =

incidence of pain 38.0%)
according to the
stage (local,
regional,
metastatic).

Gilbert Country: USA N = 162 To determine the Non-Hodgkin’s 34/162 21% overall
198631 Setting: clinic Age: >18 years incidence and nature lymphoma (26/162 =

inpatients Symptoms: of pain and other 16.0%)
Specialty: neurologic major neurologic Breast (17/162 =

oncology Sx duration: 3 months problems (e.g., 10.5%)
Source of data: disorientation) in Hepatoma (15/162 =

questionnaire, cancer patients. 9.2%)
charts Small-cell lung (13/162 

= 8.0%)
Multiple myeloma

(13/162 = 8.0%)
Colon (10/162 = 6.1%)
(All others <10)

Miser Country: USA N = 139 To investigate the Leukemia (44/139 = In 356 patient visits, pain
198732 Setting: hospital, 161 inpatient days, prevalence and 31%) present in 54% of total

clinic (in- and 195 outpatient nature of pain in Soft tissue sarcoma inpatient population and 26%
outpatients) clinic visits (in- children and young (33/139 = 23.7%) of outpatient population: 46%

Specialty: and outpatients) adults with Ewing’s sarcoma pain due to tumor alone, 14%
pediatric Age: >7 years malignancy. (28/139 = 20.1%) pain due to both tumor and
oncology Symptoms: pain Osteosarcoma (20/139 therapy

Sx duration: 6 months = 14.4%) 40% pain due to cancer Tx
Source of data: Lymphoma (12/139 = Only tumor-related pain was

questionnaires 8.6%) due to bone invasion 68%,
Other (2/139 = 1.4%) cord compression 5%, and

multiple causes 11%. Pain 
was associated with lower
functional status (Karnofsky
score).
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TABLE 82.1. (continued)

Incidence or prevalence of pain, 
Author Setting Population Aim of the study Type of cancer etiology, characteristics (comments)

Miser Country: USA N = 92 To investigate the Soft tissue sarcoma Soft tissue sarcoma 52.2%
198733 Setting: hospital, Age: children and incidence of pain in (23/92 = 25%) Ewing’s sarcoma 60.0%

clinic (in- and young adults (age children and young Ewing’s sarcoma Osteosarcoma 78.3%
outpatients) not stated) adults presenting (21/92 = 22.8%) Leukemia 100%

Specialty: Symptoms: pain with newly Osteosarcoma Lymphoma 100%
pediatric Sx duration: 26 diagnosed (14/92 = 15.2%) Neuroblastoma 100%
oncology months malignancy. Leukemia (12/92 = On initial evaluation 72 of 92

Source of data: 13%) patients were experiencing
questionnaires Lymphoma (10/92 = pain that had been present for

10.9%) median 74 days (3–21 days,
Neuroblastoma (1/92 = range); 42 had experienced

1.0%) sleep disturbances due to pain.
Other (11) Pain was associated with

lower functional status
(Karnofsky score).

Greenwald Country: USA N = 536 To determine the Lung (260/536 = Lung 50.7%
198734 Setting: hospital Age: 20–80 years prevalence and 48.5%) Prostate 38.3%

(outpatients) Symptoms: characteristics of Prostate (201/536 = Uterine/cervix 38.0%
Specialty: neurologic pain in four types 37.5%) Pancreas 60.0%

anesthesiology Sx duration: 18 of primary cancer Uterine/cervix (50/536 % of patients reporting
and pain months restricted to = 9.3%) moderate to very bad pain in
management Source of data: recently diagnosed Pancreas (25/536 = past week by cancer site; % 

Cancer Surveillance patients (within 3 4.7%) by stage also reported.
System registry, months of the 

graphic rating scales, survey).
McGill Pain
Questionnaire

Coyle Country: USA N = 90 (40M, 50F) To retrospectively Lung (23/90 = 25.6%) For all sites:
199035 Setting: pain Median age: 59 evaluate the Colon (18/90 = 20.0%) 100% had pain

service (23–82) years prevalence of pain Breast (18/90 = 20.0%) 80% mild to moderate
(outpatients) Symptoms: pain by intensity, type, Head/neck (9/90 = 20% moderate to severe

Specialty: Sx duration: 6 years analgesic 10.0%) 67% more than one type of
neurology (retrospective) consumption, and Gynecologic (6/90 = pain (40% somatic and

Source of data: suicidal ideation in 6.7%) neuropathic)
retrospective/ cancer patients (All others <5%)
patient charts during the 4 weeks

preceding death.
Portenoy Country: USA N = 63, 41 (64%) To evaluate Genitourinary (11/41 Patients with breakthrough

199036 Setting: pain with breakthrough prevalence and = 26.8%) pain, 1 type (32), 2 distinct
service pain episodes (19M, characteristics of Head/neck (5/41 = types (8), and 3 types (1).

Specialty: 22F) breakthrough pain. 12.2%) Characteristics: (median 4
neurology Median age: 51 GI (4/41 = 9.8%) pains/day; range 1–3,600)

(15–81) years Lung (3/41 = 7.3%) 22 (43%) had rapid onset 
Symptoms: Sarcoma (3/41 = 7.3%) (<3min)

breakthrough pain Other (13) Duration: (median 30min;
Sx duration: 3 months range 1–240) 21 (41%)
Source of data: both paroxysmal and brief

prospective survey 15 (29%) began or worsened
at end of a fixed opioid dose
interval

Type of pain:
somatic 17 (33%)
visceral 10 (20%)
neuropathic 14 (27%)
mixed 10 (20%)

Hiraga Country: Japan N = 35,683 (31.6% of To determine the Stomach (5,882/35,683 32.6%
199137 Setting: all hospitalized incidence of pain in = 16.4%)

nationwide patients at the time different stages of Liver/biliary/pancreas
hospitals of survey) illness, analgesic (4,578/35,683 =
(inpatients) Age: not reported methods, and rate 12.8%)

Specialty: all Symptoms: pain of pain relief in Lung (4,428/35,683 =
Sx duration: not cancer patients in 12.4%)

reported Japan (incidence Colon/rectal
Source of data: was defined as the (3,332/35,683 = 9.3%)

nationwide percentage of Oral/pharynx/larynx
questionnaire by patients receiving (2,966/35,683 = 8.3%)
nurses pain medication). Ovary/cervix/corpus

(2,765/35,683 = 7.7%)
(continued)
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TABLE 82.1. Summary of studies reporting the prevalence and/or incidence of cancer pain. (continued)

Incidence or prevalence of pain, 
Author Setting Population Aim of the study Type of cancer etiology, characteristics (comments)

Genitourinary
(2,746/35,683 = 7.7%)

Lymphoma/leukemia
(2,686/35,683 = 7.5%)

Breast (1,925/35,683 =
5.4%)

Other (9675)
Portenoy Country: USA N = 398 patients with To evaluate the Lung (185/398 = “Persistent or frequent pain”

199238 Setting: three lung or colon cancer prevalence and 46.4%) during the previous 2 weeks
physicians’ Age: 57 ± 10.4 years characteristics of Colon (213/398 = was reported by:
outpatient (average for 91 pain in ambulatory 55.6%) 57/145(39.3%) with lung
practices patients who patients with colon cancer and

Specialty: reported pain during and lung cancer 52/181(28.7%) with colon
oncology, two the 2 previous during active cancer.
specialists in weeks and antitumor therapy. 91 of the above patients (47
lung cancer and consented to an A prospective lung, 44 colon) were
one in colon interview) survey using face- interviewed in detail. There
cancer Symptoms: pain, to-face and were no significant differences

mood (0–100mm telephone in pain with the exception of
VAS for pain interviews by pain location between the two
intensity, pain trained quality tumor types. One-third of
relief, and mood assurance analysts. patients had more than one
and 8-point discrete pain. Median pain
categorical scale for duration was 4 weeks (range,
pain intensity) less than 1 week-468 weeks),

Sx duration: 9 months and average pain intensity was
Source of data: moderate. Approximately 90%

prospective survey of patients experienced pain
with face-to-face more than 25% of the time.
interviews Regarding pain treatment:

56/91(61.5%) were prescribed
no medication; 4/91(4.4%)
were prescribed nonopioid
medication; 31/91(34.1%)
were given opioids. Of
patients reporting that pain in
general was moderate or
greater, 57.8% were
prescribed no pain
medications and 37.3%
received opioids.

Brescia Country: USA N = 1,103 patients To develop a clinical Primary sites: 73% of patients had pain at
199239 Setting: a 200-bed admitted during the database for Lung 19% admission. Severe pain was

“specialty survey period, and advanced cancer Breast 13% inversely related to age;
hospital for 1,017 patients who patients and to Colon 10% patients younger than 55 were
advanced died within 6 survey data to Colon-rectum 6% twice as likely to have severe
cancer” months of the end determine (1) pain Other sites 33%–55% pain as older patients.

Specialty: of the survey severity at Bone metastases: (pain- Frequency of severe pain by
terminal care Age: mean, 68; range, admission, (2) producing) in 38% type of cancer: cervix (68%,

24–94 years; 62% opioid use at Other sites of prostate 57%, colon-rectum
of patients were admission, (3) metastases: 49%; severe pain was noted
older than 65. change in opioid Lung 24% by nearly one-half (49%) of

Symptoms: pain use during the Liver 28% the patients with bone
intensity (none, hospital stay, and Brain 17% metastases. At baseline, 25%
mild, or severe) (4) survival in the of patients were receiving
Severe pain was hospital. Data morphine, 18% codeine, 6%
defined as recorded were collected hydromorphone, and 3%
pain of moderate prospectively methadone or levorphanol.
or greater intensity within 72h after Most (71.7%) patients had a
that occurred with admission and stable dosing pattern; only
regularity soon after death 4.2% required opioid dose
throughout the day. or discharge. increases of 10% or more per

Mild pain was noted day.
when the record
stated that pain was
relieved without the
use of analgesics, by
nonopioid agents, 
or by the “weak” 
opioids such as 
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TABLE 82.1. (continued)

Incidence or prevalence of pain, 
Author Setting Population Aim of the study Type of cancer etiology, characteristics (comments)

codeine. No pain 
was recorded when 
the record stated 
explicitly that the 
patient offered no
complaint of pain 
or was comfortable.

Sx duration: 12
months

Source of data:
prospective chart
review at baseline 
(72h after admission) 
and again “soon after 
the patient’s death 
or discharge.”

Vuorinen Country: Finland N = 378 (240 To investigate the Genitourinary (73/240 66/240 (28%) at time of
199340 Setting: pain evaluable, 40% M, prevalence and = 31%) questionnaire; 42/240 (24%) 

clinic 60% F) causes of pain at GI (38/240 = 16%) as first sign of cancer.
(outpatients) Median age: 64 (27– the early stages Breast (63/240 = 26%) Cause: 46% direct tumor

Specialty: 89) years of cancer (0–6 Hematologic (26/240 = growth
anesthesiology Symptoms: pain months from 11%) 67% conditions secondary to

Sx duration: 9 diagnosis). Lung (14/240 = 6%) cancer
months. Skin (13/240 = 5%) 18% unrelated to cancer

Source of data: Other (13/240 = 5%)
questionnaire

Portenoy Country: USA N = 151 (111 To investigate the Ovarian cancer 62% had pain before diagnosis
199441 Setting: hospital inpatients, 40 prevalence, 42% had pain during last 2

clinic outpatients) characteristics, and weeks.
(inpatients and Median age: 55 impact of pain in Most patients had pain-related
outpatients) (23–86) years ovarian cancer interference with function.

Specialty: Symptoms: pain patients.
neurology, pain Sx duration: 18

months.
Source of data: 

questionnaires
Cleeland Country: USA N = 1,308 (376M, To assess adequacy of Breast (270/871 = Physicians commonly

199442 Setting: 495F) 871 with pain analgesic drug 60%) underestimated the severity of
outpatients in or taking analgesics prescribing GI (148/871 = 58%) pain; 42% of patients with
54 oncology during week before according to WHO Lung (124/871 = 63%) pain were not given adequate
clinics to study guidelines, factors genitourinary (86/ analgesic therapy according to

Specialty: medical Median age: 62 that influence 871 = 66%) WHO guidelines. Independent
research, (19–90) years whether analgesia Lymphoma (55/871 = risk factors for inadequate
neurology Symptoms: pain was adequate, and 71%) pain management included

Sx duration: 12 the effects of Gyn (23/871 = 63%) pain not attributed to cancer,
months inadequate analgesia [% of patients by site better performance status, age

Source of data: on patients’ (see prior column) 70 or older, female sex, and
questionnaire perception of pain with substantial minority status. Underrated

relief and function pain; pooled figure pain impaired function.
status. = 67%]

Mercadante Country: Italy N = 60 (52 evaluable, To obtain the Lung 46 of 52 (88.4%) experienced
199443 Setting: palliative 44M, 8F) prevalence, pain.

care service Age: 64.2 ± 2 characteristics, and Pain was localized in:
(outpatients) (42–82) years localization of pain Chest 26/52

Specialty: pain Symptoms: pain in lung cancer and Legs/lumbar 1/52
management Sx duration: unclear, also to determine Abdomen/arms 8/52

51.3 ± 9.4 days response to Head 6/52
observation period treatment by WHO The type of pain was:

Source of data: analgesic ladder. Somatic 85.7%
questionnaires Visceral 42.8%

Neuropathic 30.9%
Incident 23.8%

Kelsen Country: USA N = 189 (130 To evaluate the Adenocarcinoma of At study entrance:
199544 Setting: oncology evaluable, 79M, 51F, prevalence of pain the pancreas 37% no pain

and palliative total screened 277) and depression, 34% mild or minimal pain;
care service, Patients were divided their correlation 29% moderate to severe pain.
in- and into two groups, and their effect on Of patients who reported pain
outpatients those who quality of life in at entry, its duration ranged

(continued)
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TABLE 82.1. Summary of studies reporting the prevalence and/or incidence of cancer pain. (continued)

Incidence or prevalence of pain, 
Author Setting Population Aim of the study Type of cancer etiology, characteristics (comments)

Specialty: underwent surgery patients with from 1 to >5 months, 67%
neurology and (83/130) and those recently diagnosed described a diffuse abdominal
medicine who received adenocarcinoma of pain. Chemotherapy patients

chemotherapy the pancreas. had more intense pain than
(47/130). preoperative patients. Patients

Median age: 63 years with moderate or greater pain
Symptoms: pain had more impairment of
Sx duration: unclear functional activity than
Source of data: patients with mild or no pain.

questionnaires Significant correlations
between increasing pain and
depression, and between
pain/depressive symptoms 
and quality of life.

Larue Country: France N = 605 (601 To describe the Breast (211/605 = 57% (340/601) reported pain
199545 Setting: 20 cancer evaluable, 252M, treatment of cancer 34.8%) due to their disease. 69%

treatment 347F, ?2) pain in France and GI (108/605 = 17.9% (224/325) of those with pain
services, in- Mean age: 57.8 ± 14 to evaluate the Genitourinary rated their worst pain at a 
and outpatients SD predictive factors (80/605 = 13.2%) level that impaired their 

Specialty: not Symptoms: pain for inadequate Lung (77/605 = 12.7%) ability to function. 30% 
specified Sx duration: unclear management. Head/neck (57/605 = (84/279) were not receiving 

Source of data: 9.4%) pain medication. 51% 
questionnaires by Lymphoma (26/605 = (137/200) of those receiving 
patients and 4.2%) pain medication found relief 
physicians Other (46/605 = 7.6%) was inadequate. Doctors’ pain 

ratings were consistently less 
than patients’.

Stevens Country: USA N = 95 (435 oncology To investigate Breast 65% reported no pain
199546 Setting: 16 patients screened) prevalence, (postmastectomy) 15% reported pain of somatic

ambulatory Mean age: 49.16 ± 13 characteristics, and or visceral type associated
care services SD and 52.6 ± 12.4 impact of with the tumor

Specialty: nursing SD (with and without postmastectomy 20% postmastectomy pain.
pain, respectively) pain. All with pain reported

Symptoms: interference with work or
postmastectomy home activities. All with pain
pain reported exacerbation on

Sx duration: unclear movement. Patients used
Source of data: weak, nonopioid analgesics

medical records, (25%) or none (75%). 85%
questionnaires used nonpharmacologic pain

control.
Vainio Country: N = 1640 To estimate the Lung (343/1,640 = 21% The prevalence of moderate to

199647 Switzerland (data Age: ≥18 years prevalence of pain Breast (174/1,640 = severe pain was 51%, ranging
from UK, Symptoms: pain and and eight other 11%) from 43% (stomach) to 80%
Switzerland, other symptoms common symptoms Colorectal (121/1,640 (gynecologic). Wide
Finland, USA, Sx duration: 3 months in a large = 7%) intercenter differences (e.g.,
and Australia) to 3 years population of Head/neck (92/1,640 10%–50% with severe pain).
Setting: 7 Source of data: patients with = 6%)
hospices, in- questionnaire by advanced cancer Stomach (86/1,640 =
and outpatients nurse or doctor from different 5%)

Specialty: palliative care Prostate (76/1,640 =
multiple centers. 5%)

Gynecologic (83/1,640 
= 5%)

Lympho-hematologic
(60/1,640 = 4%)

Esophagus (36/1,640 
= 2%)

Other, unknown
(569/1,640 = 35%)

Grond Country: N = 2266 (53% M, To evaluate the GI (663/2,266 = 29%) 30% 1 pain location
199648 Germany 47% F) localization, Genitourinary 39% 2 pain location

Setting: pain Mean age: 59 ± 13 etiologies, and (379/2,266 = 17%) 31% 3 pain location
service SD pathophysiologic Head/neck (377/2,266 Etiology: cancer 85%

Specialty: Symptoms: pain mechanisms of = 17%) antineoplastic Tx 17%
anesthesiology; Sx duration: 9 years cancer-related pain Breast (227/2,266 = Type of pain: bone 35%
unclear if (1983–1992) syndromes. 10%) soft tissue 45%
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TABLE 82.1. (continued)

Incidence or prevalence of pain, 
Author Setting Population Aim of the study Type of cancer etiology, characteristics (comments)

inpatient or Source of data: Lung (218/2,266 = visceral 33%
outpatient questionnaire by 10%) neuropathic 34%

nurse or doctor Lymphatic- Localization: lower back 36%;
hematopoietic abdominal 27%; thorax 23%;
(114/2,266 = 5%) legs 21%

Skin, bone, connective head 17%; pelvis 15%
(121/2,266 = 5%)

Others or multiple
(167/2,266 = 7%)

Tasmuth Country: Finland N = 93 (105 screened) To assess pain, Breast Incidence of pain before surgery:
199649 Setting: university Median age: 59 neurologic (postmastectomy) 36% (mastectomy)

hospital, (29–85) and 57 symptoms, edema 23% (resection)
surgical (40–86) years [two of the ipsilateral After surgery:
outpatient groups, mastectomy, arm, depression, 26%, 15%, and 17% (1 month,
clinic resection] and anxiety in 6 months, and 1 year

Specialty: Symptoms: pain women treated with postmastectomy)
anesthesiology Sx duration: 1 year mastectomy or 28%, 33%, and 33%

(1993–1994) limited resection (postresection at same times)
Source of data: (plus axillary

questionnaire by dissection for
nurse or doctor either), and the

impact of these
symptoms in daily
life.

Higginson Country: UK, N = 695 To investigate the Lung/ENT (110/418 =
199750 Ireland (55% M, 45% F [Irl], prevalence and 16.3% & 73/277 = UK

Setting: multi- 54% M, 46% F [UK]) intensity of pain in 26%) Ireland
disciplinary Median age: 67 advanced cancer GI (144/418 = 34% & Lung/ENT
palliative care (5–95) years UK patients. 84/277 = 30%) 69%
centers (6 in and 67 (32–90) Genitourinary (58/418 74%
England, 5 in years Irl [two = 13.8% & 44/277 = GI
London), in- ethnic groups] 15.8%) 68%
and outpatients Symptoms: pain Breast/bone (48/418 = 68%

Specialty: Sx duration: not 11.4% & 26/277 = Genitourinary
palliative reported 09.4%) 66%
medicine and Source of data: Lymph/hematopoietic 84%
oncology questionnaire by (13/418 = 3.1% & Breast/bone
(nursing with nurse 10/277 = 3.6%) 71%
special training) Other (45/418 = 10.8% 85%

& 40/277 = 14%) Lymph/hemato
62%
90%
Other
62%
63%
Overall prevalence of pain at

referral in the two settings 
was 68% and 74% (similar 
figures for home hospice 
patients as for hospitalized 
cancer patients).

Bernabei Country: USA N = 13,625 To evaluate the Not provided 4,003/13,625 (27.38%)
199851 Setting: 1492 Age: adequacy of pain reported daily pain. Age,

nursing homes >65 (65–74 years, management in gender, race, marital status,
Specialty: 45% M) elderly and physical function, depression,

multiple 65–84 years (44% M) minority cancer and cognitive status were all
>85 years (40% M) patients admitted independently associated with
Symptoms: pain to nursing homes. presence of pain. 26% of those
Sx duration: in pain received no analgesic

1992–1995 agent. Predictors for not
Source of data: receiving any analgesic agent

systematic despite daily pain were age
assessment of >85, minority race, impaired
geriatric drug use via cognition, and receiving
epidemiology multiple medications

database concurrently.
(continued)
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TABLE 82.1. Summary of studies reporting the prevalence and/or incidence of cancer pain. (continued)

Incidence or prevalence of pain, 
Author Setting Population Aim of the study Type of cancer etiology, characteristics (comments)

Ger 199852 Country: Taiwan N = 296 (194M, 66%, To evaluate the Lung (63/296 = 21%) 113/296 (38%) had pain
Setting: three 102F, 34%) 69% prevalence and Upper GI (58/296 = Of those, 92% cancer related,

outpatient interviewed within severity of cancer 20%) 5% treatment related, 3% both
oncology clinics 14 days from cancer pain in newly Colorectal (36/296 = cancer and treatment related.

Specialty: diagnosis. diagnosed cancer 12%) Ethnic minority status, lower-
anesthesiology Age: 56.4 ± 16 SD patients. Head/neck (29/296 = grade insurance status,

(10–80) years 10%) excellent prior pain tolerance,
Symptoms: pain Other (76/296 = 36%) impaired function status
Sx duration: 18 (ECOG scale), and distant

months spread of disease each
Source of data: separately predicted the

questionnaire presence of pain.
Petzke Part I N = 243 (39% of 613 To identify and GI 26%, GU 17%, Location of cancer, tumor stage,

199953 Country: consecutive cancer evaluate the Head/neck 16%, presence/absence of 
Germany pts with pain; incidence of Breast 12%, Other metastasis, and type of therapy 

Setting: 1 270M, 361F) transitory pain in 29% were not significantly different 
Outpatient Age: 59.2 ± 13.8 cancer pain in patients with or without
clinic (16–97) years patients transitory pain. The intensity 

Specialty: Symptoms: Transitory of baseline pain was higher in 
Anesthesiology exacerbations of pain pts without transitory pain: 

Duration: Within 68% reported severe-maximal 
past week pain vs 54%. However, the 

Source of data: intensity in those with
Patient interview transitory pain was rated 

severe to maximal in 92% of 
pts.

Part II N = 55 (68% of 81pts, To further describe Comparable to those Transitory pain was
Country: 33M, 22F) reported and quantify in Part I. characterized by rapid onset

Germany transitory pain on transitory pain (within 3min) in 47% of pts;
Setting: Clinic admission. experienced by 58% of these pts reported a

as above Age: 59 ± 12.1 these patients. duration of less than 15min.
Specialty: (30–85) years 97% of these pts had either

Anesthesiology Symptoms: Pain neuropathic (35%) or
similar in nociceptive pain (62%). 40% 
frequency, of patients identified no
duration, and precipitating event, while
intensity to those movements or timing of
in Part I. analgesic regimen were named

as known triggers for 2/3 of 
the others. Additional or 
regular medication was 
effective in relieving transitory 
pain in 75% of patient. 
Analgesic preparations with 
novel delivery mechanisms-
i.e., oral transmucosal have 
recently been found effective 
for breakthough pain.

Chang Country: USA N = 240 (232M, 8F): To assess symptom Solid tumors: 201 Symptom assessment: MSAS
200054 Setting: VA 100 consecutive prevalence, (139 metastatic); found median number of

Medical outpatients, 140 symptom intensity Hematologic symptoms/pt to be 8.
Center, NJ consecutive and their disease: 39 Fatigue/lack of energy and 

Specialty: Medical inpatients who relationship to pain were most prevalent 
oncology reported pain QOL in this symptoms: 62% and 52%, 

symptoms. population. respectively. Number of 
Age: Median 68 symptoms, intensity, and 

(27–89) years; resulting level of distress were 
Symptoms: median correlated with extent of 

of 8 disease. Lower Karnofsky 
scores indicated a likelihood of 
intense and/or distressing
symptoms. Authors noted that
pain was never a solitary
symptom, and should be
considered a marker for
presence of other symptoms.
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TABLE 82.1. (continued)

Incidence or prevalence of pain, 
Author Setting Population Aim of the study Type of cancer etiology, characteristics (comments)

Zepetella Country: UK N = 245 (59%of 414 To examine the Lung 27%, Breast, Of the 245 participants, 89%
200055 Setting: Hospice consecutive cancer prevalence and Prostate, and had breakthrough pain, most 

Specialty: admissions; 185M, characteristics of Unknown Primary of which was frequent and 
Palliative 229F) breakthrough pain 9% each. Most short-lasting, suggesting that 
medicine Age: in terminally ill breakthrough pain effective treatment would 

71(33–100) years pts admitted to was tumor related; include medications that are 
Symptoms: Chronic hospice. 38% rated as severe- fast-acting, readily and quickly 

pain of variable Satisfaction with excruciating, and absorbed
duration treatment was also related to patient

assessed. dissatisfaction,
underlining the
value of ongoing
assessment.

Meuser Country: N = 593 (all patients To survey symptom Percentages: GI 24.6, Nonopioid analgesics were used
200156 Germany treated by the prevalence, Respiratory 19.8, most frequently—initially by

Setting: Academic service between etiology, and GU 18.9, Head/neck 94.3% of pts, finally by 78.3%.
Medical Center August 1992 and severity, taking all 16.9 most prevalent. WHO step guidelines were 

Specialty: July 1994; 46.8% possibilities of 98.3% of patients used throughout, plus other 
Anesthesiology M, 43.2% F). symptom relief referred suffered palliative treatment in 50% of 
pain service Age: 59 ± 14 years into consideration. pain and at least one pts: chemo, hormonal therapy, 

Symptoms: Pain + at other symptom. radiation, and surgery in 
least one other 15.5%, 21.4%, 26.9%, and 
symptom 8/9%, respectively. Efficacy 

was good in 70%, satisfactory 
in 16% of pts and inadequate 
in 14%, and all caused a 
significant reduction in other 
symptoms, demonstrating that 
pain relief can be achieved
without increasing most
symptoms.

Beck Country: South Phase I: N = 263 To document the All types represented Cancer type and pain prevalence 
200157 Africa (98.5% of 267 pts prevalence of pain in patients of the were determined. Of cancer in 

Setting: Inpatient seen during study among cancer two participating males (105) top distribution 
and outpatient period; 103M, patients in facilities was as follows: lymphoma 14, 
areas of two 160F; 75% white) inpatient and head/neck and prostate each 
healthcare Age: mean 55 outpatient settings 11, lung and melanoma each 
facilities in (18–87) years 10, colorectal 9. In females 
Pretoria: a 120 Symptoms: Pain Sx (158) distribution was breast 
bed private Duration: Not 86, ovary 14, uterus 13, 
hospital, a 1000 stated lymphoma 12, head/neck 6, 
bed public Source of Data: lung 3.
hospital Survey of Cancer

Specialty: Pain in South
Medical Africa (BPI
oncology translated into five

local languages)
Phase II: N = 479 To describe In male pts, prostate, 57.4% of pts experienced pain 

were eligible; 426 patterns of cancer lung, head/neck, 7d/wk; 23.6% were in pain 
completed the pain and pain and esophagus 24h/day. Ratings of ‘worst 
questionnaire management in accounted for pain’ were highest in 
(163M, 251F), South Africa 50.5%, in females, community-based pts (38.1%), 
46% white, 42% breast and cervix lowest in hospices (23.6%). 
black, 12% colored alone accounted for Almost twice as many pts 
or Asian 53.3%; lymphoma, were in moderate or severe 

Age: mean 56.7 colorectal, and ‘pain now’ in public (39%) vs. 
(18–90) years esophageal afflicted private (20%) settings. Of 

Symptoms: Pain most of the rest in nonwhites (black/colored/
both. Asian), 81% experienced 

‘worst pain’ of moderate-severe 
intensity vs. 65% of whites 
(P < 0.0001).

Met, metastatic; Non-met, nonmetastatic; GI, gastrointestinal; Sx, symptoms; Tx, therapy; WHO, World Health Organization.
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Treatment of Cancer Pain

Systemic analgesic therapy is the foundation for treating
cancer pain because of its relative low risk and cost, depend-
ability, and ease of administration.66,69 Nonpharmacologic
measures, such as patient education and cognitive-behavioral
strategies, are also important components of treatment.
Because patients differ in their acceptance of, and responses
to, specific analgesics and to different behavioral strategies, it
is essential that treatment be individualized.70,71

The three principal families of drugs used to manage cancer
pain are nonsteroidal antiinflammatory drugs (NSAIDs; acet-
aminophen is usually included in this category although it is
not an NSAID), opioid analgesics, and adjuvant medications.
Adjuvants treat concurrent symptoms that exacerbate pain
(e.g., insomnia), enhance the analgesic efficacy of opioids, or
provide analgesia for specific types of pain (e.g., antidepres-
sants and anticonvulsants for neuropathic pain). Medicines to
prevent or treat the adverse effects of opioids, such as consti-
pation and nausea, also have a critical role.

Clinical consensus and common sense dictate initial use
of the least invasive delivery method and simplest dosing
regimen.72 Oral administration of drugs is effective for most
cancer pain, but may be problematic for reasons of dysphagia,
odynophagia, nausea from chemotherapy or radiation therapy,
malabsorption from gastrointestinal dysfunction, or the need
to swallow an unwieldy number of tablets. The rectal, trans-
dermal,73 sublingual, transmucosal,74–76 and pulmonary routes
are other relatively noninvasive options for the delivery of
systemic analgesics. Some of these routes are not influenced
by first-pass hepatic metabolism, so, for example, an oral dose
of a drug is not expected to be equianalgesic with the same
dose administered rectally.

Systemic Opioids

Few studies have evaluated systemic opioids for cancer pain
using a randomized, placebo-controlled trial design.76–78

Placebo-controlled studies involving people in pain are ethi-
cally problematic, unless a rescue medication is provided.
Furthermore, the effective palliation of pain with opioids has
a strong historical record of efficacy of several millennia, thus
obviating the need for placebo-controlled assessment.

Numerous opioids with various pharmacologic features
are available; however, no one opioid has consistently been
demonstrated to provide either a superior toxicity profile or
superior efficacy. A heterogeneous group of 10 trials compared
the efficacy and adverse effects of different opioids adminis-
tered by the same route within each study.77,79–87 The appli-
cability of these studies is generally low, and therefore, there
is little evidence to support the use of one opioid over
another. Exceptions exist to this generalization. Meperidine
is generally considered inferior to other opioids for cancer
pain because of the potential for accumulation of toxic
metabolites with repeated dosing. In patients with renal
failure who are treated with morphine, metabolites of the
drug (particularly morphine-6-glucuronide) may accumulate,
leading to hyperalgesia and central nervous system (CNS) tox-
icity, so other opioids, such as hydromorphone may be prefer-
able in that setting.

There do not appear to be any advantages for sustained-
release formulations of opioids over immediate-release for-

1 4 5 6 chapter 82

validated measure is essential to judge the efficacy of treat-
ment.61–63 Recent studies suggest that patients identify a
decline in pain intensity of about 30% as the threshold for
clinical pain relief.1,64,65

The reduction of pain to a single parameter (intensity) is
pragmatic, perhaps essential, for purposes of assessment 
and treatment, but intensity should be simply a starting 
point in pain assessment. The characteristics of the pain
(location, intensity, quality, temporal characteristics, exacer-
bating and relieving factors, and responses to prior treat-
ments) should be assessed, together with a review of
treatment, psychosocial assessment, physical examination,
and appropriate diagnostic studies.66,67 Efforts should be made
to determine the etiology of the pain, and in particular, to
determine whether it represents an emergency, such as spinal
cord compression or an impeding or existing bone fracture.
Psychosocial assessment should address the mood of the
patient, his or her coping skills, family support structure,
signs and symptoms of anxiety or depression, expectations
regarding pain management, risk factors for undertreatment
of pain, and the meaning of the pain for the patient and
family.

The majority of clinical trials evaluating treatments for
cancer pain have employed single-variable pain intensity
scales. The diverse mechanisms of pain, its quality and time
course, and its impact on quality of life were not reported in
most treatment trials. Furthermore, the instruments used to
capture information about pain are sufficiently heteroge-
neous to preclude merging of results.28

Figure 82.1 depicts the contribution of various patient-
and disease-related factors to the occurrence of cancer symp-
toms. Fundamental to this model is the fact that the methods
of assessment affect the observed prevalence rate of any
symptom. Evaluating the clinical evidence on cancer pain is
complicated by the heterogeneity of instruments or scales
used to assess pain. This problem is of more than academic
interest. In a cohort study of 313 cancer patients with pain,
the proportion of patients whose pain was inadequately
treated varied very widely, from 16% to 91%, depending on
which of four different assessment measures was used. This
variability was entirely due to the choice of measure, rather
than the approach to treatment of the pain.68

Treatment
True rate of
occurrence

of symptoms

Comor-
bidities

Settings

Genetics

Phase of
iliness

Type of
cancerAge,

gender,
culture

Assessment method
(instruments, scales,

observers)

Prevalence
(observed)

FIGURE 82.1. Relationship among factors that contribute to the
occurrence of cancer symptoms, methods of assessment, and preva-
lence of symptoms.



mulations, except possibly for convenience, patient prefer-
ence, and, by extension, patient adherence. Eight studies have
been performed comparing controlled-release morphine with
immediate-release oral morphine.88–95 No significant differ-
ences were observed between the two formulations with
respect to analgesic efficacy (reduction of pain intensity or
increased pain relief). The studies also found no difference
with respect to adverse effects or other outcomes. Three
hundred seventeen patients, with a wide range of cancer types
as well as pain types, were enrolled in these trials, of which
244 were evaluated (78.7%). The foregoing studies all
addressed the same study question; therefore, a meta-analy-
sis could be performed using pain intensity as the outcome
of interest. All eight studies provided numerical data on mean
pain intensities and standard errors or confidence intervals.
Differences in average pain intensity between the two study
arms (over 4 to 14 days), measured on a continuous visual
analogue scale (VAS) (0–100mm), were combined using a
random effects model. No significant difference in average
pain intensity was found between controlled-release mor-
phine and morphine sulfate solution [1.18mm; 95% confi-
dence interval (CI), -1.62 to 3.98mm]. More extended
sustained-release formulations of oral morphine, adminis-
tered once daily, provide analgesia that is comparable to
twice-daily sustained-release formulations but may be pre-
ferred by patients.96,97

Transdermal fentanyl was compared with oral controlled-
release morphine in two studies, neither of which demon-
strated a significant difference in pain intensity.98,99 In one of
the studies, more patients expressed a preference for the fen-
tanyl patch, which was associated with less constipation and
daytime drowsiness, but greater sleep disturbance and shorter
sleep duration. There were no differences in quality of life
measures.

In a given patient, the analgesic effect and adverse effects
of the different opioids may vary substantially, even when
given at theoretically equianalgesic doses.100 Although the
pharmacologic basis of these observations is not well under-
stood, they have led to the empiric practice of drug rotation
to improve analgesia or ameliorate adverse effects. If unac-
ceptable side effects occur before an effective dose of an opioid
is reached, another one can often be substituted with good
effect.101 Elucidation of genetic variability in the analgesic
response to opioids, and in their pharmacokinetics, could
potentially give rise to pain treatment that is targeted to the
individual patient, rather than be strictly empiric.

Equianalgesic dosing of different opioids is not necessar-
ily straightforward. In the 1960s and 1970s, the relative 
analgesic potency of single doses of a variety of opioid 
analgesics (morphine, profadol, oxymorphone, codeine,
methotrimeprazine, and oxycodone) was evaluated in
patients with cancer.102–107 Reproducible estimates were gen-
erated for the relative potency of opioids in this context,
which provide part of the basis for equianalgesic dosing.
Several issues complicate the interpretation of these studies.
Baseline pain intensity and information about the patho-
physiologic substrate of pain were not reported. Thus, rela-
tive potency ratios of opioid analgesics are assumed to apply
in the whole range of baseline pain (mild, moderate, and
severe) and pathophysiologic mechanisms (nociceptive or
neuropathic). The majority of patients in these studies had
been exposed to opioid analgesics before enrollment, sug-

gesting potential tolerance to opioid test drugs. However, the
existence or precise influence of tolerance on the results
cannot be estimated because the duration of previous expo-
sure and type of opioids used were not reported.

Adverse effects that limit opioid dosing include constipa-
tion, nausea, sedation, confusion, urinary retention, pruritus,
myoclonus, dysphoria, sleep disturbance, and respiratory
depression. Persistent respiratory depression is rare in opioid-
tolerant individuals. Treatment of these adverse effects was
the subject of a recent systematic review.101 Nine uncon-
trolled studies of at least 180 subjects reported on adverse
events of oral opioids.108–116 Seven were prospective cohort
studies, each examining one to five oral opioids used for treat-
ment of cancer pain. Pain relief and quality of life were the
primary outcomes in seven of the studies. Two studies pri-
marily examined adverse events: constipation and laxative
use108 and emesis.109 A total of seven opioids were evaluated
at a wide range of average daily dosages (for example, from
approximately 19 to 60mg/day oxycodone and from approxi-
mately 80 to 380mg/day morphine). Subjects were followed
from a minimum of 3 days to a maximum of 4 months. In
these studies, reported rates of nausea were 7% to 25%; vom-
iting, 6% to 40%; constipation, 11% to 73%; and sedation,
2% to 54%. The extreme variability of these rates probably
reflects the heterogeneous study designs and methods of
assessment.

Seven uncontrolled studies of at least 50 subjects reported
on adverse events of parenteral opioids.117–123 Five were
prospective cohort studies. One studied subcutaneous oxy-
codone121; the rest studied morphine and/or hydromorphone
given subcutaneously or intravenously at a wide range of
doses. All the studies examined pain relief or quality of life
as primary outcomes. Few studies provided explicit defini-
tions for the symptoms that were being reported. The studies
that included both morphine and hydromorphone, or subcu-
taneous or intravenous injections, did not report different
adverse event rates for the different drugs or routes. Six
studies reported on nausea and/or vomiting. Nausea (includ-
ing vomiting) occurred in 0% to 15% percent of subjects;
vomiting, when reported separately from nausea, occurred in
0% to 1% percent of subjects. Constipation occurred in 0%
to 70% of subjects in five studies. The large range of rates of
constipation is likely due to unreported differences in defi-
nitions for constipation and different laxative regimens.
Fatigue occurred in 17% of subjects and mild sedation in 51%
of subjects; otherwise, uncharacterized sedation occurred in
0% to 12% of subjects, and severe sedation in 4% to 6% 
of subjects. Adverse effects occurring in less than 10% of 
subjects included local skin irritation or bleeding, skin 
infections, myoclonus, confusion, dizziness, and seizures.
Depending on the methods of assessment and reporting, hal-
lucinations, mental clouding, dry mouth, and sweating
ranged from very rare (0% to 6%) to common (15% to 32%).
Respiratory depression occurred in 0% to 2% of the subjects
in studies evaluating subcutaneous opioids and in 18% of the
subjects receiving intravenous morphine.

Tolerance and physical dependence are common, and to
some extent, even predictable during chronic opioid admin-
istration.124 These terms are often confused with psychologic
dependence (“addiction”), which causes drug abuse or drug-
seeking behavior. However, tolerance simply refers to the
requirement for escalating and/or more frequent doses of an
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agent to sustain therapeutic effectiveness during chronic
administration. Physical dependence indicates that, for
certain chronically administered drugs (e.g., benzodiazepines
or opioids), sudden discontinuation or the administration of
an antagonist drug will precipitate an abstinence syndrome.
Addiction rarely occurs in patients with cancer or other
medical illness in the absence of a history of substance abuse.

Nonsteroidal Antiinflammatory Drugs

Eighteen studies were identified addressing the question of
relative efficacy of one NSAID in comparison to another or
to placebo.27,28 A total of 1,302 patients were enrolled in these
studies (range, 18 to 145), and 15 different NSAIDs were eval-
uated. The applicability of these studies to the everyday care
of patients with cancer is generally low. One study examined
the administration of a single dose of the study drug; the dura-
tion of treatment in the remaining studies was 7 to 14 days.
NSAIDs were consistently found to be superior to placebo.
However, only one study suggested a difference in efficacy
between different NSAIDs.125

Adverse effects of NSAIDs include gastrointestinal dis-
tress, ulceration, and bleeding, renal insufficiency or failure,
interference with platelet function, and less commonly, aller-
gic reactions, impaired hepatic function, fluid retention, and
central nervous system dysfunction. The incidence of adverse
effects caused by NSAIDs was generally found to be low in
trials of brief duration, but there are limited data on the tox-
icity of extended use of NSAIDs. Valentini et al. compared
misoprostol to ranitidine for prevention of gastrointestinal
toxicity in cancer patients receiving high-dose diclofenac.126

After 4 weeks, gastric ulcers developed in 7 of 49 evaluable
patients; 6 of 7 patients with ulcers were asymptomatic.
Ulceration was associated with older age and higher doses of
diclofenac. Misoprostol was more effective than ranitidine in
preventing gastroduodenal lesions (8.7% versus 38.5%, P less
than 0.02). The overall 14% incidence of (mostly asympto-
matic) gastric ulcers is of concern and suggests that serious
gastrointestinal toxicity from NSAIDs may be more common
in this population than the rates reported in short-term
studies.

Studies comparing NSAIDs with combinations of
NSAIDs plus weak opioids, or with opioids alone, are het-
erogeneous with respect to design characteristics, agents
used, route of administration, and type of pain. A meta-analy-
sis of studies to evaluate the relative efficacy of NSAIDs and
combinations of opioids was possible with only 3 of the 29
studies assessed.127–129 The treatment arms included in these
studies were diclofenac, naproxen or dipyrone (NSAID arm),
and diclofenac plus codeine, controlled-release morphine, and
morphine (NSAIDs plus weak opioid, or strong opioid). The
evaluated outcome was pain intensity differences between
NSAIDs and NSAIDs plus weak opioids or opioids alone,
expressed on a VAS scale (0–100mm). Outcomes were com-
bined using a random effects model. No difference was found
between NSAIDs and NSAIDs plus weak opioids or opioids
alone, 3.8mm (95% CI, -4.7 to 12.4mm]. These results are in
agreement with the findings of other meta-analyses on this
topic.130,131

What is the evidence for an opioid-sparing effect,
improved analgesia, or a reduction in opioid-related adverse
effects as a result of the coadministration of an NSAID with
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an opioid? The combination of an NSAID and an opioid is
recommended by the World Health Organization (WHO)
guidelines for cancer pain. In the large, prospective cohort
studies that validated the efficacy of the WHO strategy (see
following), however, the specific contribution of NSAIDs and
adjunctive analgesics could not be determined. Few random-
ized studies have addressed these questions. The most con-
vincing evidence for an opioid-sparing effect from an NSAID
is based on a study of 156 patients with cancer pain, who,
after 1 week of stabilization with opioids, were randomized
to continued opioid escalation based on their clinical needs,
with or without oral ketorolac. The ketorolac group was
found to have significantly better analgesia after 1 week, with
slower opioid escalation, and required lower doses of opioids.
Gastric discomfort was more common in the group receiving
ketorolac and morphine, whereas constipation was more
common in the group receiving morphine only. Dropout was
substantial in this study, with only 47 of the original 156
patients assessable for the main endpoints.132

The World Health Organization Analgesic Ladder

A simple, widely applied approach to managing cancer pain,
developed by the World Health Organization (WHO), is the
“three-step analgesic ladder” (Figure 82.2).133 The first tier, for
mild to moderate pain, consists of an NSAID or acet-
aminophen with or without adjuvant medications. As pain
escalates or persists, treatment progresses to the second tier,
in which a “weak” opioid, such as codeine or hydrocodone,
is added to the NSAID, with or without an adjuvant drug. If
pain still persists, treatment progresses to the third tier, sub-
stitution of a “strong” opioid (i.e., one more readily titrated
to doses with greater analgesic efficacy) for the “weak”
opioid; the “strong” opioid category includes morphine,
hydromorphone, methadone, fentanyl, and levorphanol. The
WHO approach to managing cancer pain emphasizes by-the-
clock rather than as-needed dosing and therapy individualized
to each patient.

Freedom fromcancer painOpioid for moderateto severe pain± Non-opioid±AdjuvantPain persisting
or increasing

Pain persisting
or increasing

Opioid for mild to
moderate pain± Non-opioid± Adjuvant

Non-opioid± Adjuvant
Pain

1

2

3

FIGURE 82.2. The World Health Organization analgesic ladder.
(From World Health Organization,133 by permission of the World
Health Organization.)



In several large case series, the WHO method yielded sat-
isfactory pain relief in a majority (80% to 90%) of patients
with cancer pain. However, validation trials of the specific
choice of agents and the sequence of their application within
the WHO ladder have been limited.131,134,135 The common clin-
ical impressions that NSAIDs are particularly beneficial for
bone pain, or that opioids are of little benefit for neuropathic
pain, are either unconfirmed in systematic literature
reviews131 or are unsupported by direct clinical trials of mech-
anism-based drug selection.136

Mercadante reported results of implementing the WHO
guidelines in 3,678 consecutive cancer patients referred to 
a home palliative care program.137 Pain intensity improved
rapidly, and the improvement was sustained until death for
most patients; 89% of patients achieved adequate pain
control (a score of less than 4 on a visual analogue scale, VAS)
by week 2. In another large cohort study, 2,118 patients
referred to a pain service in a university hospital were treated
according to the WHO guidelines over 140,478 treatment
days.138 Pain reduction was highly significant within the first
week; at the time of enrollment, 78% had severe, very severe,
or maximal pain. At the first follow-up evaluation (an average
of 6 days later), the proportion with severe, very severe, or
maximal pain had declined to 13%. The benefits were sus-
tained with an average follow-up of 66 days, and in a smaller
cohort that was followed until death, 84% rated their pain as
moderate or less in the final days of life. Over the entire
treatment period, pain control was reported to be good in 76%
of patients, satisfactory in 12%, and inadequate in 12%.

Nausea and vomiting were reported in 6% to 22% of sub-
jects in these studies, more commonly in subjects in step 3
than in step 2 and in step 2 than in step 1. Constipation
occurred among 3% to 36% of subjects and sedation occurred
in 14% to 46%.

Summary of the Evidence on 
Adjuvant Medications

Twenty-two RCTs evaluated the efficacy of various adjuvant
medications for cancer pain, including anticonvulsants, anti-
depressants, local anesthetics, calcium channel blockers, 
psychostimulants, alpha-adrenergic agonists, and N-methyl-
d-aspartate (NMDA) antagonists.

Stimulant medications have generated interest as adju-
vants to opioids because of their potential to ameliorate 
sedation, as well as suggestions that they may potentiate
analgesia. Three double-blind, cross over studies have been
performed comparing adjuvant administration of the stimu-
lant methylphenidate to placebo in patients receiving sys-
temic opioids for cancer pain.139–141 These studies were small
(20 to 43 subjects) and the populations heterogeneous. In one
of these studies, pain intensity, activity, drowsiness, and the
average number of rescue doses of analgesics all improved
with methylphenidate compared with placebo. Interestingly,
placebo alone significantly decreased pain intensity. Patients
and investigators (all blinded) preferred methylphenidate to
placebo.139 Another study by the same group found that
methylphenidate improved cognitive function and decreased
drowsiness and confusion but did not alter pain intensity,
nausea, or activity. Again, significantly more investigators
and patients preferred methylphenidate to placebo.140 In a
third study, however, no statistically significant benefit for

methylphenidate was observed in terms of pain intensity,
appetite, anxiety/agitation, drowsiness, well-being/mood,
sleep, pain medication use, or patient preference for drug or
placebo.141

The anticonvulsant gabapentin appears to be effective for
neuropathic pain in patients with diabetic neuropathy and
spinal cord injury based on randomized, controlled trials, but
the evidence for its use in cancer pain is limited. Two studies
have evaluated gabapentin for acute pain after breast cancer
surgery. In one, 70 patients were randomized to a single dose
of oral gabapentin (1,200mg) or placebo 1 hour before radical
mastectomy. Patients then received patient-controlled anal-
gesia (PCA) morphine postoperatively. The group receiving
gabapentin required significantly less morphine and had lower
scores on a visual analogue scale of pain during movement at
2 and 4 hours after surgery. There was no difference in pain at
rest or in adverse effects.142 Gabapentin, 1,200mg/day for 
10 days, was compared to mexilitine, 600mg/day, or placebo
in a randomized study of 75 patients undergoing surgery for
breast cancer. Both drugs were associated with a reduction in
the consumption of codeine and acetaminophen, and with a
reduction in pain on the third postoperative day, compared to
placebo. The prevalence and intensity of chronic pain 3
months later was similar in the three groups.143

Phenytoin (100mg orally twice daily) was compared with
buprenorphine (0.2mg sublingually twice daily) and the com-
bination of phenytoin and buprenorphine (50mg orally plus
0.1mg sublingually, respectively, twice daily) in a double-
blind study of 75 patients with moderate to severe cancer
pain. The combination of buprenorphine and phenytoin
appeared to provide better pain relief than buprenorphine
alone.144

The NMDA antagonist ketamine has shown promising
analgesic efficacy in small studies. Ketamine (0.25 or 0.50
mg/kg intravenously) was evaluated in 10 cancer patients
whose pain was unrelieved by morphine in a randomized,
double-blind, crossover, double-dose study. Ketamine, but not
saline solution, significantly reduced the pain intensity in
almost all the patients at both doses. Ketamine caused mental
status changes that were reversible with diazepam.145 Oral
ketamine has been compared to a transdermal nitroglycerin
polymer, the NSAID dipyrone, or escalating doses of mor-
phine in 60 patients with cancer pain who had been stabilized
on morphine. The VAS pain intensity scores after the test
drug was introduced were similar among the groups; however,
both oral ketamine and transdermal nitroglycerine appeared
to be associated with a morphine-sparing effect.146,147

Intranasal ketamine has also been found to be efficacious for
“malignant breakthrough pain” in a small (n = 20) random-
ized, double-blind cross over trial of patients with either
cancer-related or other types of pain.148

Ventafridda et al.149 compared trazodone (225mg) with
amitriptyline (75mg) in a randomized, double-blind trial in 45
patients with neuropathic pain from cancer (n = 27) and non-
cancer causes (n = 18). Ninety-five percent were receiving
NSAIDs, alone or with weak or strong opioids. The integrated
pain score decreased significantly from baseline in both
groups.

Two small, placebo-controlled trials of the calcium
channel blocker nimodipine have been performed in patients
with cancer pain. In one study, nimodipine limited escalation
of morphine dosages in more patients than did placebo (four
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versus nine). Daily morphine consumption declined signifi-
cantly more with nimodipine than placebo.150 The second
study reported no benefit in pain intensity or relief with
nimodipine compared to placebo.151

In small trials, no benefit has been observed for cancer
pain with a number of other potential adjuvants, including
the somatostatin analogue octreotide,152 the cholecystokinin
antagonist proglumide,153 intravenous lidocaine,154 and oral
cocaine.155

Complementary Approaches for Cancer Pain

Five RCTs examined the effects of hypnosis and cognitive
behavioral interventions on various types of cancer pain.156–160

These studies, although small, provide preliminary indica-
tions that these techniques may ameliorate acute procedural
pain and pain related to mucositis.

Auricular acupuncture was shown to reduce pain inten-
sity by 36% over a 2-month period and was statistically supe-
rior to two placebo treatments in a cohort of 90 patients.161

Acupuncture may also improve postoperative mobility and
pain in breast cancer patients.162 The effects of Chinese herbs,
ear acupuncture, and epidural morphine on postoperative
pain were evaluated in 16 men with liver cancer. Any com-
bination that included at least one of the three treatments
provided better pain relief than placebo.163

Neuraxial Drug Delivery

For the minority of cancer patients whose pain is refractory
to systemic opioids and adjuvants, or in whom adverse effects
are intolerable, neuraxial (epidural or intrathecal) drug deliv-
ery can provide effective pain control.164–166 Considerations as
to whether to employ central routes for drug delivery include
the site(s), nature, and character of pain; life expectancy; ther-
apeutic preferences of the patient and family; ability of the
infrastructure to manage the device and catheter; and stage
of the underlying disease.167

Numerous nonrandomized studies support the efficacy 
of intrathecal or epidural opioids, with or without adjuvants.
We reviewed the eight studies with the largest sample sizes
(at least 100) that reported on adverse events of spinal
opioids.168–175 Six studies examined pain relief or quality of life
as primary outcomes. Two reported primarily on complica-
tions of spinal opioid treatment. Only three studies described
collection of information about adverse events in a prospec-
tive manner. Most studies followed subjects for a mean of 3
to 5 months. The definition of adverse events varied across
studies. Catheter-related infections occurred in 0% to 9% 
of subjects and meningitis in 0% to 4%. In the four studies
that reported removal of catheters and discontinuation of
spinal opioids due to adverse events, the rates ranged from
0.3% to 10%. Few studies explicitly defined symptoms. Four
studies reported on nausea and/or vomiting, which occurred
in 9% to 40% of subjects. Three studies reported on consti-
pation, which occurred in 17% to 34% of subjects. Variable
rates were reported for pruritus or skin inflammation (1% to
38%), urinary retention (4% to 73%), and headache (3% to
18%). Sedation was reported in only two studies, at rates of
1% and 2%, and respiratory depression was also uncommon.

Smith et al. reported the results of the only RCT to date
evaluating intrathecal opioids in patients with unrelieved
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cancer pain.176 Patients were eligible if they had pain scores
of 5/10 or more on a VAS on two occasions within a week 
of randomization, despite 200mg/day oral morphine or its
equivalent, or if they had refractory adverse effects from 
systemic opioids. They were randomly assigned to “compre-
hensive medical management” (CMM), with or without
intrathecal analgesia via an implantable drug delivery system
(IDDS); 202 patients were enrolled, 200 were analyzed, and
148 were evaluable after 4 weeks. The majority had pain that
was characterized as a mixture of neuropathic and nocicep-
tive. CMM was provided according to guidelines published by
the Agency for Health Care Policy and Research.66 The IDDS
patients received intrathecal morphine (94%) or hydromor-
phone (6%); 29% also received intrathecal bupivicaine. The
primary endpoint was the proportion of patients with a reduc-
tion in their VAS score of 20% or more regardless of increased
toxicity or an equal VAS score with a 20% or greater reduc-
tion in toxicity; 84.5% in the IDDS and 70.8% in the CMM
group achieved this endpoint (P = 0.05). The IDDS group 
had a greater reduction in VAS pain scores (3.90 ± 3.42 versus
3.05 ± 3.16, P = 0.055). All common opioid adverse effects,
except impotence and pruritis, were reduced to a greater
degree in the IDDS group, with statistically significant advan-
tages in fatigue, depressed level of consciousness, and an
aggregate score of opioid toxicity compared to CMM alone.
Six-month survival was found to favor IDDM (53.9% versus
37.2%, P = 0.06). This finding must be interpreted cautiously
because survival was not a prospectively defined endpoint of
this study.

Several issues complicate the interpretation of this impor-
tant study. Among 101 patients randomized to IDDS, only 51
actually had a drug delivery device implanted. Five patients
assigned to CMM eventually crossed over and received an
implanted device. Sixteen serious adverse events associated
with the devices were reported in the 56 patients who
received them. Key results were reported as a percentage of
those for whom data were available at 4 weeks, not on an
intent-to-treat basis. Despite the questions raised by these
issues, this study may lead to greater acceptance of interven-
tional approaches for cancer pain in the 5% to 15% of patients
whose pain responds inadequately to medical management or
who are intolerant of opioids.

A number of adjuvants administered by the intrathecal or
epidural route have been evaluated in small, randomized
studies. When combined with morphine, epidural infusion of
the alpha-2-adrenergic agonist clonidine at 10mg/h was found
to be superior to placebo in providing successful analgesia,
particularly in pain that was characterized as neuropathic.177

Intrathecal bupivacaine has been reported to provide an
opioid-sparing effect.178 Epidural morphine, combined with
low doses of ketamine, neostigmine, or midazolam, was eval-
uated in a randomized double-blind study of 48 terminal
cancer patients.179 Pain was initially treated with epidural
morphine to maintain the VAS score below 4/10. Thereafter,
pain escalation was treated by the addition of the epidural
study drug (morphine, 2mg; ketamine, 0.2mg/kg, neostig-
mine 100mg, or midazolam, 500mg) on a daily basis. Only the
patients in the ketamine group had lower VAS pain scores
compared to the morphine group (P = 0.018). Those receiving
ketamine required less epidural morphine during the 25-day
period of study (P = 0.003). Based on findings such as these,
clinical practice in patients treated with neuraxial drug infu-



sions for otherwise intractable pain is evolving toward the
administration of several agents simultaneously.180,181

Neurolytic Approaches

Nondestructive analgesia generally precedes tissue-damaging
forms of palliation, such as neurolytic blocks and other anes-
thetic techniques or neurosurgical division of afferent 
pathways. Among the consensus exceptions, supported by
randomized trials, is celiac block for patients with pancreatic
or other retroperitoneal tumors who have moderate to severe
pain.182–187 The decision to employ neurolytic blocks normally
follows inadequate pain control with more conservative
therapy, lack of other efficacious options, access to medical
and social support systems afterward, and a favorable result
from a test block using local anesthetic.165,188 The evidence for
other ablative procedures, such as cordotomy, myelotomy,
and rhizotomy, is based on uncontrolled cohort studies.

Treatments for Neuropathic Cancer Pain

Few studies have focused specifically on cancer patients suf-
fering from neuropathic pain. We identified three RCTs
reporting on analgesic effects of amantadine, amitriptyline,
and capsaicin for the treatment of surgical or postmastectomy
neuropathic pain.189–191 All three agents were reported to be
significantly superior to placebo; however, the numbers 
of subjects involved were small and the results must be 
considered preliminary. Clinical trials192 and systematic
reviews193,194 have documented the efficacy of antidepressants
and anticonvulsants for a spectrum of neuropathic pain, but
not specifically in cancer patients. Anticonvulsant medica-
tions have been shown to be effective in the management of
postherpetic neuralgia. A multicenter, placebo-controlled
RCT in 229 patients demonstrated a significant reduction in
pain intensity in those receiving gabapentin versus placebo
for 8 weeks.195 There is as yet no evidence from RCTs that
cancer patients with painful neuropathies caused by
chemotherapy, radiotherapy, surgery, or nerve entrapment
benefit from gabapentin.

Oral Mucositis-Related Pain

The incidence of oral mucositis ranges from 40% in patients
undergoing chemotherapy treatment to more than 80% in
patients receiving radiation treatment to the head and neck.196

The treatment and prevention of mucositis have been the
subject of recent systematic reviews.197–199

Treatments that have been evaluated for the prevention
of oral mucositis include chlorhexidine,200–203 ice chips,204,205

prostaglandins,206,207 glutamine,208,209 sucralfate,210 recombi-
nant human granulocyte macrophage colony-stimulating
factor (GM-CSF),211 chamomile,212 and allupurinol mouth-
wash.213 The conclusion of a Cochrane Review199 was that
there is some evidence that oral ice chips may have a benefi-
cial effect for the prevention of mucositis. However, this con-
clusion is based on two studies involving 117 subjects who
were not blinded to treatment. More recently, recombinant
human keratinocyte growth factor (KGF) was evaluated for
prevention of mucositis and its symptoms in a randomized
Phase I study of 81 patients receiving 5-fluorouracil and leu-
covorin.214 The rates of grade two to four mucositis were 43%

with KGF and 67% with placebo (P = 0.06). However, cuta-
neous toxicity was dose limiting in 3 patients. This trial,
although not designed to be definitive, should stimulate
further research on the use of KGF for mucositis.

A systematic review and meta-analysis of prophylaxis for
oral mucositis in irradiated head and neck cancer included 15
randomized, controlled trials involving a total of 1,022
patients.197 Nine studies assessed direct cytoprotectants. Of
these, 5 evaluated the barrier sucralfate and 4 evaluated pro-
tectants that are thought to stimulate epithelial response (1
trial each of prostaglandin, beta-carotene, hydrogen peroxide,
and laser therapy). One assessed indirect cytoprotectants
(benzydamine) and 5 trials considered antibacterials. Of
those, 3 studied broad-spectrum antibacterials and 2 evalu-
ated narrow-spectrum antibiotic lozenges. In the meta-
analysis, the odds ratio (OR) favored antibacterial agents over
placebo (OR 0.47; 95% CI, 0.25, 0.92), and within this group-
ing, the only significant effect was for the narrow-spectrum
antibacterials, and only when assessed by the physician (OR
0.45; 95% CI, 0.23, 0.86). Based on patient self-assessments,
none of the agents was found to provide effective prophylaxis.
Furthermore, a subsequent RCT of 137 patients undergoing
radiotherapy for head and neck cancer found no benefit for an
antimicrobial lozenge compared with placebo.215 Amifostine,
a thiophosphate cytoprotective agent, has been found to ame-
liorate acute and chronic xerostomia associated with radio-
therapy but does not prevent mucositis.216

Treatment of established oral mucositis, and the pain
associated with it, has also been the subject of a separate
Cochrane Systematic Review198; 25 RCTs involving 1,292
patients were reviewed. Allopurinol, immunoglobulin, and
human placental extract were found (in a single trial of each)
to ameliorate mucositis, but 2 of these studies were judged to
be at moderate risk for bias and one at high risk. Mucositis
was found to heal significantly more quickly with allopuri-
nol compared to placebo and with GM-CSF compared to povi-
done iodine. In head and neck cancer patients with severe,
painful mucositis resulting from concurrent chemotherapy
and radiotherapy, a morphine mouthwash was found to
reduce significantly the intensity and duration of oral pain,
and the duration of functional impairment, compared to a
mouthwash containing lidocaine, diphenhydramine, and
magnesium aluminum hydroxide (“magic mouthwash”).217

This trial, although small (26 patients), focused on a highly
symptomatic cohort and provides perhaps the best evidence
to support a specific treatment for pain due to mucositis.

The Roles of Systemic Chemotherapy and
Hormonal Therapy in Treating Cancer Pain

For patients with cancers that can potentially be cured by
chemotherapy, the optimal approach to cancer pain may be
prompt and aggressive treatment of the underlying disease
with the most effective systemic therapy. The number of
tumors that fall into this category is, unfortunately, small
(e.g., germ cell tumors, choriocarcinoma, non-Hodgkin’s 
lymphoma, Hodgkin’s disease). For many common cancers,
however, such as non-small cell lung cancer, colorectal
cancer, and hormone-refractory prostate cancer (HRPC), the
response rates for chemotherapy are generally less than 30%,
and complete or durable responses are rare. Despite relatively
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low objective response rates, a number of recent studies have
demonstrated the potential for chemotherapy to ameliorate
cancer pain. In a clinical trial of chemotherapy for metasta-
tic breast cancer, 73.7% of those who responded to treatment
experienced an improvement in pain (although it should be
noted that, even among patients with disease progression on
treatment, 22.7% had improvement in pain, suggesting either
a placebo effect for chemotherapy or an improvement in
patients’ analgesic regimens).218

Three RCTs have evaluated the impact of the chemother-
apeutic agent mitoxantrone on pain in HRPC.219–221 Tannock
et al. randomized 161 patients to prednisone with or without
mitoxantrone.219 The primary response variable was pain and
analgesic use. Pain declined in 29% of patients receiving com-
bination therapy and in 12% of those receiving prednisone
alone (P = 0.01). An additional 7 patients in each group
reduced analgesic consumption by at least 50% without an
increase in pain. The response to combination therapy lasted
15 weeks, twice as long as that to prednisone alone (P less
than 0.001). Possible cardiac toxicity was reported in 5 of 130
patients in the mitoxantrone group. In another study of 242
patients with HRPC, there was an indication that health-
related quality of life (HRQOL) was better with mitoxantrone
and hydrocortisone versus hydrocortisone alone, particularly
with respect to pain control.220 In a third randomized trial
comparing mitoxantrone plus prednisone to prednisone alone
in HRPC, patients taking prednisone showed no improve-
ment in HRQOL scores after 6 weeks, whereas those taking
mitoxantrone plus prednisone showed significant and durable
improvement in global quality of life, four functioning
domains, and nine symptoms, including pain. The addition
of mitoxantrone to prednisone after failure of prednisone
alone was associated with improvement in pain, pain impact,
pain relief, and global quality of life.221 These three studies
present consistent evidence for better relief of pain when
using mitoxantrone plus a corticosteroid compared to a cor-
ticosteroid alone in selected patients with advanced HRPC.
More recently, two large randomized studies suggested that
docetaxel is superior to mitoxantrone in HRPC in terms of
both pain control and survival.222,223

Advanced pancreatic cancer is notoriously refractory to
treatment, rapidly progressive, and often associated with a
multiplicity of symptoms. In this context, the results of a
study by Burris et al., comparing two chemotherapy regimens,
is very striking and has certainly changed the standard of care
for this disease.224 In this study, 126 patients with advanced,
symptomatic pancreatic cancer were randomized to treat-
ment with weekly intravenous fluorouracil (5-FU) or intra-
venous gemcitabine given weekly for 7 of the first 8 weeks
and then weekly for 3 weeks of every 4. The primary end-
point was “clinical benefit,” a composite measure of pain,
analgesic consumption, Karnofsky performance status, and
weight. The criterion for clinical benefit was an improvement
in any of these parameters for at least 4 weeks, without wors-
ening in the other parameters; 23.8% of patients in the gem-
citabine arm had a clinical benefit, compared to 4.8% in the
5-FU arm (P = 0.0022). There was also a survival benefit asso-
ciated with gemcitabine, with 18% of patients alive at 12
months compared to 2% of those treated with 5-FU.

Despite these promising indications that chemotherapy
can ameliorate cancer pain under certain circumstances, the
number of trials specifically addressing this question is

limited, and other published studies reported negative find-
ings.224,225 The potential palliative impact of chemotherapy on
pain is only one variable that must be weighed in the deci-
sion to pursue such treatment. The decision depends on a
multitude of other factors including the patient’s wishes, his
or her underlying medical condition, and the likelihood of an
impact on survival and on overall quality of life.

Less controversial is the role of hormonal therapy in
breast and prostate cancer. Androgen deprivation has been
recognized to be an effective, albeit palliative, treatment for
advanced prostate cancer for more than 60 years. Only a
handful of studies have compared the relative efficacy of 
different types of hormonal therapy for pain caused by
prostate cancer.226–229 Based on the available data, there is no
clear advantage for luteinizing hormone-releasing hormone
(LHRH) analogues compared to surgical orchiectomy in
achieving castrate levels of testosterone, and thus, the choice
of method can be made on the basis of patient preference,
cost, and convenience. The addition of a nonsteroidal antian-
drogen can lead to more rapid resolution of bone pain and can
prevent pain and other complications resulting from the
tumor flare phenomenon that may accompany the initiation
of therapy with LHRH analogues. In men who progress symp-
tomatically after medical or surgical androgen ablation, low-
dose prednisone appears to provide better pain relief than 
the antiandrogen flutamide, with similar time to progression
and overall survival.230 In advanced breast cancer, hormonal
therapy is usually the treatment of choice for patients whose
tumors express the estrogen receptor, with responses to first-
line treatment in the 50% to 60% range and generally favor-
able toxicity profiles. In patients who respond to it, hormonal
therapy for metastatic breast cancer may provide excellent
palliation of pain and other symptoms.

External-Beam Radiation and Systemic
Radionuclides in Treating Cancer Pain

Fourteen trials involving a total of 3,859 patients compared
various fractional dosing schedules of palliative radiotherapy,
most often given for painful bone metastases.231–244 High rates
of pain relief were reported. Meta-analysis is problematic due
to the heterogeneity of the dosing schedules, the variability
in the anatomic sites and fields involved, and the outcomes
assessed. Short courses of treatment with moderate doses
appear to yield results similar to longer courses and seem
preferable for convenience. Some studies suggest the possi-
bility that a single dose may be sufficient. In one small study,
the addition of a corticosteroid to radiotherapy did not
improve pain control.245

Few studies have focused specifically on the incidence of
pain resulting from radiation therapy. The effect of breast irra-
diation on HRQOL, including pain and cosmetic outcome,
was evaluated in a clinical trial in which 416 patients were
randomly allocated to radiation therapy and 421 to no further
treatment.246 A modified version of the Breast Cancer
Chemotherapy Questionnaire was administered at baseline,
4 weeks, and 8 weeks after randomization. Irritation of the
skin of the breast, breast pain, and appearance of the breast
to the patient were also assessed every 3 months for the first
2 years of the study. Breast irradiation therapy had a negative
effect on quality of life during treatment. After treatment,
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irradiated patients reported increased breast symptoms com-
pared with controls. However, no difference was detected
between groups after 2 years in the rates of skin irritation,
breast pain, and being upset by the appearance of the breast.

Systemic Radionuclide Therapy

Porter et al. evaluated the efficacy of external-beam radiation
with or without systemic 89Sr in reducing pain among men
with HRPC.247 Pain was assessed by analgesic use and by the
Radiation Therapy Oncology Group analgesic and pain
scoring system. At 6 months, the 89Sr group had better pain
scores, although the difference between groups was not sig-
nificant. However, the 89Sr group had significantly fewer new
pain sites and did not require further radiotherapy for a mean
of 35 weeks compared with 20 weeks for the radiotherapy-
alone group. The 89Sr group also had significantly higher rates
of hematologic toxicity.

Samarium-153 ethylenediaminetetramethylene phospho-
nate (153Sm EDTMP) was evaluated in 118 patients, most with
breast or prostate cancer, who had painful bone metastases.248

They were randomized in a blinded fashion to receive a single
dose of placebo or 0.5 or 1.0mCi/kg of the active drug. Those
on the placebo arm who did not respond by week 4 were eli-
gible to cross over to treatment at 1.0mCi/kg. There was a
benefit in integrated pain scores and opioid analgesic use at
4 weeks in patients receiving the higher dose of 153Sm
EDTMP. Only 30% of patients completed the 16-week follow-
up period. In another study of a single dose of 153Sm EDTMP
(either 37 or 18.5MBq/kg) in patients with painful bone
metastases, 58 of 70 patients in the high-dose group, and 
30 of 35 in the low-dose group, had a reduction in pain, 
and Karnofsky indices improved at both doses. Of 72 patients
who had been receiving analgesics, 63 reduced their 
consumption.249

Bisphosphonates in the Treatment and
Prevention of Pain Caused by Bone Metastases

Bisphosphonates, inhibitors of bone resorption by osteoclasts,
have been evaluated extensively in patients with (primarily
osteolytic) bone metastases. Many of the larger and more
recent studies have focused on the impact of these agents on
skeletal complications, including pathologic fractures, spinal
cord compression, and the need for surgery or radiation
therapy. Pain was most often reported as a secondary end-
point, without providing detailed information. The main role
of bisphosphonates appears to be the prevention of skeletal
morbidity in patients with bone involvement from breast
cancer and multiple myeloma. Their role in other cancers is
not as well established.

A recent Cochrane Systematic Review identified eight
RCTs of bisphosphonates involving 1,962 women with breast
cancer metastatic to bone.250 Bisphosphonates reduced the
risk of a skeletal event by 14% (P less than 0.00001). Com-
pared to placebo or no bisphosphonate, pain was improved
significantly in four studies.

The combined results of two prospective, multicenter,
randomized, double-blind, placebo-controlled trials of
pamidronate, involving 751 evaluable patients, strongly

support a protective effect in women with breast cancer and
bone metastases receiving hormonal therapy or chemother-
apy.251 Skeletal complications occurred in 51% of those
receiving pamidronate, 90mg, intravenously every 3 to 4
weeks and 64% of the placebo group (P less than 0.001). Pain
and analgesic requirements were also significantly worse in
the placebo groups at 24 months and at the last study visit
compared with the pamidronate groups.

A randomized, placebo-controlled, multicenter study 
in Sweden and Norway evaluated the efficacy of 60mg
pamidronate in 404 women with advanced breast cancer with
skeletal metastases.252 Pain scores, using a VAS, and analgesic
consumption were recorded every third month. There was a
significantly increased time to progression of pain (P less than
0.01) in favor for the pamidronate group; this group also fared
better with respect to performance status (P less than 0.05).
There was a lower consumption of opioid analgesics in the
pamidronate group, but this was not statistically significant
(P = 0.14).

A Cochrane Review focusing on bisphosphonates in mul-
tiple myeloma identified 11 RCTs.253 In aggregate, there was
a highly statistically significant amelioration of pain (as 
well as skeletal events) associated with bisphosphonates in
patients with multiple myeloma. The odds ratio for pain was
0.59 (95% CI, 0.46–0.76); however, the authors of the review
stated that the data on pain were heterogeneous and should
be interpreted with caution.

The higher-potency bisphosphonate zoledronic acid was
shown to be as effective as pamidronate in reducing skeletal
complications in a large RCT of patients with breast cancer
or multiple myeloma, but its impact on pain is less well 
documented.254

Because of the tropism of prostate cancer for bone, bis-
phosphonates have been extensively evaluated for their
potential to reduce morbidity from osseous metastases in that
disease. In contrast to breast cancer and multiple myeloma,
however, the data on the efficacy of these agents in prostate
cancer are mixed; this may be because the bone metastases
produced by prostate cancer are predominantly blastic rather
than lytic. Also, the evaluation of pain or analgesic use as an
outcome for bisphosphonate therapy may be confounded by
many factors, such as the concurrent use of chemotherapy,
hormonal therapy, radiotherapy, and conventional analgesics.

Despite some early promising results, several recent large
RCTs have failed to support a role for bisphosphonates in
prostate cancer, other than perhaps to slow the progression of
osteopenia. Oral clodronate was evaluated in 311 patients 
on hormonal therapy for bone metastases from prostate
cancer.255 There were no significant differences in sympto-
matic bone progression-free survival (absence of increase in
analgesic use, treatment with radiotherapy, change in hor-
monal therapy, pathologic fracture, or spinal cord compres-
sion) associated with clodronate compared to placebo.
Similarly, when combined with mitoxantrone and pred-
nisone, intravenous clodronate was no more effective than
placebo in reducing pain intensity in an RCT of 209 patients
with metastatic hormone-refractory prostate cancer.256 A
pooled analysis was performed of two clinical trials in which
378 patients were randomly assigned to 90mg pamidronate
or placebo every 3 weeks for 27 weeks.257 All patients had pain
due to metastatic prostate cancer that had progressed on first-
line hormonal therapy, and reduction in pain was the primary
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endpoint of the studies. No sustained differences were
observed between the pamidronate and placebo groups in
scores on the Brief Pain Inventory, analgesic consumption, or
adverse skeletal events.

The best evidence (albeit equivocal) for a benefit from a
bisphosphonate in prostate cancer comes from an RCT eval-
uating zoledronic acid in subjects with bone metastases and
a rising prostate-specific antigen level while on hormonal
therapy.258 Those requiring “strong narcotic therapy” were
excluded. Six hundred forty-three patients were randomly
assigned to receive 8mg zoledronic acid (subsequently
reduced to 4mg due to renal toxicity), 4mg zoledronic acid,
or placebo, given intravenously every 3 weeks for 15 months.
The primary outcome variable was the proportion of patients
with at least one skeletal event (pathologic bone fracture,
spinal cord compression, surgery or radiotherapy to bone, or
a change in antineoplastic therapy to treat bone pain). A
smaller proportion of patients in both zoledronic acid arms
experienced skeletal events, but the difference was only sta-
tistically significant in those on the 4-mg arm (33.2% versus
44.2% for placebo; P = 0.021). Pain, as assessed by the Brief
Pain Inventory every 6 weeks, increased in all three groups.
The mean increase from the baseline pain score after 15
months was less in both active treatment groups than the
placebo group, but, unlike the primary outcome, the differ-
ence was statistically significant only in the group initially
assigned to receive the 8-mg dose of zoledronic acid and sub-
sequently reduced to 4mg. The observation of significantly
fewer skeletal events only in the 4-mg arm, but significantly
smaller increments in pain only in the arm initially assigned
to receive 8mg, remains unexplained. There were no signifi-
cant differences in analgesic use or quality of life among the
three groups.

Given the inconsistencies in the data, and the fact that
bisphosphonates are not without toxicity (adverse effects
include myalgias, fevers, nausea, and renal insufficiency), this
class of drugs cannot be considered part of standard care in
metastatic prostate cancer. Limited evidence supports a pos-
sible benefit in reducing skeletal morbidity, rather than an
analgesic or opioid-sparing effect. Few studies have evaluated
bisphosphonates in cancers other than breast, prostate, and
multiple myeloma, and the results are not definitive.259

Undertreatment of Cancer Pain

Despite the prospect of achieving control of cancer pain in
the great majority of patients, cancer pain remains under-
treated even in oncology specialty clinics within wealthy,
industrialized nations.42 A substantial body of research indi-
cates that undertreatment is multifactorial. Inadequacy of
clinicians’ knowledge of effective pain assessment and man-
agement, negative attitudes of patients and clinicians toward
the use of drugs (particularly opioids) for pain relief,260–262 and
problems of access, cost, and reimbursement,263,264 each con-
tribute. Issues of culture and ethnicity265–267 have considerable
importance for cancer pain assessment and management but
have until recently received little attention in clinical trials.
The elderly, women, children, and members of racial minori-
ties are at increased risk for unsatisfactory pain relief.51,58,268–272

A finding of considerable concern was that, among nursing
home patients with cancer in the United States, 26% of 
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those with daily pain received no analgesics.51 The predictors
for undertreatment or nontreatment of pain included age
greater than 85, impaired cognitive status, and minority race.
This study and others indicate that disparities exist in pain
assessment and treatment based on demographic factors, such
as age and race.3 In addition, pilot studies suggest clinically
relevant gender273–275 and genetic276,277 differences in the effi-
cacy and adverse effects of opioid analgesics.

The Role of Patient Education

Lack of adherence with prescribed analgesic regimens repre-
sents a significant barrier to effective management of cancer
pain.278 The reasons for patients’ lack of adherence are
complex, including issues of access and cost, the narrow ther-
apeutic index of opioids, and the fear and misperceptions
attached to them. In light of these barriers, educating cancer
patients about their pain and its treatment is an essential
component of effective management.

The impact of pain education programs has been evalu-
ated in a small number of RCTs. In a study of 313 cancer
patients with chronic pain, the educational intervention con-
sisted of verbal, written, and audiotaped instruction on pain
management and a pain diary. Among the 67% of patients not
receiving home nursing care, there was a statistically signif-
icant decrease in pain intensity associated with patient edu-
cation.279 Miaskowski et al.280 randomized 174 patients with
cancer pain to standard care or to a “PRO-SELF” intervention
in which patients received individualized counseling by spe-
cially trained nurses and written instructions on the man-
agement of pain and the adverse effects of their medicines.
The patients kept pain diaries and were taught to use a pill
box and to communicate effectively with their caregivers
about unrelieved pain. Pain intensity scores (worst, average,
and least pain) declined significantly in the PRO-SELF group
but not in those receiving standard care. “Standard care” in
this study consisted of providing subjects with the patient
version of the Cancer Pain Guidelines,66 instructing them in
the maintenance of a daily pain diary, and providing home
visits and telephone contacts from a nurse on the same sched-
ule as the PRO-SELF group. As the control group received
educational support superior to that provided in most prac-
tice settings, the positive results achieved with the PRO-SELF
intervention are even more striking.

Conclusion

The studies reviewed here provide unequivocal evidence that
cancer pain is highly prevalent yet can be ameliorated in the
large majority of people who suffer from it. In the face of this
evidence, neglect and therapeutic nihilism are not justifiable.
Straightforward algorithms for assessing pain have been vali-
dated. Treatment according to the WHO analgesic ladder pro-
vides effective pain relief in 80% to 90% of cases. Neuraxial
drug delivery and other invasive techniques may be options
for the minority of patients who have inadequate relief or
intolerable adverse effects with systemic opioid therapy,
NSAIDs, and adjuvants. For selected subsets of patients, radio-
therapy, chemotherapy, hormonal therapy, and bisphospho-
nates may provide relief from pain or prevent its escalation.
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Further progress in cancer pain depends on dissemination
and implementation of methods of assessment and treatment
that are known to be effective. The evidence suggests that pain
is inadequately assessed and undertreated in many practice
settings, and that women, children, the elderly, and minori-
ties are less likely to receive effective pain management. Edu-
cation of caregivers is needed to address these disparities.
Educational support for patients and their families has been
shown to play an important role in optimal pain management.

Investigations of the mechanisms of pain have led to an
increasingly detailed understanding of its pathogenesis, yet
treatment remains largely empiric rather than mechanism
based. Various routes of drug administration have been
explored, but no new, generally effective agents have been
added to the traditional pharmacopeia of opioids, acet-
aminophen, NSAIDs, and adjuvants. Variations in individual
responses to the different agents in these classes are poorly
understood, leading to empiric rotation of drugs. There is
little evidence to support specific, “targeted” therapies for
defined pain syndromes, such as postmastectomy or posttho-
racotomy pain. The narrow therapeutic index of opioids
means that, for many patients, pain relief comes at the cost
of opioid-related adverse effects including sedation, constipa-
tion, and nausea, which themselves require treatment.

The development of new drugs and other treatment
modalities for cancer pain, and the more efficacious use of
existing modalities, depend on their evaluation in well-
designed, adequately powered clinical trials. The performance
of such trials presents several challenges, including the het-
erogeneity of cancer pain, difficulties in accruing sympto-
matic patients, the ethical problems associated with placebo
controls in patients with pain, high dropout rates, and the
choice of appropriate assessment measures and endpoints.
Researchers concerned with improving symptoms in cancer
patients have already demonstrated the capacity to surmount
these and other obstacles. They have provided a strong evi-
dence base for daily clinical care and a foundation for con-
tinued progress against cancer pain.
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Nausea and Vomiting 
in the Cancer Patient

Paula Gill, Axel Grothey, 
and Charles Loprinzi

ausea and vomiting are two of the most feared
cancer treatment-related side effects for cancer
patients and their families. In 1983, Coates et al.

found that patients receiving chemotherapy ranked nausea
and vomiting as the first and second most severe side effects,
respectively.1 Up to 20% of patients receiving highly emeto-
genic agents in this era postponed, or even refused, potentially
curable treatments.2 Despite the availability of more than 20
different antiemetics, nausea and vomiting in cancer patients
remain problematic and continue to pose tremendous chal-
lenges to practicing oncologists.

The broad scope of this problem and the vast number of
ways to intervene may seem overwhelming to the busy
oncologist whose patient is in the examination room waiting
for a solution. This is a reason to take an evidence-based
approach when tackling this problem. This chapter presents
options based on data and experience gathered over the past
several decades in different clinical settings and discusses the
importance of using cost-effective antiemetic regimens.

Chemotherapy-Induced Nausea and 
Vomiting Syndromes

Investigations into the control of chemotherapy-related
nausea and vomiting have led to the description of three dis-
tinct, widely accepted, emetic syndromes: acute, delayed, and
anticipatory.3,4 Despite many theories and hypotheses, the
exact pathophysiology behind each syndrome is not known
(Figure 83.1).

Acute

Acute nausea and vomiting has been, for no convincing
pathophysiologic reason, considered as that which occurs
within the first 24 hours of chemotherapy initiation. It has
been hypothesized that the chemostimulated release of sero-
tonin binds to 5-hydroxytriptamine 3 (5-HT3) receptors on
gut vagal afferent neurons and initiates the emetic reflex
arch.3,4 Within 18 hours postinfusion, the serum serotonin
concentration returns to “normal,” that is, prechemotherapy
levels.5

Several factors have been identified for predicting
chemotherapy-induced nausea and vomiting (CINV). The
most important factor is the emetogenicity of the chemother-

apeutic agents being used. In 1997, Hesketh et al. proposed 
a classification for the acute emetogenicity of cancer
chemotherapy, both single agents and combination chemo-
therapy.6 They proposed that the emetogenic potential of
chemotherapy, without the use of antiemetics, be divided
into five levels based on frequency (Table 83.1).6 An algorithm
for the emetogenic potential of combined regimens was also
outlined (Table 83.2). Part of the problem with utilizing this
emetogenic classification system, particularly with newer
chemotherapy agents, is that antiemetics are given to patients
as a standard of care; this makes it difficult to know the true
emetogenic potential of individual cytotoxic agents. In 1998,
the Anti-emetic Subcommittee of the Multinational Associ-
ation of Supportive Care in Cancer held a consensus confer-
ence, whereby the foregoing classification was reviewed.7

Although the use of the classification was encouraged by the
panel, the lack of evidence regarding the emetogenicity of 
specific agents or chemotherapy combinations rendered them
unable to come to a consensus.8,9

There are also well-described patient factors, predisposing
for more or less emetic trouble with specific chemotherapy
regimens, that have been supported in multiple studies.
Factors predicting for more emetic troubles include poor
emetic control with prior chemotherapy,10 female gender, 
low alcohol intake (current or chronic, less than 100g
EtOH/day),11–13 younger age (less than 50 to 65 years),11–14 and,
although less consistent, low social functioning or high
fatigue scores.12 CINV increases almost fourfold in those 
with any four of six risk factors they described (female,
prechemotherapy nausea, highly emetogenic chemotherapy,
lack of maintenance antiemetics, low social functioning,
history of low alcohol use).

Delayed

Delayed nausea and vomiting is arbitrarily defined as occur-
ring more than 24 hours after chemotherapy. As little as we
know about the pathophysiology of acute CINV, we know
even less about that of delayed.15 The neurokinin substance
P, however, has recently been implicated in the pathogenesis
of acute and delayed CINV. Neurokinins (NK) are a family of
peptides found in mammals that share a common carboxy-
terminal amino acid sequence (Phe-X-Gly-Leu-Met•NH2).
Three neurokinins have been identified to date (substance P,
neurokinin A, and neurokinin B), along with three NK recep-
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tors (NK1, NK2, NK3). NK1 receptors are found throughout
the central nervous system, peripheral nervous system, and
gut, with a very high density located in the chemoreceptor
trigger zone (CTZ) of the medulla oblongata.16 NK1-receptor
antagonists have been shown to be helpful in the treatment
of both acute and delayed CINV (discussed next).

As with acute CINV, the emetogenic potential of
chemotherapy regimens and certain patient characteristics
can help oncologists predict which patients are at risk for
developing delayed CINV. Delayed CINV is well described in
patients receiving cisplatin chemotherapy. Only recently has
this risk been formally assessed with moderately emetogenic
agents, such as cyclophosphamide (750–1,500mg/m2).17

In some models, one patient characteristic that predicts
for an increased risk of delayed CINV is poor control of acute
CINV.3,8,11 Those who experience acute nausea and/or emesis
with chemotherapy are much more likely to develop these
complications 24 hours or more after treatment. It makes
sense, therefore, that patient characteristics that increase the
risk of acute CINV (poor emetic control with prior
chemotherapy, female gender, low alcohol intake, younger
age) will also increase their risk of delayed CINV.

Anticipatory

Anticipatory nausea and/or vomiting is a conditioned
response that has a tendency to occur when nausea and vom-
iting have been poorly controlled with previous cycles of
chemotherapy.7,18,19 Previously neutral stimuli become condi-
tioned stimuli and can thereby elicit anticipatory nausea
and/or vomiting. This event can occur before, during, or after
chemotherapy and can be brought on by sights (the clinic, the
oncologist), smells (smell of the hospital), or environments
(the chemotherapy suite).

Several studies have shown acute or delayed CINV with
previous cycles, highly emetogenic drugs, and a patient
receiving chemotherapy over an extended period of time (i.e.,
several months) are associated with a higher incidence of
anticipatory nausea and/or vomiting.4 Some studies have
shown that younger patients (less than 50 years old), as well
as those with a history of anxiety or depression, have more
difficulty with anticipatory nausea and/or vomiting.18 One of
the most well supported predictors is a history of motion sick-
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FIGURE 83.1. Proposed endogenous mediators of chemotherapy-
induced nausea and vomiting (CINV).

TABLE 83.1. Emetogenicity of chemotherapeutic agents.

Level 1 (<10%)
Androgens
Bleomycin
Busulfan (po, <4mg/kg/day)
Chlorambucil (po)
Cladribine
Corticosteroids
Fludarabine
Hydroxyurea
Interferon
Melphalan (po)
Mercaptopurine
Methotrexate (<50mg/m2)
Thioguanine (po)
Tretinoin
Vinblastine
Vincristine
Vinorelbine

Level 2 (10%–30%)
Asparaginase
Cytarabine (<1g/m2)
Docetaxel
Doxorubicin hydrochloride (<20mg/m2)
Etoposide
Fluorouracil (1,000mg/m2)
Gemcitabine
Methotrexate (>50mg/m2; <250mg/m2)
Mitomycin
Paclitaxel
Teniposide
Thiotepa
Topotecan

Level 3 (30%–60%)
Aldesleukin
Cyclophosphamide (IV <750mg/m2)
Dactinomycin (<1.5mg/m2)
Doxorubicin hydrochloride (20–60mg/m2)
Epirubicin hydrochloride (<90mg/m2)
Idarubicin
Ifosfamide
Methenamine (po)
Methotrexate (250–1,000mg/m2)
Mitoxantrone (<15mg/m2)

Level 4 (60%–90%)
Carboplatin
Carmustine (<250mg/m2)
Cisplatin (<50mg/m2)
Cyclophosphamide (>750mg/m2 to <1,500mg/m2)
Cytarabine (>1g/m2)
Dactinomycin (>1.5mg/m2)
Doxorubicin hydrochloride (>60mg/m2)
Irinotecan
Melphalan (IV)
Methotrexate (>1,000mg/m2)
Mitoxantrone (>15mg/m2)
Procarbazine (po)

Level 5 (>90%)
Carmustine (>250mg/m2)
Cisplatin (>50mg/m2)
Cyclophosphamide (>1,500mg/m2)
Dacarbazine (>500mg/m2)
Lomustine (>60mg/m2)
Mechlorethamine
Pentostatin
Streptozocin

Source: From Hesketh et al.,6 by permission of Journal of Clinical Oncology.



ness.19,20 It is important to realize that anticipatory nausea
and/or vomiting is not a sign of underlying psychopathology
but is a classically conditioned, Pavlovian-type response that
may be avoided if nausea and/or vomiting does not occur with
previous cycles of chemotherapy.

Treatment of Chemotherapy-Induced Nausea
and Vomiting

Treatment of Acute Nausea and Vomiting 
(Table 83.3)

Serotonin Receptor Antagonists

Which antiemetic agents are most effective? Is intravenous
administration superior to oral application? Which dose is
best? The improved efficacy of highly emetogenic antineo-
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TABLE 83.2. Algorithm for estimation of emetogenic potential of
combination chemotherapy regimens.

1. Use Table 83.1 to assign emetic level to each agent in the
regimen.

2. Identify most emetogenic agent.
3. When considering the other components of the regimen, use the

following rules:
a. Level 1 agents do not contribute to emetogenicity.
b. Adding level 3 or 4 agents increases emetogenicity by one

level/agent.
c. Adding level 2 agents (regardless of number) increases

emetogenicity by one level greater than the most emetogenic
agent.

Source: From Hesketh et al.,6 by permission of Journal of Clinical Oncology.

TABLE 83.3. Level of evidence for treatment recommendations.

Comparison Result Evidence level Reference

A. Highly emetogenic chemotherapy: acute emesis
5-HT3 antagonist vs. no 5-HT3 antagonist
Ondansetron vs. metoclopramide Ondansetron superior I 90–92
Ondansetron/dexamethasone vs. Ondansetron/dexamethasone superior I 28, 93, 94

metoclopramide/dexamethasone
Granisetron vs. metoclopramide/dexamethasone Equivalent II 95, 96
Granisetron/dexamethasone vs. Granisetron/dexamethasone superior I 95, 97

metoclopramide/dexamethasone
Dolasetron vs. metoclopramide Dolasetron superior II 30
5-HT3 antagonist vs. 5-HT3 antagonist + dexamethasone
Ondansetron vs. ondansetron/dexamethasone Ondansetron/dexamethasone superior I 98, 99
Granisetron vs. granisetron/dexamethasone Granisetron/dexamethasone superior I 68, 95
5-HT3 antagonist vs. other 5-HT3 antagonist
Ondansetron vs. granisetron Equivalent I 24, 25, 29
Ondansetron vs. dolasetron Equivalent II 26
Ondansetron vs. palonosetron Equivalent II 42

B. Moderately emetogenic chemotherapy: acute emesis
5-HT3 antagonist vs. no 5-HT3 antagonist
Ondansetron vs. metoclopramide Ondansetron superior I 100–102
Ondansetron vs. metoclopramide/dexamethasone Equivalent II 103
Granisetron/dexamethasone vs. Granisetron/dexamethasone superior II 104

metoclopramide/dexamethasone
5-HT3 antagonist vs. other 5-HT3 antagonist
Ondansetron vs. granisetron Equivalent I 13, 105, 106
Dolasetron vs. palonosetron (single doses of each agent) Palonosetron superior II 41
Ondansetron vs. palonosetron (single doses of each agent) Palonosetron superior II 56

C. Delayed emesis
Dexamethasone vs. no dexamethasone
Dexamethasone combination vs. Dexamethasone superior I 43, 50, 107, 108

non-dexamethasone combination
5-HT3 antagonist vs. no 5-HT3 antagonist
5-HT3 antagonist/dexamethasone vs. Equivalent I 27, 95, 109, 110

metoclopramide/dexamethasone
5-HT3 antagonist vs. metoclopramide Equivalent II 90
5-HT3 antagonist vs. other 5-HT3 antagonist
Ondansetron vs. granisetron Equivalent I 105
Ondansetron vs. palonosetron (single doses of Palonosetron superior II 41, 56

each agent)
Aprepitant vs. no aprepitant
Aprepitant combination vs. 5-HT3-antagonist Aprepitant combination superior I 45, 46, 57, 58, 111

combination

5-HT3, 5-hydroxytriptamine 3.



plastic agents, such as cisplatin and ifosfamide, led to their
increased use worldwide. As stated previously, despite higher
cure rates with these effective antineoplastic agents, a draw-
back was their association with a marked increase in
chemotherapy-related nausea and vomiting. Clinicians
responded by raising the dose of metoclopramide (2–3mg/kg
IV), a potent antagonist of type 2 dopamine receptors and very
weak inhibitor of serotonin receptors.21 In response to the
intolerable extrapyramidal side effects that occurred at high
doses of metoclopramide,22 investigators searched for more
selective 5-HT3 receptor antagonists.23 The successful dis-
covery of selective receptor antagonists led to clinical trials,
which then proved their efficacy and safety. As of 2004, 
five such 5-HT3 receptor-selective antagonists had found
their way into clinical practice: granisetron, ondansetron, tro-
pisetron, dolasetron, and, most recently, palonosetron.
Granisetron, ondansetron, tropisetron, and dolasetron share
similar low side effect profiles, which include headache, tran-
sient asymptomatic elevation in transaminases, and consti-
pation.11 Therefore, toxicity criteria do not help the practicing
physician decide which serotonin receptor antagonist to use.
Multiple large, randomized, well-controlled studies compared
these agents to each other.24–31 The overall conclusion is that
their efficacy is relatively equivalent.

Following initial trials that supported comparable effec-
tiveness of the agents in this class, subsequent studies were
conducted to address the issues of route (po or IV), dose, and
schedule. Serotonin receptor antagonists have excellent oral
bioavailability. In a multicenter, double-blind, randomized
parallel study, Perez et al. showed that a single oral dose of
granisetron (2mg) was equivalent to a single IV dose of
ondansetron (32mg) for the prevention of acute CINV with
moderately emetogenic chemotherapy (cyclophosphamide
500–1,200mg/m2 or carboplatin).13 Gralla et al. reported
similar results when comparing the same antiemetic regi-
mens (granisetron 2mg po versus ondansetron 32mg IV) for
highly emetogenic cisplatin-based chemotherapy.24 Multiple
studies were also done comparing oral ondansetron (16–24mg
po) to an intravenous dose (32mg IV) of the same agent.31–33

Again, equal effectiveness was shown. Given the comparable
efficacy of oral and intravenous routes, current recommen-
dations are based upon ease of administration and cost-
effectiveness, concluding that the oral use of these 5-HT3
receptor-selective antagonists is preferred above intravenous
administration, unless the patient is unable to tolerate oral
medications. Part of the rationale for this preference relates
to medication cost. At the time that these studies were
reported (1998), a single dose of oral granisetron (2mg) was
US $62 whereas a dose of IV ondansetron was US $129.8,21

Although the specific prices may have changed over time, a
similar gap between the oral and intravenous costs remains.

The optimal dose of serotonin receptor antagonists has
been investigated as well. Many studies have shown that it
is possible to give too little of a particular 5-HT3 antagonist,
resulting in poor emetic control.34–37 On the other hand, given
the physiology of serotonin receptor antagonists, most
experts concur that there is likely a threshold effect, meaning
that once all receptors are saturated, higher doses will not
increase antiemetic activity. An illustration of this phenom-
enon is provided in Figure 83.2. The threshold dose of each
serotonin receptor antagonist may vary based on the emeto-
genicity of a particular chemotherapy treatment regimen; this

has led to the current recommendation that the lowest fully
effective dose of each agent should be used for CINV.8,11,27

Several large, randomized trials have been conducted to
study whether serotonin receptor antagonists are best given in
a single daily dose versus dividing the total daily dose and
administering as multiple doses. Beck et al. compared IV
ondansetron, given as a single 32mg dose, to ondansetron
dosed at 0.15mg/m2 every 4 hours, in a stratified, randomized,
double-blind, multicenter study.35 The single IV dose regimen
was as effective as the multiple dose regimen. Once the equiv-
alent efficacy of oral 5-HT3 antagonists was established,
similar studies were performed to examine dosing schedules.
Ettinger et al. compared a single, 2mg oral dose of granisetron
to two divided doses (1mg 1 hour before chemotherapy, 1mg
12 hours after chemotherapy).38 Both regimens were equally
effective in controlling CINV. Harman et al. looked at the same
question, single dose versus divided dose, with dolasetron.39

Once again, both dosing schedules appeared equivalent.
Current guidelines for the use of 5-HT3 antagonists for acute
CINV, taking the aforementioned factors (lowest effective
dose, ease of administration, and cost-effectiveness) into con-
sideration, are outlined in Tables 83.2, 83.3, and 83.4. Although
there are many similarities between the recommendations of
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FIGURE 83.2. Protection from cisplatin-induced emesis by various
5HT3 antagonists. (From Grunberg et al.,37 by permission of Cancer
Chemotherapy and Pharmacology.)

TABLE 83.4. Levels of evidence.

Level Type of evidence

I Evidence is obtained from meta-analysis of multiple, well-
designed, controlled studies. Randomized trials have low
false-positive and low false-negative errors (high power).

II Evidence is obtained from at least one well-designed
experimental study. Randomized trials have high false-
positive and/or false-negative errors (low power).

III Evidence is obtained from well-designed, quasi-
experimental studies, such as nonrandomized, controlled,
single-group, prepost, cohort, time, or matched case-control
series.

IV Evidence is from well-designed, nonexperimental studies,
such as comparative and correlational descriptive and case
studies.

V Evidence is from case reports and clinical examples.



the American Society for Clinical Oncology, the National
Comprehensive Cancer Network (NCCN), and the American
Society of Health-System Pharmacists, there are also some
notable differences. For example, the NCCN guidelines
include aprepitant, an NK-1 antagonist further discussed next,
for prevention of acute and delayed CINV.8,11,40

Palonosetron is a new antiemetic agent, approved by the
U.S. Food and Drug Administration (FDA) in the fall of 2003,
that shows high selectivity and strong binding affinity for 5-
HT3 receptor sites. Of particular significance, compared to
other serotonin receptor antagonists, is its substantially
higher binding capacity to the targeted serotonin receptor and
its extended plasma half-life of approximately 40 hours,
which presumably contributes to its prolonged antiemetic
effects. Phase III studies have shown that palonosetron is safe
and effective in treating both acute and delayed CINV.41,42

Palonosetron decreases both acute and delayed nausea and
emesis with a single intravenous dose, given before
chemotherapy. In one trial, it appeared to be better than
dolasetron (100mg orally) for diminishing both acute and
delayed nausea/vomiting, although this trial did not utilize
corticosteroids.41,42 Beneficial effects remained through mul-
tiple cycles of chemotherapy. The most common adverse
effect was headache, with a frequency similar to other 5-HT3
antagonists. The eventual role of palonosetron in relationship
to the other available serotonin receptor antagonists is yet to
be determined.

Corticosteroids

Corticosteroids are among the most frequently used
antiemetics because of their efficacy, low cost, and wide avail-
ability.7,8 Dexamethasone and methylprednisolone are the
most thoroughly studied. Dexamethasone is used most often
due to its wide availability and its variety of dosage formula-
tions. The efficacy of oral and IV corticosteroids appears to be
equivalent, so oral formulations are recommended based on
ease of use and cost.

Recently, a meta-analysis was performed to identify ran-
domized evidence of the efficacy of dexamethasone in pro-
tecting against acute and delayed nausea and vomiting 
in patients who received highly or moderately emetic
chemotherapy. Data were collected from a search of the
medical literature. All randomized studies that compared
dexamethasone to placebo, no treatment, or other antiemetic
therapy, qualified for inclusion in this analysis. A search of
1,200 citations revealed 32 studies that included 42 pertinent
comparisons involving a total population of 5,613 patients.
Results of the meta-analysis revealed that dexamethasone
was superior to placebo or to no treatment for complete pro-
tection from acute and delayed emesis and nausea.43

To determine the optimal dose of dexamethasone for
control of nausea and vomiting associated with highly eme-
togenic chemotherapy, a double-blind dose-finding study was
undertaken. A total of 531 patients were randomized to
receive either 4, 8, 12, or 20mg dexamethasone, administered
by IV infusion, along with 8mg ondansetron.44 The 4mg and
8-mg doses of dexamethasone provided complete control of
acute vomiting in 69% of patients and complete control of
acute nausea in 61%. For patients receiving the 12-mg dose,
complete control rates were 79% for vomiting and 67% for
nausea. The 20-mg dose provided the highest control rates of

83% for vomiting and 71% for nausea. Complete protection
from vomiting was substantially significantly better for
patients receiving 20mg dexamethasone compared to those
receiving 4 or 8mg (P less than 0.005) and somewhat better,
but not statistically significant, than results for patients
receiving 12mg dexamethasone. There was no difference
between groups in the frequency of side effects. Treatment
guidelines currently recommend dexamethasone 10 to 20mg
po/IV or methylprednisolone 40 to 125mg administered once,
before chemotherapy, to control acute emesis.7–9,11,40 When the
NK1 receptor antagonist aprepitant (discussed next) is given,
the corticosteroid dose should be cut in half, as aprepitant
decreases dexamethasone metabolism.45,46

Combined Regimens

Given that both corticosteroids and 5-HT3 antagonists are
effective in reducing acute CINV, the obvious question arises
as to whether combining the two classes of antiemetics
would be more efficacious than either alone. Several well-
designed randomized studies were performed to address this
question. A meta-analysis evaluated 30 randomized studies
comparing 5-HT3 antagonists with conventional antiemetics
in patients receiving moderately and highly emetogenic
chemotherapy. In 11 of these trials, 5-HT3 antagonists 
used as single agents were compared to combination therapy
with 5-HT3 antagonists plus dexamethasone. Combination
therapy with dexamethasone was superior to treatment with
a 5-HT3 antagonist alone in 10 of 11 trials.31 Current recom-
mendations, therefore, suggest the use of 5-HT3 antagonists
and dexamethasone for emetic prophylaxis when using highly
or moderately emetogenic chemotherapy regimens.7,8,11,40

Other Agents

Other antiemetic classes, such as benzamides, pheno-
thiazines, butyrophenones, and cannibinoids, have a lower
therapeutic index and are only recommended for use with
highly emetogenic treatments in patients who are refractory
to, or intolerant of, 5-HT3 receptor antagonists or corticos-
teroids for the treatment of acute CINV. Chemotherapy regi-
mens that have a lower risk of inducing nausea or vomiting
do not require as aggressive prophylaxis. The minimal benefit
that may exist with using serotonin receptor antagonists in
this situation has not been shown to be cost-effective.9 In fact,
for treatments with level 1 and 2 emetogenicity, most guide-
lines suggest that antiemetics should be used on an as-needed
basis.

Benzamides

Metoclopramide is the most commonly used drug in this
class. Since the advent of serotonin receptor antagonists, the
use of high-dose metoclopramide has become almost obso-
lete. Metoclopramide blocks type 2 dopamine receptors in the
chemoreceptor trigger zone (CTZ), increases lower esophageal
sphincter tone, and enhances bowel and gastric motility. At
lower doses (20–40mg poq 4–6h), metoclopramide may be a
useful tool for treating less severe CINV.

Phenothiazines

Phenothiazines, such as prochlorperazine, thiethylperazine,
and promethazine, are widely prescribed antiemetic agents.
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They act on dopamine receptors centrally and peripherally,
and, similar to the benzamides, are useful in treating mild
CINV. Side effects include extrapyramidal symptoms (EPS;
acute dystonia, akathisias, dyskinesias), anticholinergic
effects (dry mouth, drowsiness, urinary retention, tachycar-
dia), and sedation. As with metoclopramide, diphenhy-
dramine or hydroxyzine may be used prophylactically or
therapeutically to antagonize extrapyramidal system recep-
tors. Intravenous prochlorperazine can cause marked
hypotension if administered too rapidly. Phenothiazines can
be given IV, IM, po, or rectally, making them very useful in
patients who are having trouble with oral intake or who have
difficult IV access.

Butyrophenones

The two drugs in this class, droperidol and haloperidol, are
type 2 dopamine receptor antagonists. Their side effect profile
is similar to the phenothiazines, including extrapyramidal
reactions, sedation, and hypotension. Although they have
stronger anitemetic effects than the phenothiazines, the inci-
dence of EPS is higher. Droperidol can be given IM or IV, and
haloperidol can be administered orally as well.

Cannabinoids

Despite the controversy that surrounds the use of cannabi-
noids for CINV, several studies have shown them to be 
effective antiemetics alone or in combination with other
agents.11,47,48 However, cannabinoids have not been proven
effective as prophylaxis against highly emetogenic
chemotherapies. Drugs in this class are available as plant
extracts (dronabinol) and semisynthetic substances (nabilone,
levonantradol). Side effects include dizziness, sedation,
hypotension, and dysphoria, which are more pronounced in
older patients. As with the other agents having a lower ther-
apeutic index, cannabinoids are only recommended for the
treatment of acute CINV as an adjunct to serotonin receptor
antagonists and corticosteroids, or in those who are intoler-
ant of more standard antiemetics.

Neurokinin 1 Antagonists

As discussed earlier in this chapter, the neurokinin substance
P has been implicated in the pathogenesis of acute and
delayed CINV.16 This discovery has led to the development of
a novel NK-1 antagonist, such as aprepitant, which has
recently been approved by the FDA for use in preventing
acute and delayed CINV related to highly emetogenic
chemotherapy. The rationale for the use of NK-1 antagonists
is discussed in the next section.

Treatment of Delayed Nausea and Vomiting

Corticosteroids

In 1985, D’Olimpio et al. demonstrated that dexamethasone
is better than placebo when used as single agent for prevent-
ing delayed CINV.49 In a randomized, double-blind trial, 64
patients receiving cisplatin-based chemotherapy were given
either high-dose intravenous dexamethasone (20mg IV pre-
cisplatin and 20mg IV at 3, 6, and 9 hours postcisplatin) or
an intravenous placebo. Although there was no clinically sig-

nificant difference in episodes of emesis between the two
arms, those receiving dexamethasone experienced much less
nausea, and had it for a shorter duration, than the patients in
the placebo group (25% for 30 minutes versus 53% for 3.5
hours, respectively).

Current treatment guidelines recommend the use of oral
corticosteroids to reduce or prevent delayed emesis (Tables
83.5, 83.6, and 83.7). Optimal dosing regimens need further
study, but typical regimens currently include 8mg adminis-
tered twice daily for 2 to 3 days, with the continued use of 
4mgbid for 1 or 2 more days, as needed. Long-term use of cor-
ticosteroids may cause adrenal insufficiency, but the short
duration of corticosteroids for antiemetic therapy does not
result in this side effect. However, adrenal insufficiency can
occur in patients receiving dexamethasone in multiple daily
chemotherapy regimens. In addition, corticosteroid use may
cause hyperglycemia and insomnia.

Clinical studies have shown that dexamethasone provides
improved control of delayed emesis when used alone, but
improved efficacy may occur when it is used in combination
with another antiemetic agent.27,43,50,51

Metoclopramide

Metoclopramide (20mg poq 6h days 2–5) added to dexa-
methasone (8mg pobid days 2–3, 4mg pobid days 4–5) has
been reported to be better than dexamethasone alone.52,53 Two
large, randomized trials showed complete protection from
delayed vomiting in 52% and 70% of patients treated with
metoclopramide and dexamethasone, after receiving cisplatin
chemotherapy, compared to only 35% and 44% of patients
treated with dexamethasone alone.54 Nonetheless, the toxic-
ities of metoclopramide, as already discussed, can be quite
problematic in some patients.9

Serotonin Receptor Antagonists

Given that delayed CINV was successfully preempted only
50% to 70% of the time with corticosteroids, the role of 
serotonin receptor antagonists in this setting has also been
investigated. Initially, ondansetron and granisetron were
compared to placebo. Although they did provide some
symptom improvement in patients receiving highly emeto-
genic chemotherapy, this benefit was only modest. Further
studies compared 5-HT3 antagonists plus dexamethasone to
dexamethasone alone. Large, randomized, double-blind trials,
however, were unable to demonstrate an improvement in
control of delayed CINV with the addition of serotonin recep-
tor antagonists.54 In 1997, the Italian Group for Antiemetic
Research compared dexamethasone plus metoclopramide
versus dexamethasone plus ondansetron (8mg po bid days 
2–4) in a randomized, double-blind study of 322 patients 
receiving cisplatin.27 The two treatment regimens offered
similar protection from delayed CINV associated with highly
emetogenic chemotherapy.

The only study to compare antiemetic regimens, in
patients receiving moderately emetogenic treatments, comes,
again, from the Italian Group for Antiemetic Research: 
705 patients were divided into two groups 24 hours after 
moderately emetogenic chemotherapy.55 The low-risk group,
defined as those who had no vomiting and only minimal
nausea, included 618 patients. The high-risk group, those who
had either emesis or moderate to severe nausea, numbered 
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TABLE 83.5. Summary of American Society of Clinical Oncology (ASCO) antiemetic guidelines.

I. Chemotherapy-Induced Emesis
A. Acute Emesis (vomiting occurring 0 to 24 hours after chemotherapy)

1. Antiemetic Agents: Highest Therapeutic Index
a. Serotonin Receptor Antagonists

i. Agent equivalence: At equivalent doses, serotonin receptor antagonists have equivalent safety and efficacy and can be used
interchangeably based on convenience, availability, and cost.

ii. Drug dosage: Established, proven doses of all agents are recommended.
iii. Drug schedule: Single doses of antiemetics are effective and preferred for convenience and cost.
iv. Route of administration: At biologically equivalent doses, oral agents are equally effective and are as safe as intravenous

antiemetics. In most settings, oral agents are less costly and more convenient; for these reasons, they are recommended
over intravenous therapy.

b. Corticosteroids
i. Agent equivalence and route of administration: At equivalent doses, corticosteroids have equivalent safety and efficacy and

can be used interchangeably.
ii. Drug dose and schedule: Single doses of corticosteroids are recommended.

2. Antiemetic Agents: Lower Therapeutic Index—Dopamine Antagonists, Butyrophenones, Phenothiazines, and Cannabinoids: For
chemotherapy with a high risk of emesis, selective serotonin antagonists (with dexamethasone) are recommended.

3. Antiemetic Agents: Adjunctive Drugs—Benzodiazepines and Antihistamines: Benzodiazepines and antihistamines are useful
adjuncts to antiemetic drugs but are not recommended as single agents.

4. Antiemetic Agents: Combinations of Antiemetics: It is recommended that serotonin antagonists be given with corticosteroids.
5. Risk Factors for Acute Emesis

a. Patient Characteristics
b. Chemotherapeutic Agents
c. Guidelines

i(a). High risk: Cisplatin: The combination of a 5-HT3 antagonist plus a corticosteroid is recommended before chemotherapy.
i(b). High risk: Noncisplatin: The combination of a 5-HT3 antagonist plus a corticosteroid is recommended before

chemotherapy.
ii. Intermediate risk: A corticosteroid is suggested for patients being treated with agents of intermediate emetic risk.

iii. Low risk: It is suggested that, for patients being treated with agents of low emetic risk, no antiemetic be routinely
administered before chemotherapy.

iv. Combination chemotherapy: It is suggested that, when combination chemotherapy is given, the patient be given
antiemetics appropriate for the chemotherapeutic agent of greatest emetic risk.

v. Multiple consecutive days of chemotherapy: It is suggested that antiemetics appropriate for the risk class of the
chemotherapy, as outlined above, be administered for each day of the chemotherapy.

B. Delayed Emesis (vomiting occurring >24 hours after chemotherapy)
1. Antiemetic Agents

a. Single Agents
i. Corticosteroids

ii. Metoclopramide and serotonin receptor antagonists
c. Guidelines

i(a). High risk: Cisplatin
For all patients receiving cisplatin, a corticosteroid plus metoclopramide or plus a 5-HT3 antagonist is recommended for
the prevention of delayed emesis.

i(b). High risk: Noncisplatin
A prophylactic corticosteroid as a single agent, a prophylactic corticosteroid plus metoclopramide, and a prophylactic
corticosteroid plus a 5-HT3 antagonist are regimens suggested for the prevention of delayed emesis.

ii. Intermediate—low risk
No regular preventive use of antiemetics for patients receiving these chemotherapeutic agents or delayed emesis is suggested for patients.

C. Anticipatory Emesis
1. Prevention: Use of the most active antiemetic regimens appropriate for the chemotherapy being given to prevent acute or delayed

emesis is suggested. Such regimens must be used with the initial chemotherapy, rather than after assessment of the patient’s
emetic response to less effective treatment.

2. Treatment: If anticipatory emesis occurs, behavioral therapy with systematic desensitization is effective and is suggested.

II. Radiation-Induced Emesis
A. Risk Factors for Radiation-Induced Emesis

1. Guidelines
a. High Risk: Total-Body Irradiation

A serotonin receptor antagonist should be given with or without a corticosteroid before each fraction and for at least 24 hours
after.

b. Intermediate Risk: Hemibody Irradiation, Upper Abdomen, Abdominal-Pelvic, Mantle, Cranial Radiosurgery, and Craniospinal
Radiotherapy
A serotonin receptor antagonist or a dopamine receptor antagonist should be given before each fraction.

c. Low Risk: Radiation of the Cranium Only, Breast, Head and Neck, Extremities, Pelvis, and Thorax
Treatment should be given on an as-needed basis only. Dopamine or serotonin receptor antagonists are advised. Antiemetics
should be continued prophylactically for each remaining radiation treatment day.

Source: From Gralla et al.,11 by permission of J of Clinical Oncology.



87 patients. Patients in the low-risk group were randomly
assigned to receive placebo, dexamethasone (4mg pobid), or
ondansetron (8mg pobid) plus dexamethasone on days 2 to 5
after chemotherapy. The high-risk patients were randomly
assigned to receive oral dexamethasone only or dexametha-
sone plus ondansetron at the same doses given in the low-risk
group. In the low-risk group, 92% of those receiving com-
bined treatment (dexamethasone and ondansetron) had com-
plete protection from significant delayed CINV; 87% of those
who received dexamethasone only, and 77% of the placebo
group, achieved complete protection. For the patients in the
high-risk group, 41% of those treated with ondansetron and
dexamethasone achieved complete protection, whereas only
23% using dexamethasone alone had complete protection.
Nonetheless, the results in the high-risk group were not sta-
tistically significant. What this study suggested, above all
else, is that the best way to prevent delayed CINV with mod-
erately emetogenic chemotherapy regimens is to control
acute CINV.

Palonosetron

As noted previously, palonosetron is the newest approved 
5-HT3 receptor antagonist. When compared to dolasetron 
and ondansetron in prospective clinical trials, a single
prechemotherapy dose of palonosetron was more effective at
decreasing delayed CINV.41,56 These trials have been criti-
cized, however, as no corticosteroids were routinely utilized.
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TABLE 83.6. Summary of American Society of Health-System Pharmacists (ASHP) antiemetic recommendations.

1. The emetic potential of the chemotherapeutic agent is the primary factor to consider when deciding whether to administer
pharmacologic prophylaxis and which antiemetic(s) to select.

2. Adult and pediatric patients receiving chemotherapeutic agent(s) with emetic potential classified as level 2 through 5 should receive
pharmacologic prophylaxis against nausea and vomiting each day on which chemotherapy is given. Antiemetic prophylaxis is not
required when the level of emetogenicity is 1.
(a) Adult and pediatric patients receiving level 2 chemotherapeutic regimens can receive dexamethasone or methylprednisolone alone for

prophylaxis of nausea and vomiting. Prochlorperazine is also an option for adults.
(b) Adult and pediatric patients receiving chemotherapeutic agent(s) with emetic potential of level 3 through 5 should receive a

corticosteroid (dexamethasone or methylprednisolone) in combination with a 5-HT3 receptor antagonist.
(c) Orally and intravenously administered antiemetics are generally equivalent in efficacy and safety for both adult and pediatric

patients. The decision as to which formulation to use should be based on patient-specific factors and cost.
(d) The decision as to which 5-HT3 receptor antagonist to use should be based on the acquisition cost of comparable doses. Dosage

recommendations for adult and pediatric patients differ.
3. All patients receiving chemotherapy should have antiemetics available on an as-needed basis for rescue for breakthrough nausea and

vomiting. Patients should be educated about the appropriate administration of and expectations for therapy and should be reassured that
every effort is being made to prevent symptoms. In adults, lorazepam, methylprednisolone, prochlorperazine, metoclopramide,
dexamethasone, haloperidol, and dronabinol are effective. In pediatric patients, chlorpromazine, lorazepam, or methylprednisolone (or
dexamethasone) is recommended. The choice of agent should be based on patient-specific factors (e.g., anticipated adverse effects, past
success) and cost.

4. For the prevention of delayed emesis after cisplatin therapy in adults, dexamethasone with metoclopramide or a 5-HT3 receptor
antagonist is recommended. The choice of agent should be based on patient-specific factors and cost. For delayed emesis after
cyclophosphamide, doxorubicin, or carboplatin therapy, a 5-HT3 receptor antagonist with dexamethasone is recommended.
Prochlorperazine in combination with dexamethasone has also been used and is available in extended-release and rectal dosage forms,
but the evidence to support this combination is limited. In pediatric patients, chlorpromazine, lorazepam, or a 5-HT3 receptor antagonist
can be used in combination with a corticosteroid.

5. Patients receiving total or hemibody irradiation (with or without concomitant chemotherapeutic agents) or single-exposure, high-dose
radiation therapy to the upper abdomen should receive preventive therapy for nausea and vomiting with each day of therapy. A 5-HT3
receptor antagonist should be used both in adults and in pediatric patients. Oral therapy should be encouraged; however, IV therapy is an
acceptable option. There is no evidence to support the use of 5-HT3 receptor antagonists 24 hours beyond the last dose of radiation.

6. If an agent is needed to treat established radiation therapy-induced emesis in adults, prochlorperazine, metoclopramide, or
thiethylperazine is recommended. 5-HT3 receptor antagonists are also an option. Chlorpromazine and lorazepam can be used in pediatric
patients.

7. When patients do not respond to initial therapy with an antiemetic agent, it is recommended that an agent from another pharmacologic
class be added, that the dose of the antiemetic be increased to the maximum within an accepted range, or that a combination of both
approaches be used.

Source: From American Society of Health-System Pharmacists,8 by permission of American Journal of Health System Pharmacists.

TABLE 83.7. Summary of National Comprehensive Cancer
Network (NCCN) antiemetic guidelines.

1. Highly emetogenic chemotherapy (level 5)
• Aprepitant (NK-1 antagonist) pre- and postchemotherapy AND
• Dexamethasone pre- and postchemotherapy AND
• 5-HT3 inhibitor pre- and postchemotherapy
• ± Benzodiazepine if needed

2. Moderately emetogenic chemotherapy (level 3–4)
Day 1
• Dexamethasone AND
• 5-HT3 inhibitor OR
• 5-HT3 inhibitor
• ± Benzodiazepine if needed
• ± Aprepitant if needed
Days 2–4
• Dexamethasone OR
• 5-HT3 inhibitor pre- and postchemotherapy OR
• Metoclopramide ± diphenhydramine OR
• Aprepitant AND dexamethasone
• ± Benzodiazepine if needed

3. Low emetogenic potential chemotherapy (level 2)
a. Dexamethasone prechemotherapy OR
b. Phenothiazine as needed OR
c. Metoclopramide + diphenhydramine as needed
d. ± Benzodiazepine as needed

4. Minimal emetogenic potential chemotherapy (level 1)
a. No prechemotherapy emesis prevention
b. Use phenothiazines/metoclopramide/benzodiazepines as

needed

Source: NCNN Antiemesis Practice Guidelines in Oncology. Version 1.2004,
03-30-04. National Comprehensive Cancer Network; 2004. Available at
http//www.nccn.org. Accessed April 10, 2004.



However, palonosetron was recently approved by the FDA for
the prophylaxis of delayed nausea and vomiting associated
with initial and repeated courses of moderately emetogenic
chemotherapy.

Neurokinin 1 Antagonists

In March 2003, the FDA approved aprepitant, a neurokinin 1
antagonist, for the prevention of acute and delayed nausea and
vomiting associated with highly emetogenic chemotherapy.
The implication of neurokinin, substance P, in the pathogen-
esis of acute and delayed CINV led to the development of
aprepitant, a novel neurokinin 1 antagonist that demon-
strated antiemetic activity in humans receiving chemother-
apy. Early trials conducted in the late 1990s demonstrated the
high clinical efficacy of neurokinin receptor blockage for the
prophylaxis of acute and delayed emesis associated with
highly emetogenic chemotherapy.57,58 Subsequently, Campos
et al. demonstrated, in a multicenter, double-blind, parallel
group trial, that once-daily oral administration of aprepitant
was effective in reducing delayed nausea and vomiting after
high-dose cisplatin46; 351 patients receiving high-dose cis-
platin chemotherapy were divided into four groups (I–IV).
Group I received an oral placebo on day -1 (the evening before
cisplatin), granisetron (10mg/kg IV) prechemotherapy, and an
oral placebo days 2 to 5 after cisplatin; group II received an
oral placebo on day -1, granisetron (10mg/kg) IV and aprepi-
tant (400mg po) prechemotherapy, and aprepitant (300mg po
qd) on days 2 to 5. Group III received aprepitant (400mg po)
on day -1, an intravenous placebo and aprepitant (400mg po)
prechemotherapy, and aprepitant (300mg poqd) on days 2 to
5; and group IV received an oral placebo on day -1, an intra-
venous placebo and aprepitant (400mg po) prechemotherapy,
and aprepitant (300mg poqd) on days 2 to 5. All groups
received dexamethasone 20mg po precisplatin. Results
showed that, in the delayed-period groups I, II, III, and IV,
27%, 63%, 51%, and 57%, respectively, had no emesis and
minimal nausea (P less than 0.01). The overall conclusion was
that once-daily oral administration of aprepitant was effective
in reducing delayed nausea and vomiting after high-dose cis-
platin. This study also showed that the triple combination of
a 5-HT3 antagonist, aprepitant, and dexamethasone provided
superior control of acute emesis.

Poli-Bigelli et al. reported remarkably similar results in a
randomized, double-blind, placebo-controlled trial conducted
in Latin America,45 in which 523 patients receiving high-dose
cisplatin were randomized to one of two regimens: standard
therapy (ondansetron 32mg IV, dexamethasone 20mg po day
1 and 8mg pobid days 2–4) or standard therapy plus aprepi-
tant (125mg po day 1, 80mg po days 2–3). Complete pro-
tection from delayed CINV was achieved in 68% of the
aprepitant group, compared to 47% with standard therapy (P
less than 0.001). Similar results were seen with acute CINV,
with 83% completely protected in the aprepitant group versus
68% with standard therapy (P less than 0.001). Although
optimal dosage and schedule have yet to be determined, NK-
1 antagonists, such as aprepitant, appear very promising for
the prevention of acute and delayed CINV. Aprepitant is the
only NK1 antagonist approved for treatment of CINV.
However, other NK1 antagonists are being investigated: L-
758, 298, a prodrug of aprepitant, CP-122,721, and CJ-11,974
all appear promising in Phase I and Phase II trials.

Although aprepitant is being incorporated into clinical
practice in some settings, the cost of hundreds of dollars for
a single course has limited a more universal acceptance of this
therapeutic addition. The eventual role for this therapy in
antiemetic guidelines has yet to be determined.

Treatment of Anticipatory Nausea and Vomiting

Although acute and delayed nausea and vomiting are direct
effects of the chemotherapy drugs used, anticipatory
nausea/vomiting is not, making standard antiemetics inef-
fective. Given that a major risk factor for the development 
of anticipatory nausea/vomiting is poor control of nausea/
emesis with prior treatments, prevention is the key. Appro-
priate antiemetic regimens used to decrease acute and delayed
CINV should also decrease the risk of anticipatory nausea/
vomiting with subsequent cycles.

Anxiolytics

A double-blind, placebo-controlled study by RAZIVI et al. 
compared alprazolam versus placebo in 57 breast cancer
patients.59 Despite a much higher occurrence of anticipatory
nausea/vomiting (18% versus 0%) in the placebo arm before
the third treatment, this difference was not maintained with
a subsequent treatment cycle. Thus, although anxiolytics
may appear to help individual patients with anticipatory
nausea/vomiting, its usefulness should be evaluated on a
case-by-case basis.

Aside from prevention, behavioral therapies are the main-
stay of treatment for anticipatory nausea/vomiting. Systemic
desensitization has been shown to be very effective in man-
aging this problem. This technique is covered in detail in a
subsequent section titled Unconventional Therapies for
Nausea and Vomiting.

Radiation-Associated Nausea and Vomiting

Incidence, Etiology, and Predictive Factors

Nausea and vomiting in patients receiving radiation therapy
is, in general, less problematic than that associated with
chemotherapy but also less predictable. As with CINV, the
exact mechanism by which patients receiving radiation
develop nausea or vomiting is unclear. It has been postulated
to be a combination of direct mucosal injury and neurotrans-
mitter release, specifically, serotonin.60

Whether antiemetics should be given on a preventive
basis at the initiation of radiation therapy, versus as needed
if nausea or vomiting becomes a problem, depends on the
emetogenic potential of the radiation therapy being given.
The major determinants of the emetogenicity of radiation
appear to be irradiation site, dose, dose rate, and field size. Of
these, the site plays the largest role predicting for the onset,
peak, and duration of nausea and/or vomiting. Total-body
irradiation carries the highest risk, with 90% developing
nausea and 80% vomiting within 40 to 90 minutes.61 Inter-
mediate-risk sites include hemibody irradiation (40%–83%)
and radiation therapy to the upper abdomen (50%). Abdomen-
pelvis, mantle, craniospinal, and cranial radiation therapy
appear to cause nausea and vomiting in 40% to 50% of recip-
ients. Single-port irradiation of the extremities, cranium,
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breast, head and neck, pelvis, and thorax carries the lowest
risk of nausea and vomiting.4,11

Relative to dose functions, radiation delivered as a single
high dose has more emetogenic potential than do smaller,
fractionated doses. Higher dose rates and larger field size also
carry increased risk, as does chemotherapy given immedi-
ately before, or concurrent with, radiation.

Treatment of Radiation-Associated Nausea 
and Vomiting

As with CINV, antidopaminergic agents were the mainstay of
treatment, before the advent of 5-HT3 antagonists. The use
of metoclopramide or chlorpromazine for radiation-induced
nausea and/or vomiting (RINV) produced response rates of
only 50%. Cannabinoid derivatives were also tried with
similar results.62

In 1990, Priestman et al. performed a prospective, double-
blind, randomized trial comparing ondansetron to metoclo-
pramide for the prevention of nausea and vomiting in patients
receiving high-dose upper abdominal irradiation.63 Complete
control was achieved in 97% of patients receiving ondansetron
(8mg potid) versus 47% with metoclopramide (10mg potid).
Several studies have shown 5-HT3 receptor antagonists
(ondansetron, granisetron) to be superior to placebo for treat-
ing radiation-induced nausea/vomiting related to total-body
irradiation or upper abdominal radiation.64,65 However, there
have been few studies comparing different antiemetic regi-
mens or the role of nausea/vomiting prophylaxis in patients
receiving intermediate- or low-risk radiotherapy.66 In 2000, the
National Cancer Institute of Canada Clinical Trials Group,
performed a Phase III study investigating the efficacy of 
dexamethasone for radiation-induced emesis (RIE).67 In this
study, 150 patients receiving radiotherapy to the upper
abdomen were accrued and randomized to dexamethasone (2
mg potid) versus placebo; 70% of patients in the dexametha-
sone arm had complete protection from radiation-induced
vomiting versus 49% of those receiving placebo. Recently,
Matsuoka et al. performed a small, prospective randomized
study comparing granisetron plus dexamethasone versus
granisetron alone in the prevention of vomiting caused by stem
cell transplant conditioning regimens.68 For patients receiving
total-body irradiation on day 1 of conditioning, complete
emetic control was achieved in all patients (100%) in the
granisetron plus dexamethasone group, compared with 63% in
the granisetron only group (P = 0.02).

Current guidelines suggest using serotonin receptor antag-
onists (ondansetron 8mg pobid-tid or granisetron 2mg poqd),
with or without corticosteroids, for patients receiving total
body irradiation. For those in the intermediate-risk category,
dexamethasone, serotonin, or dopamine receptor antagonists
are recommended before each fraction. For patients receiving
radiation to low-risk areas, antiemetics are suggested for use
on an as-needed basis only.7,8,11,40

Nausea and Vomiting in Patients with
Advanced Cancer: A Common Problem

Independent of cytotoxic therapy and radiation therapy,
patients with advanced incurable cancer can have prominent
problems with nausea and vomiting. An illustration of this

situation became apparent in a clinical trial that evaluated
megestrol acetate versus a placebo for patients with cancer
anorexia/cachexia.69 In this clinical trial, patients were asked
whether they perceived nausea or vomiting to be problems
that they attributed to the study medication that they were
receiving. In reply to this question, 38% of the placebo recip-
ients blamed nausea on the placebo they were taking (while
they were blinded as to what they were receiving). Addition-
ally, 25% of the respondents blamed vomiting on the placebo
they were receiving. Another group of investigators, also eval-
uating megestrol acetate versus placebo, noted a similarly
high instance of nausea and vomiting in these patients.70 This
latter group of investigators asked the patients about nausea
and vomiting before starting any study medication and then
after they were receiving study medications. They noted a
similar high incidence of nausea and vomiting in patients
before and after they started taking placebos. The conclusions
of these investigators were that nausea and vomiting were
common clinical problems in patients independent of anti-
cancer treatments. The effect of megestrol acetate on nausea
and vomiting in these two trials is described in a subsequent
paragraph.

Etiology

The etiology of nausea and vomiting in patients with
advanced incurable cancer is multifactorial. One of the causes
relates to gastrointestinal structural changes, including
tumor impingement and bowel obstruction. In addition, mul-
tiple electrolyte abnormalities, brain metastases, and multi-
ple medications (including narcotics) can be responsible for
causing nausea and vomiting. It is possible also that the
tumor itself releases yet undefined substances that lead to
nausea and vomiting in these patients.

Treatment of Nausea and Vomiting Related to
Advanced Cancer

Remarkably little has been done to evaluate potential treat-
ments for nausea and vomiting, independent of chemother-
apy- or radiation therapy-induced causes, in patients with
advanced incurable cancer. Nonetheless, the most obvious
thing to do is to try to treat the underlying cause of the nausea
and vomiting. Unfortunately, oftentimes this is not very fea-
sible. If underlying causes have been treated as effectively as
possible (for example, treatment of brain metastases, hyper-
calcemia, and/or bowel obstruction), there are some dietary
suggestions that can be provided, including the intake of fre-
quent small feedings, as opposed to less frequent larger meals.
In addition, it has been recommended to keep patients away
from food odors, as these may induce nausea. These dietary
recommendations, however, have not been properly studied,
and any clinician can relate that they have limited efficacy
overall.

Medications that have been commonly utilized to 
treat such nausea and vomiting in patients with advanced
incurable cancer, include prochlorperazine and haloperidol.
Theoretically, dexamethasone may also have a role in 
this situation. However, this has not been well studied, 
and the long-term use of this drug causes its own set of 
problems.
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Megestrol Acetate

One medication that is not well appreciated as being an
antiemetic in this situation is megestrol acetate. In the two
noted trials described previously,69,70 significantly reduced
incidences of nausea and vomiting were seen with megestrol
acetate compared to placebos. In one of these trials, the inci-
dence of nausea was 38% in placebo-receiving patients versus
13% in those receiving megestrol acetate (P = 0.001).69 Cor-
respondingly, the incidence of vomiting was 25% in placebo-
receiving patients versus 8% in those receiving megestrol
acetate (P = 0.009). Similar numbers were observed in the
other trial.71 Additionally, another trial also demonstrated
that patients randomized to receive megestrol acetate had sig-
nificantly less trouble with nausea and vomiting than did
patients receiving a placebo.72 Thus, megestrol acetate is a
reasonable recommendation for attempting to control nausea
and vomiting in this situation. Although these three
described trials examined doses of 800 to 1,600mg/day pro-
vided as tablets, it appears reasonable to utilize liquid mege-
strol acetate doses of 160 to 400mg/day. The liquid
preparation is a more bioavailable preparation and is more
economically priced.

Serotonin Receptor Antagonists

Interestingly, there have not been good data to establish the
pros and cons of using serotonin receptor antagonists for
nausea and vomiting associated with advanced malignancies
in this situation. Anecdotal reports have suggested that sero-
tonin receptor antagonists may provide reduction or relief of
nausea and vomiting, unrelated to chemotherapy or radiation
therapy, in patients with advanced cancer.73–77 Anecdotal
information also suggests that the use of serotonin receptor
antagonists may provide benefit in treating chronic nausea
and vomiting in patients without advanced cancer.76–78

Nonetheless, anecdotal reports can be fraught with error, and
no placebo-controlled study has been successfully performed
to assess the efficacy of serotonin receptor antagonists in
patients with advanced cancer who have chronic nausea and
vomiting unrelated to chemotherapy. This lack of success is
not from lack of effort, as the North Central Cancer Treat-
ment Group (NCCTG), for example, developed a placebo-
controlled, double-blind trial to address this question, but it
was closed for lack of patient accrual.

Factors speaking against the use of chronic 5-HT3 recep-
tor antagonists in patients with nausea and vomiting from
advanced cancer are that these agents do not appear to work
very well for delayed nausea and vomiting from chemother-
apy, as opposed to their substantial benefit in ameliorating
chemotherapy-induced acute nausea and vomiting. In addi-
tion, these medications are quite expensive and do have their
own set of side effects (mostly headache and constipation), as
discussed previously. If such medications are started, some
patients will consider them to have some efficacy. However,
in clinical practice it is very difficult to determine whether a
medication, such as this, is having a placebo effect versus
being an effective antidote.

Metoclopramide

Pilot trials have suggested that prokinetic agents, such as
metoclopramide might reduce chronic nausea in patients

with advanced cancer.71,79,80 In follow-up to this, one small
double-blind crossover, placebo-controlled trial of metoclo-
pramide was conducted for patients with chronic nausea and
dyspepsia associated with advanced cancer.81 This trial
entered 26 patients, 20 of whom were evaluable, to study 
a controlled-release dose of metoclopramide (40mgbid).
Patients were treated for 4 days with metoclopramide versus
placebo and then crossed-over to the alternative regimen on
the subsequent 4 days. This trial reported that the patients
receiving metoclopramide had a very modest reduction in
nausea (12 ± 10 on a 100-point visual analogue scale versus
17 ± 12; P = 0.04). However, no reduction in vomiting 
was seen, and there was no reduction in the use of rescue
medications for nausea or vomiting. The small size of this
clinical trial, the borderline statistical results regarding
nausea, and the lack of any effect on vomiting, provide sug-
gestive evidence that metoclopramide, in this dosage, might
be helpful in patients with chronic cancer-associated nausea.
Further work is necessary to better confirm or refute this 
contention.

Other Agents

There is no information available concerning the use of NK1
receptor antagonists in this situation. Last, there is some
information to suggest that somatostatin analogue therapy
may be of some value in patients with nausea and vomiting
related to a small bowel obstruction that is not surgically
approachable.82 However, better information regarding its use
in this situation is needed.

Cost-Effective Management of Nausea 
and Vomiting

In the early 1990s, 5-HT3 receptor antagonists were the
highest ticket drug item in many oncology practices because
they were relatively expensive medications that were used
across a wide variety of chemotherapy agents. Chemotherapy
drugs themselves were a bit less expensive at that time 
compared to the prices of some chemotherapy drugs used
today.

In addition to being a high-cost item, there was tremen-
dous variation in practice, regarding the use of antiemetics,
within and between different oncology groups. The high cost
of these drugs, and the variation in their use, led to the devel-
opment of guidelines by some large group practices.9 Guide-
lines were subsequently developed by different associations,
such as the American Society of Clinical Oncology (ASCO),
American Society of Health-System Pharmacists (ASHP), and
National Comprehensive Cancer Network (NCCN) (see
Tables 83.5, 83.6, and 83.7).8,11,40 These guidelines provide an
algorithm for the utilization of antiemetics based on the eme-
togenic potential of different chemotherapeutic agents and
regimens. Ideally, such guidelines provide for the relatively
automated use of the different antiemetic regimens for
chemotherapy treatments of similar emetogenic potential.
When developed, these guidelines need to be updated at
regular intervals as new information, and new agents, become
available.
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Unconventional Therapies for Nausea 
and Vomiting

The use of unconventional therapies for the control of cancer-
related symptoms has gained increased acceptance over the
past several decades. Rather than remaining on the medical
fringe, interventions, such as acupuncture, massage, and hyp-
nosis, are making their way into mainstream health care.
Increasing patient and physician interest in unconventional
supportive treatments created the need for randomized
studies investigating their merit. In 2001, Vickers and 
Cassileth published a review of unconventional therapies for
cancer-related symptoms.83 In this, they made the important
distinction between “alternative medicine” and “comple-
mentary medicine.” The former was defined as “those com-
monly promoted for use instead of, rather than as an adjunct
to, mainstream therapy,” whereas complementary therapies
were those “used together with mainstream care for man-
agement of symptoms to improve quality of life.” The advan-
tages of alternative therapies remain largely unproven and,
therefore, are not discussed in this text. However, many com-
plementary therapies have been investigated in well-designed
clinical trials and are of proven benefit.

Hypnosis

Hypnosis has been an area of interest for decades. It has been
used for smoking cessation, phobia management, and anxiety.
Its utility in the treatment of nausea and vomiting in cancer
patients has been well described, mainly in children and ado-
lescents.84 Redd et al. describe it as a self-control technique,
in which patients learn to invoke a physiologic state incom-
patible with nausea and/or vomiting.85 With this method an
altered state of consciousness is induced, followed by total-
body relaxation. In this relaxed state patients are asked to
visualize events associated with nausea/vomiting. The goal is
teaching patients to relax despite the presence of anxiety-pro-
voking stimuli.

Systematic Desensitization

Systematic desensitization, a subcategory of hypnosis,
appears to be particularly effective in the management of
anticipatory nausea and vomiting.86,87 The mainstay of this
intervention is construction of a hierarchy of events related
to the known stimulus, that is, chemotherapy.84 To conduct
this therapy, patients describe triggers for anticipatory
nausea/vomiting and rank them from strongest to weakest
triggers. A relaxed state is then induced, after which the
patients use guided imagery to imagine the nausea-inducing
situations. They are asked to start at the bottom of the list,
with the least threatening trigger, and remain relaxed while
picturing the scene. As the intensity of the triggers increases,
the patients concentrate on remaining relaxed. Systematic
desensitization can be taught to patients in about 20 minutes.
Properly trained nurses and oncologists can be as effective
instructors, as are behavioral consultants.84 The goal of sys-
tematic desensitization is to create a sense of relaxation using
guided imagery that can be accessed when patients encounter
the actual trigger.

Acupuncture

Acupuncture may be the most well-studied complementary
therapy for cancer- or chemotherapy-related nausea and 
vomiting. In 1996, Vickers performed a systematic review of
acupuncture for nausea and emesis related to chemotherapy,
pregnancy, or anesthetics. In that review, 11 of 12 
placebo-controlled, randomized, double-blind studies showed
benefit with acupuncture.88 More recently, Shen et al.
showed, in a randomized controlled trial, significant benefit
in the use of electroacupuncture for control of myeloablative
chemotherapy-induced emesis.89 In the review by Vickers and
Cassileth, they cited 16 clinical trials investigating potential
benefits of acupuncture as a complementary therapy for
nausea and vomiting. Of these, 11 found “significant differ-
ences or trends in favor of acupuncture.”83 Therefore, at insti-
tutions where this therapy is available, acupuncture is
reasonable to try.

Conclusion

Despite our best efforts, nausea and vomiting in cancer
patients continue to challenge us. Those receiving
chemotherapy and radiation are most certainly affected, as are
patients with advanced malignancies. We are able to control
this problem, to some degree, with medications and other
therapeutic interventions. However, we are far from solving
it. As oncologists, one of our ever-present goals is to relieve
our patients’ symptoms related to cancer and its treatment.
As our ability to do this improves, so too, should the quality
of our patients’ lives.
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Nutritional Support for
the Cancer Patient

Lawrence E. Harrison

ancer cachexia is a complex syndrome clinically man-
ifest by progressive involuntary weight loss and
diminished food intake and characterized by a variety

of biochemical alterations. Importantly, cancer cachexia has
been associated with increased morbidity and mortality and
decreased response to therapy. The impact of cancer cachexia
on patient outcome and healthcare resources continues to be
significant. It is therefore important to identify those cancer
patients who are malnourished in an attempt to reverse or at
least abate the progression of malnutrition. The goal of nutri-
tional supplementation is to translate repletion into clinical
benefit, thereby decreasing morbidity or mortality and
increasing the response rate to treatment. The focus of this
chapter is to review the etiology of cancer cachexia, summa-
rize the biologic and clinical effects of nutrition, define 
specific indications for nutrition in the cancer patient 
population, and explore new therapies available to reverse
cancer cachexia.

Prevalence and Clinical Implications of
Malnutrition in the Cancer Patient

Cancer patients are at high risk for malnutrition, and
cachexia is often a presenting manifestation of malignancy.
As early as 1932, cancer cachexia was noted to be a common
syndrome. In an autopsy series of 500 cancer patients, Warren
reported that the immediate cause of death was inanition in
22%, and that as many as two-thirds of these cancer patients
exhibited some degree of cachexia.1 The predictive nature of
outcome from wasting and malnutrition associated with
malignancy has been well documented. In a large series, 3,047
patients that were enrolled in 12 Eastern Cooperative Oncol-
ogy Group (ECOG) chemotherapy protocols for a variety of
tumor types, were assessed for weight loss before initiation
of chemotherapy. Survival was significantly shorter in
patients who demonstrated weight loss compared with those
who had not lost any weight before chemotherapy treatment.2

In addition to the presence of cancer, the type and stage
of malignancy is an important determinant for weight loss.
In the ECOG study, patients with breast cancer, acute non-
lymphocytic leukemia, sarcomas, and favorable subtypes of
non-Hodgkin’s lymphoma, had the lowest frequency of
weight loss (31%–40%), whereas those with colon cancer,
prostate cancer, lung cancer, and unfavorable non-Hodgkin’s
lymphoma, presented with an intermediate frequency of
weight loss (48%–61%). Patients with pancreatic and gastric

cancer had the highest frequency of weight loss (83%–87%),
with about one-third having greater than 10% weight loss3

(Table 84.1). In a prospective study of 280 cancer patients,
malnutrition was related mainly to the type and site of the
tumor, with stomach and esophageal cancer patients demon-
strating significant malnutrition as compared with other
groups. As expected, malnutrition became more severe as the
disease advanced.3 In an additional study of gastrointestinal
cancer patients, almost one-half of the 365 patients were
determined to be malnourished, and the incidence of malnu-
trition was related to site of disease. Stage also predicted
weight loss, with more than 50% of stage III patients mani-
festing malnutrition.4

Assessment of Malnutrition

Malnutrition has been associated with increased morbidity
and mortality, and therefore, assessment of treatment risk
should include a nutritional evaluation. Clinical assessment
is the simplest method of nutritional evaluation. The useful-
ness of a good history and physical examination in this regard
cannot be overstated. Prior medical history provides clues to
nutritional deficiencies. For example, previous gastrectomy
may lead to dumping syndrome, diarrhea, or folate insuffi-
ciency, whereas ileal resection or chronic pancreatitis may be
associated with steatorrhea and deficiencies in fat-soluble vi-
tamins. A history of alcoholism is associated with protein-
calorie malnutrition as well as deficits in niacin and zinc. A
history of perioperative chemotherapy or radiation treatment
may indicate a malnourished state. A careful review of
systems should focus on recent weight loss, weakness,
fatigue, and anorexia. Gastrointestinal symptoms, such as
nausea, vomiting, abdominal pains, diarrhea, melena, and
dysphagia, may also provide insight in determining the pres-
ence and magnitude of malnutrition.

The physical examination should include overall appear-
ance, noting muscle and fat wasting. Although muscle
wasting is commonly associated with protein-calorie malnu-
trition, most patients are not overtly emaciated, and evalua-
tion of muscle atrophy may be more readily appreciated in
the hypothenar muscles of the hand and the muscles of facial
expression. Other indicators of malnutrition include loss of
subcutaneous adipose tissue, peripheral edema, skin lesions,
and loss of skin turgor.

Weight loss has been shown to be an important index of
the presence, severity, and progression of malignancy. The
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importance of weight loss was noted early in the classic study
of Studley, who reported that patients who had lost more than
20% of their body weight before surgery for peptic ulcer
disease had a higher operative mortality.5 Although body
weight is the most commonly used anthropometric mea-
surement, its interpretation as a sole indicator of malnutri-
tion should be tempered. Weight is highly dependent on the
hydration status of the patient and offers no information
about the composition of the individual compartments of the
body.

Laboratory measurements may provide additional insight
for the diagnosis and extent of malnutrition. Albumin is the
most commonly used laboratory parameter to evaluate mal-
nutrition. Multiple studies associate increased morbidity and
mortality in patients with decreased serum albumin levels.6,7

The use of albumin as a nutritional index is limited by the
fact that (1) use of albumin levels as an indicator of visceral
protein synthesis assumes steady-state synthetic rates, which
is not the case during acute illness; (2) the long half-life makes
it a poor marker to follow acute nutritional changes; (3)
reduced serum levels are seen with multiple conditions
besides malnutrition; and (4) serum levels are changed by 
altering hydration status and redistribution. Nevertheless,
albumin levels remain the most frequently used index of vis-
ceral protein synthesis because this test is widely available
and relatively inexpensive.

The diagnosis of malnutrition is based generally on sub-
jective and objective measurements of nutritional status
already described, including history of appetite, weight loss,
changes in body weight, and serum albumin levels. Although
these indicators are useful, alone they do not have significant
predictive value for malnutrition and, more importantly,
patient outcome with treatment. Based on the unsatisfactory
performance of any single assessment value to determine
outcome with malnutrition, attention has been turned to
combinations of nutritional assessment values to improve the
sensitivity and specificity. Various nutritional indices have
been examined with the goal of identifying these malnour-

ished patients. Buzby et al. developed a linear predictive
model that related nutritional status with risk of operative
morbidity or mortality that was based on a variety of param-
eters from 161 patients undergoing elective general surgery
procedures. Using multivariate analysis, the authors devel-
oped a weighted combination of four prognostic factors that
predicted the risk of operative mortality and morbidity. The
index, termed prognostic nutritional index (PNI), is defined
as

where ALB is serum albumin level (g/100mL), TSF is triceps
skinfold (mm), TFN is serum transferrin level (mg/100mL),
and DH is cutaneous delayed-type hypersensitivity reactivity
to any three recall antigens graded as 0 (nonreactive), 1 (less
than 5mm induration), or 2 (5mm or more induration).
Patients determined to be high risk have a PNI of 50% or
more, those of intermediate risk, 40% to 49%, and low-risk
patients, less than 40%. In the subsequent validation of this
model, 62% of the 100 patients undergoing similar procedures
were determined to be intermediate- or high-risk patients and
89% of these ultimately developed complications. Of note, 27
of the 44 cancer patients (61%) studied were either interme-
diate or high risk.8 Subsequently, Buzby et al. also reported
the nutritional risk index (NRI), which is derived from the
serum albumin and the ratio of actual to usual weight:

where an NRI greater than 100 indicates that the patient is
not malnourished, 97.5 to 100 means mild nutrition, 83.5 to
97.5 relates to moderate malnutrition, and less than 83.5
means severe malnutrition.9

Nutritional status is conventionally assessed by a means
of a combination of anthropometric and laboratory measure-
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TABLE 84.1. Incidence of weight loss and effect on survival.

Percentage of weight loss
in previous 6 months Median survival (weeks)

Tumor type N 0 0–5 5–10 >10 No. weight loss Weight loss

Favorable NHL 138* 290 69 14 8 10 —
Breast 45* 289 64 22 8 6 70
Acute leukemia 4 129 61 27 8 4 8
Sarcoma 25* 189 60 21 11 7 46
Unfavorable NHL 55* 311 52 20 13 15 107
Colon 21* 307 46 26 14 14 43
Prostate 24* 78 44 28 18 10 46
Small cell lung 27* 436 43 23 20 14 34
Non-small cell lung 14* 590 39 25 21 15 20
Pancreas 12 111 17 29 28 26 14
Gastric (nonmeasurable) 27* 179 17 21 32 30 41
Gastric (measurable) 16 138 13 20 29 38 18
Total: 3,047 46 22 17 15

NHL, non-Hodgkin’s lymphoma.

*P < 0.05, survival of patients with weight loss versus no weight loss.

Source: Adapted with permission from DeWys et al.,2 American Journal of Medicine 1980;69:491–497.



ments. Clinically, these methods, such as skin-fold thickness,
are time consuming and not readily available. To address this
issue, the Subjective Global Assessment (SGA) was devel-
oped, which provided a clinical score based on a standardized
questionnaire concerning food intake and complaints, such as
weight change, gastrointestinal symptoms, edema, ascites,
and performance status. Based on these data, patients are clas-
sified as well nourished (SGA-A) or mildly (SGA-B) or severely
malnourished (SGA-C). Importantly, this tool does not use
any anthropometric measurements or laboratory tests.10 SGA
has been validated in surgical patients, and a modified form
has been developed for use in cancer patients.11,12 In addition
to the scores already described, a variety of other indices,
including the Gassull classification, Mini Nutritional Assess-
ment, and Instant Nutritional Assessment, have also been
reported.13–15 Currently, there is no consensus on the best
method for assessment of nutritional status. However, the
use of clinical scores may assist in the detection of malnour-
ished patients, and clinical scores are probably more accurate
than any single nutritional parameter.

In summary, all cancer patients being evaluated for treat-
ment should have evaluation of nutritional status. By what-
ever means, it is important to assess and identify all patients
who are at risk for malnutrition. Although there is no single
parameter that distinguishes the depleted patient, combina-
tions of parameters, incorporating the previously mentioned
techniques, are useful in defining this patient population.

Mechanisms of Cancer Cachexia

Host tissue depletion is dependent on the imbalance between
nutrient intake and metabolic demands of the host and
tumor. Although diminished food intake is one feature of
cancer cachexia, nutrients must also transgress the gastroin-
testinal tract into the portal system and ultimately be utilized

systematically to maintain host body mass. Alterations in
food intake, absorption, and nutrient utilization ultimately
lead to cachexia (Figure 84.1).

Abnormalities in Host Metabolism

Although anorexia is a component of cancer cachexia, restora-
tion of caloric intake does not reverse these alterations. The
tumor-bearing state is often associated with abnormalities in
energy, protein, carbohydrate, and fat metabolism, and there-
fore, additional factors must be involved. Although increased
nutrient demand by the tumor mass has been suggested as a
contributing mechanism, tumor substrate consumption is
rarely significant enough to account solely for host weight
loss and metabolic alterations (Table 84.2).

Alterations in Protein Metabolism

It has been hypothesized that tumors act as “nitrogen sinks,”
depleting the host of protein mass, resulting in characteristic
alterations in protein metabolism. This tumor avidity for
nitrogen accompanies cancer cachexia and involves alter-
ations in whole-body, liver, and skeletal muscle protein
metabolism. In general, although whole-body and hepatic
protein synthesis is elevated, muscle protein synthesis is
depressed. This pattern is unlike simple starvation, where
liver and muscle protein synthetic rates are decreased.
Tumors derive protein at the expense of the host, resulting in
an increased whole-body protein turnover. With few excep-
tions, whole-body protein turnover, synthesis, and catabolism
have been reported to be elevated in both weight-stable and
weight-losing cancer patients. Jeevanandam and colleagues
compared whole-body protein kinetics in malnourished
cancer patients with malnourished patients with benign
disease, and with starved normal controls. They found whole-
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FIGURE 84.1. Inadequate nutritional substrate and metabolic alterations can lead to cachexia.



body protein turnover to be 32% and 35% higher in the
cancer patients compared to those with benign disease and
starvation, respectively. In addition, the rate of protein syn-
thesis was 35% and 54% higher in the cancer group compared
to those with benign disease and normal starved controls.16

Depression of muscle protein synthetic rates and overall
muscle wasting is commonly seen in cancer patients. 
Comparing rectus abdominus muscle biopsied from a 
heterogeneous group of 43 cancer patients with 55 age- and
sex-matched controls, Lundholm demonstrated a decreased
rate of protein synthesis and increased rate of protein 
catabolism.17

Carbohydrate Metabolism

The literature is replete with evidence documenting alter-
ations of carbohydrate metabolism in the cancer patient and
is the basis for the ability of positron emission tomography
(PET) scans to detect malignancy. The changes seen are
similar to a type II diabetic state, but also share elements
similar to the stress state. Specifically, these abnormalities
include the following:

1. Increased hepatic glucose production18,19

2. Decreased skeletal muscle glucose utilization20

3. Increased tumor glucose utilization with increased lactate
production21

4. Increased glucose recycling (Cori cycle)22–25

Cancer patients, similar to diabetic patients, have a 25%
to 40% increase in hepatic glucose production compared to
normal controls. However, in contrast to diabetics, cancer
patients continue to produce increased hepatic glucose in the
face of starvation. The mechanism for this increased glucose
production has been implicated as either upregulation of glu-
coneogenic enzyme activity or increased availability of glu-
coneogenic precursors, such as alanine, lactate, and glycerol.

The tumor-bearing state is also associated with reduced
suppression of endogenous hepatic glucose production by ade-
quate glucose availability. In normal volunteers, a glucose
infusion completely suppresses endogenous glucose produc-
tion. However, in patients with advanced gastrointestinal
cancers, gluconeogenesis is suppressed only 70%. Patients
with sarcoma and leukemia demonstrate approximately 30%
suppression of hepatic glucose production. Most solid tumors
produce large amounts of lactate, which is subsequently con-

verted to glucose in the liver through the Cori cycle. Gluco-
neogenesis from lactate is a very energy inefficient pathway,
and this futile cycle may be responsible, in part, for the
increased energy expenditure observed in cancer patients.

Lipid Metabolism

Although reduced food intake contributes to the depletion of
host fat reserves, alterations in lipid metabolism resulting
from tumor burden have also been implicated. Increased fat
mobilization has been demonstrated in the cancer patient.
The tumor-bearing state is associated with increased lipid
mobilization, as well as decreased serum clearance. As a
result, hyperlipidemia has been reported to be associated with
some tumor types.26 The hypertriglyceridemia associated
with the tumor-bearing state is due, in part, to suppression of
lipoprotein lipase (LPL).27 LPL is synthesized by adipose and
muscle parenchymal cells and is responsible for triglyceride
clearance from plasma. In the uncomplicated starved state,
LPL is decreased as a result of reduction in insulin levels. In
cancer patients, a reduction of LPL activity is seen without a
change in insulin levels. Vlassara et al. reported a 35%
decreased lipoprotein lipase activity in a group of 28 cancer
patients with weight loss while maintaining normal or ele-
vated insulin levels. In addition, the degree of reduction cor-
related with weight loss.28

Studies in human and animals models provide evidence for
a lipid-mobilizing factor (LMF), which is elevated in the tumor-
bearing state. An LMF was recently isolated from a cachexia-
inducing tumor and from the urine of patients with advanced
cancer.29,30 This factor acts directly on adipocytes to stimulate
lipolysis in a cyclic adenosine monophosphate (AMP)-
dependent manner by a mechanism similar to that of lipolytic
hormones, and may account, in part, for the lipid metabolic
abnormalities observed in cancer patients. Treatment of mice
with LMF caused a decrease in body weight that consisted
entirely of loss of carcass lipid without any change in food or
water intake.30 Another factor, leptin, is a hormone secreted
by adipose tissue that appears to play an important role in trig-
gering the adaptive response to weight loss. In addition, leptin
acts as a negative feedback signal critical to the normal control
of food intake and body weight. Leptin modifies the gene
expression and synthetic pathway of both orexigenic (appetite-
stimulating) and anorexigenic (appetite-suppressing) mole-
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TABLE 84.2. Metabolic effects of malignancy.

Metabolic component Parameter Effect Reference

Energy expenditure Resting energy expenditure ± 66, 133–140
Protein metabolism Whole-body turnover ≠ 26, 141–144

Skeletal synthetic rate Ø 145
Skeletal catabolic rate ≠ 145
Hepatic synthetic rate ≠ 16, 146–148

Carbohydrate metabolism Glucose turnover ≠ 149, 150
Glucose intolerance ≠ 151, 152
Gluconeogenesis ≠ 153
Glucose recycling ≠ 17, 154–157
Lactate production ≠ 21
Glucose suppression Ø 22, 23, 24, 150

Lipid metabolism Fat mobilization ≠ 20, 158
Lipoprotein lipase activity Ø 18, 152, 159
Fat oxidation ≠ 19, 140
Whole-body lipolysis ≠ 158



cules in the hypothalamus, thereby controlling adipocyte
energy stores. Further studies are needed to elucidate the role
of leptin in cancer cachexia.31,32

Routes of Nutritional Support

Nutritional supplementation is an important aspect in the
treatment of cancer. Although parenteral nutrition is indi-
cated for patients with nonfunctioning gastrointestinal (GI)
tracts, disadvantages of total parenteral nutrition (TPN)
include the high cost of parenteral solutions, catheter main-
tenance, and increased need for absolute sterile technique. 
In addition, prolonged TPN administration leads to intesti-
nal mucosal atrophy, enterocyte hypoplasia, and decreased
intestinal enzyme activity.33 These changes are associated
with a break in the enterocyte barrier, allowing transgres-
sion of bacteria and endotoxin into the portal and lymph
systems.34 These observations led to the hypothesis that the
intestinal tract is a source of sepsis in the critically ill patient,
and there are data to support that TPN is associated with
higher rates of infection in certain patient populations.35,36

Therefore, enteral feeding, when possible, is the preferred
route of nutrition. Enteral feeds, either by oral supplementa-
tion or tube feedings, are less costly, easier to maintain, and
are more physiologic. Luminal nutrient in the small bowel
maintains normal villous architecture and function. Enteral
feeding also has been reported to decrease infectious compli-
cations and sepsis compared to TPN,35 which is most likely
the result of maintenance of the enterocyte barrier and
splanchnic immune function. Studies have demonstrated that
enteral nutrition is superior to TPN in maintaining the host
immunologic function. Fong et al.37 demonstrated that endo-
toxin administered to human volunteers maintained on
either TPN or enteral nutrition, resulted in an exaggerated
counterregulatory hormone response and hepatic and
splanchnic production of TNF in the TPN group. In summary,
enteral feeding is at least as efficient as, if not more efficient
than, parenteral alimentation in terms of nutritional reple-
tion. Feeding via the gut is cheaper, easier, and offers a
method of maintaining intestinal enterocyte integrity. This
advantage translates into a decreased incidence of bacterial
translocation, affecting on sepsis in a patient population that
is already at high risk for infectious complications.

Site-Specific Cancer Therapy and Nutrition

Malnourished cancer patients are at a higher risk for treat-
ment morbidity and mortality compared to well-nourished
patients. Although nutrition support has been shown to be
important in sustaining patients with “benign” causes of mal-
nutrition, it remains unclear whether feeding of patients with
cancer will reduce the morbidity and mortality associated
with therapy. A variety of studies have attempted to define
the role of nutrition in the cancer patient (Table 84.3).

Head and Neck Cancer

Approximately 40% of patients with advanced head and neck
cancers initially present with some form of protein depletion.
Although malignancy itself contributes to their malnutrition,
they often have an associated history of chronic alcohol

abuse, which places them at an even higher nutritional risk.
To compound the problem, treatment of head and neck cancer
significantly contributes to the severe malnutrition seen in
these patients. Head and neck cancer patients are a high-risk
group for malnutrition and are perfect candidates for enteral
feeding because the majority of the gastrointestinal tract is
not involved by tumor or affected by treatment. Therefore,
these patients may be fed enterally, either by small-bore naso-
gastric tubes or percutaneously placed gastrostomies or
jejunostomies. If anatomy does not allow entry into the gas-
trointestinal tract through an endoscopic route, surgical
placement of a gastrostomy or jejunostomy tube is a viable
option. Sako et al. prospectively randomized 69 patients with
head and neck cancer to either preoperative TPN or enteral
tube feeding. Nutritional support was given for 14 days.
Nitrogen balance was improved in the TPN group, but they
were unable to demonstrate any differences in terms of
immune parameters, wound healing, complications, or sur-
vival.38 In a report of nutritional supplementation in head and
neck cancer patients, Daly et al. compared nasogastric tube
feedings versus optimal oral nutrition during radiation
therapy. Caloric intake was higher in the tube-fed group, with
significant improvement in body weight and normaliza-
tion of serum albumin at the completion of radiotherapy.
However, there was no significant difference in survival
between the two groups.39

Esophageal Cancer

Malnutrition is a common finding in patients with esophageal
cancer. The malnutrition associated with esophageal cancer is,
in part, caused by mechanical obstruction and anorexia, but
tumor-dependent metabolic alterations also contribute to the
cachexia syndrome.40 Therapy associated with esophageal
cancer also contributes to worsening nutritional conditions.
Radiation may induce esophagitis and subsequently, fibrosis
and stricture. Chemotherapy induces nausea, vomiting, and
anorexia, which further worsen the patient’s nutritional
status. Surgical treatments interfere with the normal anatomy
and invariably result in decreased food intake. In addition,
esophageal anastomotic leak, regurgitation, early satiety,
decreased gastric emptying, and diarrhea are common com-
plications and sequelae after surgery. A few studies have
attempted to study the effects of nutrition in the esophageal
cancer patient. Lim et al. treated a small group of esophageal
cancer patients with preoperative gastric tube feeds and
reported weight gain after approximately 1 week and a posi-
tive nitrogen balance after 5 days. After 4 weeks of nutrition,
albumin levels increased 7.4%. However, the TPN group
demonstrated a greater weight gain (although this study did
not differentiate whether this reflected protein accrual or just
water retention) and early positive nitrogen balance.41 In
another study, Burt et al. randomized patients with localized
squamous cell carcinoma of the esophagus to three nutritional
regimens: oral feeding, jejunal feeding, or TPN. After 2 weeks
of therapy, both jejunal feeding and TPN were efficacious in
markedly suppressing gluconeogenesis while increasing
glucose turnover, pool size, and clearance rate.25 Haffejee
studied 20 patients with esophageal carcinoma. Patients were
evaluated for nutritional status, as well as immune status 1
week before and 3 weeks after enteral supplementation. After
supplementation, the average weight gain was almost 4kg,

1 4 9 2 chapter 84



nitrogen balance became positive, and serum albumin and
total iron-binding capacity were also improved. In addition,
both cellular and humoral parameters were improved.42

Although the cited studies report improved biologic endpoints,
they do not demonstrate improved survival or decreased mor-
bidity associated with supplemental nutrition.43

Pancreatic Cancer

Pancreatic cancer is associated with a high incidence of mal-
nutrition and weight loss. Numerous etiologies are identified.
Mechanical impingement of the tumor can result in gastric
outlet obstruction with associated nausea and vomiting, and
biliary obstruction can cause fat malabsorption and vitamin
K deficiency. With these potential mechanical and endocrine
problems, it is not surprising that patients with pancreatic
cancer often have malnutrition. Unfortunately, there is no
evidence to support perioperative nutritional support for
patients with pancreatic cancer. Brennan et al. studied a
homogeneous patient population undergoing a pancreatic
resection, to test the hypothesis that TPN could reduce post-
operative morbidity and decrease length of hospital stay in
patients with pancreatic malignancy. Pancreatic resection
was chosen based on the assumption that the operative pro-

cedure produces a significant catabolic insult with a definable
morbidity and mortality that could be ameliorated by TPN.
One hundred seventeen patients were randomized to 
either postoperative TPN (n = 60) or IV hydration (n = 57).
The average preoperative weight loss in this cohort was 6%.
Treatment in both groups continued until oral intake
exceeded 1,000kcal/day. Ten patients in the control arm
required cross-over to TPN secondary to complications. The
authors reported no significant differences in length of hos-
pital stay (16 days for TPN versus 14 days for control), post-
operative mortality (7% in TPN versus 2% in control), or
overall survival (mean, 24 months). However, the incidence
of intraabdominal abscess formation was significantly higher
in the TPN group. A trend toward significance in the inci-
dence of peritonitis and intestinal obstruction was also seen
in the TPN group.44 In summary, the data suggest that peri-
operative parenteral nutrition may be detrimental, and few
data exist examining the efficacy of enteral nutrition in this
setting.

Chemotherapy

Chemotherapeutic agents contribute to host malnutrition by
a variety of mechanisms, including nausea and vomiting,
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TABLE 84.3. Trials of nutrition and treatment.

Author Reference Year N Tumor type Nutrition Comments

VA studya 160 1991 395 Heterogeneous TPN vs. IV fluid Severely malnourished patients had fewer noninfectious
complications

Mullera 161 1982 125 Heterogeneous TPN vs. oral diet High incidence of complications in control patients
Increased weight gain

Holtera 162 1977 56 Gastrointestinal TPN vs. oral diet Increased weight
Increased albumin

Thompsona 163 1981 21 Gastrointestinal TPN vs. IV fluids Decreased weight loss
Younga 164 1980 20 Colon TPN vs. IV fluids Mixture of malignant and benign patients

vs. amino acids Spare lean body mass
alone Decreased length of stay

Brennana 44 1994 117 Pancreatic TPN vs. IV fluid No difference in overall survival
Moghissia 165 1977 15 Esophageal TPN vs. IV fluid Improved nitrogen balance
Heatleya 166 1979 74 Esophageal TPN vs. oral diet TPN decreased morbidity but increased wound infections
Lim 41 1981 19 Esophageal TPN vs. enteral Control = enteral feeding

Improved weight gain
Sakoa 38 1981 68 Head and neck TPN vs. enteral TPN improved weight gain, nitrogen balance
Fan 167 1994 124 Hepatic TPN TPN decreased postoperative deterioration of indocyanine green

hepatic clearance
Dalya 39 1984 40 Head and neck/ Enteral vs. optimal Increased caloric intake

radiation oral nutrition Increased weight gain
Increased serum albumin
No difference in survival

Burta 25 1982 Esophageal Oral feedings vs. Enteral/TPN: decreased gluconeogenesis
TPN vs. enteral Decreased glucose turnover

Lima 41 1981 19 Esophageal TPN vs. enteral TPN>Enteral: weight gain
Earlier positive nitrogen balance

Haffejee 42 1979 20 Esophageal Enteral: pre- vs. Increased weight gain
posttreatment Increased serum albumin

Increased cellular + humoral immune parameters
Dalya 168 1987 28 Bladder cancer Postoperative Increased caloric intake

enteral vs. IV Less negative nitrogen balance
Low vs. high No difference in hospital stay
BCAA

TPN, total parenteral nutrition; BCAA, branched-chain amino acids.
a Randomized control trial.



mucositis, gastrointestinal dysfunction, and learned food
aversions. These effects may compound the already mal-
nourished cancer patient, ultimately influencing the outcome
after chemotherapy and leading to increased morbidity and
mortality. In addition, increased toxicity from chemotherapy
is associated with poor nutritional status of the patient.45

Although the impact of malnutrition on survival in
cancer patients is well documented, the ability of nutritional
intervention to influence clinical outcome in patients under-
going chemotherapy is yet to be defined (Table 84.4). TPN was
first suggested by Schwartz et al. to potentially decrease
chemotherapy-related toxicity and improve host tolerance.46

Early retrospective studies suggested that nutritional reple-
tion might allow patients to undergo chemotherapy with
improved results and less morbidity.47–49 These encouraging
results prompted prospective, randomized nutrition trials in
a variety of malignancies; however, these trials have not
demonstrated improved tumor response or longer survival in
patients receiving nutritional support.50–55 Summarized in a
position paper by the American College of Physicians, a meta-
analysis of 12 randomized TPN trials resulted in an odds ratio

for overall survival of 0.81. In other words, patients receiving
TPN were only 81% as likely to survive as control patients.
For short-term survival (3 months), the odds ratio fell to 0.74.
In patients receiving TPN, tumor response rate was 68%.
They recommended that “routine use of parenteral nutrition
for patients undergoing chemotherapy should be strongly dis-
couraged, and, in deciding to use such therapy in individual
patients whose malnutrition is judged to be life threatening,
physicians should take into account the possible exposure to
increased risk.”56 Enteral nutrition studies have demonstrated
improvement in biologic endpoints in patients undergoing
chemotherapy but have not demonstrated any significant
improvement in response or survival.

Nutritional support has been shown to affect positively
clinical outcome in one particular cancer patient population
undergoing chemotherapy. Bone marrow transplantation
(BMT) requires intensive chemotherapy, resulting in severe
adverse nutritional effects. At least 50% of BMT patients
suffer enteritis severe enough to result in protein-losing
enteropathy, as well as frequent bouts of mucositis and
esophagitis. As a result, these patients seem to benefit from
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TABLE 84.4. Trials of nutrition and chemotherapy.

Author Reference Year N Tumor type Nutrition Response Survival Comments

DeVriesa 169 1982 55 Leukemia Enteral vs. ≠ Serum
oral diet albumin

Ø Weight loss
Poppa 50 1981 41 Lymphoma TPN vs. oral NS Weight gain improved

diet No change in lean body mass
No change in nutritional indices

Shambergera 170 1983 27 Metastatic TPN vs. oral NS No difference in infectious
sarcoma diet complications

Time of myelosuppression not
changed

Nixona 171, 172 1981 45 Colon cancer TPN vs. oral Ø with TPN Weight gain improved
diet

Samuels 173 1981 30 Testicular TPN NS NS Protein levels unchanged
Weight loss improved

Drotta 174 1988 23 Testicular TPN vs. oral Nitrogen balance improved
diet No difference in toxicity

Lean body mass unchanged
Evansa 55 1987 192 Advanced Enteral vs. NS NS No difference in toxicity

colorectal and oral diet
lung cancer

Shikea 51, 175 1984 31 SCLC TPN vs. oral No effect on lean body mass
diet

Clamona 53 1985 119 SCLC TPN vs. oral NS NS Increased febrile episodes
diet

Weinera 54 1985 120 SCLC TPN vs. oral Weight loss decreased
diet Significant number of TPN-related

complications
Jordana 176 1981 65 Lung cancer TPN vs. oral NS Ø with TPN

diet
Weisdorfa 59 1987 137 BMT TPN vs. IV ≠ with TPN No difference in engraftment, length

fluids of stay, graft vs. host disease, or
bacteremia

Szelugaa 58 1987 61 BMT TPN vs. NS TPN > enteral maintaining body cell
enteral mass

No difference in hematopoietic
recovery

No difference in length of stay
Muldera 57 1989 22 BMT TPN vs. No difference in nitrogen balance

enteral Enteral nutrition as efficacious as TPN

SCSL, small cell lung cancer; BMT, bone marrow transplant; NS, not significant.
a Randomized control trial.



nutritional support.57,58 In a prospective randomized trial,
Szeluga et al. randomized 61 patients requiring BMT to either
TPN or individualized enteral feed program. Although the
enteral feeding program was less effective in maintaining
body cell mass, there was no difference in rates of hematopoi-
etic recovery, length of hospital stay, or overall survival
between the two groups.58 In another randomized, prospective
trial, 137 patients were randomized to receive either TPN 1
week before BM transplantation or standard hydration. TPN
was continued for 4 weeks after BMT. Overall survival,
disease-free survival, and time to relapse were significantly
improved in those patients receiving TPN. Average protein
and calorie intake was also increased in the TPN group. No
differences in engraftment, duration of hospitalization, bac-
teremia, or graft-versus-host disease were noted. Importantly,
40 of 66 control patients were crossed over to TPN when
nutritional depletion was documented, and these patients
were still analyzed with the control group.59

Nutritional support has not been shown to improve
accrual of lean body mass, improve nutritional parameters, or
ameliorate chemotherapy-related gastrointestinal and hema-
tologic toxicity. Importantly, randomized trials have not
demonstrated an improvement in response rate or overall
survival in patients receiving nutritional support during
courses of chemotherapy, with the exception of patients
undergoing BMT. Based on these data, there is relatively little
indication that enteral feedings or TPN have any role as an
adjunct for chemotherapy.

Radiation Therapy

In addition to chemotherapy, radiation therapy contributes to
the cancer patient’s malnourished state. The severity and
incidence of malnutrition and weight loss are determined by

the body region undergoing radiation and by dose, duration,
and volume of therapy. Retrospective studies have supported
the use of nutrition supplementation in patients undergoing
radiation, claiming to improve the nutritional state, as well
as offering a protective effect against acute and chronic radi-
ation changes. However, there are no randomized prospective
studies demonstrating improvement in local control or sur-
vival with nutritional support.

There is experimental evidence to support enteral nutri-
tion as a form of prophylaxis against radiation injury.60

Bounous reported that elemental nutrition works by sup-
pressing pancreatic and biliary secretions. In addition, he
states that it prevents alterations in microvilli, reduction in
the enterocyte glycocalyx, and suppression of brush border
enzymes.61 Some of these findings have been reproduced in
human trials. McArdle et al. fed 20 patients 3 days before and
4 days during radiotherapy for bladder cancer. All patients
underwent cystectomy and ileal conduit. Tube feedings were
restarted on the first postoperative day. These patients were
compared with treatment-, age-, sex-, and grade-matched his-
torical controls. The authors concluded that the control group
had increased amounts of diarrhea, nausea, and vomiting in
both the pre- and postoperative period, and that the time for
the return of gastrointestinal function was decreased. In addi-
tion, histologic examination of biopsy specimens of the ter-
minal ileum in 3 patients who were not fed the elemental
diet, demonstrated moderate to severe radiation damage com-
pared to those receiving enteral feedings, who demonstrated
normal morphologic findings.62

In summary, there is good evidence that nutrition posi-
tively affects the cancer patient in terms of metabolic param-
eters.63,64 However, at the present time, there is a paucity of
data demonstrating a positive clinical impact (Tables 84.3,
84.4, 84.5). Reasons for this are many. Most importantly,
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TABLE 84.5. Trials of nutrition and radiation.

Author Reference Year N Tumor type Nutrition Response Survival Comments

Kinsellaa 177 1981 32 Pelvic malignancy TPN vs. oral Mixture of curative and palliative
intake treatment

Improved transferrin levels
No improvement in quality of life

or complications
Improved weight gain

Ghavimia 178 1982 25 Pediatric pelvis/ TPN vs. oral NS Some patients received
abdominal diet chemotherapy
malignancy No difference in anthropometrics

Increased diarrhea with TPN
Depression of WBC increased with

TPN
Valerioa 179 1978 20 Pelvic malignancy TPN vs. oral Increase in transferring

diet Improved weight gain
Solassola 180 1980 81 Ovarian malignancy TPN vs. oral NS Treatment interruptions decreased

diet with TPN
McArdle 62 1985 20 Bladder cancer Enteral Ø GI symptoms

compared to Improved nitrogen balance
historical Terminal ileum histology:
controls improved radiation changes

Douglassa 181 1978 30 Locally advanced GI Enteral vs. oral NS Improved delayed-type
cancers diet hypersensitivity

Dalya 39 1984 40 Head and neck Enteral vs. oral NS NS ≠ caloric intake
cancers diet ≠ protein intake

Ø weight loss
≠ recovery of serum albumin

a Randomized control trial.



studies demonstrating improvement in survival and morbid-
ity require a large number of patients with significant follow-
up time. Unfortunately, there are few studies large enough
and with homogeneous populations and sufficient follow-up
time to definitively state conclusions about nutrition and 
its impact on overall survival. Although promising, large
prospective, randomized studies are still required before
nutrition is instituted globally in cancer patients in an
attempt to improve outcome and overall survival.

Pharmacologic Support

Enteral or parenteral nutritional supplementation is one
approach to overcome nutritional impairment, but “force
feeding” alone cannot always reverse the effects of cancer
cachexia. It is possible that the failure of conventional nutri-
tional interventions to improve clinical outcome in cancer
patients may be because standard formulations do not affect
or reverse the abnormalities of intermediate metabolism seen
in cancer cachexia. Therefore, there has been an interest in
developing certain pharmacologic agents to improve weight
gain and nutritional status in cancer patients by addressing
these issues (Figure 84.2; Table 84.6).

Promotility Agents

Patients with advanced cancers experience early satiety
based, in part, on delayed upper gastrointestinal motility. In
addition, factors, such as postoperative ileus and opiate-
associated dysmotility, contribute to delayed emptying.65 The
cancer-associated dyspepsia syndrome, including nausea,
vomiting, loss of appetite, and bloating, is related to auto-

nomic dysfunction. Metaclopramide is a benzamide deriva-
tive with marked dopamine receptor antagonism and weak
antagonism of the 5-hydroxytryptamine-3 receptor. It has
direct effects on gastrointestinal motility, as well as having
an antiemetic effect. Metaclopramide has been shown to
relieve anorexia and early satiety in small trials.66,67 A con-
trolled release form of metaclopramide studied in a cancer
patient population, showed the drug to be moderately effec-
tive, with improvement in nausea.68,69 Although it has been
shown to improve gastric emptying and provide symptomatic
improvement, demonstration of an effect on clinical nutri-
tional endpoints is necessary before metaclopramide is used
in routine clinical practice. Erythromycin and other
macrolide antibiotics have also been studied as anticachectic
agents.70 In addition to their promotiliy effects, macrolides
also posses antiinflammatory properties. In a small trial, 
33 patients with unresectable primary non-small cell lung
cancer were treated with clarithromycin for 3 months. As
compared to a similar cohort of patients not receiving clar-
ithromycin, patients receiving the macrolide demonstrated
reduced serum interleukin (IL)-6 levels, which correlated with
improved weight gain.71

Orexigenic Agents

Orexigenic agents are drugs that stimulate appetite. The most
studied orexigenic agent is megestrol acetate. Megestrol
acetate (Megace), a synthetic progestational agent, has been
used for hormonal management of breast cancer. Studies with
megestrol acetate noted that the drug produced weight gain,
increased appetite, and promoted a sense of well-being, unre-
lated to its antitumor effect.72 In a randomized, double-
blinded study, 133 cancer patients with anorexia and weight
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FIGURE 84.2. Pharmacologic agents have been developed to improve weight gain and nutritional status in cancer patients.



loss were treated with megestrol acetate (800mg/day) or
placebo. Megestrol acetate resulted in a significantly
improved appetite and food intake, while leading to less
nausea and vomiting. Although overall weight gain was no
different, weight gain greater than 10% was reported in more
patients taking megestrol acetate (16%) compared to placebo
(2%). The only side effect noted was mild edema.73 In a mul-

tiinstitutional, placebo-controlled trial, megestrol acetate
was also found to improve weight gain and appetite.74 The
primary concern with megestrol acetate has been that weight
gain results from the deposition of fat and not lean body
mass.75 Related to megestrol acetate, medroxyprogesterone
acetate (MPA) is a synthetic progesterone derivative that has
also been studied as an appetite stimulant, as well as a mod-
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TABLE 84.6. Pharmacologic support.

Agent Author Reference Year N Tumor type Trial type Comments

Promotility: Metaclopramide Bruera 68 2000 26 Heterogeneous Crossover Nausea improved compared to
placebo

Wilson 69 2002 48 Heterogeneous Phase II Appetite and bloating improved
Macrolide Sakamoto 71 2001 33 NSCLC Case-control Weight gain

antibiotics IL-6 serum level decreased
Mikasa 70 1997 49 NSCLC RCT Improved survival

Orexigenic: Progestational Loprinzi 73 1990 133 Heterogeneous RCT Megase improved food intake and
weight gain

Erkurt 74 2000 100 Heterogeneous RCT Megase improved weight gain,
performance status, and appetite

Simons 77 1998 54 Heterogeneous RCT MPA increased energy intake and
fat mass

Cannabinoids Jatoi 80 2002 469 Heterogeneous RCT Compared megase and dronabinol
and combination

Equal effect, no benefit from
combination therapy

Antiserotonin Kardinal 81 1990 295 Heterogeneous RCT Cyproheptadine decreased nausea
and vomiting

No effect on weight loss
Edelman 82 1999 20 Heterogeneous Phase II Ondansetron

Failed to prevent weight loss
Anabolic: Steroids Willox 83 1984 300 Heterogeneous RCT Improved appetite

Loprinzi 85 1999 475 Heterogeneous Phase III Compared dexamethasone, megase,
and fluoxymesterone:

Megase = Dex > Fluo
Moertel 84 1974 Heterogeneous RCT Dexamethasone improved appetite

No effect on weight gain
Insulin Minn 86 1994 6 Lymphoma Observational Insulin improved glucose uptake in

skeletal muscle but not tumor by
PET scan

Pearlstone 182 1994 11 Postoperative Crossover Insulin improved protein kinetics
Growth Berman 91 1999 30 Postoperative Randomized GH improved protein kinetics

hormone
Amino acids Tayek 95 1986 10 Advanced Crossover BCAA enriched TPN improved

abdominal whole-body protein kinetics
Hunter 96 1989 9 Intraabdominal RCT BCAA enriched TPN improved

adenocarcinoma protein kinetics
Ziegler 99 1992 45 Hematologic RCT Glutamine enriched TPN improved

malignancies nitrogen balance and decreased
length of stay

May 97 2002 32 Solid tumors RCT Nonessential amino acids vs. beta-
hydroxy-beta methylbutyrate 
arginine and glutamine

Improved fat free mass
Other: Pentoxifylline Goldberg 104 1995 70 Heterogeneous RCT Failed to improve appetite

Hydrazine Loprinzi 107 1994 127 NSCLC RCT Failed to demonstrate any benefit
108 1994 243 Advanced RCT Failed to demonstrate any benefit

colorectal
Fatty acids Wigmore 109 1996 18 Pancreas Phase II Stabilization of energy expenditure

Burns 183 1999 22 Heterogeneous Phase I
Gogos 112 1998 60 Solid tumors RCT PUFA had an immunomodulating

effect and prolonged survival
Thalidomide Khan 115 2003 11 Esophageal Phase II Reversed weight loss

Bruera 113 1999
Melatonin Lissoni 116 2002 1,440 Heterogeneous Phase II Decreased weight loss

Lissoni 118 2003 100 NSCLC Randomized Improved survival
Chemotherapy better tolerated

RCT, randomized control trial; NSCLC, non-small cell lung cancer; BCAA, branched-chain amino acids; GH, growth hormone.



ulator of cytokine release.76 In a randomized, prospective trial,
Simons et al. report that MPA stimulated food intake and
reversed fat loss in 54 nonhormone-sensitive cancers.77

Another orexigenic agent considered for use in cancer
patients is dronabinol (marinol), which is the major active
ingredient of marijuana (tetrahydrocannabinol). It is currently
approved as a treatment of refractory nausea and vomiting. It
has also been noted to be an appetite stimulant. In a small
study, patients with advanced cancers were treated with dro-
nabinol and, although there was improvement in appetite,
weight loss continued unabated.78 In a similar study, dron-
abinol improved both appetite and reduced the rate of weight
loss.79 Dronabinol has recently been compared to megestrol
acetate in a prospective study of 469 patients with advanced
cancer. Patients were randomized to megestrol acetate, dro-
nabinol, or a combination of both agents. Although 75% of
patients taking megestrol acetate reported an improved
appetite, only 49% of the patients receiving dronabinol had
significant improvements. The combination therapy did not
confer any additional benefit over megestrol acetate alone.80

Further prospective trials are needed to ascertain the utility
of this agent in clinical practice.

Cyproheptadine is an antiserotonin agent with known
appetite stimulatory effects. In a randomized, double-blinded,
placebo-controlled study, 295 patients with advanced malig-
nancy were treated with cyproheptadine or placebo. Patients
receiving the active drug demonstrated a slight improvement
in appetite.81 However, no increase in weight gain was noted.
Other antiseritonergic agents have also been studied.
Ondansetron and granisetron are newer 5-HT3 receptor antag-
onists and powerful antiemetics. In a study of 20 metastatic
cancer patients, ondansetron improved the ability of patients
to enjoy eating, but this effect did not translate into weight
gain or improvement of other biochemical parameters of
cachexia.82 Future trials with antiseritonergic agents are
needed to define their role in the treatment of cancer
cachexia.

Anabolic Agents

Anabolic agents have the potential to improve body compo-
sition by maintaining or enhancing lean body mass. This class
of agents includes growth hormone (GH), insulin, steroids,
and amino acids.

Corticosteroids have been used in the palliative setting for
cancer patients because they have been shown to possess a
significant antinausea effect and to improve appetite and pain
control. In a double-blinded cross-over study comparing
placebo to prednisolone in more than 300 cancer patients
with advanced disease, 80% of the patients experienced
improved appetite and a sense of well-being, compared with
50% on placebo. However, no increase in caloric intake or
body weight resulted.83 In a randomized, double-blinded
placebo-controlled study, dexamethasone was studied in
preterminal gastrointestinal cancer patients and found to
improve appetite, but it had no effect on weight gain.84

Advanced cancer patients randomized to megestrol acetate,
fluoxymesterone, and dexamethasone, demonstrated equal
weight gain and appetite enhancement in the megestrol
acetate and dexamethasone groups, but toxicity of dexa-
methasone was somewhat greater.85 Although the short-term
toxicity of steroids is well tolerated, chronic use of steroids

would be necessary to achieve clinical improvement. The
long-term side effects and morbidity associated with steroid
use outweigh its potential benefit.

Insulin has been extensively investigated as an anabolic
agent in cachectic animal models, demonstrating decreased
weight loss, preservation of normal host composition, and
improved survival after tumor resection. When administered
to rats, insulin increased host weight and muscle weight com-
pared to controls. The mechanism of the effects of insulin in
these studies included improved food intake, but insulin may
also be involved in overcoming tumor-induced metabolic
defects, which promote protein catabolism.86,87 Although both
animal and human data have demonstrated that insulin can
improve protein and carbohydrate metabolism in the tumor-
bearing state, and despite that it is an inexpensive, readily
available agent, the clinical correlates have never been
demonstrated.

Growth hormone (GH) has been shown to attenuate both
the loss of body protein and body cell mass when adminis-
tered to noncancer, catabolic patients. However, there is a
paucity of studies using GH in the cancer population. The rel-
atively few studies using GH as a nutritional adjunct in
cancer patients may be because many investigators are reti-
cent to administer GH to cancer patients, because of the
potential for stimulating tumor growth. There are limited
data to suggest that GH and/or its mediator, insulin-like
growth factor (IGF)-I, may support tumor growth, and it is
possible that the potentially salutary effects of GH may be
offset by a tumor-promoting effect.88 Concerns regarding
potential stimulation of tumor growth by GH have not been
substantiated. Numerous in vivo animal studies provide no
evidence to suggest that studies of GH in the cancer patient
should not be performed.89,90

In a prospective, randomized trial, Berman et al. treated
cancer patients following surgical resection of upper gas-
trointestinal malignancies with GH (0.1mg/kg) daily for 4
postoperative days in conjunction with standard TPN (n = 10).
Patients receiving standard TPN served as a control (n = 10).
Patients underwent a whole-body and skeletal muscle protein
kinetic study. Patients receiving GH demonstrated improved
whole-body protein net balance. While the patients receiving
only TPN demonstrated a decrease in serum IGF-1 levels
postoperatively, GH was able to normalize IGF-1 levels back
to preoperative levels.91

Growth hormone has been shown to improve protein
metabolism, wound healing, and immunologic status in the
surgical patient.92 Although expensive and inconvenient to
administer, GH still has potential to improve the clinical
response in malnourished cancer patients. Further studies are
needed to define the role of GH in the nutritional supple-
mentation of cancer patients.

Branched-chain amino acids (BCAA) have been proposed
as modulators of protein metabolism. Infusion of BCAA 
has been shown to reduce protein catabolism in healthy as
well as cancer-bearing animals and humans.93,94 Tayek et al.
studied 10 malnourished cancer patients using a cross-over
design, providing conventional TPN and BCAA-enriched
TPN (50% of amino acids as BCAA) for 2 to 5 days. The
authors reported an increase in whole-body protein synthesis,
with no difference in protein breakdown, in patients receiv-
ing the BCAA-enriched TPN.95 This beneficial effect on
protein metabolism has been confirmed in a subsequent
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study.96 Although these clinical trials have reported im-
provements in protein kinetics, studies addressing clinical
outcome are required before BCAA-enriched TPN should be
routinely administered to cancer patients.

Other amino acids have been studied as supplements.
Glutamine is a nonessential amino acid that is often depleted
in cancer patients. The mechanism of this depletion is
unknown, but likely is caused by alterations in host protein
metabolism, avidity of tumors for host glutamine, and the
catabolic effects of cancer therapy.97 The glutamine-depleted
state may have a negative impact on the patient’s clinical
course.98 In a double-blinded, prospective trial, Ziegler et al.
randomized 45 patients undergoing BMT for hematologic
malignancies to either conventional TPN or isonitrogenous,
isocaloric TPN supplemented with glutamine. Patients were
treated for 4 weeks posttransplantation. Those patients who
had received the glutamine-enriched TPN had an improved
nitrogen balance, significantly fewer infectious complica-
tions, and shortened length of hospitalization.99

There is an extensive literature suggesting low circulat-
ing levels of serum testosterone in patients with malig-
nancy.100,101 Most data related to testosterone replacement are
derived from human immunodeficiency virus (HIV) studies.
Oxandrolone is a testosterone derivative approved by the U.S.
Food and Drug Administration for weight gain in chronic
wasting diseases. Oxandrolone increases lean body mass,
strength, weight gain, and perhaps quality of life in men 
with acquired immunodeficiency syndrome (AIDS)-related
cachexia,102,103 and ongoing studies are evaluating the use of
oxandrolone in the cancer cachexia population.

Anticatabolic Agents

Pentoxifylline is a methylxanthine derivative that is approved
for intermittent claudication. Based on the observation that
pentoxifylline blocks tumor necrosis factor-alpha (TNF-a),
which is believed to be a mediator of cancer cachexia, a 
randomized, double-blinded, placebo-controlled study was
performed to evaluate its use in treating cancer cachexia.
Seventy patients with documented cancer cachexia were 
randomized to pentoxifylline or placebo. Although well 
tolerated, pentoxifylline failed to improve the appetites 
of study patients.104 Hydrazine sulfate inhibits the enzyme
PEP-CK, and interferes with gluconeogenesis, and has 
been reported to normalize the carbohydrate metabolism of
cancer patients with cachexia.105 Athough some have claimed
it improves appetite and has anititumor effects,106 multiple
clinical studies have not shown any benefit from the
drug.107–109

The polyunsaturated fatty acids, such as eicosapentanoic
acid (EPA), have been shown to inhibit lipolysis and muscle
degradation in cancer cachexia animal models. In a study of
patients with unresectable pancreatic cancer, dietary fish oil
supplements, including EPA, were administered. After 3
months, patients showed decreased fatigue, a median weight
gain of 0.3kg/month, and stabilization of resting energy
expenditure.110,111 The effects of EPA on inflammatory
cytokines, prostaglandin E2, and the proteolytic cachectic
factor may explain, at least in part, the reversal of weight loss
reported in cachectic pancreatic cancer patients and tumor-
bearing mice supplemented with fish oil.100 In another study
by Gogos and colleagues, 60 patients with advanced solid

tumors were randomized to supplemental omega-3 polyun-
saturated fatty acids or placebo. Patients receiving the fish 
oil supplementation demonstrated an improved immune
response, as well as a longer mean survival.112 These findings
suggest a potential role of EPA as a useful supplement to treat
or prevent cancer cachexia.

Forty years since its worldwide withdrawal for its terato-
genic effects, thalidomide is currently undergoing a remark-
able renaissance as a powerful immunomodulatory agent.
Over the past decade, it has been found to be active in a wide
variety of inflammatory and malignant disorders. One of the
effects of thalidomide is its ability to inhibit TNF-a, and it
has recently been studied as a drug to treat HIV-associated
wasting and cancer cachexia.113,114 Khan and colleagues
reported on 10 patients with nonobstructing and inoperable
esophageal cancer who were established on an isocaloric diet
for 2 weeks, followed by 2 weeks on thalidomide, 200mg
daily. Thalidomide treatment appeared to reverse the loss of
weight and lean body mass over the 2-week trial period, with
a mean gain in lean body mass of 1.75kg.115 Thalidomide is
very well tolerated, and further randomized clinical trials are
warranted. Melatonin is the main hormone released from the
pineal gland and has been shown to have antitumor and anti-
cachectic effects.116 One potential mechanism is through
melatonin’s ability to decrease circulating levels of TNF in
patients with advanced cancers.117 In a large trial, Lissoni et
al. studied 1,440 patients with untreatable advanced solid
tumor who received supportive care alone versus supportive
care with melatonin. They demonstrated that melatonin
decreased the frequency of cachexia in those patients taking
supplemental melatonin.116 In a randomized trial of 100
patients with non-small cell lung cancer undergoing
chemotherapy, patients receiving concomitant melatonin
demonstrated a higher tumor response and survival.118 These
trials provide early evidence to support further trials evaluat-
ing melatonin in the supportive care of patients with cancer-
related malnutrition.

Despite being an attractive concept, there is no univer-
sally accepted “cocktail” of nutritional supplementation,
coupled with pharmacologic support, that improves the nutri-
tional status of patients with cancer cachexia. Further work
with these and newer agents is needed before the standard of
care changes.

Nutritional Support and Tumor Stimulation

Nutritional status plays an important role in the complex rela-
tionship between tumor and host, and nutritional repletion 
in cancer patients elicits a potential concern of stim-
ulation of tumor growth. Tumors may preferentially extract
exogenous nutrients at the expense of the host, resulting in
accelerated tumor growth. Numerous laboratory and clinical
studies have addressed the effect of nutritional supplementa-
tion on tumor development, tumor growth, and metastasis.
Animal studies have shown that both intravenous and oral
nutritional repletion of malnourished tumor-bearing animals
restores host body weight, immunocompetence, and serum
protein to normal, but tumor growth has also been shown to
be concomitantly stimulated.119–121 Few human trials address
the effects of nutritional repletion on tumor growth. In a 
study of head and neck cancer patients with a weight loss
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greater than 10%, Baron et al. reported that tumors aspirated
before and after 3 to 17 days of TPN, demonstrated an increase
in hyperdiploid cells after TPN, by flow cytometry. In con-
trast, there was no difference in cell-cycle kinetics in adjacent
normal mucosa.122 Frank et al. also studied head and neck
cancer patients before and after 7 days of TPN and reported
similar results. They observed an increase in incorporation of
bromodeoxyuridine into the tumor cells after completion of
TPN.123 Tumor protein kinetics has been studied in patients
undergoing nutritional support. In a prospective randomized
study of gastrointestinal malignancies, Mullen et al. reported
on 25 patients randomized to either oral diet or TPN for 7 to
10 days before operation. On the day of surgery, patients were
infused with 15N-glycine, and tumor biopsies were analyzed
for protein fractional synthetic rate. No differences in protein
fractional synthetic rates were observed between patients
receiving TPN (14.2%/day) versus oral diet (15.1%/day). In
addition, the rate of protein synthesis was independent of the
extent of disease and was related to the rate of protein syn-
thesis of the adjacent normal tissue.124

Overall, most animal studies support the findings that
tumor growth is stimulated with nutritional repletion. Defin-
itive conclusions from these animal models, however, are
limited by the fact that they use rapidly growing, nonmetas-
tasizing transplantable tumors with tumor burdens reaching
nonphysiologic proportions. Therefore, the effects of nutri-
tional repletion on host and neoplastic tissues observed in
animal models may be different in humans. There is no objec-
tive evidence that nutritional support in humans actually
stimulates tumor growth and, utilizing clinical endpoints,
there is no evidence that nutritional support increases tumor
growth or promotes metastatic potential. Therefore, the
selective use of nutritional support in the cancer patient pop-
ulation, where indicated for nutritional repletion, should not
be discouraged based on this theoretical concern.

Ethics

There is little debate about providing nutritional support for
a reversible acute illness. However, the controversy exists in
initiating and sustaining nutritional support for patients with
incurable or end-stage cancer with little prospect of reversing
the underlying disease and regaining nutritional indepen-
dence. Patients with cancer may fall anywhere within this
spectrum, and careful consideration of patient, family, and
physician expectations should be included in the decision-
making process.

Through the ages, the act of giving food and drink has
been symbolic of caring and compassion. Supplemental nutri-
tion is believed by some to be a logical continuation of this
basic tenet, while others feel that “forced feeding” is an inva-
sive medical intervention, requiring definitive indications
and consent. The debate has yet to be resolved, and each case
needs to be evaluated by its own merits and circumstances.
Although nutritional support is considered ethically similar
to any other life-sustaining treatment, such as ventilator
support, dialysis, and antibiotics, physicians are not obligated
to offer nutritional support and hydration unless potential
benefit is anticipated. In terms of legal considerations, almost
every court has ruled in favor that nutritional support is a
medical intervention that can be refused by either a compe-

tent patient or a surrogate (when there is clear and convinc-
ing evidence that the patient would want therapy withdrawn).
Excellent reviews and essays on the legal precedent are 
available.125–127

In addition to a life-prolonging intervention, there is also
debate regarding the palliative effects of nutritional support
in the terminal cancer patient. The placement of a gastros-
tomy tube can provide suitable nutrition and hydration 
and may also be useful for palliative decompression of the 
gastrointestinal tract.128 Bozzetti et al. report that home 
TPN in severely malnourished, almost aphagic terminal
cancer patients improved their quality of life, especially in
patients surviving more than 3 months.129 Home TPN or
enteral nutrition also may be useful interventions to facili-
tate hospital discharge so that, if so desired, patients can die
at home rather than in the hospital. On the other hand, the
salutatory aspects of palliative nutritional support must be
tempered.130 While it is difficult to “watch some one starve
to death,” investigators have shown that contrary to popular
belief, patients with terminal illness can be made quite com-
fortable despite very limited food and fluid intake.131 Impor-
tantly, the use of nutritional support should not provide
unrealistic hope and prevent the involvement of hospice 
services.

Overall, several principles can be used to direct the deci-
sion process, which are based on active patient, family, and
physician participation132:

1. A patient’s expressed wishes, either in the present or
through a prior directive, should be the primary guiding
force when nutritional support is a medical option.

2. Although nutrition may prevent dehydration and malnu-
trition, there are no data supporting its efficacy in pro-
viding comfort by alleviating the subjective conditions of
thirst or hunger.

3. The decision to use nutritional support must be made by
assessing the benefits and burdens for each individual
case.

4. A therapeutic trial of nutritional support should be 
discontinued when the burdens clearly outweigh the 
benefits.

5. The patient should be the final arbiter in assessing bene-
fits and burdens.

In summary, a thoughtful approach is necessary in the ini-
tiation and continuation of nutritional support in the cancer
patient. Potential benefits must be weighed against burdens,
and realistic goals must be evaluated. Although the patient is
the final arbiter, the family and physician must participate
and communicate in the decision-making process.
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Paraneoplastic
Syndromes

Shirish M. Gadgeel and Antoinette J. Wozniak

alignancies most often produce symptoms by local
tumor growth and invasion, or by metastatic spread.
However, there are remote effects of the primary

cancer termed paraneoplastic that can result in significant
symptomatology and organ dysfunction.1 It is postulated that
these syndromes result from the production of substances,
such as hormones or their precursors, steroid metabolites,
enzymes, and various cytokines.2 Neurologic syndromes asso-
ciated with neoplasms may be the result of antibody produc-
tion related to immunoaccessible antigens produced by the
neoplasm.

In general, it is common for malignancies to produce these
substances, but it is less common that actual clinically rele-
vant paraneoplastic syndromes develop. About 7% to 10% of
cancer patients present with a paraneoplastic syndrome as the
first manifestation of disease.3 If one considers some of the
more common problems associated with malignancy, such as
anemia, anorexia, and fever as paraneoplastic, a significant
number of patients are affected by these syndromes. This
chapter discusses some of the more common paraneoplastic
syndromes associated with malignancies.

Endocrinologic Syndromes

The manifestations of the endocrinologic paraneoplastic syn-
dromes are associated with the production of hormones or
hormone-like substances. Table 85.1 lists the syndromes that
have been reported and some of the malignancies with which
they are associated.4–6

Hypercalcemia

Hypercalcemia is a fairly common metabolic problem that
can occur in the presence of osseous metastases or as a result
of a paraneoplastic process. A number of different cancers,
including breast, lung, head and neck, kidney, and hemato-
logic malignancies can cause hypercalcemia.7 Associated
humoral and cytokine etiologic factors include parathyroid
hormone-related protein (PTH-RP), transforming growth
factor-alpha, interleukin 1, tumor necrosis factor, prostaglan-
dins, and lymphotoxin.8 The clinician should be aware that
benign conditions, such as hyperparathyroidism can coexist
with malignancy and be the source of the hypercalcemia. The
interaction of PTH, calcitonin, and 1,25-dihydroxyvitamin D
in the bone, kidney, and gastrointestinal tract physiologically

controls body calcium. Intact PTH is generally normal or sup-
pressed in malignancy-related hypercalcemia, indicating that
there are other causative factors. PTH-RP is a small peptide
homologous with the amino-terminus of PTH, which is also
the portion that binds to the PTH receptor.9 PTH-RP can
stimulate bone resorption and renal phosphate wasting result-
ing in hypercalcemia and hypophosphatemia. PTH-RP pro-
duction is often found in squamous cell carcinomas and other
solid tumors. Hematologic malignancies may cause hyper-
calcemia by production of several cytokines, including osteo-
clast-activating factor (OAF), lymphotoxin, and tumor
necrosis factor (TNF).10 Lymphomas can produce 1,25-dihy-
droxycholecalciferol, promoting gastrointestinal (GI) absorp-
tion of calcium, resulting in suppressed PTH, normal to
increased phosphorus, and hypercalcemia.6

Hypercalcemia is a significant source of morbidity and
mortality in the cancer patient. Early manifestations can
include anorexia, fatigue, lethargy, nausea, constipation, pru-
ritis, polydypsia, and polyuria. These symptoms may not
always be recognized because of attribution to the existing
malignancy, other comorbid conditions, and treatment toxic-
ities. If left untreated, symptoms can progress, resulting in
severe dehydration, renal insufficiency, constipation, ileus,
confusion, obtundation, seizures, and coma.

Patients who have a serum calcium level greater than 
13mg/dL usually exhibit symptoms. The degree of sympto-
mology is variable depending on the level of serum calcium,
the rapidity with which the level was achieved, and the
patient’s overall health (i.e., performance status, age, preex-
isting organ dysfunction). The initial goal of treatment is
restoration of intravascular volume and promotion of cal-
curesis, which can be accomplished with normal saline
hydration (100–400mL/h). Slower hydration may be more
appropriate in patients with cardiovascular or renal impair-
ment. Diuretics, such as furosemide, should be used judi-
ciously to balance fluid intake and output. Dialysis may be
necessary in cases of renal failure.

The bisphosphonates are the most common pharmaceu-
tical agents used to treat hypercalcemia. These agents are ana-
logues of pyrophosphate and inhibit osteoclast activity by
binding to hydroxyapatite. Pamidronate and the newer gen-
eration, zoledronic acid, are the bisphosphonates used in the
treatment of hypercalcemia. In randomized trials, zoledronic
acid (4 and 8mg) proved to be superior to pamidronate (90mg),
by yielding a more rapid and sustained decrease in serum
calcium.11 The current recommended dose of zoledronic acid
is 4mg intravenously over 15 minutes. The bisphosphonates
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should be administered with caution in patients with renal
insufficiency.

Gallium nitrate is another agent that can inhibit bone
resorption via inhibition of osteoclast activity. It is adminis-
tered at a dose of 100 to 200mg/m2/day by continuous infu-
sion for up to 5 days. Gallium nitrate was proven to be
superior to pamidronate in a randomized clinical trial,12 but
it has not been compared to zoledronic acid. As with the bis-
phophonates, there is potential for nephrotoxicity. Calcitonin
has a rapid onset of action and can be used in critically ill
patients with renal insufficiency. The main disadvantage to
this agent is that its hypocalcemic effect diminishes and it is
rarely effective long term. Plicamycin (mithramycin) is an
antineoplastic agent, toxic to osteoclasts, that was used in the
prebisphophonate era. Because of its toxic side effects and the
availability of other agents, it is no longer commercially avail-
able. Corticosteroids can inhibit calcium resorption and are
frequently used in hypercalcemia related to hematologic
malignancies, where they are part of the systemic therapy.

The pharmaceutical agents used to treat hypercalcemia
are a temporary “fix” for the situation, and ultimately, suc-
cessful treatment of the malignancy controls hypercalcemia.
This aim may not be achievable in patients who have disease
that is refractory to treatment, and eventually, inability to
treat the malignancy will result in death.

Ectopic ACTH Production

The precursor of adrenocorticotropic hormone (ACTH), pro-
opiomelanocortin (POMC), is made by normal tissue but

malignancies can produce this same precursor in much larger
quantities. Some neoplasms are capable of converting POMC
to biologically active ACTH, resulting in ectopic ACTH syn-
drome.6 Excessive ACTH can also occur via tumor produc-
tion of corticotropin-releasing hormone (CRH).13 Small cell
carcinoma of the lung (SCLC) is the most common tumor
associated with ectopic ACTH production, although most
patients do not develop clinically apparent Cushing’s syn-
drome. A number of other malignancies that are also capable
of producing ACTH are listed in Table 85.1.

The clinical syndrome is characterized by features asso-
ciated with Cushing’s disease, including centripetal obesity,
hypertension, easy bruisability, muscle weakness, hyperpig-
mentation, glucose intolerance, and metabolic alkalosis. In
patients with a rapidly growing tumor such as SCLC, the
metabolic abnormalities, muscle wasting, and hypertension
predominate. When overproduction of ACTH is clinically
suspected it is important to distinguish between pituitary or
adrenal disorders or ectopic ACTH production. An elevated
ACTH plasma level often rules out primary adrenal disease
as a causative factor. The high-dose dexamethasone suppres-
sion test generally suppresses cortisol production in pituitary-
related Cushing’s disease but not in ectopic ACTH related to
tumors. Unfortunately, there are false positives and false neg-
atives associated with the testing. The metyrapone suppres-
sion and CRH stimulation tests add to the accuracy of the
dexamethasone suppression test.14,15 Other techniques, such
as petrosal venous sinus sampling, continuous dexametha-
sone suppression, and serum chromagranin have been used
with some success, but the results have not been verified.5
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TABLE 85.1. Endocrinologic paraneoplastic syndromes.

Syndrome Etiologic factors Common associated tumors Biochemical presentation Clinical presentation

Hypercalcemia PTH-RP; Squamous cell carcinomas, ≠ Serum calcium, Fatigue, anorexia, constipation,
lymphotoxin; lung, breast, kidney, ovary, variable serum dehydration, neurologic
TGF; IL-1; TNF; PGE; myeloma, lymphoma, and phosphate, calcuria symptoms, cardiac arrhythmias
OAF; IL-6; 1,25-OHD others

Ectopic ACTH ACTH production SCLC, carcinoid, medullary ≠ ACTH Cushing’s syndrome
via POMC or CRH thyroid, thymus, islet cell, Hypokalemia

pheochromocytoma, Metabolic alkalosis
ganglioneuroma, and others Hyperglycemia

SIADH ADH (vasopression) Lung (especially SCLC), head Hyponatremia, serum Anorexia, headache, lethargy,
and neck, brain, GI, prostate, hyposmolality, mental status changes, seizure,
breast, sarcoma, carcinoid, inappropriately high coma
hematologic urine osmolality and

urine sodium
Gonadotropin HCG Germ cell tumors, lung, GI, ≠ b-HCG Gynecomastia (adult males),
Production melanoma, kidney, breast, precocious puberty (young

islet of pancreas females), hyperthyroidism
Hypoglycemia (1) Insulin (1) Insulinoma, islet Ø Fasting glucose Symptoms of hypoglycemia

(2) Insulin-like (2) Sarcoma mesothelioma
substance hepatoma, GI, adrenal,

hematologic
Hypocalcemia Calcitonin Medullary thyroid Hypocalcemia Rare clinical symptoms
Prolactin Prolactin Kidney, lung, breast, cervix, ≠ Prolactin Asymptomatic loss of libido,
Production colorectal, others galactorrhea
Osteomalacia Inhibition Mesenchymal tumors, lung, Hypophosphatemia, Myopathy, bone pain

1,25-OHD, prostate phosphaturia, Ø 1,25-
phosphaturic OHD, glycosuria
substance

See text for explanation of abbreviations.

Source: Data from references 4, 5, 6.



In patients who have early-stage tumors, with the excep-
tion of SCLC, surgery with removal of the primary tumor is
the treatment of choice. In one series, 75% of patients with
ACTH production and localized primary tumors were cured
of their Cushing’s syndrome with surgery.16 In patients who
have disease that is not surgically resectable, symptoms can
be palliated by bilateral adrenalectomy or medical therapy.
Medical intervention can include cytotoxic chemotherapy
with or without other medications, such as aminogluteth-
imide, metyrapone, mitotane, or ketoconazole, all of 
which suppress cortisol production. Ketoconazole (400 to
1,200mg/day), because of its effectiveness and favorable 
toxicity profile, is probably the medical treatment of choice.17

Treatment of SCLC involves cytotoxic chemotherapy. Treat-
ment outcomes with SCLC patients who have ectopic ACTH
secretion appear to be inferior, possibly secondary to
increased complications (i.e., infection) related to high levels
of corticosteroid.18

Syndrome of Inappropriate Antidiuretic Hormone

The syndrome of inappropriate antidiuretic hormone
(SIADH) is caused by excessive release of vasopressin or ADH,
which binds to receptors in the renal collecting ducts and the
ascending loop of Henle, resulting in increased water reab-
sorption and increased sodium excretion via decreased prox-
imal reabsorption. SCLC is the most common malignancy
associated with SIADH. Most small cell cancers demonstrate
positive staining for vasopressin, but only 15% or less actu-
ally have the clinical syndrome.19 Other malignancies that
can have excessive ADH secretion are mentioned in Table
85.1. There are a number of nonmalignant conditions associ-
ated with SIADH, including intracranial processes (i.e., 
cerebral vascular accident, trauma, infection), pulmonary
disease, and drug treatment (i.e., narcotics, chlorpropramide,
chlorflibrate, carbomazepines, vincas, cisplatin, cyclophos-
phamide).20 When evaluating patients for hyponatremia, other
causes in addition to SIADH should be considered, such as
congestive heart failure, renal and liver disease, hypothy-
roidism, and adrenal insufficiency.

The hallmark features of SIADH include hyponatremia,
euvolemia, low serum osmolality, inappropriately elevated
urine osmolality and sodium, and normal renal, adrenal, and
thyroid function. Most patients are asymptomatic or com-
plain of weakness, lethargy, anorexia, and headache. As the
serum sodium level drops, patients may develop mental
status changes, seizures, focal neurologic signs, and coma.
Mild hyponatremia can be managed with fluid restriction,
whereas patients with severe symptoms may require treat-
ment with 3% hypertonic saline; this requires careful moni-
toring, usually in an intensive care unit. The correction rate
should be no more than 1mEq/L/h to avoid the potential
complication of central pontine demyelinosis.21 Demeclocy-
line (600mg/day), which can inhibit the action of vasopressin,
may also be used.22 Patients with SCLC are treated with 
cytotoxic chemotherapy. The presence of SIADH does not
necessarily portend a poor prognosis.23 Redevelopment of 
low sodium after treatment completion may herald disease
recurrence.

Gonadotropins

The gonadotropins include follicle-stimulating hormone
(FSH), luteinizing hormone (LH), and human chorionic
gonadotropin (HGG).24 They have a common subunit and a
hormone specific b-subunit that determines biologic speci-
ficity. HCG production is found in a number of malignancies
(see Table 85.1), and the b-subunit of HCG is measured in the
serum. The most common clinical presentation in adults is
unexplained gynecomastia, usually as a result of a germ cell
tumor or lung cancer. In young women, precocious puberty
can develop from ovarian stimulation. When b-HCG is
present at high levels, hyperthyroidism can result from stim-
ulation of thyroid-stimulating hormone.

Hypoglycemia

Hypoglycemia is an uncommon paraneoplastic syndrome
most often associated with sarcomas and mesothelioma.
Other tumors that reportedly can cause hypoglycemia are
listed in Table 85.1. A number of etiologies have been pro-
posed, but the suspected cause is the tumor secretion of a
nonsuppressible insulin-like substance.25 Insulin itself can be
produced by insulinomas and islet cell malignancies. Fasting
hypoglycemia is the most common clinical presentation.
Patients are treated by surgical resection of the tumor or anti-
neoplastic therapy. When this is not possible, symptoms of
hypoglycemia can be palliated by frequent meals and the use
of various agents, including glucagon, corticosteroids, dia-
zoxide (inhibits insulin secretion), and growth hormone.

Other Endocrine Paraneoplastic Syndromes

Calcitonin is secreted by the cells of the thyroid and can be
produced by medullary thyroid carcinoma and a number of
other tumors. Clinically apparent hypocalcemia is rare.
Acromegaly has been attributed to the secretion of a growth
hormone-releasing factor.26 Elevated prolactin levels have
been reported in a variety of tumors. Clinical symptoms are
uncommon, but galactorrhea has been reported.27 Tumor-
induced osteomalacia is a syndrome characterized by severe
hypophosphatemia, phosphaturia, glycosuria, bone pain,
myopathy, and inadequate bone mineralization.28 It is
thought to be caused by inhibition of the conversion of 1,25-
hydroxyvitamin D and phosphaturic substance.5 It is most
commonly seen in benign mesenchymal tumors and has
rarely been reported in other malignancies (see Table 85.1).

Paraneoplastic Syndromes of the 
Nervous System

Paraneoplastic syndromes can affect any part of the nervous
system (Table 85.2). The frequency of clearly defined symp-
tomatic neurologic paraneoplastic syndromes is less than 1%
of cancer patients.29 However, the frequency is underesti-
mated because in many patients the neurologic disorder may
precede the diagnosis of the underlying cancer. Interestingly,
clinical and electrophysiologic studies in cancer patients
often disclose neuromuscular dysfunction in otherwise
asymptomatic patients. In some, the signs and symptoms of
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the neurologic disorder appear months or even a few years
before the underlying tumor is diagnosed. The probability
that a neurologic syndrome is associated with a tumor varies
with the specific type of paraneoplastic syndrome.

Pathogenesis

There is increasing evidence that most if not all the paraneo-
plastic neurologic disorders are immune mediated. The 
pathogenic mechanism involves the ectopic expression by the
tumor of an antigen that is normally expressed in the nervous
system. The immune system, for reasons that are not entirely
clear, recognizes these antigens as foreign and mounts an
immune response, in the form of antibodies and/or cytotoxic
T cells. These antibodies and T cells then attack the neural
tissues that express the antigens shared with the tumor.

The relative role of humorally mediated immunity and
cellular immunity in paraneoplastic neurologic disorders is
unresolved. In disorders, such as Lambert–Eaton syndrome,
myasthenia gravis, opsoclonus-myoclonus, and cerebellar
degeneration surface receptors serve as target antigens and
antibodies appear to have a dominant role. The actual role of
the antibodies is unproven. There have been several attempts
to reproduce these paraneoplastic neurologic syndromes by
passive transfer of antibodies, such as anti-Hu and anti-Yo,
and by immunization of animals with recombinant anti-
gens.30,31 These experiments did not result in neurologic dys-
function. However, most patients with antibody-associated
paraneoplastic syndromes of the central nervous system have
continuous intrathecal synthesis of antibodies.

Many studies have also documented the role of cellular
immunity in neurologic paraneoplastic disorders. Tumors of
patients with neurologic disorders have an intense inflam-
matory infiltrate that have been recently shown to contain
CD4 and CD8 lymphocytes.32,33 Receptor studies of T cells in
these infiltrates show that they are specifically targeted to the
neuronal antigens. Activated T cells have been found in the
peripheral blood of patients with acute paraneoplastic cere-
bellar degeneration that react to cells with the Yo (cdr2)

antigen. In many cases, the antibodies and T cells are directed
against the same neuronal antigen, suggesting that the neu-
rologic paraneoplastic disorders may result from the com-
bined effect of the two arms of the immune system.

The presence of antibodies in the serum or particularly in
the cerebrospinal fluid (CSF), may aid in the diagnosis of para-
neoplastic neurologic disorders.34 This fact may focus atten-
tion on certain neoplasms, and it is important to consider that
these antibodies may be present in the serum of patients
without paraneoplastic syndromes.

The clinical spectrum of paraneoplastic syndromes is
varied. Many patients present with rapid development and
progression of symptoms. Therefore, by the time a diagnosis
is made, many patients may have irreversible pathologic
changes. This may be the reason that patients with disorders
involving the peripheral nerves or neuromuscular junction
may respond to therapy, whereas disorders with neuronal
damage may be permanent.

Paraneoplastic Encephalomyelitis

Paraneoplastic encephalomyelitis is characterized by multi-
focal involvement of the nervous system with signs of inflam-
mation demonstrated by radiologic studies, such as magnetic
resonance imaging (MRI), CSF examination, or biopsy. The
manifestations of this disorder are varied. Some patients
present with focal encephalitis involving the limbic system
or brainstem. However, when these cases have been analyzed
there is pathologic evidence of multifocal involvement.35,36

Paraneoplastic encephalomyelitis is most often associated
with small cell lung cancer. Young patients with symptoms
of limbic and/or brainstem dysfunction may have associated
germ cell tumors. They often have Ma antibodies in the
peripheral blood.

Encephalomyelitis responds poorly to therapy. Stabiliza-
tion of the symptoms could be expected if the tumor responds
well to anticancer treatment. Limbic encephalitis is an 
exception because it may improve with therapy.35 The
role of immunosuppressive therapy, such as plasma ex-
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TABLE 85.2. Neurologic paraneoplastic syndromes.

Antibody Targeted neuron Paraneoplastic syndrome Tumors

Anti-Hu (ANNA-1) All neurons Encephalomyelitis, sensory neuronopathy, Small cell, neuroblastoma,
cerebellar degeneration prostate cancer, sarcoma

Anti-Yo (PCA-1) Purkinje cell Cerebellar degeneration Small cell, breast, ovarian
Anti-Ri (ANNA-2) Central nervous system neurons Opsoclonus-myoclonus, cerebellar Small cell, breast, ovarian, bladder

degeneration
Anti-Tr Purkinje cell Cerebellar degeneration Hodgkin’s and non-Hodgkin’s

Lymphoma
Anti-CAR Photoreceptors Cancer-associated retinopathy Small cell, Melanoma
Anti-VGCC Presynaptic neuromuscular Lambert–Eaton myasthenic syndrome Small cell, Hodgkins

junction Lymphoma
Anti-Ta Neurons (nucleus) Limbic encephalitis Testis
Anti-MAG Peripheral nerve Peripheral neuropathy Waldenstrom’s macroglobulinemia
Antiamphiphysin Presynaptic nerve terminals, Encephalomyelitis, stiff-man syndrome Breast cancer, small cell

central nervous system neurons
Anti-AchR Postsynaptic neuromuscular Myasthenia gravis Thymoma

junction

Ach, acetylcholine; CAR, cancer-associated retinopathy; MAG, myelin-associated glycoprotein; VGCC, voltage gated calcium channel.



change, cyclophosphamide, and steroids in the treatment 
of encephalomyelitis is questionable.37 Patients with
encephalomyelitis could die of the consequences of the para-
neoplastic disorder. Factors that are likely to increase the pos-
sibility of death are older age, multiple sites of involvement,
and impaired performance status.

Cerebellar Degeneration

Paraneoplastic cerebellar degeneration is the most common
paraneoplastic disorder affecting the central nervous system.
A variety of tumors, especially SCLC, breast cancer, and
ovarian cancer, are the most frequent sources. Paraneoplastic
antibodies are associated with this disorder.38 The predomi-
nant pathologic feature is the loss of Purkinje cells, with a
variable involvement of the other neurons. Clinical presen-
tation of this disorder is characterized by symmetric cerebel-
lar ataxia but patients may also have dysarthria, dysphagia,
and diplopia. The onset of symptoms is usually sudden, and
progression occurs over weeks to months. Patients with para-
neoplastic antibodies progress much more rapidly.39 Radio-
logic studies in the early stages of the disease are generally
unremarkable. Cerebellar atrophy may be observed on MRI
and computed tomography (CT) scans in patients who have
had the disease for a long period. CSF studies may show evi-
dence of pleocytosis and, in seropositive cases, higher titers
of antibodies than appear in serum. The best therapeutic
approach to this disorder is prompt treatment of the tumor.
Unfortunately, most patients do not respond to antitumor
therapy or to immunosuppression.

Opsoclonus-Myoclonus

Opsoclonus consists of involuntary conjugate saccadic eye
movements. The paraneoplastic syndrome is often associated
with focal myoclonic movements and ataxia. The syndrome
is more common among children than adults. In children,
almost 50% who present with opsoclonus have an underly-
ing neuroblastoma.40,41 Opsoclonus can also occur following
a viral infection. Paraneoplastic opsoclonus responds to 
treatment of the tumor and steroids; however, the majority
of the patients have residual neurologic deficits including
behavioral abnormalities. In adults, only 20% of the opso-
clonus cases are associated with tumors. The most common
tumor type is lung cancer.42 Prompt therapy of the tumor
results in a better prognosis, but most adult patients have per-
sistent deficits. Some patients may respond to the use of
steroids.

Limbic Encephalitis

Limbic encephalitis is a rare paraneoplastic disorder charac-
terized by personality changes, short-term memory loss, and,
occasionally, seizures and hallucinations. Pathologic changes
predominantly involve the amygdala, hippocampus, and
insular cortex. The syndrome can occur with testicular
cancers, small cell lung cancer, and other tumors. In testicu-
lar cancer, it is associated with antibodies to Ma1 and Ma2
proteins, which are neuronal proteins with unknown func-

tion. Patients with seropositive disease may have good
responses to antitumor therapy and immunosuppression.43

Sensory and Motor Neuronopathies

Paraneoplastic sensory neuronopathy is characterized by pro-
gressive sensory loss in limbs, trunk, and face. The sensory
loss progresses over weeks and then stabilizes after several
months. The vibration and joint position sensations may be
more affected than nociceptive sensation. The sensory loss
can affect the patient’s ability to ambulate. The associated
tumor is usually small cell lung cancer and these patients
often harbor anti-Hu antibodies.44 Pathologic findings consist
of neuronal loss in the dorsal root ganglia. Response to
therapy is limited, and patients often remain disabled.

Motor neuronopathy is associated primarily with lym-
phomas.45 Pathologic findings consist of neuronal degenera-
tion in the anterior horn with demyelination of the anterior
nerve roots. Patients have a progressive motor weakness, pri-
marily in the lower extremities. In contrast to other paraneo-
plastic disorders, patients may develop this syndrome after
the diagnosis of the underlying neoplasm.

Sensorimotor Neuropathy

Differentiating the various causes of neuropathies in cancer
patients could be challenging. Peripheral neuropathy can
occur in cancer patients from a variety of sources, including
cytotoxic therapy and metabolic and nutritional etiologies. A
paraneoplastic chronic sensorimotor neuropathy has been
described with lung cancer.46 Patients usually have mild
symptoms in a typical glove-and-stocking distribution.

In patients with osteosclerotic myeloma, a group of symp-
toms referred to as POEMS may develop. POEMS consists of
neuropathy, organomegaly, endocrine dysfunctions, and skin
changes. The pathologic basis of this syndrome is unclear.
Symptoms including neuropathy may respond to myeloma
therapy.

Stiff-Man Syndrome

This syndrome is characterized by chronic muscle rigidity
with superimposed muscle spasms. It results from autoim-
munity affecting synaptic antigens, and the majority of
patients with this disorder do not have an underlying tumor.
Paraneoplastic stiff-man syndrome is associated with anti-
bodies to amphiphysin, a protein expressed at high levels in
the brain and skeletal muscle.47 The tumor type most com-
monly associated with the paraneoplastic stiff-man syndrome
is breast cancer. Treatment of the tumor and steroids may
improve the symptoms.47,48

Myopathies

Various myopathic syndromes may have a paraneoplastic
origin. However, in most patients with these syndromes there
is no underlying tumor. Lambert–Eaton syndrome (LES) could
be nonparaneoplastic in 50% of the cases.49 It results from an
antibody directed against the voltage-dependent calcium
channels in the presynaptic nerve terminal.50 These antibod-
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ies block calcium entry into the channels, resulting in
reduced acetylcholine release and thus, reduced muscle activ-
ity. The tumor type most commonly associated is small cell
lung cancer, although other malignancies, such as lymphoma
have been reported with this syndrome. The clinical features
are characterized by muscle weakness, particularly in the
proximal muscles with easy fatigability. This syndrome does
respond to immunosuppressive therapy, plasmapheresis, and
intravenous immunoglobulin (IVIG). Treatment of the under-
lying tumor is most important.

Myasthenia gravis is a myopathy characterized by increas-
ing muscle weakness with repeated use of the muscles. The
most commonly involved muscles are the bulbar muscles,
muscles of the face and neck, and the distal muscles of the
extremities. In 90% of the patients with myasthenia gravis,
there is no underlying tumor. The most common tumor type
associated with paraneoplastic myasthenia is thymoma.

Dermatomyositis and polymyositis are inflammatory
myopathies with features of pain, muscle tenderness, and
symmetric proximal muscle weakness. The rash in dermato-
myositis is on the face, elbows, and knees. The disorders are
paraneoplastic in only about 10% of the cases.51 The proba-
bility that an underlying cancer is present is higher in older
individuals. The most common associated tumor types are
lung and breast cancer. These myopathies may respond to
steroids.

Cutaneous Paraneoplastic Disorders

Similar to other paraneoplastic disorders, cutaneous syn-
dromes may precede, occur concurrently, or follow the diag-
nosis of cancer (Table 85.3). In 1976, Curth set out criteria
regarding paraneoplastic dermatoses: (1) both start at approx-
imately the same time; (2) both follow a parallel course; (3) a
specific tumor is associated with a specific skin manifesta-
tion; (5) the dermatoses are not common in the general pop-
ulation; and a high percentage of association is observed
between the cancer and the dermatoses.52

Acanthosis Nigrans

Acanthosis nigrans is characterized by velvety hyperpigmen-
tation and papillomatosis of the skin folds. The neck, axillae,
antecubital, popliteal, and anogenital region are the areas
commonly affected. Acanthosis nigrans may be idiopathic 
or could be associated with endocrine disorders, such as 
diabetes, obesity, and polycystic ovary syndrome. Paraneo-
plastic acanthosis nigrans is most commonly linked 
with abdominal adenocarcinomas, such as gastric cancer.53

It has also been observed with other adenocarcinomas, 
such as lung, breast, ovarian, and endometrial as well as 
lymphomas. The malignant form of acanthosis nigrans 
progresses rapidly and diffusely. In one series, it preceded 
the diagnosis of the associated cancer in 69% of the cases.53

The condition may improve with the therapy of the underly-
ing tumor.

Tripe palms are hyperkeratotic palms with exaggerated
ridges and a velvety texture. They commonly occur with
acanthosis nigrans. Tripe palms are associated with malig-
nancy in almost 90% of the cases.53,54 Lung cancer and gastric
cancer are the most common malignancies.

Ichthyosis

Ichthyosis is characterized by dry skin with rhomboidal
scales having free edges. There are two forms of ichthyosis,
congenital and acquired. Acquired ichthyosis is associated
with many disorders, such as cancer, acquired immunodefi-
ciency syndrome (AIDS), sarcoidosis, and leprosy and can be
drug induced. The most common malignancy is non-
Hodgkin’s lymphoma but the syndrome has been seen in
breast cancer, lung cancer, leiomyosarcomas, and Kaposi’s
sarcoma (with or without AIDS).55 In cancer-related
ichthyosis, the areas most commonly affected are extensor
surfaces of extremities, with relative sparing of the flexor 
surfaces and palms and soles. The condition in most 
patients follows the diagnosis of the cancer and usually is
observed in the late stages of the disease.56 Treatment is 
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TABLE 85.3. Cutaneous paraneoplastic syndromes.

Cutaneous syndrome Features Tumors

Acanthosis nigrans Velvety pigmentation and papillomatosis in the neck, axilla, Adenocarcinomas, mainly gastric, but also seen with
flexor areas, and anogenital area lung, ovarian

Ichthyosis Dry skin with rhomboidal scales having free edges; extensor Non-Hodgkin’s lymphoma, lung cancer, breast cancer
surfaces of extremities

Bazex’s syndrome Dry and scaly skin plaques on the acral surfaces of ears, nose, Squamous cell carcinomas of the aerodigestive tract
hands, and feet

Sign of Leser–Trelat Seborrheic keratoses on the trunk with pruritus Gastric, colon, breast, lung adenocarcinomas
Paraneoplastic Bullous lesions that may erode, present over the trunk and Lymphomas, Waldenstrom’s macroglobulinemia
pemphigus the extremities; internal organ involvement may also occur
Erythroderma Exfoliative dermatitis with erythema and scaling of the skin Leukemias and lymphomas
Necrotizing migratory Erythematous macules and papules, which may erode, in Glucagonomas
erythema the inguinal area, thighs, buttocks, perineum, and central 

face
Erythema gyratum Migrating concentric rings of erythema with trailing scale Lung cancer
repens on the trunk and extremities
Paget’s disease Erythematous keratotic patches at the affected sites, which Breast, prostate, bladder, vaginal, endometrial, rectal

include breast, vulva, perianal area, male genitalia
Sweet’s syndrome Erythematous plaques on the face, neck, and extremities Acute myeloid leukemia



primarily directed at the underlying cancer. Application 
of lubricating agents and keratolytic agents, such as 2% 
salicylic acid may help reduce the symptoms of dry skin 
and pruritus. Use of antihistamines and nonsteroidal 
antiinflammatory drugs (NSAIDS) to treat pruritus may also
be helpful.

Bazex’s Syndrome

Bazex’s syndrome, also known as acrokeratosis paraneoplast-
ica, is characterized by dry, scaly skin plaques on the acral
surfaces of the ears, nose, hands, and feet. These lesions may
exhibit a violaceous erythema. Nail changes, including
ridging, discoloration, thickening, and paronychia, may also
occur. The syndrome is almost always associated with squa-
mous cell carcinoma of the aerodigestive tract.57 Males are
affected much more frequently than females.

The pathogenic mechanism of the disorder is unknown
but is postulated to be a result of cross-reactivity between
tumor antigens and epidermal or basement membrane anti-
gens. Tumor secretion of growth factors, such as transform-
ing growth factor or insulin-like growth factor may contribute
to the development of the syndrome.58 The syndrome may
precede, occur with, or follow the diagnosis of the cancer. In
patients with Bazex’s syndrome without a known malig-
nancy, a search for an underlying tumor should be done. The
condition generally tends to improve with effective tumor
therapy, although the nail changes may persist. Good skin
care and antibiotic therapy in the event of a secondary infec-
tion are crucial.

Sign of Leser–Trelat

Sign of Leser–Trelat is the sudden appearance of seborrheic
keratoses. The keratoses often erupt on the trunk and can 
be pruritic. The significance of this condition is thought to
be controversial but its presence is generally considered to
require a cancer workup. This sign is most often found in
patients with adenocarcinoma of the stomach and colon but
has been reported in other tumors, such as breast, lung, and
ovary.59,60

Paraneoplastic Pemphigus

In this disorder, there are bullous lesions that may erode and
which are present on the skin over the trunk and the extrem-
ities. Internal organ involvement may also occur, and respi-
ratory failure causes death in some patients with this
disorder. The tumors with which this paraneoplastic syn-
drome is associated are lymphomas, Waldenstrom’s macro-
globulinemia, and spindle cell tumors.61 The course of the
disease is independent of the underlying tumor. Corticoste-
roids, cyclosporine, and mycophenolate mofetil have been
recommended as therapy.61,62

Erythroderma

Erythroderma is an exfoliative dermatitis characterized by
erythema and scaling of the skin. It usually starts as scattered
erythematous pruritic patches that become generalized.
Inflammatory lymphadenopathy may be present in associa-
tion with the erythema.63 Leukemias and lymphomas are

most commonly associated with this disorder.63,64 Solid
tumors that have been implicated include liver, lung, and
colon.

Necrotizing Migratory Erythema

Necrotizing migratory erythema is the skin manifestation of
glucagonomas.65 Patients develop a dermatitis characterized
by erythematous macules and papules in the inguinal area,
thighs, buttocks, perineum, and central face. These lesions
may progress to erosions secondary to epidermal necrosis.
Opportunistic infections including Candida may occur. The
skin disease has a waxing and a waning course. It tends to
occur late in the course of the tumor although it could occur
before the diagnosis. The pathogenesis of the skin condition
is believed to be from the catabolism induced by glucagons.66

Treatment for the condition is usually surgical resection of
the glucagonoma. Somatostatin or chemotherapy may be
used in an attempt to reduce glucagon secretion if surgery is
not feasible. The catabolic state induced by glucagon hyper-
secretion may result in amino acid deficiencies. Therefore, it
has been suggested that an amino acid infusion may correct
the underlying catabolic state and help the cutaneous 
condition.

Erythema Gyratum Repens

Erythema gyratum repens consists of migrating concentric
rings of erythema with trailing scale on the trunk and extrem-
ities.6 It is often pruritic by nature. The most common under-
lying malignancy is lung cancer, although other tumors, such
as breast, cervix, and stomach cancers have been reported
with this skin condition.67,68 Treatment involves management
of the underlying tumor and antipruritic measures.

Paget’s Disease

Paget’s disease may be mammary or extramammary and con-
sists of erythematous keratotic patches at the affected site.69

Histologic examination of the skin reveals large round cells
with clear cytoplasm in the epidermis of the skin and often
in the cutaneous appendages. Mammary Paget’s disease is
associated with breast cancer and involves the areola and the
nipple. The presenting symptom may vary from a “pimple”
to scaling with rash and erosion. Crusting and weeping exu-
dates may occur. Extramammary Paget’s disease occurs in the
vulva, the genitals in men, and perianal area in both sexes. It
is associated with tumor in 50% of the cases.55 Most of the
cancers arise from a site close to the Paget’s disease. The most
common tumor types are rectal, prostate, bladder, vaginal,
and endometrial. Surgical resection of the underlying malig-
nancy is the treatment of choice.

Sweet’s Syndrome

Sweet first reported this syndrome in 196470; it consists of ery-
thematous plaques on the face, neck and extremities result-
ing from dermal infiltration of neutrophils. The skin changes
occur with fever and neutrophilia. This syndrome may be
associated with an underlying malignancy, particularly 
acute myeloid leukemia (AML).71 AML patients may develop
leukemia cutis, which is characterized by infiltration of the
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skin with leukemic blasts; however, in Sweet’s syndrome
there is only infiltration with mature neutrophils. This syn-
drome may be associated with other hematologic malignan-
cies as well as solid tumors.52 Treatment with steroids usually
resolves the symptoms promptly.

Paraneoplastic Rheumatic Disorders

Rheumatic disorders may occur in cancer patients either as
direct invasion by the tumor or as a paraneoplastic phenom-
enon. Antineoplastic drugs may also induce rheumatic disor-
ders. Patients with certain rheumatic disorders, such as
rheumatoid arthritis and Sjogren’s syndrome may have a
higher risk of developing cancer.72,73

Polyarthritis Syndrome (Including Hypertrophic
Osteoarthropathy)

Cancer-associated polyarthritis is generally seronegative,
asymmetric, and can occur suddenly. Polyarthritis has been
associated with solid tumors, such as lung, breast, ovarian,
and pancreatic tumors, and lymphoma and leukemias.74,75 In
leukemias and, rarely, in lymphomas patients may have infil-
tration of the joint with malignant cells.

Hypertrophic osteoarthropathy (HOA) is the best known
cancer-associated arthropathy. Patients are required to have
both clubbing and periostitis to make the diagnosis. Clubbing
results from paronychial soft tissue expansion, which in turn
results from an increase in vascular and connective tissues in
the nail bed. Periostitis develops from periosteal proliferation
in the long bones, particularly the tibia and femurs. Patients
may present with only certain components of the syndrome,
such as clubbing.

HOA may be primary or secondary. Secondary HOA is
seen in pulmonary, cardiac, intestinal, and hepatic disorders.
The common link among disorders associated with HOA
appears to be right to left shunting either in the heart or in
the lung parenchyma, which permits megakaryocytes to
access the peripheral circulation instead of being fragmented
in the pulmonary circulation. These megak aryocytes in the
distal digital circulation possibly release platelet-derived
growth factor, which induces the changes observed with club-
bing.76,77 It is unclear if the same mechanism explains the
periostitis. The tumors most commonly associated with
HOA are pulmonary or mediastinal tumors, such as lung and
esophageal cancers and thymoma. The symptoms with HOA
may cause significant morbidity. Treatment is primarily
focused toward the underlying cancer. NSAIDs may relieve
the pain associated with HOA.78

Several studies have shown that patients with rheumatoid
arthritis (RA) have higher rates of cancer than the general pop-
ulation. Lymphomas and myeloma are most commonly asso-
ciated with RA.79 The increased observed rate may be related
to the use of immunosuppressive therapy.

Nonarticular Syndromes

Cancer patients may develop various inflammatory muscle
conditions or vasculitis. Dermatomyositis, the most common
paraneoplastic muscular syndrome, was discussed earlier.
Other myositis syndromes observed in cancer patients

include body myositis and paraneoplastic necrotizing 
myopathy.80,81

Patients with hematologic malignancies, such as
myelodysplasia, lymphoma, or leukemia and sometimes
patients with solid tumors may develop vasculitis. Patients
can present with lupus-like symptoms including arthralgias/
arthritis, neuropathy, and skin rashes. Cancer patients may
also have Raynaud’s phenomenon, which may be associated
with the presence of cryoglobulins, and improves with cancer
treatment.

Paraneoplastic Renal Syndromes

Renal complications of cancer can develop through many
mechanisms, including tumor infiltration (leukemias, lym-
phomas), treatment-related complications, tumor lysis, and
fluid and electrolyte disturbances. Paraneoplastic renal syn-
dromes consist primarily of glomerular disorders resulting in
renal dysfunction and/or nephrotic syndrome. Membranous
nephropathy is the most common form of paraneoplastic
glomerular disease.82 Patients present with proteinuria in the
nephrotic range, hypertension, and miroscopic hematuria.
Immune complexes appear to play a role in the pathogenesis
of this nephropathy.83 Tumors commonly associated with
membranous nephropathy are lung, ovarian, and gastric
cancers.

Other glomerular diseases include membranoprolifera-
tive glomerulonephritis associated with chronic lymphocytic
leukemia (CLL), hairy cell leukemia, and lymphomas; an IgA
nephropathy with pancreatic and lung cancers; minimal
change disease in Hodgkin’s lymphoma; and focal and seg-
mental glomerulosclerosis with CLL, T-cell lymphomas, and
AML. Patients may also develop hemolytic uremic syndrome
with prostate, gastric, and pancreatic cancers. Renal vasculi-
tis with cryoglobulinemia can be seen in patients with
hepatomas associated with hepatitis C.84

Hematologic and Vascular Syndromes

Erythrocyte Disorders

A number of hematologic abnormalities and vascular com-
plications have been associated with malignancies (Table
85.4), and are presumed to be paraneoplastic in nature. One
of the most common problems is anemia. Cancer-related
anemia can be multifactorial, resulting from nutritional defi-
ciency, bone marrow involvement by tumor, bleeding, treat-
ment-related marrow depression, and coexisting comorbid
conditions. Anemia with no other apparent cause can be
termed neoplastic. The anemia is characterized by nor-
mochromic or slightly hypochromic red blood cells. Ferritin
levels and iron stores are normal to increased, and both retic-
ulocytes and erythropoietin levels are inappropriately low.
Normal bone marrow morphology is usually present. A
number of cytokines (tumor necrosis factor, interleukin 1,
transforming growth factor-b) are thought to blunt erythro-
poietin response.85 There are other rarer causes of anemia.
Autoimmune hemolytic anemias are usually associated with
chronic lymphocytic leukemia and lymphomas and rarely
with solid tumors.86,87 Both warm and cold antibodies can be
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present. They may arise secondary to immunoregulatory
problems rather than production of an abnormal substance by
the tumor.86 Steroids often control hemolysis but are less
effective when carcinomas are involved. Even less common
is microangiopathic hemolytic anemia, which can occur with
mucinous adenocarcinomas.88 Pure red cell aplasia is rare 
and has been associated with thymoma and hematologic
malignancies.89,90

Erythrocytosis can be caused by overproduction of eryth-
ropoietin and is most commonly associated with renal cell
carcinoma. A number of other tumors, such as hepatomas 
and hemangioblastomas have also been reported to cause 
erythrocytosis.86 This condition is controlled by management
of the primary neoplasm, but phlebotomy may also be 
necessary.

Leukocytosis/Leukopenia

Leukocytosis has been associated with malignancies. At
times the leukocyte count can be fairly high, and myelopro-
liferative disorders and infection should be part of the differ-
ential diagnoses. Leukocytosis has been linked to cytokines,
such as interleukin 1 and granulocyte-stimulating factor.91

Leukopenia has rarely been reported as a paraneoplastic syn-
drome. Monocytosis and/or eosinophilia are more commonly
seen with a number of malignancies.

Thrombocytosis/Thrombocytopenia

Thrombocytosis, excluding other etiologies, such as iron defi-
ciency anemia and inflammatory disorders, is a common
occurrence in a number of malignancies. It may be related 
to prevalence of cytokine growth factors, such as throm-
bopoietin and interleukin92,93 and it may have a role in 
the hypercoagulable state associated with malignancies.
Thrombocytopenia usually occurs with nonparaneoplastic
causes, such as the effects of treatment, drug-induced throm-
bocytopenia, and marrow involvement by tumor. Idiopathic
thrombocytopenic purpura has been found in hematologic
malignancies but rarely in solid tumors.

Coagulation/Vascular Disorders

Thrombophlebitis is commonly associated with malignan-
cies. It can be migratory in nature (Trousseau’s syndrome) 
and can present at unusual sites. It is most often seen in 
pancreatic cancer and other GI malignancies, as well as 
other adenocarcinomas, including lung, breast, ovarian, and
prostate cancers.94 The etiology of the hypercoagulable state
in malignancy is quite complex. Contributing factors can
include release of procoagulant materials, such as a sialic 
acid from mucin, release of cytokines with procoagulant
activity, platelet hyperactivity, and the release of tissue
factors via abnormal tumor vasculature.95 Unless the under-
lying malignancy is controlled, treatment can be difficult in
that heparin and particularly, warfarin resistance is often
encountered.

Disseminated intravascular coagulation (DIC) with con-
sumption of platelet and clotting factors resulting in hemor-
rhage and/or thrombosis is associated with malignancy. Overt
DIC is uncommon and is most often seen in association with
acute promyelocytic leukemia.96 A lower grade of DIC can be
found in a number of solid tumors, particularly adenocar-
cinomas. Therapy involves treatment of the underlying
malignancy as well as other interventions, such as heparin,
platelets, and cryoprecipitate, depending on the situation.
Other bleeding disorders that have been reported, include
hemostatic disruptions related to the paraproteins in plasma
cell dyscrasias and acquired von Willebrand’s disease in asso-
ciation with hematologic malignancies. Nonbacterial throm-
botic endocarditis presents with sterile verrucous fibrin
platelet lesions in the left-sided heart valve. Emboli to the
brain and other organs can occur, and hemorrhage may also
be seen at a number of sites. Adenocarcinoma of the lung is
the most common etiology but other malignancies have also
been implicated.97 Anticoagulation is not beneficial in this
disorder.

Other Paraneoplastic Syndromes

Fever can be seen in cancer patients as a paraneoplastic
process. Before this diagnosis is considered, other etiologies,
particularly infections, need to be ruled out. Renal carcinoma
is the most common cancer associated with fever.98 Fever can
also occur in a number of hematologic malignancies, partic-
ularly Hodgkin’s and non-Hodgkin’s lymphoma, and is indica-
tive of a worse prognostic category.

A number of other malignancies have also been reported
to produce fever.99 Pyrogenic cytokines produced by the
tumor cells or induced via white blood cells are thought to
be the source of “tumor fever.” Some of these cytokines
include interleukin 1, tumor necrosis factor, interleukin 6,
and the interferons.99 The production of the pyrogen
cytokines can result in an acute response by the host. The
pyrogen cytokines induce prostaglandin 2 (PGE2) synthesis as
an important part of fever production, which is likely the
reason nonsteroidal antiinflammatory drugs (NSAIDs) have
been effective at managing fever. It has been suggested that
the NSAID naproxen can be used to distinguish fever related
to tumor versus that of an infectious nature.100 One random-
ized trial found three different NSAIDs to be equally effec-
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TABLE 85.4. Hematologic paraneoplastic syndromes.

Erythrocyte disorders
Anemia
Autoimmune hemolytic anemia
Microangiopathic hemolytic anemia
Erthrocytosis

Leukocyte disorders
Leukocytosis
Eosinophilia
Monocytosis

Platelet disorders
Thrombocytosis
Idiopathic thrombocytopenic purpura
Platelet function disorders

Coagulation and vascular disorders
Thrombophlebitis/Trousseau’s syndrome
Disseminated intravascular coagulation
Amyloidosis
Acquired von Willebrand’s disease
Nonbacterial thrombotic endocarditis



tive.101 Corticosteroids are also useful antipyretics. Similar to
the NSAIDs, they reduce prostaglandin synthesis and can
block the transcription of the mRNA for the pyrogenic
cytokines.99

Cancer cachexia is one of the most frequent and difficult
to manage problems encountered in the cancer patient. The
cancer cachexia syndrome is characterized by anorexia,
weight loss, and weakness resulting in impaired immune
status, tissue wasting, and a decline in performance status.102

The most obvious clinical manifestation is weight loss. A
study from the Eastern Cooperative Oncology Group showed
that weight loss was associated with a significantly shorter
survival and was dependent on the tumor type.103 Anorexia
resulting in decreased caloric intake is the main symptom
contributing to the weight loss. Patients develop altered taste
sensation and food aversions, particularly for protein-rich
foods.104 The anorexia and weight loss can be potentiated by
location of the tumor (i.e., involvement of the GI tract,
obstruction), pain, effects of cancer treatment, and psycho-
logic factors.

The etiology of cancer cachexia is not totally understood
but is believed to be multifactorial. There are a number of
metabolic abnormalities that are characteristic of the cancer
patient. Glucose metabolism is abnormal. There is increased
hepatic production of glucose, increased use of glucose by the
tumor, and the development of insulin resistance. There are
also problems with protein, amino acid, and lipid metabo-
lism, all favoring the nutritional needs of the tumor over the
host.102 A number of cytokines, tumor factors, and hormones
have been implicated in cancer cachexia, including tumor
necrosis factors, interleukins, proteoglycan, insulin, cortico-
tropin, epinephrine, human growth factor, and insulin-like
growth factor.105,106 The management of cancer cachexia is
particularly challenging. Despite the fact that malnutrition is
evident, a number of trials failed to show any significant clin-
ical benefit for nutritional support. In a review of more than
70 prospective randomized controlled trials that evaluated
the clinical efficacy of parenteral and enteral nutrition in
cancer patients, the data fail to show a therapeutic effect.107

Parenteral and enteral nutritional support should still be con-
sidered in patients who have complications from therapy (e.g.,
esophagitis) or in those who cannot maintain adequate nutri-
tion secondary to tumor obstruction. A number of pharma-
cologic agents have been evaluated in the treatment of cancer
cachexia. The most commonly utilized drug is megestrol
acetate (MA). In a trial by Loprinzi et al., a positive
dose–response effect on appetite resulted with increasing
doses of MA (no benefit beyond 800mg/day) and a trend
toward nonfluid weight gain was apparent.108 Steroids are fre-
quently used but they generally do not have any prolonged
benefit. Some of the other agents that have been evaluated
include cannabinol derivatives, hydrazine sulfate, metaclo-
pramide, cyproheptadine, melatonin, and pentoxifyllene. The
studies utilizing those drugs either have been too small or did
not show significant clinical benefit. Eicosapentaenoic acid
(EPA), an omega-3 fatty acid, appeared to have promising
results in early trials. Unfortunately, in a recent randomized
study, EPA supplement, either alone or in combination with
MA, did not improve weight or appetite better than MA
alone.109 Clearly, a better understanding of the etiology of
cancer anorexia/cachexia and improved cancer treatment is
needed before advances can be made.
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Malignant Effusions
Shamus R. Carr and Joseph S. Friedberg

Epidemiology

Malignant pleural effusions are a common clinical problem.
The estimated annual incidence of malignant pleural effu-
sions in the United States is greater than 150,000 cases per
year, with lung cancer accounting for nearly half.1–3 Breast
cancer, lymphoma, and ovarian cancer round out the top four
leading causes of malignant pleural effusions.4–7

Anatomy and Physiology

The pleura has a dual innervation and blood supply. The vis-
ceral pleura lacks somatic innervation, whereas the parietal
pleura has extensive somatic innervation, in addition to sym-
pathetic and parasympathetic fibers. Although the visceral
pleura is insensate, irritation of the parietal pleura can elicit
pain, or “pleurisy.”8 The visceral pleura receives arterial blood
from both bronchial and pulmonary arteries, whereas the
parietal pleura receives it from systemic arteries.9

Significant differences also exist between the lymphatic
drainage routes of the visceral and parietal pleurae. Lymph
from the visceral pleura drains into the pulmonary lymphatic
network and is directed toward the pulmonary hilum.
Depending upon the region of the parietal pleura, lymph from
the parietal pleura drains into the corresponding internal 
thoracic, mediastinal, tracheobronchial, axillary, intercostal,
or phrenic lymph nodes. Drainage into transverse cervical,
celiac, or retrosternal lymph nodes also may occur. The vis-
ceral pleura has the majority of its lymphatic drainage con-
centrated in the lower lobes and is relatively sparse in the
upper lobes; this is thought to be compensation for the greater
connective tissue separation and higher venous pressure in
the lower lobes compared to the upper lobes.10

The pleura is also important for maintaining local fluid
homeostasis. The exact mechanisms of pleural fluid produc-
tion and absorption are complex and not fully understood.11,12

Pleural fluid originates from parietal pleura capillaries and is
produced at a rate of 0.01mL/kg/h under normal conditions13

and is in equilibrium with reabsorption. The potential reab-
sorptive capabilities of normal pleura may be well in excess
of 0.20 to 0.40mL/kg/h, making it possible to process more
than 700mL fluid per day.14,15

Pleural effusions accumulate when the balance between
fluid formation and uptake favors the former. Causes of
increased production of pleural fluid include increased hydro-
static or decreased oncotic pressures within the interstitial

microvasculature, loss of pulmonary volume, inflammation,
increase in microvascular permeability, pleural involvement
with metastatic malignancies, and either direct or indirect
transfer of peritoneal fluid to the pleural cavity.15,16 In addi-
tion, obstruction of the thoracic duct or direct pleural inva-
sion may result in fluid accumulation and are considered
mechanisms leading to the formation of malignant pleural
effusions.6,7

Clinical Evaluation and Diagnostic
Considerations

Patients with malignant pleural effusions are frequently
symptomatic, but up to 25% of patients may be asympto-
matic with effusions noted incidentally on a chest radio-
graph.6,17 Patients with pleural effusions may complain of
cough, shortness of breath, dyspnea on exertion, or chest pain.
Dyspnea may be caused by diminished chest wall compli-
ance, decreased lung volumes, diaphragmatic depression,
and/or contralateral mediastinal shift.18 Pleuritic chest pain
may indicate involvement of the parietal pleura or direct
chest wall involvement by underlying malignancy.8 As many
as a third of patients with malignant pleural effusions present
with weight loss and cachexia and appear debilitated by
chronic illness.19 The presence of a malignant pleural effusion
usually indicates advanced disease that is incurable with
surgery alone.

Physical examination of patients with pleural effusions
may reveal diminished breath sounds, pleural rub, dullness
on percussion, reduced tactile fremitus, or decreased
diaphragmatic excursion. Shift of the trachea or heart sounds
to the contralateral side may be present with large effusions.

A chest radiograph is an excellent first test for a patient
with a suspected pleural effusion. It can establish the diag-
nosis of pleural effusion, its size, if there is tracheal or medi-
astinal shift, and, with a lateral decubitus film, if it is free
flowing. Blunting of the costophrenic angle is suggestive of a
small pleural effusion and can be present with as little as 
200mL free fluid.20 Complete opacification of the hemitho-
rax may be present with massive effusions. Large pleural effu-
sions are frequently associated with some contralateral
mediastinal shift. When mediastinal shift is absent, it may be
due to several reasons: volume loss of the ipsilateral lung sec-
ondary to bronchial occlusion or fixation of the mediastinal
structures by pleural carcinomatosis/mesothelioma or malig-
nant lymph nodes.19
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Currently, the most useful radiographic study is a chest
computed tomography (CT) scan. CT scans help establish 
the presence of a loculated pleural effusion, allow for evalua-
tion of the pulmonary parenchyma if there is not complete
lung compression, and distinguish pleural thickening from
effusion. It also provides an excellent way to evaluate the
mediastinum for the presence of masses or lymphadenopathy
and permits detection of pleural-based nodules.21 The role of
magnetic resonance imaging (MRI) in the evaluation of
pleural effusions is limited, but it may be beneficial in better
characterizing possible tumor involvement of the chest wall
or diaphragm.22 Positron emission tomography (PET scan)
with 18F-fluorodeoxyglucose provides less anatomic informa-
tion but has the potential advantage of providing diagnostic
information about the effusion. In one study of 35 patients
with biopsy-proven lung cancer, PET scans had a sensitivity
and specificity of 88.8% and 94.1%, respectively, in distin-
guishing between benign and malignant pleural effusions.23 It
is our feeling that this information may prove useful, but the
true value of a PET scan in this setting would be to provide
additional information about disease elsewhere, not to give a
diagnosis of malignancy. In addition, treatment of a malig-
nant effusion will depend on the type of cancer, and this
cannot be determined with a PET scan.

Once a pleural effusion is documented, diagnostic or ther-
apeutic thoracentesis should be performed to establish the
nature of the effusion. Effusions are classified as either exuda-
tive or transudative based on established criteria:24

1. Ratio of pleural fluid protein to serum protein concentra-
tion is greater than 0.5

2. Ratio of pleural fluid lactate dehydrogenase (LDH) to its
serum concentration is greater than 0.6

3. LDH concentration in pleural effusion is greater than two-
thirds of the upper normal value for the serum LDH

The overall accuracy of these criteria is 93% to 95%.25,26

Patients with congestive heart failure treated with diuretics,
may benefit from pleural fluid cholesterol measurements
because the accuracy of Light’s criteria is decreased in this
setting and transudates can be mistakenly classified as exu-
dates. A pleural cholesterol level greater than 60mg/dL is
indicative of an exudate and seems to be independent of the
serum level.27 In addition, the appearance of the fluid, its con-
sistency and color, should be noted. Sanguinous effusions are
commonly malignant. Measurements of pleural pH, glucose
level, and differential cell count are routinely performed as
well. In the absence of esophageal rupture, elevation of
amylase and its salivary isotype is associated with lung
cancer.28 A prospective study of 841 patients with pleural effu-
sions evaluated the cause and relative frequency of amylase-
rich pleural effusions. High amylase levels were associated
with three times the likelihood of finding tumor cells, most
frequently, with adenocarcinomas of lung origin.29

Pleural effusions are malignant when cancer cells are
found on cytologic examination.30 Malignant pleural effu-
sions may be serous, serosanguineous, or bloody, and usually
are exudative in nature,19 but about 5% to 10% of malignant
pleural effusions are transudative. This finding is most com-
monly seen in patients with underlying conditions that may
cause transudative effusions, such as renal failure, congestive
heart failure, or early stages of lymphatic or bronchial
obstruction.31

In addition to classifying pleural effusions as transudative
or exudative, specific immunohistochemical tests and tumor
markers have been evaluated to aid in the diagnosis of malig-
nant pleural effusions. Immunohistochemical markers, such
as anti-CEA, anti-B72.3, and anti-Leu M1, tend to be positive
with metastatic adenocarcinoma and negative with either
reactive or malignant mesothelial cells. More than 95% of
adenocarcinomas are positive for at least two of the three
listed antigens.32 Tumor markers, such as alpha fetoprotein
(AFP), CA 19-9, CA 15-3, CYFRA 21-1, and CA 125 have been
evaluated, but none has proven reliable to establish the diag-
nosis of malignant pleural effusion.33,34

Cytology establishes the diagnosis of a malignancy in
approximately half the patients during first cytologic exami-
nation.35 The yield is increased to 65% to 70% with two 
subsequent thoracenteses, if examined by an experienced
cytopathologist35–38; this results in a positive diagnosis in 80%
of patients.39 The type of primary malignancy affects the diag-
nostic yield of cytology. The diagnosis of adenocarcinomas
can be established in nearly all patients, whereas patients
with pleural effusions secondary to Hodgkin’s disease, have a
positive cytologic exam in less than 25% of cases.15,40–43

Blind percutaneous pleural biopsy is another method to
ascertain the diagnosis of pleural malignancy. It carries an 8%
risk of pneumothorax, and adds little to the workup of the
patient with suspected malignancy, because fluid cytology is
much more sensitive in establishing the diagnosis of malig-
nant pleural effusion. In a series of 118 patients with pleural
effusions and negative cytology, closed pleural biopsy estab-
lished the diagnosis of malignant pleural effusion in only 17%
of cases.35 The low diagnostic yield of closed pleural biopsy
in patients with malignant pleural effusions can be explained
by the fact that costal pleura is not involved by cancer in
about 50% of patients, as initial metastatic disease most
commonly occurs on the visceral, mediastinal, and diaphrag-
matic pleurae.44

Video-assisted thoracic surgery (VATS) can be used to
investigate the nature of pleural effusions. In a study of 620
patients where VATS was utilized to diagnose the underlying
cause of effusion, only 8% percent remained without a diag-
nosis after the procedure.45 The advantages of VATS include
visually directed and selective biopsies of parietal, mediasti-
nal, and visceral pleura, direct visualization and examination
of the entire hemithorax, and simultaneous lung or lymph
node biopsy if required. The procedure is well tolerated with
less than 1% mortality.46,47 In addition, VATS provides the
ability to divide adhesions and perform pleurodesis at the
time of the operation with excellent results.47 Thoracotomy
for diagnostic purposes is almost never indicated, because less
invasive methods can provide diagnosis in up to 97% of
cases.48–50

Management

Once the diagnosis of malignant pleural effusion is estab-
lished, palliative therapy is usually indicated because life
expectancy in these patients is typically limited to a few
months.15,19 Treatment should be directed toward sympto-
matic relief of dyspnea, control of the effusion, prevention of
its recurrence, improvement of performance status, reducing
duration and the number of hospitalizations, and patient and
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family support (Figure 86.1). Prolonged survival has been doc-
umented in a few studies, if control of the primary tumor can
be achieved.51 Several options are available to achieve these
goals and are summarized in Table 86.1. There is rarely a role

for aggressive surgery in these patients outside a protocol
setting.

Therapeutic thoracentesis is the first step in the manage-
ment of patients with symptomatic malignant pleural effu-
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FIGURE 86.1. Algorithm for treatment options for
pleural effusion.

TABLE 86.1. Options to prolonged survival if the primary tumor can be controlled.

Advantages Disadvantages

Thoracentesis Rapid relief of symptoms, if lung is not trapped High recurrence rate
Potentially diagnostic Formation of loculations with repeat procedures
Outpatient procedure

Pleurodesis 60%–93% success rate, based on sclerosant Morbidities based on sclerosants (see Table 86.2)
Can be done immediately after drainage, if lung 

reexpands
Pleurex catheter Can be placed as outpatient 10% need to be replaced for either infection or occlusion

Can be used with trapped lung Risk of nutritional depletion
Greater than 90% efficacy
Up to 46% have spontaneous pleurodesis

Pleuroperitoneal shunt Relatively easy to use Up to 15% rate of occlusion or infection
Can be used with trapped lung Risk of nutritional depletion

Pumping transfers only 2mL fluid per pump; therefore, it is
time consuming

VATS with pleurodesis Directed biopsies provide the highest yield General anesthesia
for diagnosis; 93% success rate when
combined with pleurodesis

Pleurectomy Successful when effusion is refractory to Painful
other measures, if lung will reexpand High morbidity and mortality

Very limited indications

VATS, video-assisted thoracic surgery.



sions and can be easily accomplished with a standard central
venous line catheter, a commercially available thoracentesis
kit, or image-guided drainage. The goal is to determine if
drainage of the fluid will improve the patient’s breathing.
Drainage alone is very unlikely to prevent the recurrence 
of the effusion.41,52 Those who demonstrate symptomatic
improvement and have reexpansion of the lung should be con-
sidered for pleurodesis. For this to be successful, obliteration
of the pleural space, creating symphysis between the parietal
and visceral pleura, is paramount to prevent the recurrence
of the effusion. Although many clinicians believe there must
be only minimal drainage to achieve pleurodesis, a random-
ized trial evaluating the volume of chest tube drainage before
pleurodesis, demonstrated that, regardless of the amount of
chest tube output, pleurodesis was successful 80% of the
time.53 This approach allows for earlier ambulation, shorter
hospitalization, and better cost containment. Pleurodesis is
appropriate for all patients with malignant pleural effusions
who respond to thoracentesis except, perhaps, those with a
life expectancy of less than 1 month.

Since the 1930s, more than 30 sclerosing agents have been
evaluated and proved either ineffective, toxic, expensive, or
inconvenient and, therefore, are no longer used.54–56 In 1972,
tetracycline was introduced and remained the agent of choice
until 1993, when it became unavailable in the United States.57

Currently, sterile talc, bleomycin, and doxycycline are
approved by the U.S. Food and Drug Administration for pleu-
rodesis and are the most commonly used pleurodesing agents
in the United States (Table 86.2).58 There is an ongoing debate
about which of these sclerosing agents provides the highest
success rate. Multiple studies have shown talc to be effective
in up to 93% of the cases, whereas bleomycin has a reported
response rate between 60% and 80%. Doxycycline has a
similar efficacy when compared to bleomycin.59–61

When undergoing pleurodesis, it was previously assumed
that patients should remain in bed and be frequently turned
from side to side to provide equal dispersion of the sclerosing
agent within the pleural space. A randomized trial using 
radiolabeled talc examined its dispersion and the success rate
of pleurodesis in patients who were subjected to a standard
turning protocol and those who were not. There was no dif-
ference in talc dispersion, and the success rate of pleurodesis
for both groups was 85% at 1 month.62 These data echo
animal studies that showed no evidence of improved distri-
bution of pleural injectant with rotation.63 Based on these
studies, it is not recommended that patients be restricted to
bed or posturally rotated after pleurodesis. Elimination of
these protocols has increased patient comfort and decreased
time consumed by medical personnel in turning patients.64

Fever and chest pain are the most common side effects of
pleurodesis.60 In addition, talc and bleomycin have been
reported to cause acute pneumonitis and acute respiratory
distress syndrome.65–68 A major disadvantage of bleomycin is
its cost. Bleomycin costs nearly $1,200 per 60 unit dose,
whereas the cost of 500mg doxycycline is about $75 and that
of 4g talc is less than $5.

Another modality that can be used in the treatment of
malignant pleural effusions, with or without pleurodesis, is
pleurectomy. Pleurectomy involves removal of the parietal
pleura and, if required, decortication of the lung. With
pleurectomy, it is possible to control pleural effusions in more
than 90% of cases, but with a documented morbidity of 23%,
and a mortality of 10%,20,52,69 there are very limited indica-
tions. It has been reported that pleurectomy should be con-
sidered in a patient who is undergoing a surgical intervention
for undiagnosed pleural effusion and malignant disease is
found, or when chemical or mechanical pleurodesis is likely
to fail, as in patients with persistent or recurrent pleural effu-
sions and patients with trapped lung.20 Some authors have
stated that pleurectomy should not be undertaken in patients
with a poor performance status or an expected survival of less
than 6 months.58 It is our preference that pleurectomy should
be employed extremely selectively, either as part of a proto-
col or in unusual cases where the pleural malignancy has
demonstrated a very indolent course but is causing symptoms
refractory to other palliative measures.

In some institutions, VATS has become the procedure of
choice in the management of patients with malignant pleural
effusion, with a reported mortality of less than 1%.47,70,71

VATS allows for complete evacuation of the pleural fluid,
precise biopsies, division of adhesions, implantation of
indwelling catheters, mechanical or talc pleurodesis, and pari-
etal pleurectomy. When VATS is combined with a maneuver
to obliterate the pleural space, success rates as high as 93%
have been reported.71,72

An alternative to pleurodesis or pleurectomy is intermit-
tent drainage. In the past, selected patients with malignant
pleural effusions were managed by repeated therapeutic tho-
racentesis for symptomatic relief. The disadvantages of this
method include rapid reaccumulation of the pleural effusion,
development of intrapleural adhesions, resulting in a trapped
lung, risk of infection, and the need for repeating the proce-
dure, sometimes as often as weekly.41 Analysis of the fluid
removed with serial thoracenteses has shown biochemical
and cytologic evidence of an increased pleural inflammatory
response and could explain the phenomenon of spontaneous
pleurodesis and ultimate resolution of the effusion in a small
percentage of patients.73
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TABLE 86.2. Sclerosants.

Talc Doxycycline Bleomycin

Success rate60 93% 60%–80% 50%–60%
Cost Less than $5 for 4g $75 for 500mg $1,200 for 60 units
Pain83–86 Painful (10%–30%) Probably most painful (40%–80%) Least painful (5%–20%)
Fever84–90 35% 20%–30% 5%–20%
Morbidities91 Empyema, pulmonary edema: less than 5% None reported in literature None reported in literature
Mortalities92,93 ARDS 1.2% None reported in literature Three cases of diffuse alveolar injury

ARDS, acute respiratory distress syndrome.



The pleuroperitoneal shunt was introduced in 1982 for the
management of pleural effusions.74 Several series have shown
that effective palliation can be achieved in up to 90% of
cases.70,75–77 It is used for patients who have failed pleurodesis
or systemic chemotherapy, are not surgical candidates, or
have trapped lung. The major disadvantage of the pleuroperi-
toneal shunt is the length of time required to drain the pleural
space. The volume of pumping chamber is only 1.5 to 2mL,
which translates into the necessity for frequent and pro-
tracted pumping sessions, a major inconvenience for patients.
Infection and shunt occlusion are the most common compli-
cations, occurring in up to 15% of cases.78

Recently, the Pleurex catheter (Denver Biomedical,
Golden, CO, USA) was added to the armamentarium for the
treatment of symptomatic, recurrent malignant pleural effu-
sions. The catheter is placed into the pleural cavity under
either local or general anesthesia, and allows for rapid
drainage of pleural fluid by connecting the catheter to a
drainage bottle or system as often as necessary to relieve
symptoms. Additionally, spontaneous pleurodesis occurs in
up to 46% of patients within 1 month of insertion of the
catheter.79 Compared to the pleuroperitoneal shunt, it is pos-
sible to drain the effusion quickly, manual pumping is not
required, the catheters are well tolerated by the patients, and
they are easy to manage by caregivers in outpatient settings.
In prospective randomized multiinstitutional trials, the
Pleurx catheters have been proved to be safe, practical, and 
cost-effective.80,81

Table 86.3 shows the randomized trials for the manage-
ment of malignant pleural effusion since 1983. One is struck
by the small number of patients in the trials, leading to poten-
tially misleading conclusions based on inadequate power.
Nevertheless, it is generally agreed that talc is as good if not
better than most agents and has the best cost profile. There
does not seem to be an advantage to performing talc poudrage

as a VATS procedure. The Pleurex catheter, as already
described, however, is becoming increasingly popular for
these individuals because of its equivalent performance of
effusion management, as well as the minimal toxicity profile
and the ability to perform the procedure as an outpatient.
There has been some concern in isolated centers about infec-
tious complications with the catheter. Whether a randomized
trial of the Pleurex catheter versus talc slurry will be per-
formed is under discussion at a number of institutions.

Summary

Malignant pleural effusions remain a significant cause of mor-
bidity for patients with cancers metastatic to the pleura or
primary pleural malignancies. Once the diagnosis of malig-
nant effusion is ascertained, a therapeutic thoracentesis
should be performed to provide relief if the patient is symp-
tomatic. If dyspnea resolves, chemical pleurodesis should be
considered for permanent control of symptoms. Several
methods of pleurodesis are available, and careful patient
selection is a prerequisite for successful management. For an
effusion that has defied diagnosis, or even as a primary diag-
nostic procedure, VATS should be considered. This operation
can usually be performed through a single “chest tube” inci-
sion and can allow unification of the pleural space, complete
drainage of the effusion, a diagnostic biopsy, instillation of
talc, and accurate chest tube placement. Pleurectomy and/or
decortication have a very limited role and should generally be
considered in the setting of a protocol. External or internal
drainage of effusions are other options, generally considered
for patients who have failed pleurodesis. Future investigative
efforts should be directed toward improved diagnosis, evalu-
ation of novel immunomodulation methods, gene therapy,
and clarification of current management protocols.82
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TABLE 86.3. Phase III randomized trials for treatment of malignant pleural effusion.

Author Agents No. of patients Result

Bayly94 TCN vs. quinacrine 20 Equivalence
Fentiman95 Nitrogen mustard vs. talc 46 Talc better
Leahy96 CP vs. TCN 32 Equivalence
Fentiman97 TCN vs. talc 41 Talc better
Kessinger86 Bleo vs. TCN 34 Equivalence
Hamed98 Bleo vs. talc 29 Talc
Masuno99 Doxorubicin vs. doxorubicin and LC 9018 95 Doxorubicin and LC9018 better
Ruckdeschel100 Bleo vs. TCN 85 Bleo better
Hartman59 Bleo vs. TCN vs. talc 99 Talc better than Bleo better than TCN
Loutsidis101 Talc vs. metchlorethamine 40 Talc
Yim102 VATS talc vs. talc slurry 57 Equivalence
Emad103 Talc vs. Bleo vs. talc and Bleo 60 Talc and Bleo best
Zimmer104 Talc slurry vs. Bleo 29 Equivalence
Martinez- TCN vs. Bleo 62 Equivalence
Moragon105

Patz106 Bleo vs. doxycycline 106 Equivalence
Putnam79 Pleurex vs. doxycycline 144 Equivalence
Diacon89 VATS talc vs. Bleo 36 VATS talc better
Sartori107 Bleo vs. interferon 160 Bleo better

Bleo, bleomycin.
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Evidence-Based Use of
Hematopoietic Growth

Factors for Optimal
Supportive Care of

Patients with Cancer
George D. Demetri

ematopoiesis, the production and maintenance of
blood elements, is critical to life. Many of the com-
plications of cancer and anticancer therapies can be

clinically damaging to patients as a result of adverse effects
on normal hematopoietic mechanisms. Since the early 1990s,
it has been possible for physicians to intervene with geneti-
cally engineered biotherapies, such as hematopoietic growth
factors to mitigate the hematopoietic dysfunction of cancer
patients.1–4 In this chapter, the evidence is examined upon
which physicians and other caregivers may base rational 
clinical decision making to provide patients with optimal
supportive care to improve the hematopoietic problems 
associated with cancer.

Mechanisms and Differential Diagnosis 
of Cancer-Associated Hematopoietic
Dysfunction

Cancer and its treatment may alter normal blood cell pro-
duction, either by direct effects on hematopoietic stem 
and progenitor cells or by indirect mechanisms, such as 
inadequate nutritional status. The physical interactions in
the marrow microenvironment among hematopoietic 
cells, microvascular endothelial cells, and connective tissue
stromal cells, can be disrupted by hematologic cancers or
metastatic solid tumor cells, leading to abnormal function.
The anemia of cancer is a remarkably common feature of
many diseases, likely representing a form of the complex 
syndrome known as the anemia of chronic disease. One of 
the most common causes of hematopoietic dysfunction in
patients with cancer is iatrogenic, as a side effect of the cyto-
toxic therapies commonly used to treat many malignancies.
Many variables can determine the hematopoietic impact 
of anticancer therapy, such as (i) the cytotoxic insult itself
(e.g., chemotherapies with various mechanisms or radiation
therapy), (ii) the doses and duration of therapy administered,

and (iii) host factors reflecting variables, such as nutritional
adequacy and marrow functional reserve.

An understanding of the normal physiologic function of
the hematopoietic elements can help explain the negative
impact of cytotoxic therapies and can also allow physicians
to predict how hematopoietic cytokines can mitigate the
damage from such factors. Bone marrow “stem cells” gener-
ally exist in a relatively inactive, nonproliferative state. Selec-
tive expansion of a few clones of stem cells leads to a sizeable
marrow-based compartment of proliferating cells at various
stages of differentiation. This proliferative compartment of
progenitor cells can supply the mature elements of the periph-
eral blood for up to 8 to 10 days after a cytotoxic insult; this
can explain the delayed nadirs seen with most cytotoxic
chemotherapy treatments, with repopulation of the cycling
progenitor cell compartment ultimately leading to full recov-
ery of normal blood cell levels.

The timing of hematopoietic dysfunction may vary
depending on the mechanism of action of the chemotherapy,
because cell-cycle-active agents affect the proliferating pro-
genitor pool, whereas “stem cell poisons” (G0 active agents,
such as BCNU and busulfan) typically cause a much more
delayed nadir and recovery (e.g., occurring 4 to 6 weeks after
drug administration). The adverse impact of radiation on
hematopoiesis will also vary based on the amount of radia-
tion (dose and size of the irradiated field) as well as the dura-
tion of exposure.

It is essential to keep in mind the numerous derange-
ments in normal physiology that may occur in the setting of
cancer and/or cytotoxic treatment and which may contribute
to pancytopenia. These factors may include deficiencies or
lack or bioavailability of nutritional factors, such as folate,
iron, or other vitamins. There may be abnormal regulatory
mechanisms in hematopoiesis, such as cell-mediated sup-
pression of hematopoiesis in aplastic anemia,5 the blunted
response to erythropoietin with anemia in cancer patients,6

or the stimulation of thrombopoiesis associated with iron
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deficiency anemia. Marrow fibrosis and stromal damage can
occur either as part of a disease process or as a reaction to
therapy, thereby compromising bone marrow reserve and
function. Immunologically mediated destruction of cells, as
well as other factors, such as splenomegaly, can result in clin-
ically significant cytopenias. Most importantly, occult bleed-
ing must always be considered in the differential diagnosis of
persistent anemia and refractory thrombocytopenia. These
clinical examples emphasize the importance of assessing
cancer patients carefully for reversible medical etiologies of
their hematologic complications before attributing these
effects to the underlying neoplasms as a diagnosis of 
exclusion.

Hematopoietic Dysfunction by Cell Lineage

Leukopenias and the Risk of Fatal Infections or
Other Adverse Outcomes

Cancer and the nonspecific cytotoxic approaches to treating
cancers commonly result in abnormally low levels of white
blood cells, leaving the patient vulnerable to an increased risk
of infection. The immunocompromised status of leukopenic
cancer patients has been recognized since the mid-1960s,
when Hersh et al.7 and Bodey et al.8 reported that leukemia
patients treated at the National Cancer Institute, had a 
significant risk of fatal infections, especially marked with
lower levels of circulating leukocytes. Both the severity 
and duration of leukopenia were noted to be key variables
which defined the risk of these immunocompromised cancer
patients for fatal outcomes from the infections. This work has
served as the basis for the subsequent evolution of clinical
management of leukopenic cancer patients.

Patients with leukemias generally have more severe
leukopenia that extends for a longer period of time than
patients with common solid tumors, such as cancers of the
prostate, gastrointestinal tract, breast, or lung. Nonetheless,
the relationship between leukopenia and risk of fatal outcome
has been assumed to be essentially the same in patients with
leukemias, as well as those with solid tumors despite the
shorter duration of risk in the latter group. This raises the
issue of whether all cancer patients really are equally at risk
for adverse outcomes from leukopenia. Clinical predictive
models have been developed and tested by investigators, such
as Talcott et al.9 and Klastersky et al.,10 in an effort to iden-
tify key clinical criteria that would reliably predict subse-
quent outcomes at the time a patient presents with fever and
neutropenia, but these models have not been widely applied
in practice. Cancer patients differ broadly, from young, oth-
erwise healthy individuals with sarcomas and germ cell
tumors, to frail elderly patients with multiple coexisting
medical problems and multiorgan dysfunction. These indi-
vidual patient-specific differences can also change the risks of
leukopenia markedly. The risk of even a single patient having
an adverse or fatal outcome from a potentially treatable infec-
tious event has led to a widespread conservativism in this
field, with conventional supportive care generally based on
the administration of empiric broad-spectrum antibiotics,
often with hospitalization. Research in this field has also been
challenging because large numbers of very heterogeneous
patients are required to assess rare events: the incidence of

fatal complications of leukopenia has, thankfully, been very
low in most clinical trials over the past two decades. Reduc-
ing iatrogenic morbidity, such as hospitalization and poten-
tial toxicities of nephrotoxic antibiotics, is a reasonable goal
to justify the use of hematopoietic growth factors; the costs
of inpatient hospitalizations and other expensive interven-
tions also may be sufficiently high to serve as an alternative
rationale to change practice.

Leukopenia may also affect clinical outcomes for cancer
patients in other indirect ways. The safe administration 
of cytotoxic chemotherapy is dependent upon a functional
immune system, most often measured by the level of 
circulating neutrophils. In the setting of severe neutropenia,
chemotherapy administration may be delayed or reduced to
subtherapeutic doses. The impact of inadequate chemother-
apy dosing may be particularly acute with malignancies in
which chemotherapy is highly effective, such as patients with
lymphomas11 or even in the adjuvant therapy of breast
cancer.12 The importance of chemotherapy dose and schedule
remains an area of active clinical investigation for many
malignancies, and the availability of hematopoietic growth
factor support has allowed many clinical trials to answer
novel questions about dose and schedule of myelotoxic 
therapies.

Applications of Hematopoietic Growth Factors 
to Neutropenia

Table 87.1 lists the bioengineered human hematopoietic
growth factors that are currently approved by the U.S. Food
and Drug Administration (FDA) for clinical use. These agents
have been widely adopted as a standard of practice in many
clinical settings. However, the substantial costs of these
agents as supportive care for patients receiving myelo-
suppressive chemotherapy makes it imperative to understand
the benefits and limitations of the evidence, as well as to
identify the optimal settings in which their use can make a
significant difference in patient outcomes.

A more detailed review of recommendations for the use
of the hematopoietic growth factors that act to mitigate
leukopenia has been prepared by a clinical practice guidelines
subcommittee of the American Society of Clinical Oncology
(ASCO). These guidelines for the use of “colony-stimulating
factors (CSFs)” were initially developed in 1994 and have sub-
sequently been updated biennially.13–16 The ASCO guidelines
were developed to encourage best practice, specifically, to
encourage evidence-based use of CSFs in situations where
efficacy was well documented, and also to discourage inap-
propriate use when no meaningful improvements in clinical
outcomes were expected. These clinical practice guidelines
have been published13–16 and can be accessed easily at the offi-
cial Web site of ASCO (www.asco.org).

The first hematopoietic growth factors with the ability to
increase the levels of circulating neutrophils to be tested in
the clinic were granulocyte colony-stimulating factor (G-CSF)
and granulocyte-macrophage colony-stimulating factor 
(GM-CSF). These agents proved remarkably effective in
increasing the circulating levels of leukocytes, particularly
neutrophils,1–4,17–20 even in the earliest stages of clinical test-
ing. Administration of pharmacologic doses of these recombi-
nant molecules was well tolerated overall: dose-limiting 
toxicities at very high doses of GM-CSF were identified as
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pleuropericarditis, capillary leak, and venous thromboses,
whereas clinical activity was clearly documented at doses far
below the high doses associated with these adverse effects.21

Interestingly, no true dose-limiting toxicities have ever been
described for G-CSF, even at massive doses (e.g., greater than
100mg/kg/day) higher than one would ever use in the
clinic.18,22,23

G-CSF was first approved by the FDA in 1991, which gave
it a very broad indication for commercial distribution and
clinical application: reducing the incidence of febrile neu-
tropenia in cancer patients with nonmyeloid malignancies
receiving any sort of myelosuppressive chemotherapy. GM-
CSF received a more narrow FDA approval in 1991, which
limited the initial therapeutic indication to accelerating the
hematopoietic recover, of patients with nonmyeloid malig-
nancies undergoing autologous bone marrow transplantation
(BMT). However, since the initial FDA approval, the clinical
indications for GM-CSF have been expanded to include other
indications, such as accelerating the recovery from myelo-
suppression in patients with leukemia who are undergoing
induction chemotherapy, as well as indications in other trans-
plantation-related settings.

A new formulation of G-CSF has been developed to
modify the pharmacology of the recombinant protein. Pegy-
lated G-CSF (pegfilgrastim) has a longer circulating half-life
due to the pegylation of the protein backbone of the mole-
cule, allowing a single injection per chemotherapy cycle to
suffice, rather than the multiple daily injections required of
unmodified G-CSF or GM-CSF. The convenience of this agent
has driven its rapid acceptance by physicians and patients,
and the safety and efficacy profile appears to justify the utility
of this agent as equally effective as multiple daily doses of 
G-CSF. However, because a single dose of pegfilgrastim is 
the pharmacodynamic equivalent of G-CSF given in multi-
ple doses, there may still be clinical indications for G-CSF,
such as in the support of less intensive or more frequent
chemotherapy where more flexibility of hematopoietic

support would be desired. The decision about whether to use
filgrastim or pegfilgrastim is a complex one that must there-
fore, take into account the expected number of days for which
hematopoietic support would be needed. In general, if approx-
imately 7 or more days of filgrastim would be required, 
pegfilgrastim would be a reasonable agent to use for patient
convenience. However, if frequent dosing or complex dosing
schedules are required, filgrastim may offer the needed flexi-
bility to avoid the concurrent administration of cell-cycle-
active cytotoxics with CSF dosing. Concurrent dosing of CSF
with chemotherapy may result in excessively severe myelo-
suppression, as the hematopoietic progenitors are shifted into
proliferation at the same time that high levels of cytotoxic
drug circulate in the patient.

Defining the Indication for Neutrophil-
Stimulating Hematopoietic Growth Factors

Clinicians may be faced with several situations in which
hematopoietic stimulation of neutrophil production might be
advantageous for the patient. Broadly defined, the two major
settings can be classified as either prophylactic use or thera-
peutic use. Prophylactic use of hematopoietic growth factors
is defined as the use of an agent to prevent or minimize 
neutropenia that could be therapeutically detrimental (e.g., 
to prevent fever with neutropenia or other infections, or to
allow continued dosing of chemotherapy on a specific dosing
schedule). Prophylaxis is further subcategorized into primary
or secondary prophylaxis. Primary prophylaxis is the setting
in which patients who have never previously suffered any
infectious episode (i.e., no prior fever or infectious episode
during neutropenia) receive hematopoietic growth factor
dosing in an effort to prevent any future occurrence. Sec-
ondary prophylaxis is defined as administering hematopoietic
growth factor to a patient who previously experienced some
infectious complication (e.g., prior episode of fever with 
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TABLE 87.1. Hematopoietic growth factors commercially available for oncology indications in the United States.

Growth Trade Distributor(s)/
factor Generic name name manufacturer(s) Indication(s)

G-CSF Filgrastim Neupogen Amgen Cancer patients receiving myelosuppressive chemotherapy
Patients with nonmyeloid malignancy following progenitor/stem cell 

transplantation
For mobilization of PBPCs
Patients with severe cyclic/chronic neutropenia
Following induction chemotherapy in AML

Pegylated Pegfilgrastim
G-CSF Neulasta Amgen Cancer patients receiving myelosuppressive chemotherapy
GM-CSFs Argramostim Leukine Berlex Following autologous or allogeneic progenitor/stem cell transplantation

engraftment delay or failure following autologous progenitor/stem cell
transplantation

Following induction chemotherapy in older patients with AML
Allogeneic stem cell transplantation
For mobilization of PBPCs

EPO Epoietin alfa Procrit Ortho Biotech Anemia in patients with nonmyeloid malignancies receiving chemotherapy
NESP Darbepoietin alfa

Aranesp Amgen Anemia in patients with nonmyeloid malignancies receiving chemotherapy
IL-11 Oprelvekin Neumega Wyeth Mitigation of thrombocytopenia following myelosuppressive chemotherapy 

in patients with nonmyeloid malignancy who are at high risk of severe 
thrombocytopenia

AML, acute myelogenous leukemia; G-CSF, granulocyte colony-stimulating factor; EPO, erythropoietin; PBPC, peripheral blood progenitor cell.



neutropenia), with the goal of preventing recurrent episodes
of any infectious complication. The therapeutic use of
hematopoietic growth factors may be defined as the admin-
istration of these agents to a patient once an infection or
infectious complication is actively in progress, especially in
the absence of prior prophylactic use of the agent (e.g.,
attempting to minimize the duration of ongoing fever with
neutropenia).

Evidence Supporting the Use of Hematopoietic
Growth Factors as Primary Prophylaxis

Extensive data from well-designed prospective randomized
studies24,25 support the use of hematopoietic growth factors 
to minimize the risks of aggressively dosed cytotoxic
chemotherapy to patients with cancer. Both the incidence 
and the duration of myelotoxicity have consistently been 
documented to be improved with the support of CSFs. A
meta-analysis of eight randomized controlled trials that
tested primary prophylaxis with CSFs in a range of malig-
nancies treated with aggressively dosed chemotherapy regi-
mens, supported the finding that primary prophylaxis could
be quite effective at minimizing toxicities, with a reduction
in the risk of fever with neutropenia [odds ratio (OR) = 0.38),
fewer documented infections (OR = 0.51), and less infection-
related mortality (OR = 0.60).26 Similar benefits have been
noted with a single injection of the longer-acting pegylated
form of G-CSF as with multiple daily injections of G-CSF.27,28

The costs of CSF support have driven much debate about
the appropriate utilization of these agents. Previous editions
of the ASCO CSF Practice Guidelines have emphasized that
the expected incidence of fever with neutropenia or other
expected complications would have to be 40% or more to
justify the costs of CSF administration as primary prophy-
laxis. However, more recent data have noted that CSF support
can be effective also in decreasing the incidence of infectious
complications of chemotherapy, such as fever with neutrope-
nia, in clinical settings where the expected risk is approxi-
mately 20%.29 Despite the fact that the expected cost of CSF
support is in the range of US $2,800 per cycle, there are eco-
nomic analyses that suggest that primary prophylaxis can be
economically justified and favorable (given the alternative
costs of inpatient hospitalization and management of infec-
tious morbidity) for patients in whom the expected risk of
fever with neutropenia exceeds 20% per cycle.30,31 It is note-
worthy that, for many chemotherapy regimens in standard
practice, the incidence of fever with neutropenia or other
infectious complications, remains less than 10%. Therefore,
for most chemotherapy regimens, the use of CSF support as
primary prophylaxis is generally neither required nor sug-
gested by the ASCO Guidelines. However, it is also impor-
tant to note that there may, nonetheless, be advantages to the
use of primary CSF prophylaxis in certain special populations,
including the frail elderly with multiple comorbid diseases,
patients with past history of serious infection, patients with
bulky or very symptomatic disease with poor performance
status or organ dysfunction, and others. Medical judgment
should always be used in assessing the relative risks of
chemotherapy in any given patient.

Although other clinical strategies also may be used in
place of CSF support as primary prophylaxis, none are par-

ticularly relevant for broad use. Chemotherapy dose reduc-
tion is probably the most widely used technique to minimize
chemotherapy toxicity in the first cycle of administration,
but this could conceivably compromise therapeutic out-
comes. The use of prophylactic oral antibiotics has been
tested with varying success, but this strategy induces other
toxicities [including gastrointestinal (GI) toxicities and rash
from the antibiotics] and may facilitate the development of
antibiotic-resistant organisms. Based on these concerns, the
Infectious Disease Society of America has recommended
against the routine use of antibiotics such as fluoro-
quinolones as prophylaxis of chemotherapy-associated 
infections.32

The initial registration trial for GM-CSF used that 
agent to accelerate hematopoietic recovery from high-dose
chemoradiotherapy with autologous bone marrow transplan-
tation. To date, this agent has not been formally approved by
the FDA for use in the broader context of chemotherapy-
induced myelosuppression outside of transplantation or
aggressive chemotherapy for acute leukemias.

Special Cases of “Prophylaxis”

Use of CSF Support to Deliver High-Dose or 
More Frequent (“Dose Dense”) Chemotherapy

Traditional schedules of administration for many cytotoxic
chemotherapy agents were generally developed in the era
before the availability of CSF support. The “cycling” of
chemotherapy was designed to induce damage to tumor
(along with the hematopoietic and mucosal pools of stem 
and progenitor cells) with subsequent recovery of normal
hematopoietic and mucosal elements, but with less recovery
of malignant cells. Although preclinical models have dem-
onstrated a steep dose–response relationship for many
chemotherapy agents, these findings have generally failed to
translate into meaningful clinical benefits for most common
solid tumors. In the adjuvant systemic therapy of breast
cancer, for example, improvements can be demonstrated for
delivering standard versus substandard doses, although higher
delivered doses requiring CSF support do not appear to result
in major additional benefits.33,34 In a large number of clinical
trials for solid tumors, administration of higher doses of
chemotherapy with CSF support has failed to result in major
improvements in clinical outcomes, although toxicities and
costs have increased along with the doses. However, modest
increases in “dose density” (defined as increasing drug deliv-
ery per unit time) have been more tolerable and may be asso-
ciated with improved outcomes in some studies.12 A judicious
recommendation would be to consider as investigational the
use of CSF support to increase chemotherapy doses above
“conventional levels” unless well-designed prospective trials
have confirmed the benefits in meaningful clinical outcomes
of this approach.

Use of CSF Support for Patients Undergoing 
High-Dose Chemotherapy or Chemoradiotherapy
with Stem Cell Transplantation

CSF support is critical to enable the modern approach to
hematopoietic cell transplantation, both autologous trans-
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plantation of peripheral blood progenitor cells as well as con-
ventional allogeneic marrow transplantation. The use of CSFs
in the autologous setting is at least twofold: first, to mobilize
the circulation of high numbers of hematopoietic stem and
progenitor cells into the bloodstream where they can be 
collected for subsequent transplantation use, and second, to
stimulate the hematopoietic functions (proliferation and 
differentiation) of the transplanted stem and progenitor cells.
The use of a CSF (either G-CSF or GM-CSF) in the setting of
hematopoietic stem cell transplantation is generally consid-
ered a standard of care for these procedures associated with
prolonged myelosuppression.13–16

Use of CSF Support for Patients with 
Acute Leukemia Undergoing Aggressive 
Induction Chemotherapy

Several studies worldwide have evaluated the use of CSF
support to mitigate the enormous and expected myelo-
toxicity of induction chemotherapy for acute leukemias 
[both acute lymphocytic leukemia (ALL) and acute myeloid
leukemia (AML)]. The results of these studies have shown
that there is no major impact on the CSF support with regard
to the malignant leukemic clones: no major impact to
improve or reduce the incidence or duration of remissions has
been observed. This finding is in many ways reassuring: there
is no apparent antiapoptotic effect on the leukemic clones
that might lead to an adverse impact on survival in these 
clinical trials. In fact, although there is no overall impact on
survival, there does appear to be some modest ability of CSF
support to decrease the lengthy inpatient hospitalizations
that characterize the induction therapy for acute leukemias.
These benefits might be justifiable purely on the basis of cost-
saving, and certainly on the basis of allowing these patients
more time out of hospital, with expected improvements in
their function and quality of life,35 as would be particularly
true for elderly patients or those with poor performance
status. Again, patient-specific variables are best applied to
this important therapeutic decision.

In the setting of pediatric leukemias, especially ALL,
extreme caution is warranted in the use of CSF as supportive
care because this is a situation in which high levels of cure
are expected. Although CSF support can improve certain
acute toxicities, such as duration of neutropenia and hospi-
talization,36 there may also be a higher risk of subsequent 
secondary myeloid leukemias or myelodysplastic marrow
failures.37 Based on this potential risk, the routine use of CSF
support for pediatric patients with ALL treated with curative
intent, generally has not been recommended.

Evidence Supporting the Use of Hematopoietic
Growth Factors as Secondary Prophylaxis

Once a patient experiences an infectious complication of
chemotherapy, such as fever with neutropenia, that patient is
at increased risk of subsequent recurrences of infectious
episodes. Hematopoietic growth factor support may decrease
the risk of subsequent infectious complications if given pro-
phylactically after chemotherapy (“secondary prophylaxis”).
Analyses of the placebo-controlled trials of G-CSF support 
for patients receiving chemotherapy provided data that sec-

ondary prophylaxis can effectively decrease the risk of sub-
sequent myelotoxicity from chemotherapy.24,26,29 An alter-
native approach, of course, might be to reduce the doses of
chemotherapy administered, and no trial to date has proven
that the “full dose, on time” strategy (with CSF support) 
leads to significant improvements in meaningful patient 
outcomes, such as overall survival, progression-free survival,
or improved patient-reported quality of life. However, these
hypotheses have not been fully tested in appropriately
powered trials, and there may be some effect of dose and
schedule on survival outcomes, especially for patients with
very chemosensitive diseases, such as lymphomas or adjuvant
breast cancer in which curative intent is being pursued.11,33

Therefore, medical judgment and specific clinical details are
critical to guide practice regarding the choice between dose
reduction, CSF support, or possibly both in highly compro-
mised patients treated for palliation.

Evidence Supporting the Therapeutic Use of
Hematopoietic Growth Factors

Although the foregoing studies evaluated the prophylactic use
of CSF support, another logical option might be to treat only
that subset of patients who suffer an active infectious episode
once it has already occurred (so-called therapeutic intent).
Multiple studies have been performed in this setting. Overall,
the data suggest that, although there may be limited clinical
benefit to this approach in certain patient subsets, the total
benefit appeared to be less than if the CSF support were to
have been used as prophylaxis.38 Several reviews have sum-
marized the results of many trials testing whether therapeu-
tic application of CSF support during a period of fever with
neutropenia would result in improved clinical outcomes.39,40

Although some marginal decrease in the duration of hospi-
talization was occasionally reported, overall there have not
been major differences in the outcomes of patients who did
or did not receive CSF support during hospitalizations for
fever with neutropenia. It is again important to note that
selected subsets of very high risk patients may nonetheless
obtain benefit from the judicious use of CSF given with 
therapeutic intent in addition to standard antibiotics and 
supportive care. Predictive features of patients at very high
risk for adverse outcomes during an episode of fever with neu-
tropenia include such variables as the severity of neutropenia
(e.g., fewer than 1,000 neutrophils/mL), the expected duration
of neutropenia (with more than 7 days being an adverse 
prognostic indicator), poor performance status with sepsis 
features, and multiorgan dysfunction.9,10 Physicians must
take all this into account when deciding whether therapeutic
use of CSF support is indicated for any given patient pre-
senting with an infectious complication of chemotherapy.

One area in which there is definitive evidence against the
use of CSF support is in the setting of asymptomatic neu-
tropenia without fever. In this setting, a randomized prospec-
tive clinical trial has definitively shown that there is no
impact on clinical outcomes from the administration of CSF
support to improve neutrophil levels in the absence of 
clinical problems.41 There is no reason to give CSF support 
to patients simply because of asymptomatic low neutrophil
counts.
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Special Cases of “Therapeutic Intent”: 
Use of CSF Support for Patients 
with Myelodysplastic Syndromes or 
Congenital Neutropenias

In patients with myelodysplastic syndromes (MDS) and other
rare congenital neutropenias (such as cyclic neutropenias),
marrow failure can lead to chronic or intermittent neutrope-
nia, with occasional clinical problems of recurrent or severe
infections. In these situations, intermittent dosing of CSF
support may help alleviate the problems. In the case of cyclic
neutropenia, intermittent dosing with G-CSF can effectively
eliminate clinical problems with this disease.42 For other
forms of MDS, intermittent dosing with CSF support may be
appropriate, with the caveat that there are still no definitive
data about whether CSF stimulation might accelerate further
malignant transformation of the abnormal clones in MDS and
lead to more rapid onset of secondary leukemias.

Dosing of Myeloid CSFs

The conventional dosing of G-CSF (filgrastim) is on a flat
daily dose scale (5mg/kg/day), administered subcutaneously,
beginning approximately 24 hours after the last dose of
chemotherapy and continuing until hematologic recovery
(generally defined as a peripheral neutrophil count of 2,000–
3,000 cells/mL). Dosing for pegfilgrastim is also on a flat basis,
given as a single dose of 6mg subcutaneously, approximately
24 hours after the last dose of chemotherapy. Dosing of GM-
CSF (sargramostim) is recommended to be based on patient
size, given as 250mg/m2/day, subcutaneously, approximately
24 hours after the last dose of chemotherapy. Higher doses of
G-CSF (10mg/kg/day) are used generally for mobilization of
peripheral blood progenitor/stem cells in patients preparing
for transplant procedures.

Toxicities of Myeloid Hematopoietic 
Growth Factors

All genetically engineered versions of myeloid CSFs (G-CSF,
pegylated G-CSF, and GM-CSF) have been remarkably well-
tolerated agents overall, based on extensive clinical experi-
ence with these agents over the past 15 years. Nonetheless,
as for any drug, certain side effects have been noted 
occasionally.

Bone Pain

The most common side effect observed with the use of G-
CSF is mild to moderate bone pain, which typically occurs in
the marrow-containing bones (such as the lower back, pelvis,
or sternum) in about one-third of treated patients. Bone pain
is usually noted at the initiation of G-CSF therapy or at the
early phases of neutrophil recovery. Rarely, the pain can be
severe and may even require analgesics for control. The pegy-
lated version of G-CSF (pegfilgrastim) appears to have some-
what less prominent bone pain associated with its use. Bone
pain has also been reported with GM-CSF, although it seems
less pronounced with that agent.

Laboratory Abnormalities

Laboratory abnormalities observed with the rise in white
blood cell (WBC) count that occurs during CSF administra-
tion, include elevations in serum lactate dehydrogenase
(LDH), uric acid, and alkaline phosphatase levels (from leuko-
cyte alkaline phosphatase sources).

Uncommon Side Effects

Uncommon side effects associated with the use of G-CSF
include stimulation of preexisting psoriasis, Sweet’s syn-
drome (neutrophilic dermatitis), and cutaneous vasculitis.
Chronic administration of G-CSF to patients with congen-
ital or idiopathic neutropenia has been associated with
splenomegaly, which could be dangerous in the case of trau-
matic rupture. Less frequently observed side effects associ-
ated with the use of GM-CSF, include diarrhea, anorexia,
facial flushing, dyspnea, and edema. Other side effects that
have been reported with the older Escherichia coli-derived
version of GM-CSF, such as the first-dose phenomenon
(hypoxemia within minutes of taking the first dose, resulting
from leukostasis within pulmonary capillaries) and capillary
leak syndrome, but these rarely have been observed with 
the currently available yeast-derived version of GM-CSF 
(sargramostim). Constitutional side effects, such as fevers,
myalgias, headaches, and chills were reported in some of the
earliest trials of GM-CSF, although these appear to be related
to higher doses of GM-CSF.

In summary, the extensive clinical research in the devel-
opment and application of CSFs to clinical oncology have led
to many lines of high-quality evidence upon which to base
practice.

Although survival outcomes are relatively easy to quan-
tify, another dimension of improving clinical outcomes is the
potential to increase the quality of life for patients undergo-
ing myelosuppressive therapy. CSF support of myelosuppres-
sive regimens may allow patients to tolerate these treatments
with quantifiable improvements in their quality of life. 
To date, however, this has not been studied prospectively 
in a rigorous manner. Although costly in absolute terms, 
judicious use of CSF support has proven to add value and to
be cost-effective (and even cost-saving) for certain clinically
important outcomes.43 Exhaustive analyses of evidence sup-
porting the appropriate clinical utilization of hematopoietic
growth factors for cancer patients have been developed and
disseminated by the American Society of Clinical Oncol-
ogy.13–16 These evidence-based clinical practice guidelines
should be used as a practical reference as they are reviewed
and updated on a regular basis.

Anemia in Patients with Cancer: Approach to
the Problem and Practical Management with
Hematopoietic Growth Factors

Anemia in patients with cancer is exceedingly common,
ranges from mild to severe, and often is caused by multifac-
torial etiologies.44 Both the incidence and severity of anemia
in patients with cancer increase as the stage of the disease
progresses. Cancer-associated anemia may be designated as 
an “anemia of chronic disease” only with a normal cellular
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pattern in the marrow, low to normal serum iron and iron-
binding capacity is demonstrated, the iron content of the
marrow is normal or increased, and the serum ferritin is ele-
vated.45 Other causes of anemia, such as active hemolysis,
occult bleeding, nutritional deficiencies, or marrow replace-
ment by tumor, must be considered also in the diagnostic
evaluation of anemia in cancer patients.

Serum erythropoietin (EPO) levels have been noted to be
inappropriately low for a given level of anemia in patients
with cancer compared to anemic patients without cancer.6

The expected increases in serum EPO levels can be further
blunted by the administration of chemotherapy regimens
with or without nephrotoxic agents, such as cisplatin.

Because the endogenous EPO response to anemia is inade-
quate in patients with cancer,44,46 treatment of the anemia of
cancer with pharmacologic dosing of recombinant versions of
human EPO represents a highly targeted and rational thera-
peutic approach. The logic is related to the “replacement 
therapies” that are often used in endocrine deficiency syn-
dromes: in the case of erythropoiesis in cancer patients, the
“inadequate hormone” is EPO itself, which can be replaced
pharmacologically by provision of recombinant versions of
this molecule. This hypothesis has been tested extensively in
prospective, randomized, placebo-controlled trials, and the
beneficial effects of supplemental EPO dosing are consistent
and reliably documented, as discussed next. The ability of EPO
to stimulate erythropoiesis in cancer patients and improve
clinical outcomes, such as decrease, transfusion requirements,
led the FDA to approve this agent in the early 1990s for the
supportive care of anemic cancer patients with nonmyeloid
malignancies receiving concurrent chemotherapy.

Prospective, randomized, placebo-controlled studies have
been performed in heterogeneous populations of anemic
cancer patients, either untreated with cytotoxic therapy or
undergoing treatment with a wide variety of cytotoxic regi-
mens. These trials generally have shown that EPO dosing
induces a gradual increase in hemoglobin levels (occurring
after approximately 3 to 4 weeks of EPO supplementation) in
patients receiving pharmacologic dosing with EPO.44

These initial findings have been confirmed and expanded
in large community-based practice studies in approximately
7,000 cancer patients.44,47–49 In these large trials, one major
goal was to quantify the patient-assessed quality of life using
indicator scales measuring such dimensions as energy level,
activity level, and overall sense of well-being. These studies
confirmed preliminary findings from the initial placebo-
controlled studies and showed that patients who respond to
EPO dosing with an increase in hemoglobin levels, report
clinically meaningful benefits in their quality of life parame-
ters.47–49 Newer molecules based on the native molecular
structure of human EPO, such as darbepoetin, have also been
developed and tested. Darbepoetin was genetically engineered
to increase the number of glycosylation sites exhibited by
normal human EPO, and these extra carbohydrate residues
increase the circulating half-life of darbepoetin by approxi-
mately threefold over the previous recombinant versions of
human erythropoietin (either epoetin-alpha or epoetin-beta).
In placebo-controlled studies, darbepoetin has also proven to
have beneficial effects in stimulating erythropoiesis similar
to the effects of EPO.50–52

The clinical value of treating cancer patients with EPO is
based on the sustained clinical benefits that have now been

demonstrated in thousands of cancer patients receiving this
supportive care. The costs of alternative strategies, such as
transfusional support, as well as the opportunity costs of
ignoring symptomatic yet mild anemias, allow the judicious
use of EPO or darbepoetin to be cost-effective if appropriate
metrics of value and utility are used to judge the benefits.
Nonetheless, given the relatively high cost of optimal use of
EPO or other recombinant versions of this agent, careful clin-
ical assessments and data-based decision making on behalf of
the prescribing physician is still warranted.53 It is especially
important to note the clinical situations in which EPO does
not have the desired benefits for a patient, so that other ele-
ments in the differential diagnosis of persistent anemia can
be evaluated and, if possible, resolved. Adequate iron levels,
for example, are absolutely necessary for patients to achieve
the full benefits of EPO supplementation. The optimal way
to supplement iron, or even to measure functional iron
reserves in cancer patients, remains controversial.

Besides patients with cancer, other forms of hematologic
dysfunction also commonly exhibit anemia, either as the sole
clinical manifestation or as part of a multilineage marrow
failure state. Patients with myelodysplastic syndromes (MDS)
are most often anemic and frequently have elevated levels of
endogenous EPO. Several small pilot trials have attempted to
stimulate more effective erythropoiesis in MDS patients by
pharmacologic dosing of EPO.45–57 These clinical trials have
consistently demonstrated clinical benefits with EPO sup-
plementation in approximately 25% of patients with MDS.
Although the prognostic factors that might predict a response
to EPO supplementation remain poorly understood, most
trials suggest that patients with exceedingly high endogenous
EPO levels (generally defined as greater than 50 to 100U/mm3

blood) have a very low probability of responding to EPO. EPO
may also synergize with G-CSF supplementation in MDS
patients, and attempts have been made to define the predic-
tive factors for benefit.57

For MDS patients who suffer from anemia and transfusion
dependency, yet who exhibit relatively low, normal, or only
slightly elevated levels of endogenous EPO, a trial of phar-
macologic dosing with EPO is a very reasonable therapeutic
strategy.

Dosing Considerations with EPO

The conventional dose and schedule with EPO was 150
units/kg given subcutaneously three times each week.
However, EPO has also been approved by the FDA to be given
as once-weekly subcutaneous injection of 40,000 units as a
flat dose. Darbepoetin is recommended by the FDA in the
package label to be given at the dose of 2.25mg/kg adminis-
tered subcutaneously on a once-weekly basis. However, less
frequent administration has also been tested, and a flat dose
of 200mg every other week given subcutaneously is being
widely promulgated for darbepoetin.

Safety Concerns in the Use of Erythropoietic
Growth Factors in Cancer Patients

Certain safety considerations have arisen in recent years in
specific clinical areas, particularly around the investigational
use of EPO in settings, such as combined chemoradiotherapy.
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First, a small number of patients in France treated with a
recombinant version of EPO that is not commercially avail-
able in the United States, developed pure red cell aplasia,58

which appeared to be caused by the presence of neutralizing
antierythropoietin antibodies that arose during the EPO
therapy.

This toxicity has not been reported with either epoietin-
alpha or darbepoietin-alpha, the two EPO-related products
that are available in the United States. It remains unclear what
stimulated the low but real incidence of pure red cell aplasia
in the European patients, but it was likely an issue of drug 
formulation that was unique to the European marketplace.

A more general concern was raised from other clinical
trials that were testing EPO with the goal of achieving higher-
than-standard levels of hemoglobin in cancer patients. The
rationale for these studies was that higher levels of hemoglo-
bin might improve the therapeutic effects of chemotherapy
and/or radiotherapy by increasing oxygen delivery to tumor
sites. Paradoxically, however, in a heterogeneous population
of head and neck cancer patients, statistically worse survival
was noted in the patients who achieved the higher hemoglo-
bin levels with EPO supplementation.59 Although the reasons
for these observations remain obscure, it is possible that there
may be potentially negative impact from the overly aggres-
sive increases in hemoglobin levels targeted in this trial. It is
likely that such excessively high hemoglobin levels might
facilitate thrombotic and/or other vascular complications,
especially because cancer patients have an excess incidence
of clot formation and thrombovascular adverse events even
in the absence of EPO. A public advisory board was held with
the FDA based on these concerns, but the decision of the advi-
sory board was that EPO and EPO-related molecules are safe
when used as directed in the commercially approved labeling.
Other clinical variables, such as the use of EPO with combi-
nation chemoradiotherapy, or the use of overly high hemo-
globin target levels, may decrease the favorable safety profile
of EPO, and therefore, these should be used only in well-
defined and strictly monitored clinical trials.

Overall, EPO has been proven to have a very favorable
safety profile when used in thousands of cancer patients
worldwide. The appropriate utilization of agents to stimulate
erythropoiesis has demonstrable and quantifiable clinical
benefits for cancer patients in many settings.

Thrombocytopenia in Cancer Patients

Thrombocytopenia in cancer patients is usually attributable
to iatrogenic issues, such as cytotoxic chemotherapy and
radiation therapy, although impaired marrow reserve or
marrow replacement by tumor can also lead to clinically rel-
evant thrombocytopenia. Platelet function can be abnormal
in cancer patients, even if normal numbers of platelets are
observed. Bleeding and/or clotting complications are observed
at an excess rate in cancer patients, most likely because of an
underlying activation of inflammatory pathways and perhaps
the release of tissue factors from proliferating tumor cells.

Data from 1960s trials in leukemia patients at the
National Cancer Institute, demonstrated the quantitative
relationship between platelet count and hemorrhage.60,61

These early studies proved that low circulating platelet counts
increase the risk of potentially fatal bleeding complications.

Thrombocytopenia can also indirectly affect the out-
comes of cancer patients by causing dose delays or dose reduc-
tions of planned cytotoxic drug regimens. Additionally, for
patients receiving very aggressive chemotherapy, and cer-
tainly in the setting of induction therapy for leukemia or stem
cell transplantation, thrombocytopenia can present major
clinical challenges.

Hematopoietic Growth Factors to Stimulate
Platelet Production in Cancer Patients:
Challenges in Developing Clinically Useful
Thrombopoietic Agents

The only thrombopoietic agent approved by the FDA to date
is recombinant human interleukin 11 (IL-11) (Oprevelkin).
Oprevelkin is a relatively nonspecific and pleiotropic cytokine
that demonstrates some thrombopoietic activity.

IL-11 was approved by the FDA to prevent severe throm-
bocytopenia and to reduce the need for platelet transfusions
following myelosuppressive chemotherapy in patients with
nonmyeloid malignancies. This approval was based on the
results of a randomized clinical trial of IL-11 in cancer
patients who required at least one platelet transfusion after a
prior chemotherapy cycle. In this trial, the use of IL-11 as sec-
ondary prophylaxis, reduced the need for platelet transfusions
in a subsequent cycle of chemotherapy.62

It is critical to recognize that severe thrombocytopenia
requiring platelet transfusions is a relatively uncommon
problem with administration of standard-dose chemotherapy.
Nonetheless, thrombocytopenia can represent an increasingly
severe problem over time, with cumulative damage to
marrow cells developing with time.

Adverse Reactions

Patients treated with IL-11 commonly experience at least
mild to moderate fluid retention, as manifested by peripheral
edema and/or dyspnea. In some patients, preexisting pleural
effusions have increased during IL-11 administration. There-
fore, patients with a history of pleural or pericardial effusions
or ascites, should be carefully monitored during IL-11 therapy.
In addition, fluids and electrolytes should be monitored very
carefully in any patients requiring diuretic therapy. Particu-
lar caution should be taken with the use of IL-11 in patients
with a history of cardiac arrhythmias because palpitations,
tachycardia, and atrial arrhythmias (atrial fibrillation or
flutter) have been reported in association with this agent.

Future Directions for Stimulation 
of Thrombopoiesis

Improving the therapeutic index for thrombopoietic growth
factors has proven difficult. Many of the adverse effects of 
IL-11 likely relate to the fact that this is an inflammatory
cytokine, to some degree. Other more selective agents have
been tested but have encountered problems. In particular,
recombinant human thrombopoietin (TPO) has been tested
extensively, with some early promising results.63 However,
the recombinant version also induced cross-reacting auto-
antibodies against native thrombopoietin in certain clinical
trial subjects, and this safety concern led to discontinuation
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of the development plans for this agent.64 Newer agonists of
the TPO receptor are in clinical development, and it is hoped
that these might offer some improved activity for this
hematopoietic lineage in the future.

Summary

The translation of basic scientific research into effective 
therapeutics has been a hallmark of the field of hematopoi-
etic growth factors. Basic scientific inquiry has given us 
the knowledge and the recombinant proteins to manipulate
human hematopoiesis for therapeutic use. The use of
hematopoietic growth factors, coupled with an improved
understanding of stem cell physiology and the signaling path-
ways that govern proliferation, differentiation, and apoptosis
in hematopoietic cells, has already resulted in improved out-
comes for patients, and new insights into basic mechanisms
of physiology. Careful review of the data in this field will
allow physicians to prescribe hematopoietic growth factors in
a responsible, judicious manner to improve patient outcomes
while being sensitive to economic values and costs of these
agents.
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Management of the Bone
Marrow Transplant

Patient
Daniel J. Weisdorf and Marcie Tomblyn

rogressive experience and success in application of
blood and marrow transplantation has heightened
attention to clinical management of the complications

and long-term outcomes of such procedures. More than
20,000 patients yearly undergo transplant therapy and more
than 25,000 patients survive beyond 5 years after transplan-
tation. The recognition, prophylaxis, management, and
screening for early complications and for late effects follow-
ing successful transplant have developed by extrapolation of
procedures for intensive therapy of hematologic malignancy
(e.g., acute leukemia) and by recognition of specific toxicities,
immunodeficiencies and problems encountered uniquely by
the transplant recipient.1 Similar to other hematology/oncol-
ogy procedures, most management strategies are supported
principally by empirically derived and some experience-sup-
ported evidence. Overall, less than one-quarter of transplant
decision making is supported by Level 1 evidence.2 We review
the approach to transplant complications through the phases
of therapy emphasizing the available evidence, the frequently
held consensus opinions, and areas for future study.

Early Posttransplant Toxicities

Pretransplant chemotherapy and radiation are used for their
immunosuppressive and antineoplastic impact but can be
toxic to host tissues and organs, substantially augmenting
peritransplant morbidity.3 Direct conditioning-associated tox-
icity may include oral mucositis,4 interstitial pneumonitis,5

hepatic veno-occlusive disease,6 gastrointestinal toxicity with
nausea, vomiting, or diarrhea,7 desquamative dermatitis,8 and
hemorrhagic cystitis.9 Much more infrequently, myocardial
injury10 or central nervous system toxic encephalopathy11

may occur. These toxicities may each mimic or be compli-
cated by local or regional infection and can be compounded
by delayed neutrophil recovery, poor tissue healing, and sec-
ondary infection.12

Delayed Engraftment/Graft Failure

Slow or incomplete hematopoietic recovery after transplan-
tation yields ongoing neutropenia, transfusion dependence for
platelets and red cells, and slow recovery from the initial tox-
icity of transplantation.13 Poor graft function can prolong and

exacerbate the risks of infection and directly increase peri-
transplant mortality. Criteria for a satisfactory autologous
graft have been described in numerous, prospective single-
arm studies (Level 2 evidence).14,15 Only a few comparative
trials have addressed graft source or supportive techniques 
to improve the speed and completeness of autologous 
reconstitution.16–19

A suitable autograft should include at least 1 ¥ 108 marrow
aspirated mononuclear cells/kg. Since the late 1980s, blood-
derived stem cell and progenitor cells have been collected by
apheresis. Only a few formal comparisons of blood versus
marrow autografts have been performed.17,19 Autologous
marrow harvest was, for the most part, abandoned in the early
1990s.

Although direct quantitation of the hematopoietic stem
cell content of autografts is still clinically unavailable, the sur-
rogate measure of CD34+ cells/kg is used to judge the adequacy
of an apheresis-collected progenitor population. A minimum
of 2 ¥ 106 CD34+ cells/kg is accepted as a suitable autologous
graft likely to yield prompt neutrophil, platelet, and red cell
recovery.15 Distribution of the cell infusion over several days20

has been prospectively tested with no benefit. Similarly, for-
mally testing delay in administration of granulocyte colony-
stimulating factor (G-CSF) postgraft infusion to day 5,21 or use
of higher daily doses of G-CSF,22 did not change the timing of
multilineage recovery. No consensus about the dose or timing
of G-CSF administration posttransplant has been well docu-
mented. Level 3 evidence from numerous retrospectively
reported series,15,23,24 suggests that G-CSF may be unneeded if
an autograft contains 5 ¥ 106 CD34+ cells/kg, but still may
have some supportive benefit if daily G-CSF (5–10mg/kg/day)
is administered for grafts containing 2 to 5 ¥ 106 CD34+/kg.
Growth factor-stimulated bone marrow-harvested autografts
have been studied,18,25,26 but have not been pursued, largely
because of suggested, although undocumented, concerns
about tumor contamination in a marrow harvest or hypocel-
lularity and difficult collections in heavily treated patients.

Engraftment After Allogeneic Transplantation

Allogeneic transplantation poses additional barriers to suc-
cessful lymphohematopoietic reconstitution beyond the pro-
genitor content of the infused graft. Supporting lymphoid and
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stromal elements may be essential as well as immunosup-
pression sufficient to overcome histocompatibility barriers
for a successful allograft. The intensity of immunosuppres-
sion, degree of histocompatibility between donor and host,
and perhaps other poorly studied factors, such as NK-medi-
ated rejection modulated by killer immunoglobulin receptor
(KIR) alloreactivity or marrow stromal damage, may further
limit the speed or completeness of alloengraftment. Extensive
retrospective analysis suggests that alternative donor trans-
plants (closely matched unrelated donor, URD) have limited
graft failure risks (less than 5%),27 although haploidentical-
related transplants yield more frequent graft failure, which
might be overcome by variant conditioning, megadose pro-
genitor grafts, or favorable NK-mediated alloreactivity.28,29 No
prospective data comparing strategies to limit risks of graft
failure after allotransplant are available, although exten-
sive single-arm and retrospective reports support these 
conclusions.

Peripheral Blood Versus Bone 
Marrow Allografts

After widespread adoption of peripheral blood stem cells
(PBSC) for autologous transplants, G-CSF-mobilized allografts
became extensively studied. Numerous prospective random-
ized trials comparing blood to marrow sibling donor allografts
have been reported (Table 88.1). Although neutrophil recov-
ery is generally quicker using PBSC, acute and, more often,
chronic graft-versus-host disease (GVHD) occur more fre-
quently after peripheral blood (PB) allografts.30,31 Few data
support any long-term survival advantage for the use of 
G-CSF-mobilized PBSC for sibling donor transplantation.
Nonetheless, early improvements in morbidity and mortal-
ity, reported in some series, accelerated worldwide adoption
of G-CSF-mobilized PBSC for nearly all sibling donor 
transplants, at least in adults. Prospective studies are under
way addressing these techniques in URD transplantation.
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TABLE 88.1. Peripheral blood versus bone marrow allografts.

Trial Reference Year N Randomized GVHD DFS/survival Conclusions

Bensinger 159 2001 172 G-PB vs. BM II–IV: 64% vs. 57%, NS 2-year DFS: 65% vs. 45%, Shorter time to PMN
III–IV: 15% vs. 12%, NS P = 0.03 and platelet recovery;
Extensive cGVHD: 2-year OS: 66% vs. 54%, equivalent GVHD

46% vs. 35%, NS P = 0.06
Blaise 160 2000 111 G-PB vs. BM II–IV: 44% vs. 42%, NS 2-year DFS: 67% vs. 66%, Shorter time to PMN

cGVHD: 50% vs. 29%, NS and platelet recovery;
P < 0.03 2-year OS: 67% vs. 65%, increased cGVHD with

NS PB; equal survival
Champlin 161 2000 824 Retrospective II–IV: 40% vs. 35%, NS 1-year DFS Shorter time to PMN

PB = 288 III–IV: 13% vs. 19%, NS AL, CR1: 70% vs. 61%, and platelet recovery;
BM = 536 cGVHD: 65% vs. 53%, NS increased cGVHD with

P = 0.02 AL, ≥CR2: 77% vs. 57%, PB; improved DFS with
P = 0.03 PB in advanced

CML CP: 63% vs. 74%, leukemias
NS

CML AP 68% vs. 23%,
P > 0.01

Couban 162 2002 227 G-PB vs. BM II–IV: 44% vs. 44%, NS 30 month OS: Shorter time to PMN
III–IV: 26% vs. 18%, NS 68% vs. 60%, P = 0.04 and platelet recovery;
cGVHD: 85% vs. 69%, NS equivalent GVHD;
Extensive cGVHD: improved OS with PB

40% vs. 30%, NS
Morton 33 2001 57 G-PB vs. G-BM II–IV: 52% vs. 54%, NS 18 month OS: Equal PMN and platelet

III–IV: 22% vs. 43%, 67% vs. 64%, NS recovery; equal survival
P < 0.09

Steroid refractory-year
aGVHD: 18% vs. 47%,

P < 0.02
cGVHD: 47% vs. 90%,

P < 0.02
Extensive cGVHD:

22% vs. 80%, P < 0.002
Schmitz 163 1998 66 G-PB vs. BM II–IV: 54% vs. 48% 12 month OS: Shorter time to platelet

III–IV: 21% vs. 18% 73% vs. 82%, NS recovery
Vigorito 164 1998 37 G-PB vs. BM II–IV: 27% vs. 19%, NS 1000 day DFS: Shorter time to platelet

cGVHD: 71% vs. 53%, NS 58% vs. 52%, NS recovery; similar
Extensive cGVHD: 1,000-day OS: AcGVHD similar, but 

100% vs. 50%, P = 0.02 47% vs. 51%, NS increased extensive 
cGVHD; no survival 
differences

G-PB, granulocyte colony-stimulating factor (G-CSF)-mobilized peripheral blood; BM, bone marrow; DFS, disease-free survival; OS, overall survival; PMN, poly-
morphonuclear neutrophil leukocytes; AL, acute leukemia; CML, chronic myelogenous leukemia; aGVHD, acute graft-versus-host disease; cGVHD, chronic GVHD;
NS, not significant.



Children may suffer excessive GVHD after PB-derived 
allografting.32

A newer approach, G-CSF-mobilized bone marrow
harvest compared to G-CSF-mobilized PBSC apheresis, has
been reported in a limited series33 with equivalent survival,
equally speedy engraftment, and more-frequent GVHD in
PBSC recipients (see Table 88.1). Ji et al.34 compared G-CSF-
mobilized bone marrow to unprimed bone marrow harvest for
sibling transplantation for chronic myelogenous leukemia
(CML). The mobilized grafts had three-fold-higher CD34
content and lower CD4:CD8 ratios. Use of the cytokine-
mobilized harvests led to significantly accelerated neutrophil
(15 versus 20 days) and platelet (17 versus 24 days) recovery,
and significantly less acute (6% versus 27%) and chronic
(24% versus 33%) GVHD, although with similar relapse risks
and similar survival. Additional experience from these small
preliminary reports and others, suggests that G-CSF-
mobilized bone marrow may add modestly to donor morbid-
ity but yield possibly promising outcomes for the recipient.

G-CSF administration after allotransplantation is widely
used but is not well supported by prospective study. Lee et
al.35 prospectively tested delayed administration of G-CSF
post-PBSC allograft and observed equivalent neutrophil and
platelet engraftment, although suggestively poorer survival in
those receiving G-CSF starting day 0, but no other reports cor-
roborate this negative effect. A single report36 evaluated
G-CSF initiated at either day 0, 5, or 10 after URD trans-
plantation, and showed no differences in hematologic recov-
ery, fever, use of antibiotics, relapse, or survival, although
costs were reduced using later-onset G-CSF.

Overall, G-CSF-mobilized PBSC allografts result in prompt
hematopoietic recovery and, if more than 5 ¥ 106 CD34+
cells/kg are infused, posttransplant G-CSF may be unneeded.
Uncertain risks of acute, and particularly, long-term develop-
ment of chronic GVHD suggest that continuing follow-up of
previous randomized trials and the prospective randomized
trial currently under way in URD transplantation, will be 
necessary to conclude the equivalence or superiority of one
graft source or another. Partial matched related donor trans-
plants (haploidentical or better) are usually performed with
PBSC, although no formal comparisons are available.

Umbilical Cord Blood Allografts

Unrelated donor umbilical cord blood (UCB) is increasingly
frequently used to support allotransplanted patients without
available HLA-compatible sibling or volunteer unrelated
donors (URD).37–39 Used primarily for smaller or pediatric
patients, increasing experience in adults shows promise,
although delayed recovery or graft failure is frequent.40 Infu-
sion of two closely matched grafts may promote engraftment
in adults.41 Only retrospective data are available, which
suggest that both higher cell dose (more than 2–3 ¥ 107 nucle-
ated cells/kg) and progenitor content (more than 2–3 ¥ 105

CD34+ cells/kg) are dominant predictors of satisfactory
donor-derived neutrophil engraftment after UCB transplanta-
tion.37,39 Some retrospective data reported from Minnesota42

and France,43 suggest that closely HLA-matched UCB donors
yield more effective engraftment and survival, although only
low-resolution HLA typing and matching have been studied.
The impact of HLA-C or other locus matching has not been

analyzed or reported in depth. Developing experience,
although limited, offers no strong evidence except to confirm
that high cell dose and close HLA matching (four to five
matched loci of six HLA-A, -B, -DRB1) is preferred, to expect
prompt hematopoietic recovery after UCB transplantation.

Added host factors (myelofibrosis or splenomegaly) can
augment risks of graft failure. Graft manipulation (T-lym-
phocyte depletion) may deplete stem cells or deplete essen-
tial, although uncertain, donor cellular elements necessary
for satisfactory immunosuppression of the recipient and pre-
vention of active graft allorejection. Treatment of graft failure
most often involves administration of G-CSF or granulocyte
macrophage colony-stimulating factor (GM-CSF) in different
doses or dose schedules. Randomized trials of growth factors
given for delayed engraftment13 demonstrated acceleration of
leukocyte, but not platelet, reconstitution. Limited testing of
thrombopoietin or erythropoietin has been inconclusive in
supporting their value. Additional stem cell infusions can be
effective if graft failure develops.44 Intensified immunosup-
pression, most often high-dose corticosteroids or antithymo-
cyte globulin (ATG), has been used to prepare recipients for
second allograft infusions. When the original donor (sibling
or URD) is unavailable, such as with UCB, alternative donor
sources (other UCB, volunteer URD, or partial matched
related donors) have been tried, although only anecdotal and
retrospective experience is available for review.

Oropharyngeal Mucositis

Direct toxicity to the oropharyngeal epithelium follows
chemoradiotherapy conditioning and may be complicated by
localized minimally invasive infection (viral, yeast, or bacte-
rial), GVHD prophylaxis agents (e.g., methotrexate), or by
GVHD.4 Prolonged neutropenia compounds the risk of local
infections and delays oral healing. Painful swallowing, eating,
talking, or airway compromise can follow severe oral mucosi-
tis, and its severity can directly augment risks of fever, 
systemic infection, requirement for parenteral nutrition or
narcotics, prolonged hospitalization, peritransplant mortality,
and increased costs of care.45,46

The intensity of conditioning and use of methotrexate
directly promotes greater epithelial trauma, apoptosis, and
mucosal ulceration, yielding more frequent and more severe
oropharyngeal mucositis. High-dose total-body irradiation
(TBI) and etoposide are particularly mucosal toxic, but mel-
phalan, especially if combined with TBI, yields severe
mucositis as well. Management using local rinse debride-
ment, topical anesthetics, and coating agents (magic mouth-
wash containing diphenhydramine), antiacid solutions, or 
ice chips are largely supportive, and little formal study has
documented their value. Formal prospective, and usually
blinded, trials of antimicrobials (chlorhexidine, isoganan,
calcium phosphate) have been undertaken with inconclusive
results.4,47,48 Systemic cytokines have accelerated neutrophil
recovery and concomitantly limited the duration of mucosi-
tis. Interleukin (IL)-11 worsened systemic toxicity and had no
benefit.49 Keratinocyte growth factor (KGF, palifermin) has
significantly shortened the severity, duration, accompanying
pain, and peritransplant morbidities of mucositis after inten-
sively conditioning autografts.50,51 Similarly, amifostine has
reduced the direct mucosal cytotoxicity of high-dose alkyla-
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tors and has been used to facilitate intensive, augmented
chemotherapy conditioning regimens.52 Only KGF and ami-
fostine are of demonstrable benefit, but these have not been
studied in widespread fashion nor yet been adopted for general
use.

Hepatic Veno-Occlusive Disease

Jaundice, hepatomegaly, and fluid retention, resulting from
stenosis or obliteration of terminal hepatic venules, com-
prises the syndrome of hepatic veno-occlusive disease (VOD)
that follows high-dose chemotherapy and radiation condi-
tioning for transplantation.53,54 Most often developing within
the first month, this syndrome has been reported with
extremely variable incidence because of differences in diag-
nostic stringency and specific criteria. Ten percent to 60% 
of patients may be affected with VOD, and this looseness in
definition complicates interpretation of any and all litera-
ture about VOD.53,55 Generally recognized risk factors in-
clude intensive transplant conditioning or pretransplant
chemotherapy (particularly including previous therapy with
mylotarg), abnormal transaminase values, chronic hepatic
viral infection, and other uncertain factors. Case series with
more liberal definitions (reporting 30% to 50% incidence)
include peritransplant liver toxicity without all the histologic
and hemodynamic changes characteristic of florid VOD,
whereas those with more stringent definitions (reporting 5%
to 10% incidence) most often demonstrate all the clinical
diagnostic features, plus hepatic reversal of flow by Doppler
ultrasound and perivenular necrosis and fibrous obliteration
on liver biopsy.56 This severe VOD results in high mortality.

Prevention of VOD has been tested in several prospective
trials, most frequently evaluating ursodeoxycholic acid,
although corticosteroids, supplementation of hepatic glu-
tathione, antithrombin III concentrates, prostaglandin E1, and
tumor necrosis factor-alpha (TNF-a) neutralization have all
been studied; heparin57 and pentoxifylline58 were studied in
modest size, prospective randomized trials.

Ursodeoxycholic acid was shown of benefit in several
small trials but not confirmed in a larger Phase III prospec-
tive study.59 Ursodeoxycholic acid is the only suggestively
beneficial agent recognized to reduce VOD incidence and
might be recommended, at least in high-risk patients dis-
playing some pretransplant risk factors augmenting their
hazards of VOD. The combination of ursodeoxycholic acid
and heparin was not additive in its protective effect.60

Therapy of VOD is uncertain. The thrombotic nature of
its findings has led to uncontrolled testing of heparin, recom-
binant human tissue plasminogen activator,61,62 and supple-
mentation of the anticoagulants antithrombin III and
activated protein C, but no conclusive findings or com-
parative trials with strong evidence supporting its use are
available. Defibrotide (DF) reduces the thrombogenicity of
endothelium through numerous effects and has activity in
reducing vascular injury and thrombosis in a variety of set-
tings. Limited prospective noncomparative trials suggest its
potential value,63 although no clear evidence of efficacy is
available. Other treatments supportive of liver dysfunction
from other causes [plasmapheresis, intrahepatic portasys-
temic shunting (TIPS), and hemodialysis] have been used

without specific literature available to document their value
in this setting.

Interstitial Pneumonitis

Although most lung complications following transplantation
are infectious, two specific syndromes, idiopathic interstitial
pneumonitis [sometimes called idiopathic pneumonia syn-
drome (IPS)] and diffuse alveolar hemorrhage (DAH) occur
without infection.

The first, IPS, typically occurs in the first 2 to 6 weeks
following transplantation, and is seen more frequently in
patients with extensive pretransplant chemotherapy receiv-
ing high-dose cyclophosphamide or high-dose total-body 
irradiation (TBI), but it may be associated with blood 
transfusions, methotrexate, and GVHD.64,65 Some reports
suggest that IPS occurs as frequently in syngeneic as allo-
geneic recipients, and postulate that immunodeficiency is a
lesser risk factor for IPS than for infectious pneumonitis.66,67

Drug and radiation toxicities have been reported as major con-
tributors, although no clear conclusions regarding this syn-
drome can be determined from formal trials comparing TBI
or non-TBI conditioning regimens. In some trials, higher-dose
TBI has been associated with more frequent IPS, although 
this is not consistently reported.68,69 Corticosteroids or anti-
cytokines (etanercept or infliximab), have been proposed as
cytokine shields and antiinflammatory protective agents, but
their use has not been validated in prospective trials.

Diffuse alveolar hemorrhage (DAH) was initially reported
in autograft recipients, but a similar syndrome occurs fol-
lowing allotransplantation that is, at times, included in the
syndrome of IPS.70,71 Its specific diagnosis requires diffuse
consolidation on chest X-ray, hypoxemia, and progressively
bloody alveolar lavage obtained through bronchoscopy.
Because bloody bronchoalveolar lavage (BAL), but not hemop-
tysis, is required for diagnosis, it is less frequently described
in children (for whom bronchoscopy is performed less fre-
quently), but true incidence figures are difficult to discern. Its
presentation with dyspnea, hypoxemia, respiratory distress,
and nonproductive cough, is usually rapid in onset and has an
associated mortality of 70% to 100%. Supportive measures
include correction of coagulopathy and aggressive ventilatory
support. High-dose corticosteroids are regularly offered, but
no controlled data and only limited, anecdotal series are avail-
able to support their use.70,72 Recombinant factor VIIa and
other hemostatic agents have been evaluated informally, but
no data beyond anecdotal reports have been published.

Posttransplant Host Defense and Infection

The initial chemotherapy and radiation insult blunts
mechanical barriers to invasive infection through disruption
of cutaneous mucosal and epithelial membranes.12,73 Neu-
tropenia and hypogammaglobulinemia further limit defense
against aerobic organisms. Severe cellular immune dysfunc-
tion, including T-cell lymphopenia and ineffective T-cell
function persists for 6 to 12 months following transplanta-
tion.74 These defects are more intense and more prolonged in
patients developing GVHD. Natural killer cell recovery is
early, within 4 weeks of transplant, although its importance
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in host defense at that stage is undetermined.75 In some
reports, greater risks of infection follow alternative donor
transplantation, even in the absence of clinical GVHD.76

In the preengraftment 1 to 3 weeks posttransplant, neu-
tropenia and oral/enteric mucosal disruption predominate.
Fever is frequent, although only 50% of patients have specific
pathogens identified. Tissue injury, transfusions, ampho-
tericin, or other drug fevers may explain some of these
culture-negative febrile episodes. Usual supportive care
includes protective isolation, in many centers using high-
efficiency particulate air (HEPA) filtration to reduce inhala-
tion of airborne fungal pathogenic spores, although its use has
never been formally tested. Early experience suggested reduc-
tion in febrile days for patients transplanted, using more
extensive protective isolation including laminar airflow envi-
ronments, broad-spectrum decontaminating antibiotics, and
sterile food, but no reduction in defined infection or early
mortality was observed.12,73 Recent experience, particularly
with reduced-intensity allotransplantation and the brief neu-
tropenia accompanying autografting, has led to abandonment
of or at least diminished attention to protective isolation
because many patients are cared for as outpatients.

Antibacterial prophylaxis directed toward aerobic bacte-
ria using trimethoprim sulfa has been tested but has not been
shown to be efficacious in leukemia or transplant recipi-
ents.73,77 Quinolones, especially those with gram-positive and
gram-negative activity, have been more widely used, although
definitive trials demonstrating their value in reduction in
defined infection or reduced hospital days, 30-day mortality,
or other proximate benefits remain uncertain. Some series
suggest that their use limits febrile episodes and a need for
systemic broad-spectrum antibiotic therapy, but these results
have not been confirmed. Empiric broad-spectrum antibiotic
therapy for neutropenic fever remains the norm, supported by
numerous, although small, studies in the 1970s. Alternative

strategies, for the most part, have not been formally tested.
Varying antibiotic combinations have been studied exten-
sively, although none has emerged as superior. Attention to
local hospital flora and antibiotic resistance patterns, formu-
lary determinations, and associated other medication use
(avoidance of nephrotoxic aminoglycosides in patients treated
with calcineurin inhibitors) should determine choice of
empiric antibiotic therapy.

Fungal infections have emerged during the past 15 years
as the dominant and most frequently lethal pathogens affect-
ing the transplant recipient (Table 88.2). Several studies doc-
umented the value of fluconazole in reducing yeast infections
and overall peritransplant mortality,77–79 but concerns about
inadequate prophylaxis against molds, especially Aspergillus,
persist. Recent evaluations of itraconazole have shown
promise in prophylaxis,80,81 but variable and uncertain absorp-
tion has limited its widespread use.

Controlled testing of voriconazole with its favorable oral
absorption, pharmacokinetics, and efficacy have documented
its value as empiric treatment for neutropenic fever and treat-
ment of established aspergillosis.82,83 Large multicenter trials
are currently assessing its efficacy compared to fluconazole
for prophylaxis in allogeneic transplant recipients.
Echinocandins (caspofungin, micafungin) have been recog-
nized effective in some settings, but no formal prophylaxis
trials document their utility for antimold prophylaxis in the
high-risk allotransplant patient.84,85

Therapy of invasive fungal infection remains imperfect
despite the array of agents now available to supplement or
replace amphotericin, the previous therapeutic gold standard.
As above, voriconazole has proven superior in both efficacy
and reduced toxicity when compared to amphotericin (con-
ventional or lipid-based) as treatment for neutropenic fever or
for established aspergillosis.82,83 Ongoing investigations with
itraconazole, caspofungin, and several as yet unlicensed anti-
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TABLE 88.2. Fungal prophylaxis.

Trial Reference Year N Randomized DFS/survival Conclusions

Goodman 77 1992 356 Placebo vs. Fluc Superficial fungal 33% vs. 8%, Prophylactic Fluc decreases the
P < 0.001 incidence of both superficial and

Systemic fungal 16% vs. 3%, systemic fungal infections
P < 0.001

Marr 79 2000 300 Placebo vs. Fluc for Invasive candidiasis 20% vs. Improved survival; decreased
75 days post-BMT 3%, P < 0.001 GVHD of the gut

8-year OS: 28% vs. 45%,
P = 0.0001

Marr 80 2004 304 Itra vs. Fluc Invasive fungal 13% vs. 16%, Survival NS; increased GI toxicity
NS; invasive mold 5% vs.  with Itra; improved prevention of
12%, P = 0.03 invasive mold infection with Itra

Nucci 81 2000 210 Placebo vs. Itra Empiric Ampho 61% vs. 22%, Itra prophylaxis decreased the
P = 0.001 frequency of systemic fungal

Definite fungal 19% vs. 6%, infections and decreased the use of
P = 0.04; molds 12% vs. 5%, empiric Ampho
P = 0.03

Slavin 78 1995 300 Placebo vs. Fluc for Systemic fungal 18% vs. 7%, Fluconazole decreases the
75 days post-BMT P = 0.004 incidence of systemic fungal

OS to day +110 65% vs. 80%, infections and improves survival to
P = 0.004 day +110

Winston 165 2003 140 Fluc vs. Itra Invasive fungal 25% vs. 9%, Itraconazole decreases the risk of
P = 0.01 invasive fungal infections

Overall survival: 42% vs. 45%,
NS

Fluc, fluconazole; Itra, itraconazole; Ampho, amphotericin; BMT, bone marrow transplantation.



mold agents suggest that the toxicities accompanying con-
ventional amphotericin may be undesirable because the other
agents have less multiorgan toxicity and similar efficacy.
Ongoing controlled study is essential for continued informed
choices, recently made more difficult by the array of available
antifungal agents.

Superior antimold activity of newer antibiotics may be
supplemented with a change in strategy to preemptive treat-
ment rather than broad and intensive therapy for all patients
with culture-negative neutropenic fever. Serum galactoman-
nan86,87 has been licensed for early diagnosis of aspergillosis
and, although needing confirmation in additional multicen-
ter trials, may prove valuable to supplement culture-negative
fever, focal pulmonary infiltrates, or upper airway and sinus
inflammation as early warning of the development of inva-
sive Aspergillus or other mold infections.

Posttransplant Viral Infections

Three groups of viruses plague the immunocompromised
transplant recipient. The herpes group viruses (herpes
simplex, varicella-zoster, cytomegalovirus, Epstein–Barr
virus, and possibly human herpesvirus 6) all need specific
attention, screening, consideration of prophylaxis, and
therapy if they reactivate following blood or marrow trans-
plantation.12,73 Oral or genital herpes simplex virus (HSV)
reactivates in nearly two-thirds of transplant recipients not
receiving specific antiviral prophylaxis.88 The efficacy of acy-
clovir or valacyclovir has been demonstrated in other set-

tings, and their use is widely applied to the HSV seropositive
transplant recipient. Therapy with such antivirals is generally
highly effective and is associated with limited toxicity. 
Disseminated HSV (pneumonitis, esophagitis, encephalitis) is
uncommon with effective prophylaxis, prompt monitoring,
and treatment.

Cytomegalovirus (CMV) risks are primarily determined
by the patient’s pretransplant exposure.89 Highest risks of
reactivation infection and disease are observed in CMV
seropositive recipients, intermediate risks in seronegative
allograft recipients receiving CMV seropositive donor trans-
plants, and lowest risks in those who are CMV seronegative
recipient and donor.90 The seronegative recipient (with
seronegative donor) requires protection against transfusion-
associated transmission of CMV, and controlled studies have
supported the value of CMV seronegative transfusion
support,91–93 leukocyte-depleted transfusion support, or the
combination. The risks of CMV infection remain less than
5% in appropriately protected patients and CMV disease is
rare, although one recent report highlighted the imperfect
protection against transfusion-associated CMV transmission
by leukoreduction.94

The seropositive recipient or patient receiving a seropos-
itive graft requires specific CMV management: either antivi-
ral prophylaxis or aggressive and prolonged screening to
detect early infection and initiation of preemptive therapy.
Early randomized studies supported the value of acyclovir,
despite its limited anti-CMV activity in vitro, as suggestively
effective in preventing and delaying CMV infection after allo-
transplantation (Table 88.3). In many centers, its use in the
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TABLE 88.3. Prevention of cytomegalovirus (CMV) reactivation.

Trial Reference Year I Randomized Responses Conclusions

Boeckh 97 1996 226 Preemptive ganciclovir vs. CMV disease +100 14% vs. Survival equal
prophylactic ganciclovir 2.7%, P = 0.002 CMV disease 

+180 equal
Burns 95 2002 91 Acyclovir vs. ganciclovir Antigenemia 41% vs. 31%, Bacterial infection and

P = 0.22; CMV disease 17% vs. neutropenia more
13%, P = 0.59 common with

ganciclovir
Ljungman 166 2002 727 Valacyclovir vs. acyclovir CMV infection/disease 28% vs. Survival equal

40%, P = 0.0001
Meyers 167 1988 151 Acyclovir vs. placebo for 70% vs. 87% CMV infection, Superior 100-day

CMV seropositive P = 0.0001; 22% vs. 38% survival
CMV disease, P = 0.008

Prentice 168 1997 310 Acyclovir vs. placebo Reduced risk of CMV infection 19% better survival at 1
year

Reusser 98 2002 213 Foscarnet vs. ganciclovir CMV disease or death and EFS More neutropenia,
equal thrombocytopenia with

ganciclovir
Schmidt 169 1991 104 Ganciclovir vs. placebo 25% vs. 70% CMV infection Preemptive ganciclovir

for asymptomatic CMV + or death, P = .01 prevents pneumonitis
BAL

Verdonck 180 1997 41 Risk-adapted ganciclovir No CMV pneumonitis using Effective strategy
ganciclovir for antigenemia or
for acute GVHD

Winston 99 2003 168 Valacyclovir vs. ganciclovir CMV infection 12% vs. 19%, Equal CMV disease
P = 0.93

Zikos 100 1998 128 IV IgG vs. CMV-IgG Antigenemia 71% vs. 61%, Time to antigenemia 47
P = 0.37 vs. 48 days, P = 0.9

EFS, event-free survival; BAL, bronchoalveolar lavage.



early posttransplant period continues despite only limited
data supporting its value.95,96 Better tested is the more 
effective antiviral, ganciclovir, as specific CMV prophylaxis
in the early posttransplant months. Its greater myelosuppres-
sive activity confounds its superior antiviral effectiveness,
and formal prospective trials97 have suggested that its use as
preemptive treatment following early detection of infection
may be as effective as generally applied ganciclovir prophy-
laxis to the seropositive recipient. Foscarnet and valacyclovir
had demonstrable efficacy as prophylaxis,98,99 but high-titer
anti-CMV IgG did not100 (see Table 88.3).

Therapy of CMV reactivation includes ganciclovir,
usually in high dose for a minimum of 2 to 3 weeks induc-
tion and an extended 4- to 6-week maintenance period of
antiviral suppression. Treatment of antigenemia (n = 60) com-
pared to treatment of CMV isolated from alveolar lavage (n =
58) reduced CMV disease to 1.7% versus 12% (P = 0.02).101

This preemptive strategy led to CMV treatment in 48%
versus only 13.8% of patients (P = 0.001), but GVHD and 
bacterial and fungal infections as well as survival were 
equivalent. Small comparative studies suggest efficacy of 
foscarnet for preemptive therapy as well, although its 
nephrotoxicity and metabolic disturbances (hypocalcemia,
hypophosphatemia) complicate its general applicability and
limit its efficacy for outpatient parenteral antiviral 
therapy. A comparison of foscarnet (n = 110) versus 
ganciclovir (n = 113) for antigenemia led to equivalent CMV
disease and mortality, but neutropenia (4% versus 11%; P =
0.04) and stopping therapy for cytopenia (0% versus 6%; P =
0.03) was more common with ganciclovir.98 Another smaller
trial (n = 39) showed more CMV breakthrough with ganci-
clovir but similar CMV disease and treatment-related 
mortality.102

Equally important as the efficacy of the antiviral pre-
emptive therapy is regular and prolonged effective screening
for CMV reactivation. CMV antigenemia (pp65 testing of cir-
culating leukocytes) is highly sensitive although ineffective
during the first few weeks of leukopenia following transplant,
even though this period is rarely associated with CMV 
reactivation and infection. Polymerase chain reaction 
(PCR) assays (which may be more specific but are not 
available in all centers) have high specificity and sensitivity
and demonstrate the same indications for preemptive 
antiviral therapy when detectable in posttransplant 
blood samples.103 Detection of late CMV infection 
(beyond day 100 posttransplant) requires continuing surveil-
lance, particularly for patients with ongoing GVHD and
immunosuppression, but the strategic specifics of antiviral
screening in the late posttransplant period have not been well
tested.104 Generally, CMV blood reactivation in a patient with
ongoing chronic GVHD would be treated, although all sur-
veillance series recognize that a small fraction of patients
with low-level antigenemia or low PCR burden will fail to
progress to CMV disease despite lack of effective antiviral
therapy.105 This anecdotal experience does not define the
appropriate duration for aggressive surveillance and initia-
tion of therapy for high-risk GVHD patients with CMV 
reactivation.

CMV disease, usually pneumonitis or enteritis, demands
treatment, most often with high-dose ganciclovir plus IV
immunoglobulin (IVIG).106–108 Studies in the 1980s defined the

high mortality of CMV pneumonitis. These risks are reduced
by IV IgG, although viral neutralization but higher anti-CMV
IgG titers in the infused product have not been associated
with the efficacy of IVIG therapy.107 Immunomodulation and
reduction of lung injury through IVIG, along with effective
antiviral antibiotics, can reduce the mortality of CMV 
pneumonitis to less than 50%, particularly if therapy is 
initiated before ventilator support for respiratory failure is
required.

CMV enteritis has been poorly studied, and only limited
prospective data support a therapeutic approach similar to
that used for CMV pneumonitis. Retrospective data108 empha-
size the variable effectiveness of such treatment, but high-
light the limited evidence upon which to choose therapeutic
approaches to biopsy-documented CMV enteritis. An 
anti-CMV monoclonal antibody was tested prospectively,109

but failed to prevent or modulate the severity of CMV 
disease.

Epstein–Barr virus is most often associated with post-
transplant lymphoproliferative disorders (PTLD),110,111 which
are best treated with antiviral therapy, IgG, and rituximab to
lyse the virally infected CD20+ B-lymphoid neoplasm.112,113

No controlled data support these approaches, nor have these
been formally tested in comparison, but promising retro-
spective series strongly suggest that rituximab, reduction in
immunosuppression, and possibly antiviral treatment repre-
sent the best therapeutic approach to these otherwise highly
lethal disorders. Infusion of donor lymphocytes (from 
allograft donors) also may be highly effective in treating
PTLD.114,115

Human herpesvirus (HHV) 6 has been associated with
graft failure, encephalitis, enteritis, pneumonitis, and febrile
posttransplant syndromes.116,117 Its detection through the PCR
method is not always associated with notable symptomatol-
ogy. Clear understanding of the HHV 6-associated syndromes
and their management and therapy is still lacking. Center-
specific approaches rather than evidence-based comprehen-
sion of their pathophysiology remains the norm in most
transplant centers.

Respiratory viruses, including respiratory syncytial virus
(RSV), parainfluenza virus (PIV), and other agents associated
with upper or lower respiratory community-acquired in-
fections, are frequent and threatening to the transplant 
recipient.118 RSV, because of its rapid diagnostic test 
(enzyme-linked immunosorbent assay, ELISA) and available
therapy with inhaled ribavirin, has been most studied.119,120

Its seasonal occurrence has caused regular outbreaks in 
transplant units worldwide. Protection of patients from 
visitors and staff with upper respiratory infection (URI) symp-
toms (mask and handwashing) and isolation of URI-infected
patients to prevent horizontal transmission is essential. A
similar, nonseasonal syndrome caused by PIV has been
described, but the lack of rapid testing has prevented 
definitive assessment of the efficacy of antiviral therapy.121

For both agents, alternative antivirals—IVIG and hyper-
immune globulins—have been suggested, although no clear
demonstrations of efficacy have been reported. Yearly
influenza vaccine of transplant recipients and, perhaps more
importantly, their immediate household contacts, is essential
to reduce exposure and infection during seasonal influenza
outbreaks.
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Late Infections

Infections of 3 to 12 months or longer in the transplant recip-
ient are well recognized,76 especially in those with ongoing
chronic GVHD who have defective opsonization of encapsu-
lated bacteria (Pneumococcus and Haemophilus influenza).
Poor T-cell function leaves patients at risk for Pneumocystis
carinii or late fungal infection. Reactivation of varicella-
zoster virus (VZV) or CMV are well-recognized risks. Vaccine
strategies for Haemophilus and Pneumococcus have been
investigated but not widely adopted.73,77 Donor vaccine and
posttransplant recipient booster vaccines, particularly with
protein adjuvant, newer-generation vaccines, are promis-
ing122,123 in augmenting antibody titers, although clinical effi-
cacy has not been reported. Antibiotic prophylaxis against
Pneumocystis carinii pneumonia (PCP) with trimethoprim
sulfa, atovaquone, or dapsone is well recognized as effective
in other populations. Limited reports in stem cell transplant
patients, generally retrospective, support their continued use
through 6 to 12 months posttransplant and 3 to 6 months
after discontinuation of immunosuppression for chronic
GVHD. Antipneumococcal antibiotic prophylaxis is essential
for the chronic GVHD patient, but no formal reports of its
efficacy are available. Widespread development of pneumo-
coccal resistance to penicillin suggests that alternate agents
(extended-spectrum quinolones) might be of value. Neither
ciprofloxacin nor trimethoprim sulfa is effective as pneumo-
coccal prophylaxis in the postsplenectomy or chronic GVHD
setting. Ongoing antibiotic prophylaxis against VZV or CMV
is not standardized although, as stated earlier, continuing
CMV surveillance for the chronic GVHD patient under active
immunosuppression is advisable, based upon the perceived
risk and morbidity associated with viral reactivation.

Graft-Versus-Host Disease

Acute graft-versus-host disease (GVHD) is the most frequent
life-threatening complication occurring following allogeneic
transplantation.124 Typically developing 3 weeks to 3 months
after grafting, GVHD can produce a desquamative or even
blistering erythematous skin rash, cholestatic hepatitis,
and/or gastrointestinal (GI) involvement with nausea, vomit-
ing, or large-volume secretory diarrhea. Its pathogenesis
involves donor T-cell allorecognition, T-cell activation, and
expansion in response to host alloantigens. GVHD is more
frequent and more severe following partially matched or 
unrelated donor transplantation.125 Some reports suggest 
its incidence and severity may be less in UCB transplants,
despite their greater HLA donor–recipient mismatch.38,39,41

GVHD can be directly life threatening, can further confound
host defense, and thus be complicated by infection. A chronic
GVHD syndrome can develop with a sicca syndrome, hepati-
tis, GI involvement with esophageal dysmotility and weight
loss, cutaneous scleroderma changes, contractures and
arthralgias, and myopathy or genitourinary involvement.126,127

GVHD requires specific prophylaxis, and numerous
strategies have been studied in small and large prospective
Phase III trials. Nearly three decades of experience extending
from the acknowledgment that T lymphocytes are essential
for initiating GVHD, led to graft manipulations to limit, 

eliminate, or inactivate the donor T cells within the graft as
GVHD prophylaxis.124,128 Varying intensities of T-cell deple-
tion using anti-T-cell antibody plus complement, elutriation
for mechanical cell fractionation, CD34 selection with resul-
tant T-cell depletion, or anti-T-cell antisera “in the bag,” have
all shown variable effectiveness in limiting the frequency and
severity of GVHD. Despite frequent studies of this approach,
no consensus about its value, efficacy, or long-term advantage
for use as GVHD prophylaxis remains. T-cell depletion regu-
larly increases risks of graft failure, limits the allogeneic anti-
tumor effect, sometimes resulting in more relapse, and may
delay immune recovery, thereby augmenting risks of contin-
uing opportunistic posttransplant infections. Despite ample
evidence and extensive clinical testing, the heterogeneity of
clinical settings (HLA-matched donor, unrelated donor,
partial-matched haploidentical donor) and T-cell depletion
strategies yields no clear evidence to conclude that T-cell
depletion is either effective or ineffective at improving 
outcomes after transplantation. Extensive T-cell depletion
can limit GVHD, but most reports demonstrate augmented
alternative morbidity and similar mortality using T-cell
depletion versus posttransplant immunosuppressive therapy
for GVHD prophylaxis after any type of allogeneic 
transplant.

Pharmacologic GVHD prophylaxis is also widely studied
(Table 88.4). Prevention of acute GVHD has been tested using
single or combination therapies most frequently with corti-
costeroids, methotrexate, cyclosporine, tacrolimus, and
mycophenolate mofetil (MMF). Newer anticytokine therapies
(interleukin 1 receptor antagonist, anti-TNF antibodies, 
TNF receptor antagonists, IL-11) and newer drugs (sirolimus,
pentostatin, fludarabine) have also been studied without 
clear conclusions as to their utility. This specific topic is 
the most frequent subject for prospective randomized trials
in all allogeneic transplantation, yet there is continued vari-
ability across transplant centers because the evidence is
uncertain.

In the 1980s, methotrexate (short course) plus cyclos-
porine was definitively demonstrated as superior to either
cyclosporine alone, methotrexate alone, or either in combi-
nation with corticosteroids.129–131 Subsequent trials suggested
value for addition of low-dose prednisone, although these
results are unconfirmed.132,133 Long-term follow-up shows no
continuing advantage for the addition of prednisone. Two
large trials in the 1990s (one in sibling donors, one in URD),
tested tacrolimus versus cyclosporine in conjunction with
short-course methotrexate as GVHD prophylaxis.134,135 In
both studies, GVHD was less frequent using tacrolimus, 
but alternative morbidities and other complications yielded
statistically similar survival and disease-free survival in 
both cohorts. Because of inhomogeneity in the randomized
strata (particularly in the HLA-matched sibling trial), many
centers adopted tacrolimus as superior. Frequently, lower
therapeutic (5–10ng/mL) targeted blood levels are used,
although follow-up trials have not been reported to confirm
its superiority.

Similarly, methotrexate, long a mainstay of GVHD pro-
phylaxis, has had modifications to the originally reported
four-dose, short-course regimen (15mg/m2 day 1, 10mg/m2

days 3, 6, and 11 posttransplant). Shorter courses and smaller
doses (often 5mg/m2) have been reported with less mucositis
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and sometimes quicker neutropenia, but all studies have been
too small and thus underpowered to recognize limitations 
in GVHD prophylaxis using these mini-methotrexate
approaches.136 They remain, however, increasingly frequently
used. Individual center habits and local protocols, often
thoughtfully but empirically derived from evidence-based lit-
erature, remain the norm in defining GVHD prophylaxis
strategies across many centers.

Therapy of Acute Graft-Versus-Host Disease

In addition to potent immunosuppressive therapy to blunt the
immunologically based tissue injury, critical elements for
treatment of acute GVHD, include aggressive infection pro-
phylaxis, nutritional support, mineral balance, and avoidance
of polypharmacy and drug-associated toxicities. Specific
GVHD therapy relies upon corticosteroids and has done so for
more than two-and-a-half decades. Several formal trials have
tested added immunosuppressive reagents for initial therapy
of acute GVHD, but none has sustained a demonstrable 

therapeutic advantage (Table 88.5). Antithymocyte globulin,
ABX-CBL, daclizumab, and infliximab have been tested in
formal prospective randomized trials with neither better
GVHD symptom control nor reduced infections, lesser
steroid requirements, nor improved short-term survival.
Numerous other agents, including anti-TNF antibodies, pen-
tostatin, etanercept, MMF, and denileukin diftitox (Ontax)
have all showed promise in unconfirmed, single-arm, and
small Phase II trials, but additional therapy evaluation in a
more formal setting is required to accept any agent as promis-
ing for acute GVHD therapy.137

Steroid dosing (1–2mg/kg/day) of prednisone or methyl-
prednisolone has been the most commonly applied initial
therapy, with limited testing of higher doses not confirmed
as superior. One formal trial compared shorter (8-week)
versus longer (16-week) defined corticosteroid tapering and
showed equivalent GVHD control, shorter total therapy, and
no added risks of the quicker tapering schedule.138 Little other
evidence is available to strongly support the use of other
reagents as primary or salvage therapy for flares of acute
GVHD (anti-CD5 immunotoxin, interleukin 1 receptor 
antagonist, etanercept, infliximab).
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TABLE 88.4. Prevention of acute GVHD.

Trial Reference Year N Randomized DFS/survival Conclusions

Antin 170 2002 186 IL1RA vs. placebo 61% vs. 59% B–D aGVHD No effect of IL1RA on OS
or DFS

Bacigalupo 171 2001 109 ATG vs. control 11% vs. 50% III/IV aGVHD with OS equal; more infections
high dose ATG, P = 0.001; with ATG
39% vs. 50% cGVHD

Bolwell 172 2004 40 CSA/Mtx vs. CSA/MMF 65% vs. 21% severe mucositis, Less toxicity with MMF
P = 0.008; 18 vs. 11 days 
neutrophil engraftment, P < 0.001;
equal GVHD

Chao 133 2000 186 CSA/Mtx/Pred vs. CSA/Mtx 18% vs. 20% II–IV aGVHD, Similar OS, DFS
P = 0.6; 46% vs. 62% cGVHD, 
P = 0.83

Deeg 131 1997 122 CSA vs. CSA/prednisone 73% vs. 60% II/IV aGVHD, OS equal
P = 0.01; 21% vs. 44% cGVHD,
P = 0.02

Locatelli 173 2000 59 Low-dose CSA vs. CSA 57% vs. 38% II/IV aGVHD, Similar outcomes with
P = 0.06; 30% vs. 26% cGVHD, low dose
P = NS

Nash 135 2000 180 FK/Mtx vs. CSA/Mtx 56% vs. 74% II/IV aGVHD, Relapse 15% vs. 41%,
P = 0.0002; 76% vs. 50% cGVHD, P = 0.03; OS equal
P = 0.06

Ratanath- 134 1998 329 FK/Mtx vs. CSA/Mtx 32% vs. 44% II/IV aGVHD, More toxicity with FK
arathorn P = 0.01; 56% vs. 49% cGVHD,

P = NS
Ruutu 132 2000 108 CSA/Mtx/methylprednisolone 19% vs. 56% aGVHD, P = 0.0001 Trend to less GVHD;

vs. CSA/Mtx equal survival
Storb 129 1989 67 Mtx vs. CSA/Mtx 53% vs. 33% II/IV aGVHD, Less acute GVHD

P = 0.012; 80% vs. 42% cGVHD, 
P = NS

Storb 130 1986 46 Mtx vs. CSA/Mtx 18% vs. 53% II/IV aGVHD, Less acute GVHD
P = 0.012; 82% vs. 60% 2-year
survival, P = 0.062

IL1RA, interleukin 1 receptor antagonist; FK, FK506 (tacrolimus); CSA, cyclosporine; Mtx, methotrexate; MMF, mycophenolate mofetil.



Chronic Graft-Versus-Host Disease

The continuing donor-derived immune attack on recipient
tissues manifest as chronic GVHD develops in 30% to 40%
of allograft recipients, more often in adults and recipients of
mismatched transplants.126,127,139 Resembling scleroderma or
lupus to some extent, but also including failure to thrive,
intestinal dysfunction, bronchiolitis obliterans, and an ocular
and oral sicca syndrome, chronic GVHD is often accompa-
nied by autoantibody formation, hypogammaglobulinemia,
and secondary infection. Its therapy requires long-term, low-
dose immunosuppressive treatment with aggressive attention
to hydration, nutrition, infection prophylaxis, and attempts
to minimize the cumulative and chronic effects of long-term
immunosuppression, including the consequences of extended
steroid therapy. Diabetes, osteopenia, cataracts, and avascu-
lar necrosis of bone all complicate such extended therapy.
Ongoing studies are required to minimize these toxicities.

In addition to corticosteroids, cyclosporine, azathioprine,
MMF, pentostatin, hydroxychloroquine, and thalidomide
have all been used as adjunct immunosuppressive therapies,
most in limited single-arm Phase II trials. The promise of
thalidomide was not confirmed in two prospective random-
ized trials.140,141 The first showed no advantage in disease
control, infection prophylaxis, limited steroid use, duration
of immunosuppressive therapy, or survival for patients
treated with thalidomide, cyclosporine, and alternate-day
prednisone compared to the latter two agents without
thalidomide.140 The other trial demonstrated intolerance of
thalidomide for the majority of patients and incomplete con-
tinuation of therapy.141 Newer approaches to chronic GVHD
show some, albeit limited, activity in a variety of small series,
but no clear-cut guidelines for initiation or continuation of
therapy beyond low-dose alternate-day steroids and cal-
cineurin inhibitors have been recognized. Continuation of
therapy for 6 to 9 months beyond active symptoms followed
by slow withdrawal of therapy is the general recommended
schedule. Several series have shown no advantage to even

cyclosporine beyond alternate-day steroids for patients with
standard-risk chronic GVHD.139,142

Late Complications of Transplantation

Study of late transplant complications has, for the most part,
been directed toward identification of the possible toxicities,
comprehension of specific risk factors, and recommendation
of screening strategies to identify late toxicities. TBI, alky-
lating agents, and corticosteroids all contribute to cataract
formation, but long-term results of TBI-sparing conditioning
regimens and the incidence of such complications are not
reported.143 Hypothyroidism (30% to 50% of patients) and
hypogonadism (60% to 90% of patients) develop and need
periodic assessment through careful history-taking and occa-
sional biochemical screening.144,145 Menopausal symptoma-
tology and sexual dysfunction may develop requiring
appropriate attention, sometimes hormone replacement and
attention to prophylaxis against ongoing and progressive
osteoporosis.145–149 No techniques, including gonadotropic
inhibitors or pretransplant hormonal replacement for gonadal
suppression, have proved effective at preventing or reducing
the incidence of posttransplant gonadal failure for women.
Nearly all men are azoospermic and thus infertile after trans-
plantation. Transplantation without TBI can be fertility
sparing in nearly one-third of patients, particularly in prepu-
bertal transplant recipients, although secondary sexual devel-
opment may be delayed.150

The most dramatic, although not most frequent, post-
transplant complication is secondary carcinogenesis as a 
consequence of prolonged immunosuppression, pre- and 
peritransplant alkylator and radiation mutagenesis, and viral-
associated neoplasia.110,111 Greater than eightfold-higher risk
of cancer for transplant recipients has been reported, most
involving non-Hodgkin’s lymphomas and secondary
myelodysplastic syndromes or acute myelogenous leukemia
(AML), but no formal studies have addressed peritransplant
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TABLE 88.5. Treatment of acute GVHD.

Trial Reference Year I Randomized Response Conclusions

Couriel 174 2004 134 Infliximab vs. control 67% response; 62% CR Many infections
Cragg 175 2000 100 Prednisone vs. ATG/Pred 76% responses in both groups Equal survival; no

advantage to ATG
Deeg 176 2001 27 ABX-CBL for steroid 51% response; 26% CR 44% 6-month survival

refractory GVHD
Doney 177 1981 37 Prednisone vs. ATG/Pred Equal response and survival
Hings 138 1993 30 Long- vs. short-course Similar control of GVHD with Shorter therapy course

prednisone shorter course prednisone preferable
Lee 178 2004 102 Daclizumab vs. prednisone 53% vs. 51% response, P = 0.85 Unsafe combination

77% vs. 94% 100-day survival, GVHD therapy
P = 0.02

29% vs. 60% 1-year survival,
P = 0.002

Martin 179 1996 243 CD5 immunotoxin vs. 40% vs. 25% CR at 4 weeks No net benefit of
placebo but equal response at 6 weeks, immunotoxin

49% vs. 45% 1-year survival,
P = 0.68

ATG, antithymocyte globulin; CR, complete remission.



techniques to reduce the incidence of posttransplant sec-
ondary neoplasia.151–154 Limited use of irradiation, reduced
exposure to alkylators or other DNA-damaging agents, and
earlier transplantation before years of alkylator exposure (e.g.,
for lymphoma or chronic lymphocytic leukemia) have
occurred, might be effective in these goals, but definitive 
evidence to support these contentions is lacking.154

Recovery and Quality of Life

Stem cell transplant survivors generally return to full and
complete functional status.148,155–157 Numerous quality of life
reports have shown that, within 1 year of transplantation, the
vast majority of patients return to work and nearly 90% of
autologous transplant recipients show high quality of life in
formal testing.157 Allogeneic transplant recipients recover
more slowly, especially those beyond 35 or 40 years of age,
those with chronic GVHD, and those in whom physical and
ongoing psychologic problems delay their return to full health
and good performance status. A recent report158 emphasized
that full recovery after transplant requires 3 to 5 years for the
majority of patients. Patients with slower physical recovery
had higher medical risks and were more depressed before bone
marrow transplantation. Patients with chronic GVHD, those
with less pretransplant social support, and women had more
posttransplant depression. Encouragingly, even patients who
had extended cancer therapy before transplantation had rapid
recovery from depression and overall treatment-related 
distress.

Summary

Overall, the life-saving potential of transplant therapy
remains unchallenged by many new advances in cancer
therapy. Continued efforts to reduce peritransplant morbidity
and mortality require less empiricism, less reliance on expe-
rience, and additional focus on formal testing of diagnostic
therapeutic and long-term supportive care approaches that
can definitively improve the outcome and augment the
applicability of transplantation to a larger patient population,
although complex medical care in this field, as in many
others, relies on expanded experience and specialty expertise.
Coalescence of that expertise into defined clinical protocols,
followed by testing in prospective therapeutic trials, can help
remove the lore and support the physiologically based best
practices in managing recipients of transplantation.
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nxiety and depression can be viewed as part of a
broader construct of psychologic distress. We chose
to focus on anxiety and depression rather than on psy-

chologic distress for several reasons. First, the literature on
anxiety and depression can be more readily identified than
the literature on the broader and less well defined construct
of psychologic distress. Second, as described in the following,
criteria have been established for the diagnosis of clinical
syndromes of anxiety and depression; no similar criteria exist
for the diagnosis of clinical syndromes of psychologic distress.
Third, as described here, this approach allows us to build
upon the findings of several previous systematic reviews and
meta-analyses that also have focused on psychosocial and
pharmacologic approaches to the management of anxiety 
and depression in adult cancer patients.

Heightened anxiety or depression in individuals diagnosed
with cancer is well documented.1,2 Possible sources of anxiety
or depression in these individuals are varied and include pre-
existing psychologic problems (i.e., problems predating cancer
diagnosis), reactions to the diagnosis of a severe and/or life-
threatening illness, and concerns about or reactions to dis-
ruptions in life plans, diminished quality of life, and disease
recurrence or progression. In addition, anxiety and depression
can occur as a reaction to adverse disease symptoms or treat-
ment side effects (e.g., pain, nausea, and fatigue) or as a direct
result of the effects of disease or treatments on the central
nervous system. Observational studies indicate that height-
ened anxiety and depression are not limited to the active
treatment period but can persist for months or even years fol-
lowing successful treatment.3

Estimates of the prevalence of anxiety and depression in
cancer patients vary widely. For example, one review reports
prevalence rates for depression in cancer patients ranging
from 1.5% to 50%.4 This variability in prevalence is most
likely a reflection of differences across studies in the charac-

teristics of the samples recruited, and the methods used to
assess anxiety and depression. With regard to sample charac-
teristics, differences across studies in patient factors, such as
age and disease severity, are likely to influence prevalence
estimates; research consistently indicates greater anxiety and
depression in younger patients and patients with more
advanced disease. Concerning the methods used, differences
in prevalence may reflect whether anxiety and depression
were assessed using a single-symptom approach, a symptom
cluster approach, or a clinical syndrome approach. The single-
symptom approach refers to assessment methods that focus
specifically on measuring anxious or depressed mood as a
continuous variable (e.g., visual analogue scales measuring
severity of anxious or depressed mood) or a categorical vari-
able (e.g., clinical interview items measuring presence/
absence of anxious or depressed mood).

The symptom cluster approach refers to assessment
methods that focus on measuring constellations of anxiety or
depressive symptoms theorized to reflect the construct of
interest. Common symptom cluster approaches to measuring
anxiety and depression in cancer patients, include self-report
scales such as the State-Trait Anxiety Inventory5 and the Beck
Depression Inventory.6 The content of the State-Trait Anxiety
Inventory consists primarily of affective symptoms whose
presence is either consistent with the presence of anxiety
(e.g., “I feel frightened”) or inconsistent with the presence of
anxiety (e.g., “I am relaxed”); the latter are reversed coded for
scoring purposes such that higher scores on the State-Trait
Anxiety Inventory reflect greater anxiety. The content of the
Beck Depression Inventory includes cognitive symptoms of
depression (e.g., pessimism), affective symptoms of depres-
sion (e.g., sadness), and somatic symptoms of depression (e.g.,
changes in appetite).

The clinical syndrome approach refers to assessment
methods used to detect the presence of an anxiety disorder
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(e.g., generalized anxiety disorder) or a mood disorder (e.g.,
major depressive disorder). In the United States, this approach
usually involves the application of criteria identified in the
fourth edition of the American Psychiatric Association’s
Diagnostic and Statistical Manual of Mental Disorders
(DSM-IV).7 For example, a diagnosis of a major depressive
episode requires the presence of five or more symptoms of
depression, at least one of which is either depressed mood or
loss of interest or pleasure in usual activities; additional
symptoms may include somatic symptoms (e.g., changes in
appetite) or cognitive symptoms (e.g., feeling of worthlessness
or excessive or inappropriate guilt). A diagnosis of a general-
ized anxiety disorder requires the presence of excessive
anxiety and worry, difficulty controlling the worry, plus 
three or more additional symptoms of anxiety (e.g., difficulty
concentrating, irritability, or muscle tension). Studies of the
prevalence of anxiety and depression in cancer patients 
have typically relied on a clinical syndrome approach. 
Prevalence has also occasionally been estimated using cutoff
scores for clinically significant symptomatology on symptom
cluster measures, such as the Hospital Anxiety and Depres-
sion Scale.8

Although prevalence estimates vary widely, there is
general agreement that anxiety and depression are among the
most common symptoms experienced by cancer patients.
This assertion is supported by recent surveys of symptom
prevalence among cancer patients.9,10 The importance of these
symptoms is also reflected in the relatively large number of
studies identified here that have evaluated the effects of psy-
chosocial and pharmacologic interventions for anxiety and
depression in cancer patients. Before discussing the methods
used to identify these studies and reviewing their findings, we
describe previous systematic reviews and meta-analyses that
have examined the effects of interventions for anxiety and
depression in cancer patients.

Existing Clinical Practice Guidelines for
Management of Anxiety and Depression in
Cancer Patients

In recent years, several organizations have proposed clinical
practice guidelines that include recommendations for the
management of anxiety and depression in cancer patients.
Two of these guidelines are described next to illustrate dif-
ferent approaches to the development of such guidelines.

National Comprehensive Cancer 
Network Guidelines

The National Comprehensive Cancer Network (NCCN)
Guidelines for Distress Management,11 which were updated
annually, consist primarily of recommendations for evalua-
tion, treatment, and follow-up care organized in terms of clin-
ical pathways. Most of the recommendations represent a
uniform consensus among panel members based on lower-
level evidence, such as clinical experience, as opposed to
higher-level evidence, such as randomized clinical trials.

Recommendations for the management of symptoms of
anxiety and depression appear primarily in the sections of the
guidelines devoted to adjustment disorder, anxiety disorder,

and mood disorder. Underlying each recommendation is the
assumption that, before initiating treatment, patients have
been referred to a mental health team for psychologic/psy-
chiatric evaluation. Nevertheless, the guidelines recognize
that variations exist across clinical sites in the resources and
personnel available to implement these recommendations.
Accordingly, the guidelines stipulate that multidisciplinary
institutional committees be formed to implement local stan-
dards for distress management.

The NCCN guidelines recommend an initial determina-
tion of suicide risk for patients with symptoms of adjustment
disorder and mood disorder. If the patient is at risk for suicide,
patient safety should first be assured and hospitalization
should be considered.

For patients with a mild adjustment disorder, the initial
recommendation is to initiate psychotherapy or counseling
before follow-up or reevaluation. For patients with a moder-
ate to severe adjustment disorder, the initial recommendation
is to prescribe psychotropic medications and begin psy-
chotherapy before follow-up or reevaluation. For patients
with a mood disorder, the initial recommendation is for eval-
uation, diagnostic studies, and modification of factors poten-
tially contributing to mood disorder symptoms, such as
concurrent medications, pain, and withdrawal states. Based
on findings, subsequent recommendations include initiation
of antidepressant medication and psychotherapy (with or
without concurrent initiation of anxiolytic medication) and
consideration of referral to social work services or pastoral
counseling before follow-up or reevaluation. For patients with
signs and symptoms of an anxiety disorder, the initial rec-
ommendation is for evaluation, diagnostic studies, and mod-
ification of factors potentially contributing to the presenting
symptoms, such as concurrent medications, pain, and with-
drawal states. Based on findings, subsequent recommenda-
tions include psychotherapy (with or without anxiolytic
medication and/or antidepressant medication) before follow-
up or reevaluation.

National Breast Cancer Centre and National
Cancer Control Initiative Guidelines

In 2003, the National Breast Cancer Centre and the National
Cancer Control Initiative in Australia, published the first
edition of “Clinical Practice Guidelines for the Psychosocial
Care of Adults with Cancer.”12 The guidelines are presented
in the form of a series of recommendations accompanied by
identification of the levels and sources of research support.
Numerous recommendations relevant to the present review
appear throughout the document, and a complete summary
of these recommendations is well beyond the scope of the
current review. A table included in the document provides a
succinct summary of all recommendations for psychosocial
care of cancer patients that are based on systematic review of
all relevant randomized controlled trials (Level I evidence) or
at least one properly designed randomized controlled trial
(Level II evidence). Those recommendations that relate pri-
marily to the management of anxiety and depression are
reproduced in adapted form in Table 89.1. It should be noted
that the Level I evidence and Level II evidence cited in
support of these recommendations, includes several system-
atic reviews and randomized trials that were conducted on
populations other than cancer patients.
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Previous Systematic Reviews and Meta-
Analyses of the Effects of Psychosocial
Interventions on Anxiety and Depression

Using search methods described next, two publications13,14

were identified that reported the results of meta-analyses per-
formed on studies examining the effects of psychosocial inter-
ventions on anxiety and depression in cancer patients (Table
89.2). In addition, one publication was identified that reported
the results of a systematic review of studies examining the
effects of psychosocial interventions on depression in cancer
patients,15 and one publication was identified that reported
the results of a systematic review of studies examining the
effects of pharmacologic interventions on depression in
cancer patients.16

Effects on Anxiety

Devine and Westlake13 identified 68 studies that used ran-
domized, quasi-experimental, or single-group pretest–posttest

designs to evaluate the effects of “psychoeducational care” on
anxiety in adults with cancer. The authors determined that,
in 95% of these studies, a positive (although not statistically
significant) treatment effect existed. The average effect size
reported (0.56) was characterized as medium in magnitude.
There was evidence of considerable heterogeneity among the
effect sizes for the individual studies. Analyses based on type
of psychoeducational care indicated that studies of progres-
sive muscle relaxation were the major source of heterogene-
ity. Further analyses with corrected effect size values
suggested that the effects of the different types of psychoed-
ucational care on anxiety were not significantly different
from each other. Based on these findings, the authors con-
cluded that many types of psychoeducational care have 
beneficial effects on anxiety in cancer patients.

Sheard and Maguire14 identified 19 studies that featured a
control condition and evaluated the effects of “psychosocial
or psychiatric interventions” on anxiety in cancer patients.
The average effect size reported for these studies (0.42) was
characterized as being of moderate clinical significance.
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TABLE 89.1. National Breast Cancer Centre and National Cancer Control Initiative recommendations relevant to management of anxiety
and depression supported by Level I or Level II evidence.

Evidence
Recommendation level

Providing question prompt sheets to patients with cancer during an initial consultation promotes patient questions, reduces II
anxiety, improves recall, and shortens the consultation.
Providing patients with information about the procedure they are about to undergo reduces emotional distress and improves I
psychological and physical recovery.
Providing patients with practical details about the procedure (procedural information), a booklet, and/or a videotape decreases II
anxiety and psychological distress.
Providing patients with information about what they are likely to experience before, during, and after a procedure (sensory I
information) decreases anxiety.
Providing patients with psychological support before undergoing surgery reduces psychological distress. I
Cognitive behavioral, psycho-educational, and crisis interventions, as well as combinations of education and behavioral or I
nonbehavioral interventions and antianxiety medications, are effective in the treatment of anxiety.
Cognitive behavioral, psychoeducational, and supportive interventions, as well as combinations of education and  behavioral or I
nonbehavioral interventions and cognitive behavioral interventions and antidepressants, are effective in the treatment of depression.
Supportive psychotherapy, in combination with antidepressants, such as selective serotonin reuptake inhibitors, is effective for the I
management of posttraumatic stress disorder.
Depression can be managed by incorporating a combination of supportive psychotherapy, cognitive and behavioral techniques, and I
pharmacotherapy.
There is no evidence that any particular antidepressant is superior to another in the management of depression in people with I
cancer.

Source: Adapted from National Breast Cancer Centre and National Cancer Control Initiative,12 by permission of National Breast Cancer Centre.

TABLE 89.2. Results of meta-analyses of effects of psychosocial interventions on anxiety and depression in cancer patients.

Authors Reference Designs of studies included Types of publications included Outcome Mean effect size

Devine and 68 Randomized, quasi-experimental, Journal articles, dissertations Anxiety 0.56 (heterogeneous)
Westlake13 and pre–post designs
Devine and 48 Randomized, quasi-experimental, Journal articles, dissertations Depression 0.54 (homogeneous)
Westlake13 and pre–post designs
Sheard and 19 Randomized and nonrandomized Journal articles, dissertations Anxiety 0.42 (heterogeneous)
Maguire14 designs with control group 0.27 with positive

outliers removed
Sheard and 20 Randomized and nonrandomized Journal articles, dissertations Depression 0.36 (heterogeneous)
Maguire14 designs with control group 0.19 with positive

outliers removed



Restriction of the analysis to 10 studies determined to be of
more reliable design resulted in a slightly lower average 
effect size (0.36). As in the analysis reported by Devine and
Westlake,13 there was evidence of considerable heterogeneity
among the effect sizes for the 19 studies. Examination of
potential moderator variables suggested that effect sizes were
larger for group interventions (particularly group psychoedu-
cational interventions), more time-intensive interventions,
and interventions conducted by more experienced therapists.
The authors note that few of the studies reviewed included
patients experiencing significant distress. Characterizing
most of the psychologic interventions reviewed as “preven-
tative,” they concluded these interventions may have a mod-
erate clinical effect on anxiety.

Effects on Depression

Devine and Westlake13 identified 48 studies that used ran-
domized, quasi-experimental, or single-group pretest–posttest
designs to evaluate the effects of “psychoeducational care” on
depression in adults with cancer. The authors determined
that, in 92% of these studies, a positive (although not statis-
tically significant) treatment effect existed. The average effect
size reported (0.54) was characterized as medium in magni-
tude. Analyses did not suggest the presence of considerable
heterogeneity among the effect sizes for the individual
studies. Based on these findings, the authors reached the same
conclusions for depression as they did for anxiety. That is,
they concluded that many types of psychoeducational care
have beneficial effects on depression in cancer patients.

Sheard and Maguire14 identified 20 studies that featured a
control condition and evaluated the effects of “psychosocial
or psychiatric interventions” on depression in cancer
patients. The average effect size reported for these studies
(0.36) was noted to be not as robust as the value these authors
reported for anxiety (0.42). Limitation of the analysis to 8
studies of “more reliable design” resulted in a much lower
average effect size (0.21). Analyses indicated the presence 
of considerable heterogeneity among the effect sizes for the
20 studies. Examination of potential moderator variables 
suggested that effect sizes were larger for interventions 
conducted by more experienced therapists and interventions
provided to patients with more advanced disease. Based on
these findings, particularly the lower mean effect size for
studies using more reliable designs, the authors concluded
that the effects of psychosocial interventions on depression
in cancer patients are “weak to negligible.”

Barsevick and colleagues15 conducted a systematic review
of studies that evaluated “psychoeducational interventions”
for depression in cancer patients. The review, which included
articles published between 1980 and 2000, did not place 
limitations on study design. Of the 48 studies identified, 36
were randomized clinical trials, 7 were quasi-experimental
studies, and 5 were descriptive studies. The authors observed
that 30 of these studies (63%) provided evidence in support
of the benefit of psychoeducational interventions for depres-
sion. Based on these findings, the authors concluded that psy-
choeducational interventions were effective in reducing
depression.

Carr and colleagues16 conducted a systematic review of
controlled studies that evaluated the effects of pharmacologic
interventions on depressive symptoms in cancer patients.

Eleven studies dating back to 1972 were identified. These
studies evaluated a variety of agents, including antipsy-
chotics, anxiolytics, psychostimulants, and corticosteroids,
as well as antidepressants. The authors observe that, with the
exception of 2 studies, all medications classified as antide-
pressants showed benefit. In contrast, medications other than
antidepressants did not appear to be effective against depres-
sive symptoms in cancer patients.

Methodology Used in the Current Review to
Identify Relevant Empirical Literature

A variety of methods were used to identify relevant published
research. As an initial strategy, we sought to identify sys-
tematic reviews and meta-analyses published since 1980 
that covered topics overlapping with the topic of the current
study. These publications were identified through electronic
searches of MedLine and PsycINFO, using search terms
described next, and limits were placed on the searches to
identify review papers and meta-analyses. This method 
identified five systematic reviews (including the one cited
previously) and three publications reporting the results of
meta-analyses (including the two cited previously). The sys-
tematic reviews were of psychologic treatments for cancer
patients17; behavioral interventions for cancer treatment 
side effects18; psychologic therapies for cancer patients19; psy-
choeducational interventions for depression in patients 
with cancer15; and depression in palliative care.20 The meta-
analyses were of psychosocial interventions for adult cancer
patients21,22; psychoeducational care provided to adults with
cancer13; psychologic interventions for anxiety in cancer
patients14; and psychologic interventions for depression in
cancer patients.14 In addition to these published works, we
identified a systematic review of the treatment of depression
in cancer patients prepared for the Agency for Health Care
Research and Quality.16 All these sources were examined to
identify studies that evaluated the impact of psychosocial and
pharmacologic interventions on anxiety or depression in
adult cancer patients. Studies identified in this manner were
then obtained to determine if they met eligibility criteria
(described next) for the current systematic review.

To identify studies published since the publication of the
most recent systematic reviews, we also conducted electronic
searches using MedLine and PsycINFO. This search was
limited to studies published between January 2000 and March
2003 (MedLine) or August 2003 (PsycINFO). For MedLine, the
search terms used were neoplasms AND antianxiety agents,
depression, antidepressive agents, cognitive therapy, counsel-
ing, relaxation, techniques, patient education, psychotherapy,
self-help groups, group psychotherapy, OR hypnosis. For
PsychINFO, the search terms used were neoplasms AND 
tricyclic antidepressant drugs, antidepressant drugs, anxiety
disorders, anxiety, anxiety management, drug therapy, 
benzodiazepines, depression, cognitive therapy, behavior
therapy, counseling, relaxation therapy, client education, psy-
chotherapy, support groups, self-help techniques, OR group
psychotherapy.

Abstracts of studies identified through inspection of sys-
tematic reviews and meta-analyses or searches of MedLine
and PsychINFO, were then reviewed to determine if they met
criteria for inclusion in the current review. In the case of
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studies involving psychosocial interventions, the inclusion
criteria were (1) published in English in journal form since
1980; (2) focused on adults (individuals aged 18 years or older);
(3) included an evaluation of a psychosocial or educational
intervention; (4) involved randomization to intervention and
control condition(s); (5) had a usual care, wait-list, or no treat-
ment control condition or a design in which all forms of care
other than the intervention under evaluation were adminis-
tered to all participants; (6) involved use of individuals as the
unit of randomization; (7) used an outcome measure labeled
“anxiety” or “depression”; (8) reported results in terms of sta-
tistical significance; and (9) included comparisons of an indi-
vidual intervention condition with a control condition. In the
case of studies involving pharmacologic interventions, the
inclusion criteria were (1) published in English in journal
form since 1980; (2) focused on adults (individuals aged 18
years or older); (3) included an evaluation of a pharmacologic
agent; (4) involved randomization to intervention and control
condition(s); (5) had a placebo control condition or a design in
which all pharmacologic agents other than the agent under
evaluation were administered to all participants; (6) involved
use of individuals as the unit of randomization; (7) used an
outcome measure labeled “anxiety” or “depression”; and (8)
reported results in terms of statistical significance. This
process resulted in identification of 60 studies that examined
the effects of psychosocial interventions (Table 89.3) and 12
studies that examined the effects of pharmacologic interven-
tions (Table 89.4).

Characteristics of the Psychosocial
Intervention Studies

Of the 60 psychosocial studies identified, 62% (n = 37)
included men and women, 30% (n = 18) included only
women, 5% (n = 3) included only men, and 3% (n = 2) did not
provide sufficient information to identify the gender of par-
ticipants. Among studies that included men and women, the
average percentage of males was 43%.

With regard to disease site, 57% of the studies (n = 34)
included patients with a mix of different cancers. Twenty-
seven percent (n = 16) included only breast cancer patients.
The remaining studies included samples consisting only of
patients with gynecologic malignancies (n = 2), melanoma 
(n = 2), Hodgkin’s lymphoma (n = 2), bladder cancer (n = 1),
testicular cancer (n = 1), renal cell cancer (n = 1), or colorec-
tal cancer (n = 1). Although some of the most commonly diag-
nosed cancers (e.g., lung cancer and prostate cancer) were not
the focus of specific studies, these cancers were often repre-
sented in samples of patients with mixed cancers.

Stage of disease and illness progression were widely dis-
tributed across study samples. Seventy-three percent (n = 44)
included patients diagnosed with stage I to stage IV cancer.
Fifteen percent (n = 9) of studies limited their samples to
certain stages: five included patients with stage I or II disease,
one included patients with stage I, II, or III disease, one
included patients with stage II, III, or IV disease, one included
patients with stage II disease, and one included patients with
stage IV disease. Of the remaining 12%, 3% (n = 2) included
patients with nonmetastatic disease, 7% (n = 4) included
patients with metastatic disease, and 2% (n = 1) included only
patients considered to be in the terminal phase of illness.

As shown in Table 89.5, 25% of the studies (n = 15)
included patients who were in various stages of treatment.
That is, these studies enrolled patients actively undergoing
treatment (e.g., chemotherapy, radiotherapy, or hormonal
therapy) as well as patients not in active treatment. Seventeen
percent (n = 10) of the studies enrolled patients just before or
immediately after surgery. Of the remaining studies, 23% (n
= 14) enrolled patients during chemotherapy, 12% (n = 7)
enrolled patients during radiotherapy, and 10% (n = 6) enrolled
newly diagnosed patients who had not yet begun treatment.
The remaining 8% (n = 5) enrolled patients who were not cur-
rently receiving treatment. Of the 14 studies that enrolled
patients during chemotherapy, 5 focused on patients who were
experiencing anticipatory symptoms (anxiety, nausea, or vom-
iting). There were few studies designed specifically to include
more select groups of patients. For example, only 1 study each
was limited to patients reporting pain, undergoing vaccine
therapy, or undergoing bone marrow transplantation.

Four studies enrolled patients based on their degree of
anxiety, depression, or distress at randomization. One study
included only those patients who were considered to be at
high risk for psychologic distress based on their scores on a
self-report questionnaire. Three studies included patients
who met criteria for psychologic morbidity based on their
scores on measures of anxiety and depression and a measure
of adjustment to cancer.

Across studies, sample sizes for each condition ranged
widely, from as few as 8 patients to as many as 158 patients.
The median sample size for both experimental and control
conditions was 29 patients. Four studies failed to specify the
number of subjects enrolled in the control or intervention
conditions.

Usual care was the most frequently employed control con-
dition, with 87% of the studies (n = 52) using this control con-
dition. Other control conditions included attentional control
(2%), wait-list control (2%), and usual care accompanied by
limited forms of intervention (e.g., informational brochure)
(5%). One study (2%) used a pharmacotherapy-only inter-
vention as its control condition, with comparisons made to
pharmacotherapy plus psychosocial intervention.

A total of 80 interventions were evaluated in the 60
studies reviewed. The majority of interventions (71%; n = 57)
were provided in an individual format. The group format
accounted for 25% of the interventions (n = 20), with the
remaining 4% (n = 3) provided in either a group or individual
format, depending upon the availability of participants. The
intervention most commonly evaluated was relaxation train-
ing combined with an education component and/or skills
training, accounting for 33% of the interventions evaluated
(n = 26). Relaxation training alone, typically progressive
muscle relaxation, was the second most commonly evaluated
intervention (20%; n = 16), followed by education (18%; n =
14), supportive-expressive therapies (13%; n = 10), problem-
solving therapies (10%; n = 8), various forms of counseling
(6%; n = 5), and provision of audiotaped music (1%; n = 1).

Fifty-five percent of the studies (n = 33) reviewed included
one follow-up assessment, 27% (n = 16) involved two follow-
up assessments, and the remaining 18% (n = 11) included
three or more follow-up assessments. The length of time
between intervention and the final follow-up assessment
ranged from immediately after intervention to 2 years. Of the
60 studies reviewed, 27% (n = 16) conducted the final follow-
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up immediately postintervention, 37% (n = 22) conducted 
it from 1 week to less than 3 months postintervention, 15%
(n = 9) conducted it from 3 to 5 months postintervention, 8%
(n = 5) conducted it 6 months postintervention, 13% (n = 8)
conducted it between 7 and 12 months postintervention, and
2% (n = 1) conducted it more than 12 months postinterven-
tion. The median interval between intervention and the final
follow-up assessment was 6 weeks.

Findings from the Psychosocial 
Intervention Studies

Thirteen of the 60 psychosocial studies targeted anxiety, 6 tar-
geted depression, and 41 targeted both anxiety and depression.
Outcomes were measured via patient self-report on various
psychometric instruments that have been used extensively
with cancer patients. Anxiety, for example, was commonly
measured using the State-Trait Anxiety Inventory,5 the
Tension-Anxiety subscale of the Profile of Mood States,23 or
the anxiety subscale of the Hospital Anxiety and Depression
Scale.8 Measures of depression used included the Beck
Depression Inventory,24 the Center for Epidemiological
Studies Depression Scale,25 the Depression-Dejection sub-
scale of the Profile of Mood States,23 and the depression scale
of the Hospital Anxiety and Depression Scale.8

The total number of anxiety outcomes, when all follow-
up assessments were taken into account, was 135. Forty-nine
or 36% of the total were statistically significant at P less than
0.05. As presented in Table 89.6, independent of patients’
treatment status, 37% (n = 14) of the anxiety outcomes in
studies utilizing relaxation combined with education and/or
skills training (the most common type of intervention
studied) were statistically significant. When compared across
treatment status, the percentage of significant results ranged
from 0% (0 of 1 outcome) for bone marrow transplantation
(BMT) to 66% (2 of 3 outcomes) for patients receiving radio-
therapy. When relaxation only was evaluated, 51% (n = 18) of
the anxiety outcomes were significant. The percentage of sig-
nificant results across treatment status ranged from 0% (0 of
1 outcome) for patients not in active treatment to 100% (7 of
7 outcomes) for newly diagnosed patients. Among those
studies utilizing education-based interventions, 32% (n = 7)
of the anxiety outcomes were significant. The percentage of
significant results across treatment status ranged from 0% (0
of 7 outcomes) for patients undergoing radiotherapy to 66%
(2 of 3 outcomes) for patients just before or immediately after
surgery. Seventy percent (n = 7) of the outcomes for the 
supportive-expressive intervention were significant and
ranged from 0% (0 of 1 outcome) for patients not in active
treatment and patients receiving vaccine therapy to 100% (2
of 2 outcomes) for patients receiving chemotherapy and
patients receiving radiotherapy. Twenty-five percent (n = 3) of
the anxiety outcomes for the various problem-solving inter-
ventions were significant. The percentage of significant out-
comes ranged from 0% (0 of 3 outcomes) for patients receiving
chemotherapy to 40% (2 of 5 outcomes) for mixed/unspeci-
fied treatment. The percentage of significant anxiety out-
comes for the counseling interventions was zero (0 of 9
outcomes for patients receiving chemotherapy and 0 of 1
outcome for patients before or immediately after surgery).
There were also no significant outcomes for anxiety for

patients receiving radiotherapy who were provided with
audiotaped music (0 of 8 anxiety outcomes).

The total number of depression outcomes, when all
follow-up assessments were taken into account, was 102.
Forty-two or 41% of the total were statistically significant at
P less than 0.05. Independent of treatment status, 38% (n =
17) of the outcomes for the relaxation combined with educa-
tion and/or skills training interventions were significant.
Compared across treatment status, the percentage of signifi-
cant results ranged from 0% (0 of 1 outcome) for BMT to 64%
(7 of 11 outcomes) for mixed/unspecified treatment. Sixty-
seven percent (n = 10) of the depression outcomes for the
relaxation-only interventions were statistically significant.
The percentage of significant outcomes across treatment
status ranged from 0% (0 of 1 outcome) for patients not in
active treatment to 100% (6 of 6 outcomes) for newly diag-
nosed patients. Forty-three percent (n = 3) of the outcomes for
education-based interventions were significant. Across treat-
ment status, the percentage of significant results ranged from
0% (0 of 1 outcome) to 100% (1 of 1 outcome) for newly diag-
nosed patients and patients before and immediately after
surgery. Forty-four percent (n = 7) of the depression outcomes
for the supportive-expressive interventions were significant.
Across treatment status, the results ranged from 0% (0 of 1
outcome) for patients receiving vaccine therapy and for newly
diagnosed patients (0 of 3 outcomes) to 100% (2 of 2 out-
comes) for patients receiving chemotherapy and patients
receiving radiotherapy. Twenty-nine percent (n = 2) of the out-
comes for the various counseling interventions were signifi-
cant. The percentage of significant results across treatment
status ranged from 0% (0 of 1 outcome) for patients receiving
chemotherapy to 100% (1 of 1 outcome) for patients before
and immediately after surgery. Eighteen percent (n = 2) of the
depression outcomes were significant for problem-solving
interventions. Across treatment status, significant results
ranged from 0% for mixed treatment/unspecified (0 of 5 out-
comes) and for patients before and immediately after surgery
(0 of 3 outcomes) to 100% (1 of 1 outcome) for patients receiv-
ing radiotherapy. With respect to cognitive therapy, there was
only 1 depression outcome (n = 1), and it was statistically sig-
nificant for patients receiving chemotherapy.

Characteristics of the Pharmacologic
Intervention Studies

Of the 12 pharmacologic studies identified, 75% (n = 9)
included men and women and 25% (n = 3) included only
women. Among studies that included men and women, the
average percentage of males was 51%.

With regard to disease site, 67% of the studies (n = 8)
included patients with a mix of different cancers. Of the
remaining studies, 17% (n = 2) included only breast cancer
patients, 8% (n = 1) included melanoma patients, and 8% 
(n = 1) included lymphoma patients.

Stage of disease and disease status were widely distributed
across study samples. Sixty-seven percent of studies (n = 8)
included patients diagnosed with stage I to IV cancer. Eight
percent of studies (n = 1) limited their samples to patients
with stage I or II disease. Seventeen percent of studies (n = 2)
included only patients considered to be in the terminal phase
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TABLE 89.6. Outcomes of psychosocial interventions studies by intervention type and treatment status [number of studies].

Combination Relaxation only Psychoeducation

Anxiety Depression Anxiety Depression Anxiety Depression

Newly diagnosed 1/6 [2] 7/7 [2] 6/6 [1] 3/7 [3] 1/1 [1]
During chemotherapy 4/7 [3] 3/5 [3] 9/24 [7] 3/6 [4] 1/1 [1]
During radiotherapy 2/3 [2] 2/3 [2] 0/7 [3] 0/1 [1]
Before/immediately after 2/10 [4] 2/11 [5] 1/1 [1] 2/3 [2] 1/1 [1]
surgery
Not in active treatment 2/5 [3] 2/7 [4] 0/1 [1] 0/1 [1]
Mixed treatment or not 4/11 [6] 7/11 [6] 1/2 [2] 1/2 [2] 1/4 [3] 1/4 [3]
specified
Vaccine therapy
Bone marrow 0/1 [1] 0/1 [1]
transplantation
Total 14/38 17/45 18/35 10/15 7/22 3/7

of cancer. Eight percent of studies (n = 1) included patients
with “advanced” cancer.

With regard to treatment status, 33% of the studies (n = 4)
included patients who were in various stages of treatment;
that is, these studies enrolled patients actively undergoing
treatment (e.g., chemotherapy, radiotherapy, or hormonal
therapy), as well as patients not in active treatment. Seven-
teen percent (n = 2) of the studies enrolled patients during
chemotherapy and 17% (n = 2) of the studies enrolled patients
who had undergone surgery. Seventeen percent (n = 2) enrolled
patients who were in the terminal phase of their illness and
had not had treatment within the past month. Eight percent
(n = 1) enrolled patients who were undergoing bone marrow
biopsy and aspiration, and 8% (n = 1) did not provide enough
detail to determine patients’ treatment status.

Five of the 12 studies (42%) enrolled and randomized only
those patients reporting significant symptoms of depression
or anxiety. With respect to depression, two studies enrolled
patients who met or exceeded a cutoff score on a screening
measure of depressive symptomatology. Three studies
enrolled patients who met diagnostic criteria for Major
Depressive Disorder. With respect to anxiety, one study
enrolled patients who met diagnostic criteria for an anxiety
disorder and exceeded a cutoff score on a self-report measure
of anxiety. The remainder of the studies (n = 7) did not enroll
patients based on the presence of significant depressive or
anxious symptomatology.

Across studies, sample sizes for each condition ranged
widely, from as few as 5 patients to as many as 85 patients.

The median sample size was 33.5 patients for the experi-
mental conditions and 33 for the control conditions.

Ten of the 12 studies (83%) were double-blind studies.
Placebo-controlled was the most frequently employed control
condition, with 83% of the studies (n = 10) using this condi-
tion. Two of the 10 placebo-controlled studies included a 
1-week placebo run-in. Three of the 10 studies utilized 
a crossover design. The other control conditions included a
standardized antiemetic regimen (8%; n = 1) and a behavioral
intervention (8%; n = 1).

Each of the 12 studies evaluated a standardized pharma-
cologic intervention. Six of the studies evaluated antidepres-
sant agents, 4 evaluated antianxiety agents, 1 evaluated
mazindol, a psychostimulant, and 1 evaluated methylpred-
nisolone, a corticosteroid. Specifically, 17% (n = 2) evaluated
fluoxetine, 8% (n = 1) evaluated paroxetine, 17% (n = 2)
evaluated mianserin only, and 8% (n = 1) evaluated mianserin
plus a behavioral intervention compared to the behavioral
intervention alone. One study (8%) evaluated alprazolam, 
2 (17%) evaluated lorazepam, and 1 (8%) evaluated a 
standardized antiemetic regimen (metoclopramide plus
methylprednisolone) plus lorazepam compared to the 
standardized antiemetic regimen. Finally, 1 study (n = 8%)
evaluated mazindol and 1 (n = 8%) evaluated methylpred-
nisolone.

Fifty percent (n = 6) of the studies reviewed included one
follow-up assessment, 25% (n = 3) involved two follow-up
assessments, 8% (n = 1) included three follow-up assess-
ments, and 17% (n = 2) included four follow-up assessments.

TABLE 89.5. Number of psychosocial studies by cancer site and treatment status.

Cancer site

Treatment status Breast Gynecologic Testicular Bladder Colorectal Melanoma Hodgkin’s Renal cell Mixed Total

Newly diagnosed 6 6
During chemotherapy 2 2 10 14
During radiotherapy 7 7
Before/immediately after 4 1 1 1 1 2 10
surgery
Not in active treatment 3 2 5
Mixed treatment or not 6 1 9 16
specified
Vaccine therapy 1 1
Bone marrow transplantation 1 1
Total 16 2 1 1 1 2 2 1 34 60
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The length of time between intervention and the final follow-
up assessment ranged from immediately postintervention to
12 weeks. Of the 12 studies reviewed, 17% (n = 2) conducted
the final follow-up immediately postintervention, 25% (n =
3) conducted it from 3 days to 12 days after the intervention,
33% (n = 4) conducted it from 4 to 6 months postinterven-
tion, and 25% (n = 3) conducted it 12 weeks postintervention.
The median interval between commencement of the inter-
vention and the final follow-up assessment was 4 weeks.

Findings from the Pharmacologic Studies

Three of the 12 pharmacologic studies targeted anxiety only,
4 targeted depression only, and 5 targeted both anxiety and
depression. Outcomes were measured via observer report and
patient self-report on various psychometric instruments that
have been used extensively with cancer patients. Anxiety, for
example, was most commonly measured using the observer-
rated Hamilton Anxiety Scale.26 Patient’s self-report of
anxiety was recorded using instruments, such as the State-
Trait Anxiety Inventory5 or the anxiety subscale of the Hos-
pital Anxiety and Depression Scale.8 Measures of depression
used included the observer rated Hamilton Rating Scale for
Depression.27 Patient’s self-report was recorded using instru-
ments such as the Beck Depression Inventory,24 the Zung 
Self-rating Depression Scale,28 and the depression scale of the
Hospital Anxiety and Depression Scale.8

The total number of anxiety outcomes, when all follow-up
assessments were taken into account, was 16. Seven or 44%
of the total were statistically significant at P less than 0.05.
The total number of depression outcomes, when all follow-up
assessments were taken into account, was 26. Thirteen or 48%
of the total were statistically significant at P less than 0.05.

As presented in Table 89.7, when the six studies examin-
ing an antidepressant agent were evaluated, 52% (12 of 23
outcomes) of the depression outcomes were significant and
63% of the anxiety outcomes (5 of 8 outcomes) were signifi-
cant. With respect to the agents’ antidepressant effect, the
percentage of significant results ranged from 0% (0 of 2 out-
comes) for mianserin and fluoxetine to 67% (4 of 6 outcomes
and 2 of 3 outcomes) for paroxetine and mianserin, respec-
tively. With respect to the agents’ antianxiety effect, the 
percentage of significant results ranged from 50% (1 of 2 
outcomes) for fluoxetine and 67% (4 of 6 outcomes) for parox-
etine. When the four studies examining an antianxiety agent

were evaluated, 33% (2 of 6 outcomes) of the anxiety out-
comes were significant and 0% of the depression outcomes (0
of 1 outcome) were significant. With respect to the agents’
antianxiety effect, the percentage of significant results ranged
from 0% (0 of 1 outcome and 0 of 2 outcomes) for alprazolam
and lorazepam, respectively, to 100% (1 of 1 outcome) for
lorazepam. The percentage of significant results for the
agents’ antidepressant effect was 0% (0 of 1 outcome) for
alprazolam. In the study examining the effects of mazindol,
0% (0 of 1 outcome) of the depression outcomes and 0% (0 of
1 outcome) of the anxiety outcomes were significant. In the
study examining methylprednisolone, 0% (0 of 1 outcome) 
of the anxiety outcomes were significant and 100% (1 of 1
outcome) of the depression outcomes were significant.

Evidence-Based Recommendations for
Management of Anxiety and Depression in
Cancer Patients

This comprehensive review of published research provides
considerable support for the use of psychosocial interventions
to effectively manage anxiety and depression in adult patients
with cancer. As shown in Table 89.3, the research was con-
ducted across a broad range of cancer types, disease stages,
and treatment status. The interventions were as varied as a
1-hour group-based information and orientation session,
several months of weekly individual psychotherapy to
explore end-of-life concerns, and self-administered relaxation.
Despite the diversity of patients and the wide variety of 
interventions, careful reading of the research results suggests

Supportive-expressive Problem-solving Counseling Cognitive therapy Music

Anxiety Depression Anxiety Depression Anxiety Depression Anxiety Depression Anxiety Depression

0/3 [1]
2/2 [1] 2/2 [1] 0/3 [2] 1/2 [1] 0/9 [2] 0/1 [1] 1/1 [1]
2/2 [1] 2/2 [1] 0/1 [1] 1/1 [1] 0/8 [1]

1/3 [1] 1/3 [1] 0/3 [1] 0/1 [1] 1/1 [1]
0/1 [1] 0/1 [1]

3/4 [4] 2/4 [4] 2/5 [3] 0/5 [3] 1/5 [1]

0/1 [1] 0/1 [1]

7/10 7/16 3/12 2/11 0/10 2/7 1/1 [1] 0/8

TABLE 89.7. Outcomes for pharmacologic studies by medication
type [number of studies].

Anxiety Depression

Antidepressants
Fluoxetine 1/2 [1] 1/4 [2]
Paroxetine 4/6 [1] 4/6 [1]
Mianserin 7/13 [3]

Anxiolytics
Lorazepam 2/5 [3]
Alprazolam 0/1 [1] 0/1 [1]

Corticosteroid
Methylprednisolone 0/1 [1] 1/1 [1]

Amphetamine
Mazindol 0/1 [1] 0/1 [1]



TABLE 89.8. Evidence-based recommendations on the use of psychosocial interventions.

GENERAL RECOMMENDATIONS
Psychosocial interventions are effective in preventing or relieving anxiety and depression in cancer patients13,15

Psychosocial interventions are effective in preventing or relieving anxiety and depression in both male and female cancer
patients35,36,39,41,44–46,48,52,53,58,62,63,67,69,73,76,80,81,87,89,90,92,106

RECOMMENDATIONS BASED ON DISEASE STATUS
Psychosocial interventions are effective in preventing or relieving anxiety in newly diagnosed patients39,73,92

Psychosocial interventions are effective in preventing or relieving depression in newly diagnosed patients36,39,51,73

Psychosocial interventions are effective in preventing or relieving anxiety in breast cancer patients with metastatic disease57,88

Psychosocial interventions are effective in preventing or relieving depression for breast cancer patients with metastatic disease50,57

Psychosocial interventions are effective in preventing or relieving anxiety and depression in patients in the terminal phase of illness67

RECOMMENDATIONS BASED ON TREATMENT STATUS
Psychosocial interventions are effective in preventing or relieving anxiety in patients undergoing chemotherapy41,42,44,62,63,69,76

Psychosocial interventions are effective in preventing or relieving depression in patients undergoing chemotherapy41,42,63,69,70,81

Psychosocial interventions are effective in preventing or relieving anxiety in patients undergoing radiotherapy48,53

Psychosocial interventions are effective in preventing or relieving depression in patients undergoing radiotherapy48,53,80

Psychosocial interventions are effective in preventing or relieving anxiety in patients before and after surgery35,45,78,79

Psychosocial interventions are effective in preventing or relieving depression in patients before and after surgery46,79,106

Psychosocial interventions are effective in preventing or relieving anxiety following completion of active treatment52

Psychosocial interventions are effective in preventing or relieving depression following completion of active treatment85

RECOMMENDATIONS BASED ON TYPE OF INTERVENTION
Relaxation techniques are effective in preventing or relieving anxiety in cancer patients36,39,41,42,44,45,67,76

Relaxation techniques are effective in preventing or relieving depression in cancer patients39,41,42,67

Relaxation techniques, in combination with education and skills training, are effective in preventing or relieving anxiety in cancer
patients43,48,52,63,69,79,89

Relaxation techniques, in combination with education and skills training, are effective in preventing or relieving depression in cancer
patients43,48,50,51,63,69,79,85,87,89,106

Psychoeducation is effective in preventing or relieving anxiety in cancer patients35,62,73,90,92

Psychoeducation is effective in preventing or relieving depression in cancer patients71,73,90

Supportive and supportive-expressive therapies are effective in preventing or relieving anxiety in cancer patients53,57,69,88,89

Supportive and supportive-expressive therapies are effective in preventing or relieving depression in cancer patients53,57,69,89

Problem-solving therapies are effective in preventing or relieving anxiety in cancer patients58,78

Problem-solving therapies are effective in preventing or relieving depression in cancer patients80,81

Counseling is effective in preventing or relieving depression in cancer patients46,66

Cognitive therapy is effective in preventing or relieving depression in cancer patients70

RECOMMENDATIONS BASED ON INTERVENTION TYPE AND DISEASE OR TREATMENT STATUS
Relaxation techniques, alone or in combination with education and skills training, are effective in preventing or relieving anxiety in newly

diagnosed cancer patients36,39

Relaxation techniques, alone or in combination with education and skills training, are effective in preventing or relieving depression in
newly diagnosed cancer patients39,51

Relaxation techniques, alone or in combination with education and skills training, are effective in preventing or relieving anxiety in
patients undergoing chemotherapy41,42,44,63,69,76

Relaxation techniques, alone or in combination with education and skills training, are effective in preventing or relieving depression in
patients undergoing chemotherapy41,42,63,69

Relaxation techniques, alone or in combination with education and skills training, are effective in preventing or relieving anxiety in
patients undergoing radiotherapy48,53

Relaxation techniques, alone or in combination with education and skills training, are effective in preventing or relieving depression in
patients undergoing radiotherapy48,53

Relaxation techniques, alone or in combination with education and skills training, are effective in preventing or relieving anxiety in
patients before and after surgery45,79

Relaxation techniques, alone or in combination with education and skills training, are effective in preventing or relieving depression in
patients before and after surgery79,106

Relaxation techniques, alone or in combination with education and skills training, are effective in preventing or relieving anxiety following
completion of active treatment52

Relaxation techniques, alone or in combination with education and skills training, are effective in preventing or relieving depression
following completion of active treatment85

Relaxation techniques, alone or in combination with education and skills training, are effective in preventing or relieving anxiety in
patients in the terminal phase of illness67

Relaxation techniques, alone or in combination with education and skills training, are effective in preventing or relieving depression in
patients in the terminal phase of illness67

Psychoeducation is effective in preventing or relieving anxiety in newly diagnosed patients73

Psychoeducation is effective in preventing or relieving depression in newly diagnosed patients73

Psychoeducation is effective in preventing or relieving anxiety in patients before and after surgery35

Psychoeducation is effective in preventing or relieving depression in patients before and after surgery71

Psychoeducation is effective in preventing or relieving anxiety in patients undergoing chemotherapy62

Supportive and supportive-expressive therapies are effective in preventing or relieving anxiety in patients undergoing chemotherapy69

Supportive and supportive-expressive therapies are effective in preventing or relieving depression in patients undergoing chemotherapy69

Supportive and supportive-expressive therapies are effective in preventing or relieving anxiety in patients undergoing radiotherapy53

Supportive and supportive-expressive therapies are effective in preventing or relieving depression in patients undergoing radiotherapy53

Supportive and supportive-expressive therapies are effective in preventing or relieving depression in patients before and after surgery91

Problem-solving therapies are effective in preventing or relieving anxiety in patients before and after surgery78

Problem-solving therapies are effective in preventing or relieving depression in patients undergoing chemotherapy81

Problem-solving therapies are effective in preventing or relieving depression in patients undergoing radiotherapy80

Counseling is effective in preventing or relieving depression in cancer patients before and after surgery46

Cognitive therapy is effective in preventing or relieving depression in patients undergoing chemotherapy70
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a number of recommendations for preventing or relieving
anxiety and depression in cancer patients. The recommenda-
tions presented in Table 89.8 are based on statistically signif-
icant, clinically relevant evidence provided by both previous
systematic reviews and meta-analyses and our systematic
review of randomized controlled trials.

The review of published research designed to evaluate
pharmacologic interventions for the management of anxiety
and depression in cancer patients is considerably narrower in
scope. Nevertheless, the best available evidence supports the
use of pharmacologic interventions in adult patients with
cancer. The recommendations presented in Table 89.9 are
based on statistically significant, clinically relevant evidence
provided by our systematic review of randomized controlled
trials.

Limitations of Existing Research Base for
Developing an Evidence-Based Approach to
Management of Anxiety and Depression in
Cancer Patients

The relatively large number of randomized clinical trials
listed in Tables 89.3 and 89.4, provides a strong foundation
for developing an evidence-based approach to the manage-
ment of anxiety and depression in cancer patients. The rec-
ommendations listed in Tables 89.8 and 89.9, which follow
directly from the results of these many studies, address
numerous aspects of the psychologic and psychiatric care of
cancer patients. It should be noted, however, that several rec-
ommendations listed in Tables 89.8 and 89.9, are based on a
very few studies. In addition, important gaps in the existing
research literature can be identified that limit the type and
scope of recommendations that can be offered.

Limitations in Research on Psychosocial
Interventions

Inspection of the evidence and recommendation tables
included in this chapter, suggests several areas where evi-
dence regarding the use of psychosocial interventions to
manage anxiety and depression in cancer patients is sparse.
With respect to patient characteristics, we noted that in only
5% of the studies were the samples limited to male cancer
patients. Although these studies and studies of samples
including both men and women suggest that psychosocial
interventions are effective in male patients, important ques-
tions regarding the relative effectiveness and acceptability of
psychosocial interventions in male and female cancer
patients remain unanswered. Clinicians often report that
male cancer patients can be more difficult to engage in psy-
chosocial interventions and, once engaged, are more likely to
benefit from educational interventions than interventions
focusing on expression of emotions and group support.

Clearly, more research is needed to either confirm or discon-
firm beliefs that male cancer patients are less likely than
female cancer patients to benefit from psychosocial
approaches to the management of anxiety and depression.

Limitations in the evidence base also exist regarding the
effectiveness of psychosocial interventions in specific forms
of cancer. We noted that 57% of psychosocial intervention
studies were based on patient samples that included more
than one form of cancer. Although breast cancer was the focus
of 27% of the remaining studies, no other single form of
cancer was the focus of more than two studies. The signifi-
cance of this issue lies in the possibility that the sources of
anxiety and depression and the methods needed to treat it
psychologically, may vary considerably across different
cancers. For example, the psychologic issues raised by having
a disease in a part of the body closely related to sexual func-
tioning (e.g., breast cancer) are likely to differ from those asso-
ciated with having a disease linked to smoking behavior (e.g.,
lung cancer) or a disease that may lead to significant changes
in facial appearance (e.g., head and neck cancer) or cognitive
abilities (e.g., brain cancer). To address this gap, more studies
are needed that focus on forms of cancer other than breast
cancer, as well as studies that examine whether generic inter-
ventions (e.g., relaxation training) are more effective if
adapted or tailored for different forms of cancer.

A similar situation exists with regard to disease stage or
status. Most of the studies identified (73%) did not focus on
patients at a specific stage of disease. Information included in
many of these studies suggests that they were composed pri-
marily of patients with early-stage disease. Of those studies
in which eligibility was limited by disease stage or status, just
9% focused on patients with stage IV or metastatic disease
and only 2% focused on patients in the terminal phase of their
disease. Although these studies provide preliminary evidence
that psychosocial interventions are effective in patients with
more advanced disease, the issue merits closer study in light
of evidence suggesting the presence of more severe psycho-
logic symptoms in patients with more advanced disease.29

Examination of treatment status also leads to identifica-
tion of gaps in the research base. In general, studies of psy-
chosocial interventions for anxiety and depression have
focused on patients in the period during which they are being
actively treated with surgery, chemotherapy, and/or radio-
therapy. Just 8% of the studies identified were limited to
patients not currently receiving treatment. A growing body
of research has documented the presence of anxiety and
depression in patients who have successfully completed treat-
ment for cancer.30,31 Although preliminary evidence suggests
that psychosocial interventions are effective in the posttreat-
ment period, a number of important issues have yet to be
examined. For example, no randomized clinical trials could
be identified that have evaluated interventions designed
specifically to address symptoms of posttraumatic stress in
patients who had completed treatment for cancer.

TABLE 89.9. Evidence-based recommendations on the use of pharmacologic interventions.

Recommendation:
Antidepressants are effective in preventing or relieving depression in cancer patients96,97,99,100,103

Antidepressants are effective in preventing or relieving anxiety in cancer patients99–101

Anxiolytics are effective in preventing or relieving anxiety in cancer patients95,98

Corticosteroids are effective in preventing or relieving depression in cancer patients in the terminal phase of illness93
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Another consideration involves the types of interventions
that have been evaluated. Our systematic review found that
53% of the psychosocial studies evaluated the effectiveness
of relaxation training, either alone or in combination with
education and skills training. Other forms of psychosocial
intervention, such as problem-solving therapy, were found to
be effective in a limited number of studies and merit further
evaluation. In addition, there are several major forms of psy-
chotherapy found to be effective against anxiety and depres-
sion in outpatient psychiatric settings that received little or
no attention in research with cancer patients. These
approaches, which include interpersonal therapy32 and cogni-
tive therapy,33 may be particularly well suited to cancer
patients experiencing more severe symptoms of anxiety and
depression.

The issue of symptom severity is one that has received
relatively little attention in prior psychosocial research with
cancer patients. Our systematic review found that only 5%
of studies restricted eligibility to patients experiencing
heightened levels of psychologic distress. As a consequence,
the average pretreatment levels of anxiety and depression in
these studies are likely to have been relatively low. In con-
trast, clinical practice guidelines, such as those developed by
NCCN,11 recommend the use of psychosocial interventions
for cancer patients experiencing the heightened distress 
characteristic of adjustment, mood, or anxiety disorders. By
evaluating psychosocial interventions with patients experi-
encing more severe symptoms of anxiety and depression,
future research is likely to yield results of greater relevance
to the evaluation of current clinical practice.

Limitations in Research on 
Pharmacologic Interventions

The primary limitation in the evidence base for pharmaco-
logic interventions is the relative paucity of randomized 
clinical trials. Only 12 such studies could be identified, and
these studies encompassed the evaluation of several different
classes of pharmacologic agents, including antidepressants,
anxiolytics, psychostimulants, and corticosteroids. Five of
the studies were of an antidepressant agent and included eli-
gibility criteria based on level or presence of depressive symp-
tomatology. These studies yield evidence that supports the
NCCN guideline recommendation that antidepressants be
prescribed for cancer patients experiencing severe adjustment
reactions or mood disorders.11 The principal gap in the evi-
dence base is the lack of research on the effectiveness of 
anxiolytic agents in cancer patients experiencing heightened
anxiety. Although 4 studies were identified that evaluated
anxiolytic agents, 3 of these studies focused on the use of
lorazepam in combination with antiemetic or analgesic med-
ications for relief of treatment-related symptoms. Another
important gap in the evidence base is research on the effec-
tiveness of psychostimulants for the treatment of depression
in cancer patients. Although nonrandomized studies suggest
that psychostimulants, such as methylphenidate, are effec-
tive as antidepressants in patients with advanced disease,34

evidence from randomized clinical trials is lacking.
In addition to the need for more research on pharmaco-

logic interventions for anxiety and depression in cancer
patients, there is a need for research about the relative effi-
cacy of pharmacologic and psychologic approaches with

cancer patients. One type of research needed is studies that
evaluate whether the combined psychosocial and pharmaco-
logic intervention results in better management of anxiety
and depression than the use of psychosocial or pharmacologic
interventions alone. This type of research would allow for
evaluation and possible refinement of recommendations,
such as those contained in NCCN guidelines,11 that patients
with mood disorders be treated initially with antidepressant
agents plus psychotherapy, as well as recommendations that
patients with anxiety disorders be treated initially with 
psychotherapy with or without psychotropic medication.
Another type of research needed is studies that directly
compare the effectiveness of pharmacologic and psychosocial
approaches in treating anxiety and depression in cancer
patients. This type of research would allow for evaluation of
recommendations, such as those contained in NCCN guide-
lines,11 that patients with mild adjustment disorders be
treated initially with psychotherapy alone.

Summary

Anxiety and depression, which are among the most common
symptoms experienced by cancer patients, have been the
focus of considerable attention and research. In recent years,
clinical practice guidelines have appeared that include spe-
cific recommendations for the management of anxiety and
depression in cancer patients. These efforts have been
limited, however, by reliance on a consensus-based approach
rather than an evidence-based approach,11 or by inclusion of 
evidence from studies conducted on populations other than
cancer patients.12 To address these issues, the present chapter
focused on evidence from randomized clinical trials of psy-
chosocial and pharmacologic interventions with cancer
patients, in which anxiety or depression was measured as 
outcomes.

Aided by previous systematic reviews and meta-analyses,
we were able to identify 60 randomized clinical trials of psy-
chosocial interventions and 12 randomized clinical trials of
pharmacologic interventions. The relatively large number of
psychosocial studies yielded numerous evidence-based rec-
ommendations regarding the use of psychosocial interven-
tions in the management of anxiety and depression. Indeed,
the quantity and quality of the research permitted not only
general recommendations, but recommendations based on
disease status, treatment status, type of intervention, and the
combination of type of intervention and disease or treatment
status. Because of the much smaller number of studies, far
fewer evidence-based recommendations could be offered
regarding the use of pharmacologic interventions for anxiety
and depression in cancer patients.

Despite the relatively large number of psychosocial inter-
vention studies that have been conducted, several important
gaps in this evidence base could be identified: these include
the limited number of studies that have focused on male
patients, patients with cancers other than breast cancer,
patients with more advanced disease, patients who have com-
pleted cancer treatment, and patients with more severe symp-
toms of anxiety and depression. The primary limitation in the
evidence base for pharmacologic interventions is the relative
paucity of randomized clinical trials. Notable gaps in the evi-
dence base include the lack of placebo-controlled studies of
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anxiolytic agents in the treatment of anxiety symptoms and
of psychostimulant agents in the treatment of depressive
symptoms. In addition to these types of pharmacologic
studies, there is a need for studies that evaluate the relative
and combined efficacy of psychosocial and pharmacologic
interventions with cancer patients. These types of studies
will allow for the evaluation of patterns of care for which
there appears to be a general clinical consensus, as suggested
by NCCN guidelines,11 but no direct empirical evidence. This
approach would also allow us to proceed from individual 
evidence-based recommendations to a more comprehensive
evidence-based approach to treatment selection and delivery
of care for the management of anxiety and depression in
cancer patients.
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Reproductive
Complications and

Sexual Dysfunction in
the Cancer Patient

Leslie R. Schover

Defining the Population at Risk for
Reproductive Complications

This chapter will review risk factors and management 
for three types of reproductive complications of cancer 
treatment: infertility, menopausal symptoms, and sexual 
dysfunction. Each problem area affects unique, albeit 
overlapping, populations of cancer patients and survivors.

Risk Factors for Cancer-Related Infertility

The demographics of cancer survivorship and delayed child-
bearing ensure that increasing numbers of patients will 
have their family-building disrupted by cancer treatment.
The success of cancer treatment for malignancies that affect
young people, such as pediatric cancers, testicular cancer, and
Hodgkin’s Disease, has yielded a large population of cancer
survivors. According to the National Health Information
Survey of 2001,1 2.2% of adults aged 18 to 44 in the United
States have been diagnosed with cancer. Extrapolating based
on statistics for this age group from the United States 2000
Census,2 approximately 2.5 million adults of childbearing age
are cancer survivors. It is more difficult to specify how many
have faced infertility, but most probably had treatment with
gonadotoxic chemotherapy, and smaller numbers would be at
risk for infertility because of surgery or radiation therapy
affecting the reproductive system.

Another trend that increases the salience of cancer and
fertility is delayed childbearing in American families. Birth
rates for women in their thirties have been climbing steadily,
reaching a high in 2001 of 95.6 per 1,000 women aged 30–34
and 41.4 per 1,000 women aged 35–39.3 Births to women aged
40–44 have more than doubled since 1981 to 8.1 per 1,000
women. According to the United States Census report for
2000, the percentage of childless women age 30–34 has
jumped from 19.8% in 1980 to 28.1% in 2000, and for women
aged 35–39 from 12.1% in 1980 to 20.1% in 2000.4 When
these women are ready to conceive, some will receive the
unwelcome news of a malignancy. Data on paternal age are

not readily available, but in 1995 in the United States, men
at marriage were on the average 2.7 years older than their
brides so that men, too, would be more at risk currently to
have cancer interfere with their fertility.5

Infertility Related Directly to a Malignancy

For a few types of malignancy, for example testicular cancer,
the risk of infertility and risk of cancer are related. In a cohort
of 3,530 Danish men who were born between 1945 and 1980
and developed testicular cancer from 1960 to 1993, the stan-
dardized fertility rate was significantly lower (ratio 0.93) than
for all 1,488,957 Danish men born in the same era.6 Fertility
was particularly reduced in the two years leading up to cancer
diagnosis, and for men with nonseminomatous tumors (ratio
0.87). Furthermore, men who developed testicular cancer
were less likely than men in the general population to con-
ceive male children, possibly indicating a genetic or environ-
mental factor.

Skakkebæk and his colleagues believe that a testicular
dysgenesis syndrome (TDS) is increasing in frequency in
Western countries because of environmental influences in
utero, perhaps combined with a genetic susceptibility factor.
The syndrome includes testicular cancer, undescended testes,
hypospadias, and decreased semen quality.7 Although the evi-
dence for TDS, and in particular the influence of endocrine
disrupting pollutants, remains controversial, it is clear that
men with testis cancer have a high percentage of abnormali-
ties in the contralateral testis suggesting abnormal fetal
development of these tissues.8 The standardized incidence
ratios of testis cancer in 32,442 men who had a semen analy-
sis at the laboratory in Copenhagen between the years of 1963
and 1995 were compared with rates in the general population
of Danish men.9 Parameters of poor semen quality, including
low count, poor motility, and abnormal morphology, were all
associated with increased risk of testis cancer (standardized
incidence ratios of 2.3–3.0).

In women, a recent evidence-based review of the link
between infertility and cancer risk concluded that border-
line ovarian tumors are slightly more common in women
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diagnosed with infertility.10 It is less clear whether infertile
women are at increased risk for invasive ovarian cancer, but
rates may be elevated in those who never achieve a pregnancy
or among women with endometriosis. In contrast, infertility
does not appear to be a risk factor for breast cancer.10

Although most cohort and case-control studies have not
demonstrated a link between using ovarian stimulating drugs
to treat female infertility and subsequent cancer risk for any
site,11 a recent comparison of 4,575 women with breast cancer
and 4,682 controls found that women who used human
menopausal gonadotropin for at least 6 cycles had a greater
relative risk of breast cancer (2.7–3.8).12

Infertility Caused by Cancer Treatment

Many cancer patients are put at risk for infertility by the ther-
apies used to eradicate or control their malignancy. Surgical
treatment for pelvic cancer may remove a critical part of 
the reproductive organ system, e.g. bilateral orchiectomy for
prostate cancer or for asynchronous testicular tumors, or
bilateral oophorectomy as part of treatment for gynecological
malignancies or as prevention for breast or ovarian cancer in
women with BRCA mutations.13 Treatment of prostate or
bladder cancer may entail removal of the prostate and seminal
vesicles and the vagina or uterus may be removed to treat
vaginal, cervical, or uterine cancer. Nerves controlling ante-
grade ejaculation of semen may be damaged in retroperitoneal
lymphadenectomy for testicular cancer14 or in surgery for 
colorectal cancer.15

Radiation therapy to the pelvis damages fertility because
developing gametes and ovarian follicles, like cancer cells, are
more likely to be in the genetically vulnerable, proliferative
state.16 Patients treated for prostate or cervical cancer, or
those who have total body irradiation as preparation for bone
marrow transplant, are the most common groups to experi-
ence radiation-associated infertility.

Chemotherapy drugs also interfere with gametogenesis
because maturing sperm and oocytes are vulnerable to the
toxins that damage rapidly-growing cancer cells.17,18 Alkylat-
ing drugs (including the platinum-based chemotherapies) are
most likely to damage fertility. The likelihood of permanent
ovarian failure in women increases with cumulative dose and
age, and is manifested as decreased numbers of follicles,
atretic follicles, and fibrotic changes in the ovary.19 Sper-
matogenesis is even more vulnerable to disruption by
chemotherapy, with a similar pattern of risk factors in terms
of dosage and type of drugs.20 The impact of male age on fer-
tility after cancer is unclear, but in general men over age 45
take longer to establish a pregnancy and have decreased 
conception rates.21

Preventing and Managing 
Cancer-Related Infertility

Preserving fertility is highly important to men and women
diagnosed with cancer before completing their families.
Although research on the psychosocial aspects of cancer-
related infertility is limited, surveys and qualitative interview
studies concur that most survivors feel healthy enough to be
good parents, believe that their experience of cancer has
increased the value they place on family closeness, are par-

ticularly distressed about infertility if childless, and are not
getting enough information on options to spare or treat 
fertility.22–26

Utilization of infertility services in the United States is
limited even for the population at large. Less than 50% of
women with infertility seek medical consultation and only
1.6% use assisted reproductive technology.27 Although male
factors explain roughly half of infertility, no statistics are
available on men’s use of infertility services.28 This gives
some context for help-seeking among cancer survivors with
infertility.

Preventing Cancer-Related Infertility

Obviously it is preferable to prevent cancer-related infertility
rather than to try treating it after the fact. Hormonal manip-
ulation during chemotherapy may be used to try to minimize
damage to the gonads. In addition, when treatment of a par-
ticular malignancy has become highly successful, efforts have
been made to spare fertility in younger patients by using less
toxic chemotherapy drugs or by limiting cancer surgery.
Several options are available to cryopreserve gametes or
embryos before cancer treatment for later use in conception,
although assisted reproductive technology is typically
required. Each of these options will be reviewed, and the level
of evidence for its efficacy examined.

Hormonal Prevention

In men, efforts during chemotherapy to protect the sper-
matogonia A cells that produce mature spermatozoa have
included prescribing GnRH analogues with or without
accompanying testosterone. Despite promising results in
animals, human trials have been uniformly disappointing.29

Howell and Shalet speculate that continuing hormonal treat-
ment for several months after finishing chemotherapy might
have more success, allowing surviving stem cells to recover
and renew spermatogenesis. If no spermatogonia survive
chemotherapy or radiation therapy, however, continuing hor-
monal treatment will be fruitless. Even in the prepubertal
testis, cancer therapies damage fertility because the Leydig,
Sertoli, and germ cells are not truly quiescent, but con-
tinue to develop,30 making them vulnerable to toxic cancer
therapies

Efforts at hormonal protection of the ovaries during
chemotherapy in women have had more promising results,
but double-blind randomized trials are still lacking. The
largest case-control cohort has been followed by Blumenfeld
in Israel.31 An injectable GnRH agonist was administered,
beginning 1 to 2 weeks before chemotherapy and continuing
for up to 6 months, to a group of 60 women aged 15 to 40
being treated for lymphoma. All but 3 of the surviving women
resumed menstruation by the end of the first year, compared
to only 45% of 60 women treated with chemotherapy alone,
without hormonal protection. Inhibin –A and –B levels
decreased during GnRH administration, normalizing only in
the women who resumed menstruation.18 Although the
GnRH and comparison groups did not differ on age, tumor
type, cumulative dose of chemotherapy drugs, or exposure to
radiation therapy, the comparison group consisted either of
historical controls or women who were not seen in time to
start the GnRH-agonist before chemotherapy.31 Obviously,
selection bias is possible.
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The use of a GnRH-agonist during adjuvant chemother-
apy for breast cancer is attractive because it not only may
protect against ovarian failure in young women, but could
potentially add to cancer control. In a Phase II pilot study, a
group in Rome administered the long-acting GnRH analog
goserelin for one year during adjuvant chemotherapy to 64
newly diagnosed women with breast cancer, aged 18 to 50 
and without distant metastases.32 Dosage and drug regimen
depended on cancer stage. At a median follow-up time of 55
months, 86% of women had resumed menstruation after
chemotherapy, including five who had stem cell transplanta-
tion. Although this was a lower rate of ovarian failure than
would be expected, no comparison group was provided.

Chemoprotection Strategies

Even if hormonal protection helps preserve a greater number
of primordial follicles during chemotherapy, many of those
remaining would be damaged.33 Another type of chemopro-
tection is suggested by advances in understanding how toxins
like chemotherapy influence signaling pathways in the testis
and ovary. A small lipid molecule, sphingosine 1-phosphate,
may be able to prevent damage to the follicles as well as pro-
tecting against genetic damage to the oocyte.34 Even more tan-
talizing is the recent discovery of stem cells in the human
ovary, suggesting that females are not limited to the number
of oocytes that survive fetal development, but have ongoing
replenishment of primordial follicles.35

Cryopreservation of Reproductive Tissue for 
Future Conception

The most well established form of reproductive tissue cryo-
preservation in cancer patients is sperm banking. Measures
of the effectiveness of sperm banking include the success of
using sperm cryopreserved by cancer patients in conceiving

healthy offspring and the utilization of stored samples by
cancer survivors.

Conception rates from banked sperm have increased rad-
ically since the advent of intracytoplasmic sperm injection
(ICSI) in 1992. In this technique, only one live sperm is
injected into each oocyte retrieved from in vitro fertilization
(IVF). Rates of fertilization with ICSI do not differ when using
sperm that was cryopreserved versus from a fresh ejaculate,
nor has the use of cryopreserved sperm resulted in increased
birth defects.36

Although many men diagnosed with cancer have
impaired semen quality, samples from patients with subopti-
mal semen parameters survive freezing and thawing just 
as well as sperm from men of normal fertility.37,38 Several
prospective case series of men who cryopreserved sperm are
presented in Table 90.1. Only about 6% to 18% of cancer
patients are azoospermic and unable to bank at the time of
attempted semen collection.39,41,42,44 The most efficient use of
stored samples is to attempt to conceive with IVF-ICSI,41,43

unless the semen quality is unusually good.
It appears that less than 10% of men who store semen

actually use their samples to try to conceive, but this rate
may be accelerating with the availability of IVF-ICSI.42–44 The
percentage of couples who use their cryopreserved sperm
with assisted reproductive technology (ART) and actually
have a live birth varies widely from center to center, but is
comparable to results for the general population of infertile
couples.41,43 With all cohorts in Table 90.1 combined, 37
healthy babies were born, with only one pregnancy termi-
nated because a major fetal malformation was detected.42

Although specific rates of impaired fertility have been
reported for a variety of chemotherapy combinations or radi-
ation therapy doses and fields,29 it is not possible to accurately
predict recovery of fertility in any one man treated for
cancer.36 Therefore, sperm banking should be routinely
offered when men are about to begin treatments that put 
fertility at risk. An adequate number of specimens can be
banked without delaying cancer treatment in all but the most
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TABLE 90.1. Long-term Follow-Ups of Cohorts of Consecutive Cancer Patients Who Cryopreserved Sperm.

% couples
% attempting

able to % conception who
No. of Years store using Cycles of Pregnancies Live achieved Birth

Reference Year Patients follow-up sperm samples ART per cycle births parenthood defects

Lass et al.39 1998 191 8 83% 3% IUI: 2 100% 7 83% 0
IVF: 9 22%
ICSI: 4 50%

Audrins et al.40 1999 258* 20 — 2% IUI: 53 4% 7 33% 0
IVF: 14 36%

Kelleher et al.41 2001 930 22 90% 10% IUI: 28 43% 39 45% 2
IVF: 28 31%
ICSI: 35 21%

Blackhall et al.42 2002 122* 22 94% 27% — — 11 27% 1
Agarwal et al.43 2002 318** 20 — 9% IUI: 37 8% 12 44% 0

(26% in IVF: 23 26%
past 4yrs.) ICSI: 20 35%

Ragni et al.44 2003 776 15 88% 5%*** IUI: 40 8% 14 43% 1
IVF: 6 0%
ICSI: 42 26%

*Hodgkin’s disease only

**Only N cryopreserving sperm was reported

***Rates increase with duration of follow-up to 12% at 12 years



emergent cases. A study of 95 cancer patients found that
acceptable post-thaw semen quality could be obtained when
men abstained for only 24 to 48 hours between collecting
ejaculates.45

Despite low rates of usage of stored sperm, men do not
appear to regret the trouble or expense. Hallak and colleagues
examined the reasons that 56 (16%) of 342 cancer men who
had banked sperm before cancer treatment in their clinic dis-
carded their cryopreserved specimens.46 Out of the 56 men,
21 had died and the families discarded the samples, 23 had
already conceived all the children they wanted without using
their stored sperm, 8 had a return of good semen parameters,
and 4 had decided not to have children. The cost of banking
sperm was not a factor in these decisions.

Unfortunately, recent surveys of oncologists reveal that
many fail to give men information about sperm-banking,
underestimating its importance to their male patients and
overestimating the barriers of cost and availability of sperm
banking facilities.47– 49 For those cancer patients interested in
having future children, the most common reason cited for
failure to bank sperm is lack of timely information. In our
recent survey of young male survivors, only half recalled their
oncology health care providers discussing the possibility of
banking sperm.23

The pediatric oncology community has shown an increas-
ing interest in giving teens with cancer the option of banking
sperm. Out of 238 boys aged 12 to 19 referred to one center
in London, 87% were able to produce an ejaculate for semen
storage, with semen quality similar to that in adult cancer
survivors.50 A new experimental technique uses testicular
biopsies to obtain spermatogonia from prepubertal boys for
cryopreservation before cancer treatment, in the hope that
they can be replaced through autografting to restore fertility
later. Attempts at replacement in adult men have been dis-
appointing, however, since it is not possible to inject the
thawed suspension of cells directly into the fibrous semini-
ferous tubules.29 Cryopreserved human spermatogonial stem
cells have been transplanted into mouse testes and survived
for up to 6 months, suggesting that xenotransplantation could
some day be another option for producing mature sperm cells
for IVF-ICSI, or at least for providing a research model.51

In women, progress is also being made with the use of a
rapid freezing technique called vitrification to freeze mature,
unfertilized oocytes, although pregnancy rates still do not
approach those with cryopreserved embryos.52 Another
promising avenue is the use of sugars as cryoprotectants
during freezing.53 To have a true analogue to sperm banking
in men, it would be necessary to cryopreserve primordial 
follicles and then to mature them in the laboratory. Although
such techniques remain years away,54 researchers are 
having some preliminary success with in vitro maturation of
freshly retrieved antral follicles that are approaching full
maturity.55

A number of centers around the world are removing and
cryopreserving ovarian tissue for women about to undergo
cancer treatment that could impair fertility.54 Several cases 
of auto-transplantation have taken place, with promising
results.56,57 Technical problems include minimizing injury to
ovarian tissue during the freezing itself and ischemia causing
damage to follicles while the graft grows a new vascular
system.58 For some malignancies, concern about reintroduc-
ing cancer cells along with the ovarian tissue may limit this

option.58 An alternative use of the tissue could be in xeno-
transplantation to immunodeficient mice with subsequent
harvest of mature oocytes. Recently an embryo was produced
using an oocyte retrieved from transplanted ovarian tissue in
a female cancer survivor, but no pregnancy resulted when the
embryo was transferred to the woman’s uterus.59 Further-
more, the first primate has been born using this technique—
a rhesus monkey.60 Still, an ethical dilemma is that women
facing cancer treatment and desperate to protect their future
fertility are paying several thousand dollars in out-of-pocket
costs to harvest, freeze, and store ovarian tissue with very low
odds that a pregnancy will ever result.

Ovarian Transposition During Pelvic 
Radiation Therapy

When radiation therapy fields include the pelvis, the ovaries
can be moved surgically to a more protected location.
Although both medial positioning behind the uterus and
lateral movement to the pelvic sidewall have been used, cur-
rently the most common procedure is to use laparoscopy to
move the ovaries laterally just prior to starting radiotherapy.
Although ovarian transposition can be performed during a
staging laparotomy, it is less effective because the ovaries
tend to migrate back to their original position.61 The ideal
position is above the pelvic brim, with the fallopian tubes
remaining attached to the uterus.62

A recent literature review of the outcome of laparoscopic
lateral ovarian transposition included only 44 cases of women
under age 40 with a variety of malignancies. However, 89%
had preserved menstrual function.62 Oophoropexy can be
complicated by vascular injury, infarction of the fallopian
tube, or ovarian cyst formation. IVF is often required to con-
ceive. Women with adenocarcinoma of the cervix or with
more advanced stage disease may be at some risk for metas-
tasis to a transposed ovary or to the site of trocar insertion
for the laparoscopy.63 Successful transposition may still be fol-
lowed by early menopause because of reduced ovarian reserve
after radiation therapy.64

Fertility-Sparing Surgery for Early-Stage
Gynecological Malignancies

Young women diagnosed with early stage cervical or ovarian
cancer may opt for conservative surgical procedures that
allow them to retain fertility. For women with squamous cell
carcinoma of the cervix that is invasive but still early stage,
a trachelectomy can be substituted for a radical hysterec-
tomy.65–68 After the majority of the cervix is removed, the
vaginal cuff is sewn back to the cervical remnants. As long
as lymph nodes and surgical margins are clear, recurrence
rates are comparable to those after radical hysterectomy.
Although many women are able to become pregnant after tra-
chelectomy, rates of miscarriage and prematurity are higher
than normal. The cervical mucous plug that prevents infec-
tion of the amniotic membranes may be inadequate and there
is an increased risk of cervical incompetence.

Women with adenocarcinoma of the cervix that is either
in situ or very early stage can be treated with conization alone
to preserve fertility, as long as surgical margins are clear.69,70

Adenocarcinoma of the cervix is often multifocal or located
high in the endocervical canal, however, and about 20% of
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women with negative margins at the time of conization will
have local recurrences.

In conservative surgery for young women with borderline
or germ cell ovarian tumors, only the affected ovary is
removed, preserving the uterus and contralateral ovary.66

Results have been good, both in terms of fertility and cancer
control, but only small case series have been published.71,72

Recurrence rates after conservative surgery for borderline
tumors are higher than after radical surgery, but survival rates
remain similar71 Conservative surgery has also been utilized
for Stage I epithelial tumors.73 The largest cohort study
included women treated for germ cell tumors with a median
follow-up of 122 months.74 Of those who tried to conceive (N
= 38), 76% have become pregnant.

Other Fertility-Sparing Modifications of 
Cancer Treatment

Other modifications made to cancer treatment to spare fer-
tility have not been evaluated in randomized clinical trials,
but instead have been compared to historical controls. Exam-
ples include the less gonadotoxic chemotherapy regimens for
Hodgkin’s disease75; surveillance protocols and nerve-sparing
retroperitoneal lymphadenectomy for early stage testicular
cancer76; and orthotopic bladder reconstruction with fertility
preservation for men with bladder cancer.77

The Safety of Pregnancy After Cancer Treatment

It would be of little utility to promote fertility in women after
cancer if pregnancy were a risk factor for cancer recurrence.
However, evidence has accumulated that becoming pregnant
after successful cancer treatment does not affect women’s sur-
vival, even those who have had breast cancer.78 Women diag-
nosed with breast cancer during pregnancy often have more
advanced disease but do not have a survival disadvantage
when matched to nonpregnant controls on medical factors
such as cancer stage and histology.79

An area much in need of study is the psychosocial impact
of experiencing cancer during pregnancy, and the develop-
ment of supportive interventions for women in this predica-
ment.80 One recent survey found that reproductive concerns
remain salient in women successfully treated for gestational
trophoblastic disease and that 75% would have attended
support groups if they had been available during treatment.81

Young survivors often lack accurate information about preg-
nancy after cancer. In our pilot survey, 20% of breast cancer
survivors and 18% of women with other cancer sites worried
at least “a fair amount” that pregnancy could trigger a recur-
rence of cancer. Only 53% of women recalled any discussion
by their oncology team of pregnancy after cancer.22

Survivors also lack knowledge about potential pregnancy
complications related to impaired cardiac, pulmonary, or
uterine function after cancer treatment. Few would plan eval-
uation by a high-risk obstetrician before trying to conceive.22

In the largest study to date, 4,029 pregnancies of participants
in the Childhood Cancer Survivor Study were reviewed.82 A
woman’s history of chemotherapy was not associated with
adverse outcomes, but women who had pelvic irradiation
were more likely to have low birthweight infants. A higher
than expected rate of voluntary pregnancy termination was
observed, again suggesting that women may be worried about

the safety of pregnancy or about the likelihood of having
healthy offspring. Some women may also have been told in
error that they were infertile, and thus did not use contra-
ception to prevent an unwanted pregnancy. Higher rates of
miscarriage and prematurity have also been observed in
women with uterine exposure to radiotherapy as young
adults, although the damage from childhood exposure is more
severe.83

The Use of Assisted Reproductive Technology
(ART) and Cancer

Although cryopreservation of embryos is far more successful
than freezing unfertilized oocytes or ovarian tissue, undergo-
ing IVF before cancer treatment presents some difficulties.84,85

Women with a very aggressive malignancy such as acute
leukemia may not have time to delay chemotherapy for
several weeks of ovarian stimulation. Women who do not
have a committed male partner have to use an anonymous
sperm donor to create embryos. Women recently diagnosed
with cancer often do not produce many mature oocytes in
response to IVF. Women with untreated breast cancer risk
exacerbating their disease by taking hormones for IVF. One
alternative is natural cycle IVF, in which the one or two
oocytes that mature without exogenous hormones are har-
vested and fertilized. Recently Oktay and colleagues devel-
oped an IVF protocol especially for women newly diagnosed
with breast cancer, using tamoxifen for ovarian stimulation.
The average number of embryos per cycle was 1.6 compared
to 0.6 with a natural cycle, yielding a higher chance of an
eventual pregnancy.86 Ovarian stimulation regimens combin-
ing tamoxifen and follicle stimulating hormone (FSH) are
yielding even better results.87

Women who wait until after chemotherapy to try IVF typ-
ically have a suboptimal response to the hormone stimulat-
ing drugs.85 Creating embryos with oocytes from a donor is
another option for the woman who has diminished fertility
or is in ovarian failure after cancer treatment, but can still
carry a pregnancy.88,89 The cancer survivor herself does not
undergo the risks of ovarian stimulation. If she is in ovarian
failure, she may need some hormonal support to prepare her
uterus for embryo transfer, as well as during the first weeks
of a pregnancy, until the placenta begins to produce its own
hormones. The hormone levels during these intervals are
similar to those in a natural pregnancy. Pregnancy rates per
cycle with donated oocytes are high, especially when both egg
donor and recipient are under age 35. Women who have had
pelvic irradiation still suffer the risk of prematurity and mis-
carriage, however. Along with survivors who have lost their
uterus to cancer but have stored embryos or ovarian tissue,
they may work with a gestational carrier to have a child. Only
isolated case reports are available in the literature, however.90

For men with poor semen quality after cancer, IVF with
ICSI is the preferred method of treatment. Some men do not
have any mature spermatozoa in their semen, or no longer
ejaculate seminal fluid after their cancer treatment. If they
did not bank sperm before treatment, some options are still
open to them. Men who do not ejaculate after node dissec-
tion for testis cancer or surgery for colorectal tumors may
respond to medications that temporarily restore antegrade
ejaculation. Viable sperm may also be retrieved from urine
voided just after orgasm. Perhaps the most reliable means of
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obtaining sperm from these men is via electrical stimulation
of ejaculation with a probe in the anal canal.91 This procedure
must be performed under anesthesia, but yields samples that
typically can be used for IVF with ICSI.92 Some urologists
have used electroejaculation to obtain ejaculates from young
teens who are unable to collect semen through masturbation
due to anxiety or religious constraints.93

About half of men with no sperm in their semen after
chemotherapy do have islands of spermatogenesis in their
testes. A few viable sperm can be retrieved in testicular biop-
sies and used for successful IVF with ICSI.94,95 Although
increased aneuploidy has been observed in the sperm of men
recently treated for cancer,96 and aneuploidy has been associ-
ated with poorer fertilization rates with ICSI,97 the pregnancy
rates using ICSI with testicular sperm from cancer survivors
have been comparable to those with other causes of male
factor infertility, with a quarter to a third of cycles resulting
in a healthy baby.94,95 In a recent case series of 33 male child-
hood cancer survivors, only 33% of had normal semen quality
but the integrity of DNA in their spermatozoa did not differ
from that in a group of control men, suggesting that offspring
would not be at increased risk of birth defects or other health
problems.98

Health of Offspring of Cancer Survivors

Despite concerns that children born to men or women who
had been treated for cancer would have unusual rates of
genetic abnormalities or fetal malformations,99 the available
data suggest reasonable cause for optimism. Karyotypes of
2,630 live-born children with a parent who had survived
childhood cancer were available from the Danish Cytogenetic
Registry.100 The rate of abnormal karyotypes was not signifi-
cantly greater than those in the children born to the siblings
of the childhood cancer patients. No study has thus far 
documented an excess rate of birth defects in children born
after one parent’s cancer treatment, with the caveats that 1)
a limited number of offspring have been studied; and 2) the
nature and duration of follow-up of offspring has been limited.

Genetic damage from cancer treatment may impact rates
of early miscarriage or the gender of surviving infants. In addi-
tion to the results of pregnancies from the females in the
Childhood Cancer Survivor Study,82 2,323 pregnancies sired
by the male cancer survivors were documented. The live birth
rate of 69% was significantly less than that for the survivors’
brothers, and a deficit of male offspring born to the survivors
was also observed.101 Partners of men exposed to more than
5,000mg/m2 of procarbazine had an increased risk of miscar-
riage. A large Scandinavian registry study did not document
any increased lifetime cancer risk in offspring, except in fam-
ilies with known, autosomal dominant inherited cancer syn-
dromes.102 Most offspring in these studies have been born to
childhood cancer survivors long removed from their active
treatment when they conceived. On the other hand, some
types of chemotherapy can be administered to pregnant
women in the second and third trimesters without causing
fetal malformations.103

A new issue is the impact on young adults’ childbearing
decisions of knowing they carry a mutation that increases
lifetime cancer risk. For example, women with BRCA 
mutations increase their risk of breast cancer by having a
pregnancy before age 40 and decrease their risk by early

oophorectomy without estrogen replacement.104,105 Technolo-
gies such as prenatal diagnosis and preimplantation genetic
diagnosis are also available to identify known autosomal
dominant mutations responsible for hereditary cancer syn-
dromes,106 bringing potential ethical dilemmas, especially
whether they should be used for those syndromes with a rel-
atively late onset.

Risk Factors for Cancer-Related 
Menopausal Symptoms

Since the incidence of cancer increases with aging,
menopausal symptoms are probably of high concern for more
survivors than infertility. Women treated for breast cancer
and men receiving hormonal therapy for advanced prostate
cancer are particularly at risk for troublesome hot flashes.
Vaginal atrophy and dyspareunia are the major sexual conse-
quences of menopause for women107 and will be discussed in
the sections on sexual function. Menopause-related risks for
cardiovascular disease and osteoporosis fall outside of the
scope of this chapter.

Psychosocial Factors and Hot Flashes

It is unclear whether cancer survivors experience more severe
menopause symptoms than women in the community
without a cancer history. The prevalence of menopausal
symptoms has generally been overestimated. The Massachu-
setts Women’s Health Study followed a large cohort of
women through the transition to menopause.108,109 Most
women did not have hot flashes or depression, had neutral or
positive attitudes to menopause, and did not seek any medical
attention for menopausal symptoms. Women who had hys-
terectomy were a more distressed group, with indications that
women with pre-existing psychological problems are more
likely to have this surgery.110 An analysis of sexual function
in 200 of the participants found that estrogen levels were 
significantly correlated with reports of dyspareunia, but not
with any other sexual problem. A woman’s perceptions of her
overall health and the quality of her dyadic relationship were
stronger predictors of her sexual function than was her
menopausal status.111

Psychosocial factors play an important role in women’s
menopause complaints. The best predictors of depression,
general health, and utilization of medical services after
menopause are a woman’s physical and psychological 
health and history of medical consultation before
menopause.109,110,112,113 Hot flashes and the use of hormone
replacement therapy (HRT) are both correlated with psycho-
logical distress.114,115 More educated women are consistently
less likely to report hot flashes,114,115 and cultural beliefs and
expectations about menopause affect women’s symptom
reporting.116

The Prevalence of Hot Flashes After Breast Cancer

Women with breast cancer are the group most at risk for trou-
blesome hot flashes after cancer treatment because they are
advised not to use systemic estrogen replacement. No large
case-control study has compared hot flashes in breast cancer
survivors and other women. Carpenter and colleagues 
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surveyed breast cancer survivors from a tumor registry, with
about a third responding (N = 69), and compared them to a
convenience sample of women with no history of breast
cancer but similar age. Hot flashes were more frequent,
severe, and distressing for the breast cancer sample. This
finding may reflect selection bias in women who chose to par-
ticipate, as well as the fact that women in the breast cancer
group were significantly more likely to be menopausal and
less likely to be using estrogen replacement.117 Within the
breast cancer group, hot flash severity and indices of emo-
tional distress were related, parallel to findings in the general
population of postmenopausal women.117,118

Among 860 breast cancer survivors surveyed by Ganz 
and colleagues at an average of 3 years post-diagnosis, 55%
reported problems with hot flashes, a higher rate than
expected from similar studies in healthy postmenopausal
non-users of HRT.119 Women who are premenopausal at breast
cancer diagnosis and become menopausal because of cancer
treatment are at highest risk to have hot flashes.119–121

Although women taking tamoxifen experience hot flashes,
they decrease after therapy ceases if women resume
menses.122,123 When adjuvant chemotherapy causes perma-
nent menopause, however, hot flashes, vaginal dryness, 
and decreased quality of life persist even at long-term 
follow-up.122,124

Menopause Symptoms After 
Other Malignancies

Very little information is available on the prevalence and
severity of menopausal symptoms in young women treated
for other malignancies with chemotherapy or pelvic radiation
that causes ovarian failure, although hot flashes and vaginal
dryness are classic symptoms in women who become
menopausal after treatment for gynecological cancer125,126 or
after intensive chemotherapy for hematological malignan-
cies.127 Women whose tumors are not hormone-sensitive may
be less reluctant than breast cancer survivors to use estrogen
replacement,127 although publicity about the results of the
Women’s Health Initiative128 has many women questioning
the benefits of estrogen to manage all but the most short-term
menopausal symptoms.

Hot Flashes in Male Cancer Survivors

A final group of cancer survivors at risk for menopausal symp-
toms are men who have androgen ablation to treat prostate
cancer or take hormonal therapy for male breast cancer.
Whether prostate cancer treatment involves orchiectomy or
administration of a gonadotropin-releasing-hormone (GnRH)
agonist, half to three-quarters of men report troublesome hot
flashes.129 As in the literature on menopausal women, there
is not convincing evidence that androgen ablation increases
depression in men, although sexual dysfunction is quite
common.129 Although in the year 2002, 189,000 new cases 
of prostate cancer were expected compared to only 1,500 
men diagnosed with breast cancer,130 the symptoms of 
hot flashes and sexual dysfunction are also common 
when men are treated with tamoxifen for advanced breast
malignancies.131

Managing Menopausal Symptoms in 
Cancer Survivors

A variety of treatments are available for menopausal symp-
toms, ranging from relaxation treatment to antidepressant
medication or hormonal replacement therapy. Only a few
have been validated in double-blind randomized trials, a
crucial design given the large and enduring placebo effect
observed when breast cancer survivors are presented with 
a credible treatment for hot flashes.132 Most intervention
studies have used breast cancer survivors, the principal group
at risk because of their concern about using estrogen replace-
ment and their high rates of hot flashes. Men on hormonal
therapy for prostate cancer have been another target group.

Estrogen Replacement for Hot Flashes

Estrogen replacement has consistently been shown to reduce
hot flashes in 80% to 90% of postmenopausal women.132 Nev-
ertheless, an estimated 56% of all American women on HRT
tried to stop within the first 8 months after publication of the
Women’s Health Initiative findings.133 This randomized trial
not only failed to confirm health benefits of HRT128 but
showed that HRT increases the risk of breast cancer.

The literature on using estrogen replacement after treat-
ment for breast cancer also showed clear benefits in alleviat-
ing menopausal symptoms.134–136 Case control studies failed
to find an impact on survivors’ cancer recurrence or decreased
survival,134,135,137–143 including a meta-analysis comparing 717
breast cancer survivors using some form of HRT to 2,545
nonusers. The relative risk of recurrence for women on HRT
was 0.72 (95% confidence interval 0.47–1.10).144 The relative
risk of death for women on HRT after breast cancer was 0.18
(95% confidence interval, 0.10–0.31).

The first randomized trial145 to be conducted confirmed
these results, but included only 56 women in the estrogen-
treated group. Women who agree to participate in such a trial
may be a very select sample, since most survivors of breast
cancer are highly anxious about the risks of taking estro-
gen.145,146 More recently, the HABITS trial of the safety of
hormone replacement therapy after breast cancer was stopped
after 345 women had been followed for a median of about 2
years. An excess of new breast cancer events showed up in
the hormone-treated group.147

One alternative hormonal therapy for hot flashes is to 
use progestins alone. Depomedroxyprogesterone acetate was
effective in reducing hot flashes in a randomized clinical trial
of breast and prostate survivors, and 45% continued using the
medication for up to three years, despite some side effects.148

Nonhormonal Therapies for Hot Flashes

Trials of nonhormonal approaches to treating hot flashes are
summarized in Table 90.2, with a focus on trials that include
cancer survivors. Newer antidepressants appear to be the
most promising nonhormonal therapy for both breast and
prostate cancer survivors with hot flashes, producing greater
relief and fewer side effects than older treatments such 
as progestins, clonidine, or bellergal.132 Some other widely
touted remedies such as isoflavones, black cohosh, and 
magnetic therapy have proved disappointing when tested in
placebo-controlled trials.153–155,158,159
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Given the magnitude of the placebo effect, promising
results using herbal remedies or acupuncture must be 
confirmed with randomized, placebo-controlled trials. For
example, acupuncture using clinically recommended points
could be tested against acupuncture using sites judged inac-
tive according to traditional Chinese medicine. The duration
of therapies tested has also been quite short, particularly
given the stubborn nature of hot flashes in breast and prostate
cancer survivors. Since some studies focused on cancer sur-
vivors with severe symptoms while others used unselected
samples, the efficacy of various treatments cannot be directly
compared. Although not yet tested in cancer survivors, behav-
ioral modalities such as relaxation training132,161 and engaging
in regular aerobic exercise162 show promise in decreasing hot

flashes in postmenopausal women unselected for cancer
history.

One small, randomized trial has examined the efficacy of
a brief, nursing intervention in reducing menopausal symp-
toms in 76 postmenopausal breast cancer survivors chosen
because they had at least one severe problem of hot flashes,
vaginal dryness, or urinary stress incontinence.163 Women
were randomized to receive usual care or to have a special
session with a nurse practitioner to assess symptoms and
apply treatment algorithms such as prescribing medication or
advising on the use of vaginal lubricants and moisturizers.
Telephone follow-up calls were included. All three target
symptoms improved in the treated group compared to the
usual care group. This type of inexpensive, brief intervention
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TABLE 90.2. Trials of Nonhormonal Therapies for Hot Flashes.

Average
No. of Type of length of

Reference Year Type of trial patients treatment Type of patients follow-up Impact on hot flashes

Pandya et al.149 2000 Randomized, 194 Oral clonidine, Postmenopausal 12 weeks 38% reduction on 
double-blind trial 0.1mg./day women on tamoxifen clonidine vs. 24% on

for breast cancer placebo
Stearns et al.150 2003 Randomized, 165 Paroxetine, 12.5 Postmenopausal 6 weeks 62% reduction on 

double-blind trial or 25.0mg./day women without active 12.5-mg./day and 
cancer or cancer 65% on 25.0mg./day
treatment

Loprinzi et al.151 2000 Randomized, 191 Venlaxafine, Breast cancer 4 weeks 37% reduction on 
double-blind trial 75mg./day or survivors or women 75mg./day, 49% on 

150mg/day scared to use HRT 150mg./day and 27% 
on placebo

Quella et al.152 1999 Pilot trial 16 Venlaxafine, Prostate cancer 4 weeks 54% reduction in hot
25mg./day patients on androgen flashes

ablation with hot
flashes

Quella et al.153 2000 Randomized, 149 50mg. soy Breast cancer 9 weeks 24% of women had 
double-blind trial isoflavone/day survivors with severe 50% reduction on 

hot flashes soy, 36% on placebo
Tice et al.154 2003 Randomized, 246 57mg. or 82mg. Recently 12 weeks No significant group

double-blind trial of postmenopausal with differences
isoflavone/day severe hot flashes

Nikander et 2003 Randomized, 62 114mg.isoflavone/ Postmenopausal breast 12 weeks No significant group
al.155 double-blind trial day cancer survivors with differences

hot flashes
Muñoz et al.156 2003 Random, open- 136 20mg. Premenopausal breast 52 weeks Treatment group 

label trial Cimicifuga cancer survivors on improved significantly 
racemosa tamoxifen more than usual care 

group in number and 
frequency of hot 
flashes

Wuttke et al.157 2003 Randomized, 62 40mg. Postmenopausal 13 weeks Herbal preparation and
double-blind Cimicifuga women estrogen gave equal
placebo-controlled racemosa vs. 6mg. symptom relief and 

conjugated both were better than 
estrogens vs. placebo
placebo

Jacobson et al.158 2001 Randomized 69 Black cohosh Breast cancer 8 weeks No significant group
placebo-controlled, survivors who had differences
stratified on completed primary
tamoxifen use treatment

Carpenter et al.159 2002 Randomized, 11 Magnetic device Breast cancer 3 days Placebo group 
placebo-controlled survivors improved more than 
crossover study magnet group

Porzio et al.160 2002 Pilot trial 15 Acupuncture Breast cancer patients 26 weeks Emotional distress and 
on tamoxifen hot flashes decreased

significantly



should be replicated, and then tested in further studies to
evaluate its effectiveness and dissemination into a variety of
health care settings.

Risk Factors for Cancer-Related 
Sexual Dysfunction

To understand the prevalence of sexual dysfunction after
cancer, it is important to realize how common these prob-
lems are in otherwise healthy adults.

Prevalence of Sexual Dysfunction in the 
General Population

The National Health and Social Life Survey (NHSLS) con-
ducted in1992 still provides the best estimates of the preva-
lence of sexual problems in American adults 18 to 59, because
the researchers used probability sampling and achieved a high
response rate (79%).107,164 Thirty-one percent of men and 43%
of women had experienced a sexual dysfunction in the past
year. Factors associated with sexual problems included poor
physical and mental health, aging, past sexual trauma, and
relationship satisfaction.

More recently, the Pfizer Global Study of Sexual Attitudes
and Behaviors has used similar interview techniques to
sample over 26,000 men and women aged 40 to 80 in 28 coun-
tries around the world. Although response rates were much
lower than in the NHSLS, the sheer volume of data is impres-
sive. Again, one-third to one-half of men and women reported
having sexual dysfunctions during the past year.165 In the data
subsets from the United States, Canada, Australia and New
Zealand, lack of sexual desire was the most frequent female
problem (29%) whereas premature ejaculation was the most
common male dysfunction (26%)166 Overall, women were
twice as likely as men to experience difficulty with sexual
desire, experiencing pleasure, and reaching orgasm. Most
large surveys agree that erectile dysfunction (ED) increases
dramatically with age and cardiovascular risk factors in 
men, so that by age 70, about half of men experience it.167–168

In contrast, sexual problems in sexually active women 
(other than vaginal dryness) do not increase consistently 
with age or ill health.107,166 Elderly women are more likely
than men of the same age to be without a sexual partner,
however.169

Risk Factors for Sexual Dysfunction After Cancer

Within groups of cancer survivors, sexual dysfunction is
usually related to the impact of cancer treatment, rather than
being a function of the cancer itself, with a few notable excep-
tions. Prostate cancer that is locally advanced may damage
nerves essential for erection.170 Women with gynecological
cancer, especially cancer of the cervix, vagina, or vulva, may
experience pain and bleeding with sexual activity as a pre-
senting symptom of their malignancy.171 Cancer survivors
most at risk for treatment-related sexual dysfunction are
those with pelvic tumors and/or those whose treatments
damage the hormonal systems mediating sexual desire and
pleasure.

Psychosocial factors are also crucial. The risk of sexual
dysfunction for any individual cancer survivor is heightened

by overall emotional distress, relationship conflict, and
having a partner who is sexually dysfunctional. It is also
important to remember that medications used to treat depres-
sion, anxiety, pain, and nausea during and after cancer treat-
ment frequently have sexual side effects.167–169

Treatment-Related Sexual Problems in Men

Men treated for prostate cancer are the group at highest risk
for sexual dysfunction. In a prospective study of 31,742 non-
physician health professionals aged 53 to 90, rates of ED for
the 2,109 men who had been diagnosed with prostate cancer
were 10 to 15 times higher than for men of comparable age.168

Despite attempts to modify surgery or radiation therapy for
prostate cancer to spare sexual function, recent large cohort
studies suggest that 75% to 85% of men treated for localized
disease have long-term problems with ED.172–175 Rates of ED
are similar after radical cystectomy176 but somewhat lower
with treatment for colorectal cancer.177 Men on hormonal
therapy for advanced prostate cancer have even more severe
sexual dysfunction because of the impact of androgen abla-
tion on sexual desire and arousability.129,175

Men treated for testicular cancer are often assumed to be
at increased risk for sexual problems. Two extensive recent
reviews of the literature on this topic concur that few studies
of high quality are available.178,179 Nevertheless, both reviews
conclude that the only clear sexual morbidity of treatment
for testicular cancer is the interference of retroperitoneal node
dissection with antegrade ejaculation. When the lymph nodes
are fully dissected along the bifurcation of the aorta, nerves
are disrupted that control the smooth muscle contractions of
the prostate and seminal vesicles during the emission phase
of male orgasm. The result is that men experience the 
pleasure of orgasm, but with no expulsion of semen. Most
retroperitoneal lymphadenectomies now spare crucial nerves
by limiting the dissection, preserving normal ejaculation of
semen in 75% to 90% of patients.180,181

Prospective data on sexual function from a very recent
Norwegian randomized trial of chemotherapy for 666 men
with metastatic germ cell tumors found that sexual problems
rose somewhat 3 months after treatment began, but by 2-year
follow-up had subsided to normal levels.182 The quality of the
sexual relationship with a partner had also not suffered. In
the longer term, however, testicular cancer survivors who had
higher doses of external beam radiation therapy may have an
increased risk of ED with aging178 because of the potential for
reduced blood flow in an irradiated pelvic vascular bed.

Higher than expected rates of sexual dysfunction have
been reported in longer-term survivors of renal cell carci-
noma183 and bone marrow transplantation.184 Low-normal to
frankly low levels of testosterone are common in young men
treated with high-dose chemotherapy for lymphoma or
Hodgkin’s Disease, which could be a factor in loss of sexual
interest and arousal.29

Treatment-Related Sexual Problems in Women

Breast cancer is often assumed to be the site most associated
with female sexual dysfunction. Although sexual problems
are present in about half of long-term survivors of breast
cancer, rates are comparable to those in age-matched women
who have not had cancer.119 Frequency of sexual activity is
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also similar to that of community-dwelling women of similar
age.119,123,185 Premenopausal women whose chemotherapy
results in ovarian failure cancer do have unusually high rates
of sexual dysfunction, however,119,123,186 including a long-term
loss of desire for sex, increased vaginal dryness, and dyspare-
unia. In a sample of 153 women interviewed 20 years after
having chemotherapy for premenopausal breast cancer, 29%
attributed current sexual problems to past cancer treat-
ment.187 In contrast to chemotherapy, tamoxifen is not asso-
ciated with decreased desire for sex or impaired lubrication
with sexual arousal.119,186–188 Breast loss is not a crucial factor
in these problems, contrary to conventional wisdom. Com-
parisons of women after various breast surgeries have been
highly consistent in showing that breast conservation and
reconstruction are not superior to mastectomy in preserving
women’s sexual function or satisfaction.119,123,188,189

Indeed, young women treated for leukemia or Hodgkin’s
disease are as likely as breast cancer survivors to report sexual
dysfunction.187 About a quarter to a third of women have
sexual dysfunction after treatment for hematological malig-
nancies. Although both psychosocial trauma and ovarian
failure can contribute to their sexual problems,190,191 in at least
one, small randomized trial, a less gonadotoxic chemother-
apy was not superior in sparing sexual function.192

A gender difference in sexual function seen both in unse-
lected, healthy women193 and in cancer survivors119,194 is that
women’s sexual satisfaction is not tightly linked to physical
functioning like men’s, but rather to overall well-being and
the quality of intimacy and affection with the sexual partner.
For example, in women treated for vulvar cancer, the extent
of the tissue excised is less important than relationship 
happiness in predicting sexual satisfaction.194 Among breast
cancer survivors, those who had found new partners after
their cancer treatment had the happiest sex lives.119

Nevertheless, it is clear that treatment for gynecological
malignancies, including cancer of the cervix, vulva, or uterus,
does increase the prevalence of sexual dysfunction beyond
that seen in healthy, community-dwelling peers, particularly
rates of vaginal dryness and pain with sexual activity.195 In
women treated for localized cervical cancer, pelvic radiation
therapy has a more negative impact than radical hysterec-
tomy in reducing vaginal lubrication and expansion with
sexual arousal, as seen in two small, but carefully monitored,
prospective studies.196,197 The literature on hysterectomy for
benign disease also demonstrates no detriment of surgery to
sexual function, even when the cervix is removed, as long as
the woman’s hormonal status remains unchanged.198,199 The
risk of painful sex and loss of erotic pleasure increases when
bilateral oophorectomy is included, or if pelvic surgery affects
vaginal caliber or depth, as in abdomino-perineal resection,177

radical cystectomy,200 or total pelvic exenteration.201

Management of Sexual Symptoms in 
Cancer Survivors

Despite increased attention in the past 20 years to sexual dys-
function as a consequence of cancer treatment, pitifully little
progress has been made in developing cost-effective treatment
programs to alleviate these symptoms. The entire field of
behavior therapy for sexual dysfunction has seen scant inno-
vation in techniques or new outcome research since the

1970s.202 Although standard sex therapy programs have been
modified for cancer patients,203 prospective studies of efficacy
are lacking.

In 1987 we published a retrospective chart review of
detailed clinical notes on consultations in a sexual rehabili-
tation program within a cancer center over a 4-year period.203

Out of 384 individuals or couples, 73% were seen only once
or twice. Of the index patients seen, 308 were men and 76
were women. Male cancer patients were older, and were more
likely to include a partner in their visits (56%) than were the
women (28%). Seventy-nine percent of the patients had pelvic
malignancies, but this probably reflected referral bias, since
the program was located within a urology department and
also had strong ties to gynecology. According to their retro-
spective reports, the prevalence of sexual dysfunctions had
increased after cancer treatment in the index patients, but not
in their partners. Most men sought help for ED whereas
women typically had a combination of loss of desire and
vaginal dryness/dyspareunia.

About half of patients were seen prior to or during cancer
treatment, and half were first evaluated after treatment had
been completed. Follow-up data on outcome were available
for only 118 cases. The therapist rating of improvement was
“somewhat to much better” for 63% of this group. Factors
correlated with better outcome included having more 
counseling sessions, younger age, absence of depression, and
absence of marital conflict.

Prospective clinical trials of sex therapy for specific types
of sexual dysfunctions after cancer, using standardized
outcome measures, should have followed this report. They
are strikingly absent from the literature, however. The major-
ity of people with sexual dysfunction after cancer never seek
professional help. In the Pfizer Global Study of Sexuality, less
than 20% of men or women unselected for health who had
sexual problems consulted a physician about them, although
roughly half discussed the problem with a partner, friend, or
family member.204

Physicians are often urged to initiate discussions of sexu-
ality with all patients, but an analysis of data from the same
survey on 5,250 men aged 40 to 80 from 7 countries in Europe
revealed that less than 7% had a physician who initiated an
assessment of sexual function in the past year, although the
majority of men believed such dialogues should be routine.205

Medical schools in North America only devote an average of
3 to 10 hours to sexuality in the entire 4-year curriculum,206

so that a physician who wants to counsel patients on sexual
rehabilitation must be essentially self-taught. Qualitative
interviews of nurses and physicians on an ovarian cancer
treatment unit in England confirmed that less than a quarter
ever discussed sexuality with patients,207 despite knowing
that sexual problems were prevalent.

We will discuss evidence-based management of sexual
problems after cancer using the minimal empirical evidence
that exists in the literature on treatment of dysfunctions in
men and women unselected for health, and in the literature
on sexual rehabilitation after cancer.

Modifying Cancer Treatment to Spare Male 
Sexual Function

One approach to managing cancer-related sexual dysfunc-
tion is to modify cancer treatment to prevent damage to 

reproductive  complications  and sexual  dysfunction in  the  cancer patient 1 5 8 9



hormonal, vascular, or neurologic systems needed for a
healthy sexual response.

In men, hormonal therapy for advanced prostate cancer
results in a profound loss of desire for sex, as well as erectile
dysfunction and difficulty reaching orgasm.175,208,209 Tactics to
avoid this morbidity have included delaying treatment in
asymptomatic men, using intermittent hormonal therapy to
keep prostate specific antigen (PSA) values close to zero while
allowing improved sexual function during intervals off 
treatment, or prescribing an androgen-blocker such as bica-
lutamide either alone or in combination with finasteride.
Unfortunately, delayed treatment may compromise ultimate
survival time,210 and both androgen production and sexual
function appear to be permanently impaired by a period of
months on androgen ablation.175,211 Bicalutamide is more
promising, but considerable sexual morbidity still occurs.212

Perhaps the best-validated attempt to preserve sexual
function after cancer is the nerve-sparing modification of
radical prostatectomy, cystectomy, and colorectal cancer
surgery.213 Although avoiding damage to the nerves near the
prostate and posterior urethra helps preserve penile hemody-
namics and erection in some men, up to 80% do not recover
erections firm enough to allow vaginal penetration on most
attempts.172–175,214 Success depends on the skill of the surgeon,
the ability to spare nerves bilaterally, and younger patient age.
Although nerve-sparing may not restore normal erections, 
it does increase the percentage of men who can effectively 
use oral medications such as sildenafil.175,214 Similarly, using
brachytherapy instead of external beam irradiation to treat
localized prostate cancers is only slightly more successful in
preserving erectile function.175,215

Modifying cancer surgery to conserve or reconstruct
pelvic organs does appear superior in terms of impact on 
sexuality. For example, conserving the bladder by using a 
combination of transurethral resection, chemotherapy, and
radiation leaves men with better sexual function compared to
radical cystectomy.216 Procedures to reconstruct a continent,
internal urinary pouch combined with nerve-sparing also
appear to result in better sex lives for men compared to the
traditional, radical cystectomy with ileal conduit.217,218

Modifying Cancer Treatment to Spare Female
Sexual Function

In women, the main approaches that spare hormonal func-
tion are aimed at fertility, i.e. the conservative surgical
approaches to gynecologic cancers.66,71–74 The sexual conse-
quences of such modifications have not been examined. Like-
wise, researchers have not studied the sexual impact of efforts
to spare ovarian function by using ovarian transposition prior
to radiation therapy, or GnRH agonists during chemotherapy.

In contrast to results after radical cystectomy, women
who have orthotopic bladder reconstruction with pre-
servation of the anterior vaginal wall do not report sexual 
dysfunction.176,219 Surgery for colorectal cancer that avoids
creation of an ostomy also results in better quality of life 
and sexual satisfaction.220 Despite some controversy about
the value of vaginal reconstruction after total pelvic exenter-
ation for cervical cancer, the majority of women stay 
sexually active with their neovagina201 and the use of myocu-
taneous flaps helps fill in the surgical defect and promotes
healing.

Unfortunately, these reports focus on small series of
highly selected patients treated at academic centers. It would
be virtually impossible to conduct randomized trials of more
vs. less radical surgical procedures, keeping patient age, edu-
cation, socioeconomic status, and tumor variables equal
between groups. Yet, when several randomized trials did
compare mastectomy to breast conservation, researchers
were surprised to find that neither sexual variables nor
quality of life differed according to the extent of breast
surgery.119,188

Treatment of Desire Disorders

Loss of desire for sex is one of the most common sexual 
problems seen in both male and female cancer survivors. 
The efficacy of androgen in alleviating these problems is con-
troversial. Decreased androgen levels are an important factor
in men on androgen ablation, some men treated for testicu-
lar cancer, or men who have sustained gonadal damage from
high-dose chemotherapy.221 Ovarian failure in women and
chronic use of opioid therapy222 in both genders also can
reduce circulating androgens and sexual desire.

Unfortunately, androgen replacement therapy remains
more of an art than a science. In young men who are clearly
hypogonadal, testosterone replacement restores sexual moti-
vation and pleasure.223,224 Only two double-blinded, random-
ized, placebo-controlled trials of the newer testosterone gel 
or patch formulations have been published, however, with
contrasting outcomes.225,226 Androgens were administered to
hypogonadal men unselected for cancer history. The study
showing no benefit focused on men over age 65 with testos-
terone in low-normal range.225 Men in the more successful
trial were more hypogonadal.226

In men, loss of desire for sex is often linked to frustration
and low self-esteem when erectile function is impaired.175

One research group has had success in treating ED by com-
bining testosterone with sildenafil for men with low cir-
culating androgen levels.227 The same strategy was helpful to
eight severely hypogonadal men who had testicular failure
after bone marrow transplant.221 Whereas testosterone
replacement is a viable option for young , hypogonadal, cancer
survivors, men treated for prostate cancer are obviously not
candidates. Although elevated luteinizing hormone levels
combined with low-normal testosterone levels are common
in young men after high-dose chemotherapy, a recent trial of
the testosterone patch in 35 such survivors failed to docu-
ment positive changes in mood or sexual function.228

Loss of desire for sex is common after systemic treatment
for breast cancer,119,124,188 As reviewed in the previous section
of this chapter, there is reasonable evidence for the safety of
short-term estrogen replacement in breast cancer survivors,
but no studies have examined the impact of androgen replace-
ment in this population, despite suggestions that such treat-
ment might improve women’s sexual function.229 Yet, high
androgen levels are clearly associated with breast cancer 
risk in postmenopausal women, and have also been observed
post-diagnosis.230

In fact, the level of androgens needed to maintain normal
sexual function in women, particularly after menopause, 
is unknown.231 Several methodologically sound studies have
not found any correlation between endogenous androgen
levels and sexual function in naturally postmenopausal
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women.232–234 The only randomized, placebo-controlled trials
that have shown a sexual benefit of testosterone replacement
in women have studied surgically menopausal women and
have raised testosterone above the normal physiological
level.235–237 No published trials of testosterone replacement
have focused on female cancer survivors, although studies of
safety and efficacy would be appropriate in women in ovarian
failure after treatment for tumors that are not hormone 
sensitive. However, female survivors of Hodgkin’s disease
exposed to radiation would be poor candidates because of
their already elevated risk of breast cancer, which appears to
be potentiated by ovarian hormones.238

In the future, selective androgen receptor modifiers may
provide a safer modality to treat desire problems in women
with abnormally low testosterone. A recent randomized,
double-blind cross-over trial of tibolone vs. placebo in 44 post-
menopausal women who did not have sexual complaints
found in a laboratory paradigm that women taking tibolone
had increased sexual desire, fantasies, and arousability, 
as well as improved vaginal lubrication.239 Unfortunately,
tibolone also appears to increase the risk of breast cancer in
postmenopausal women.240

Loss of sexual desire after cancer treatment is often 
multifactorial, rather than a purely hormonal problem, 
particularly in women. Risk factors can include lingering
post-treatment fatigue, pain, or nausea; perceiving oneself as
less attractive after cancer; loss of sexual pleasure because of
changes in skin sensitivity or genital blood flow; dreading 
sex because of dyspareunia; medication side effects; mild
depression; and relationship conflict exacerbated by cancer
treatment. Empirical studies suggest that sexual desire and
arousability are linked in women, not only with each other,
but with chronic mood disorders, low self-esteem, and guilt
about sexuality.241 Andersen developed a questionnaire to
measure negative sexual self-image and found women’s scores
correlated with failure to resume sex comfortably after 
gynecological cancer.242 Treating low desire in women may
involve cognitive-behavioral psychotherapeutic interventions
rather than a simple, pharmaceutical approach. Such treat-
ment programs should also be evaluated in randomized, con-
trolled trials.243,244

Treatment of Erectile Dysfunction (ED) 
After Cancer

Most efforts at sexual rehabilitation for men after cancer have
had the goal of mechanically restoring erectile rigidity.
Despite the revolution in treating ED in the past 20 years,
yielding not only the various types of penile prosthesis, med-
ications to inject into the penis, vacuum devices, urethral
suppositories, and more recently several oral prostaglandin
E5-inhibiting drugs (PDE5-inibitors), the majority of men who
seek help for ED are not satisfied in the long term. In three
studies of outcome in impotence clinics where men were 
not selected for health or the etiology of their ED, only 30%
to 40% of men were sexually active and considered their
problem resolved by one to five years after their initial 
evaluation despite trying a mean of two treatment 
modalities.245–247

Men prefer noninvasive, “natural” therapies, such as oral
medication, and often will not try more invasive treatments
for ED if PDE-5 inhibitors do not restore reliable, firm erec-

tions. Men’s adherence even to taking a pill is limited. In two
case series of men prescribed sildenafil for ED of varied eti-
ology, over half were no longer taking it by 2-year follow-
up.248,249 In a cohort of 197 consecutive patients, the most
significant correlate of discontinuing sildenafil was a history
of radical prostatectomy, primarily because the drug was less
effective for these men.249 Only 56% of the men who stopped
using sildenafil tried a second treatment.

The importance of encouraging men who fail a first-line
treatment to try a more invasive method is reinforced by 
data from 89 men with ED prospectively followed over 12
months.250 Men tried an average of two treatments for ED,
and those who found an effective medical treatment for ED
reported better quality of life and less emotional distress
about ED. Prostate cancer survivors were more likely to
report trying more than one ED treatment.

In our own retrospective cohort study of men in the
prostate cancer registry at the Cleveland Clinic Foundation,
half of consecutive men surveyed filled out questionnaires.214

At an average of 4.5 years after cancer treatment, 59% of
1,188 respondents with ED had tried at least one treatment
for it. Only 38% of men found a medical treatment that 
was at least somewhat helpful in improving their sex lives,
however, and just 30% of respondents were still using an ED
treatment at the time of the survey. Seventy-nine percent of
men had stopped using intraurethral prostaglandin supposi-
tories, 66% no longer used penile injections, 61% stopped
taking sildenafil, 59% discarded a vacuum erection device,
and 19% no longer had sex with their implanted penile pros-
thesis. The most important factor in men continuing to use
a treatment for ED was that it worked effectively. As in the
case series above, men who tried a greater number of treat-
ments were more likely to have positive scores on the Inter-
national Index of Erectile Function.

A man’s motivation to progress from taking a pill to trying
a more invasive therapy may be a particularly important
factor in the ultimate success of sexual rehabilitation. Penile
injection therapy is one of the most effective treatments 
for men after prostate cancer.214,250 Other correlates of a good
sexual outcome in our survey included younger age, having a
sexual partner who still enjoyed sex, having a cancer treat-
ment that was more likely to spare some erectile function
(e.g. bilateral nerve-sparing prostatectomy or brachytherapy),
and no historical or current use of anti-androgen therapy.175,214

Surgeons who perform radical prostatectomy frequently
encourage men to begin attempts within 6 weeks to get an
erection through use of penile injections, a vacuum device, or
a PDE5-inhibitor.251 The theory is that regular increases of
blood circulating to the penis will oxygenate the tissues of
the cavernous bodies, preventing fibrosis and atrophy and
enhancing the chance of nerve regeneration. This popular
theory is based on one very small randomized trial using early
penile injection therapy after prostatectomy, published in
1997.252 Despite a number of attempts to replicate the results
using oral medication or vacuum devices, no other peer-
reviewed randomized trial has been published

Treating Female Sexual Arousal Disorder (FSAD)

Men can observe their erections, but women are often
unaware of vaginal expansion and lubrication, and subjective
ratings of sexual arousal do not always correlate well with
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physiological measures.253 When women complain of poor
sexual arousability after cancer, they typically report a loss of
desire for sex, along with a lack of subjective excitement and
symptoms of vaginal dryness and tightness. Ovarian failure
is a frequent medical factor.

In recent years, researchers testing pharmacological treat-
ments for women’s sexual problems have created the “diag-
nosis” of female sexual arousal disorder (FSAD), an isolated
sexual complaint characterized by lack of genital vasocon-
gestion. Nine randomized, placebo-controlled trials of 
therapies for FSAD in postmenopausal women have been 
published, including those reviewed above on androgen
replacement.254–257 None focus on cancer populations. Two
randomized, placebo-controlled clinical trials of sildenafil 
for FSAD have not produced convincing results on its effi-
cacy,255,258 and Pfizer no longer intends to seek approval of the
drug for women.259 Another trial examined the efficacy of
alprostadil cream applied to the vulva before intercourse. This
is the same medication most commonly used in penile injec-
tion therapy, but no significant impact on female sexual 
function was observed.256 The remaining trial compared a 
proprietary vulvar herbal lotion to placebo oil.257 Only 20
women participated. The outcome measure was a sexual
diary created for the study, which was conducted by the
company marketing the lotion.

Thinking that FSAD might be caused by inadequate blood
flow to the clitoris, researchers created a special vacuum
device, the Eros, to increase clitoral engorgement.260 In a
sample of 19 women, use of the Eros over 6 weeks signifi-
cantly increased reports of erotic sensation, lubrication,
ability to reach orgasm, and overall sexual satisfaction,
regardless of whether a woman had sexual dysfunction at
baseline. The device has received FDA approval and has been
shown to increase genital engorgement on repeated use.261

Women’s subjective pleasure as well as objective changes
in genital blood flow should be measured in a randomized
trial comparing the Eros device to a handheld vibrator, or even
to a woman’s own manual self-stimulation. Although a
placebo-controlled trial may not be possible, these two other
conditions would presumably also induce sexual arousal and
increased genital blood flow, as well as giving the woman
tacit permission to enjoy genital stimulation. It is possible
that these are the active components of the Eros intervention,
rather than the vacuum-induced clitoral vasocongestion.

Managing Sexual Pain After Cancer Treatment

For women, pain with sexual activity is one of the most 
frequent problems after cancer treatment. Postmenopausal
vaginal atrophy is frequently the cause. As noted in the pre-
vious section on managing menopausal symptoms, systemic
or local estrogen replacement is highly effective in reversing
vaginal atrophy as well as decreasing hot flashes. Although
many female cancer survivors have concerns about using sys-
temic estrogen, new forms of topical estrogen may be safer
options.

The Estring® is a vaginal ring delivering a low dose of
estradiol time-released over three months. It is effective in
reversing vaginal atrophy with little impact on plasma estro-
gen levels.262–264 In the dosage that would be used in breast
cancer survivors, the Estring® may not reduce hot flashes but
has been shown in randomized, placebo-controlled trials to

reduce urinary incontinence in about 50% of women.264 A
higher dose could be used in women who had not had a
history of hormone-sensitive tumors. Women prefer the
Estring® to vaginal suppositories265 or creams. Many can
insert the Estring® themselves but others may need a medical
visit to replace the ring. Women with significant vaginal pro-
lapse may not be able to tolerate the ring. Another form of
vaginal estrogen replacement that is superior to estrogen
cream in patient acceptance and does not elevate plasma
estradiol is the Vagifem® suppository266 which contains
17beta-estradiol.

Trials of these localized estrogen therapies should be con-
ducted specifically in cancer survivors. One goal would be to
ascertain the safety of long-term use in women prematurely
menopausal after breast cancer. Another would be to test effi-
cacy in women whose vaginal atrophy is not just the result
of estrogen deficiency, but is complicated by tissue damage
from pelvic radiotherapy267 or post-transplant graft vs. host
disease.268 These women are particularly vulnerable to dys-
pareunia. Recently a case report has described successful
treatment of vaginal agglutination after allogeneic bone
marrow transplant, using a combination of surgical dissection
of adhesions, estrogen cream, and vaginal dilation.269

Although regular vaginal stretching by intercourse or use
of a dilator has been assumed to prevent loss of depth and
caliber after pelvic radiation therapy, remarkably little evi-
dence exists to demonstrate this effect. A recent Cochrane
Library review of interventions for female sexual dysfunction
after pelvic radiotherapy270 found only two references on dila-
tors. Both were retrospective case series, although they pre-
sented evidence that dilators could help maintain or restore
vaginal patency. The most recent reference was published in
1999. Furthermore, most women are probably not adherent
with the classic recommendation to have sexual intercourse
or use a dilator three times weekly. In one small study, 32
cervical cancer survivors were randomized to one session of
counseling plus a booklet on sex and cancer, or to a 3-hour
psychoeducational group designed to increase adherence to
vaginal dilation.271 Group participation increased the per-
centage of women under age 41 who met the criterion of
dilator/intercourse use from 6% to 44%. About half of the
older women met the criterion, whether they were in the
intervention or control group. For all women, rates of dilation
decreased over the year of the study. Since the fibrosis after
radiation therapy continues to progress for several years,267

long-term adherence to vaginal stretching would be necessary
to ensure continued ability to enjoy sexual intercourse and to
allow adequate pelvic examinations—assuming that vaginal
stretching is indeed physiologically effective.

Perhaps the simplest and most conservative intervention
for dyspareunia after cancer is instruction on the use of water-
based lubricants during sexual activity. Yet, the only study
that evaluates the outcome of giving advice on lubricants is
Ganz’ nursing intervention, which did reduce vaginal pain
and dryness.163 This trial and several others also included the
use of Replens®, a polycarbophil-based vaginal moisturizer
that adheres to the vaginal mucosa and is designed to be used
three times weekly, independent of any sexual activity. One
double-blind, crossover, randomized clinical trial compared 4
weeks of Replens® to a “placebo” water-based lubricant272 in
45 postmenopausal breast cancer survivors. Although both
preparations relieved vaginal dryness, Replens® was signifi-
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cantly more effective in reducing dyspareunia scores. In two
open-label studies of women unselected for cancer history,
Replens® was just as effective as estrogen cream in treating
vaginal atrophy and dyspareunia.273,274

In women with chronic pelvic pain and dyspareunia 
unrelated to a history of cancer treatment, successful 
comprehensive treatment programs have combined sexual
counseling with specific biofeedback and physical therapy
modalities designed to increase awareness of and control over
muscle tension in the pelvic floor.275 Trials applying these tech-
niques are needed with women who have dyspareunia related
to surgical adhesions or anatomic changes, radiation damage
to the vagina, or vaginal complications of graft vs. host disease.

Similar treatments have been helpful in a pilot study of
men with chronic pelvic pain.276 Pelvic pain has been reported
to be more common than usual after treatment for testicular
cancer277 or after radical prostatectomy.175,278 This type of pain
is very recalcitrant to treatment and may include aching 
in the testes or groin, and/or urethral pain exacerbated by 
urination or ejaculation. Non-steroidal anti-inflammatory or
alpha-blocking drugs, low-dose antidepressants, and nerve
blocks are occasionally helpful, but more extreme surgical
procedures do not produce results that justify routine use.279

Randomized trials of treatments for male pelvic pain have not
been published.

Table 90.3 presents treatment algorithms for the most
common reproductive symptoms seen in cancer survivors:
hot flashes, loss of sexual desire, erectile dysfunction, and
vaginal dryness/dyspareunia. The first level of intervention
involves giving patient education materials in written, video,
or interactive computerized format. If more help is needed,
brief counseling can be provided either by a trained peer coun-
selor or by a member of the oncology team, such as a nurse
clinician or social worker. At the third level, a health care
provider specialist is consulted. Many brief counseling inter-
ventions can be found in a self-help format280 and algorithms
for treating ED are also available.281

Conclusions

Reproductive health problems, including sexual dysfunction,
menopausal symptoms, and infertility are common, long-
term consequences of cancer treatment for both men and
women. Until targeted cancer therapies are more common,
systemic chemotherapy is likely to entail considerable
gonadal toxicity. Efforts to modify pelvic surgery and radia-
tion therapy to spare the reproductive system are ongoing, but
remain limited in applicability and efficacy. Because sexual-
ity and childbearing are such sensitive issues, psychosocial
counseling and education may increase the efficacy of purely
physiological interventions As this review highlights, very
little evidence-based knowledge is available to guide oncol-
ogy clinicians in remediating reproductive health issues. For
many problems, pilot studies of efficacy of innovative treat-
ments are needed before randomized trials can be justified.
Hopefully our increasing knowledge about the prevalence,
causes, and impact on quality of life of reproductive health
problems will soon generate more research.
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The Care of the
Terminal Patient

Andrew Putnam

ccording to the Institute of Medicine, “at the begin-
ning of the 21st century, half of all patients diagnosed
with cancer will die of their disease within a few

years.”1 This statistic does not fully explain the reality of the
illness and its repercussions for the individuals living with
cancer and their families and friends.2 Many patients live
through a final period of life when health professionals, in
concert with the patient, must acknowledge that there are no
reasonable treatments that remain untried. The patient will
most probably die of complications of the cancer. This is a
stressful period when health professionals must continue
their efforts to treat the patient’s suffering and alleviate
onerous symptoms.

Palliative care, as part of good medical practice, is deliv-
ered in various amounts throughout the disease process, but
at different times the goals of care may differ. This chapter
discusses palliative care as delivered by oncologists, palliative
care teams, and hospice, concentrating on adult cancer
patients in the United States. In the interest of brevity, there
is very little discussion pertaining to palliative care outside
the United States. There also is no discussion of pediatric pal-
liative care. Palliative care in that population faces many of
the same challenges as in adults, but also others that pertain
specifically to the pediatric population.

Palliative care has been defined as follows: “The active
total care of patients whose disease is not responsive to cura-
tive treatment. Control of pain, of other symptoms, and of
psychological, social and spiritual problems, is paramount.
The goal of palliative care is achievement of the best quality
of life for patients and their families. Many aspects of pallia-
tive care are also applicable earlier in the course of the illness
in conjunction with anticancer treatment.”3

Although all oncologists must have some skills in pallia-
tive care, an expert team often has a role. A key aspect of pal-
liative care is that it should be integrated throughout the
course of illness and not only at the end of life. Symptom man-
agement, family support, skilled communication, and other
aspects of palliative care clearly have important roles through-
out the care of a patient with cancer. An important tenet of
palliative care is taking care of the whole person and the
family, not only the disease. Whether an oncologist or a pal-
liative care specialist is taking care of the patient, treating the
entire patient requires considering how to identify and best
care for the patient’s medical, physical, psychologic, spiritual,
and social concerns. With this wide spectrum of concerns in
mind, the aspects of medicine and care that are embraced
under the “umbrella” of palliative care cover a very broad area.

This chapter focuses on reviewing research in some key
areas of palliative care: the role of the palliative care team,
shifting goals in cancer care, aspects of communication,
symptom management, systems of care, end-of-life care, and
also discussions of some ethical questions. Because palliative
care is a broad topic, a full review of all evidence related to
the many aspects of palliative care is beyond the scope of this
chapter. That stated, key evidence is reviewed for many
aspects of care; where the evidence for aspects of care is
highly complex or detailed, the reader is referred to special-
ized reviews of particular topics.

Palliative medicine is the medical specialty whose prac-
titioners specialize in treating symptoms throughout a
patient’s illness, but certainly their focus is commonly on the
later phases of illness. One of the goals of the palliative care
team is to improve or maintain the patient’s quality of 
life, making the end of that person’s life as comfortable as 
possible. There is evidence to show that specialized 
palliative care teams can improve patient care in a number of
different domains, including patient and caregiver satisfac-
tion, number of inpatient hospital days, and overall cost to
the system.4

Because no single healthcare professional can be an expert
in all the necessary areas of palliative care, the skills of
members of an interdisciplinary team are required to address
the array of needs that arise in patients with cancer. These
teams usually include physicians, nurses, social workers,
chaplains, and sometimes physical therapists, music thera-
pists, and other paramedical practitioners.

Research in Palliative Medicine

Before proceeding with this chapter, it is important for the
reader to be aware that much of our understanding of optimal
approaches to end-of-life care to date has been based on anec-
dote or case reports. In fact, some people believe that careful
research, which may affect a patient’s comfort, defies the
spirit of palliative care.5 Researchers might even be concerned
about charges of experimentation on the dying.5 Recently,
however, investigators are turning increasingly to evidence-
based studies to research the efficacy of palliative care inter-
ventions and improve the understanding of the care of the
patient near the end of life.

In attempting research on seriously ill palliative care
patients, there are several problems that have to do with the
complicated nature of the end of life. Steinhauser wrote that

9
1

A



“end-of-life is a complex multidimensional experience in
which understanding of the interrelatedness of domains is
unclear.”6 Even the most basic question of what defines “the
end of life” does not have a satisfactory answer.7 It is not easy
in a given patient to predict the date of death, which makes
it difficult to find patients who fit criteria for a study but who
are also still able to participate.8 This restriction adds to the
problem of clinicians’ lack of comfort in labeling a patient
“terminal.” Another problem is the interconnectedness of
patient and family, which makes research at this time more
complicated as the experience of each person affects the other
in ways that are unclear.6 It is not always easy to sort out the
feelings of the patient from those of the family.

Research in end-of-life care has often seemed to be a low
priority for funding agencies, but often also for those patients
who are close to dying, as they have other concerns. In addi-
tion, it is often difficult to retain the seriously ill patients who
do decide to enroll. The numbers of patients who complete
palliative care studies are often low, and those patients who
do survive to that point may be the healthier ones as com-
pared to the entire population.8

Other problems for palliative care research that have been
suggested have to do with study design, such as (1) possible
suboptimal care, (2) biased results, and (3) enrollment and
retention.9 There is also the problem that patients often find
it difficult to communicate effectively during the last days to
weeks of life.6

Many palliative care studies use death as a marker. This
criterion complicates the results of a study, as any hetero-
geneity of diagnoses and problems can lead to a wide variety
of results, thus reducing its applicability.9 This difficulty, 
as well as the other problems already mentioned, has 
caused research into end-of-life care to lag as a scientific 
discipline.

Active Treatment to Palliative Care

At diagnosis, or as cancer progresses, a patient may run out
of realistic options to prolong life. Life-sustaining goals are
often a priority even at the very end of life, but for many, there
comes a time when the likely burdens of any remaining treat-
ments may far outweigh the benefits. Some patients may still
wish to participate in clinical trials, feeling that any chance
of sustaining life is better than no chance at all. Other
patients may not desire to participate with such a small like-
lihood of success.

Certainly, however, in many cases, a physician might rea-
sonably advise an end to active treatment and a change to a
purely palliative mode of care. Despite this, many patients
and physicians are, however, reluctant to shift, or recommend
a shift, to care in which the primary focus is quality of life
and comfort. The reasons behind physicians’ apparent hesi-
tancy to discuss these topics are complex, and some of these
are discussed next.

One of the common barriers to shifting to palliative care
is acknowledging when to begin it.10 Often a patient has
undergone multiple different therapies, and the time to make
the switch to therapies focused on patient comfort may not
be obvious. At other times, the barrier may be that it is dif-
ficult for the oncologist to actually suggest this change to a
dying patient. This difficulty may be greater in a patient who

has progressed through many treatments but wishes to con-
tinue with another treatment. There is evidence demonstrat-
ing that the longer a physician knows a patient, the more
likely it is that the physician will be overly optimistic in pre-
dicting the patient’s prognosis.11

There is some evidence to suggest that patients welcome
discussions of end-of-life care12–14; however, most of these dis-
cussions took place with relatively healthy patients. There is
little evidence involving a population of sick cancer patients,
but a recent study by Straton et al., provided evidence that
individuals with significant functional impairment may be
more likely than those without impairment to endorse the
use of “high-burden” treatments.15

Helping the patients to reframe their hopes once signifi-
cant life extension seems no longer possible is very impor-
tant. This is a process that takes time and is not linear.
Reframing hope may include focusing on the present and
specifics that can be done in the present, rather than vague
uncertainties about the future. This refocusing may create the
form of encouraging the patient to create a legacy to leave
behind, resolving conflicts with friends or relatives, or creat-
ing special memories with one’s spouse. Patients may hope
for improved quality of life and, as death approaches, possi-
bly for release from suffering or for a painless death. Clini-
cians may find it helpful to discuss the idea of hope with their
patients early in treatment because that discussion can
become more threatening later if the disease does progress.
Physicians and patients alike consider it important that the
physician be comfortable discussing death and dying as part
of end-of-life care.16

Some patients interpret their individual culture or reli-
gion17 as requiring a continued fight for life instead of a peace-
ful death.6 It may be necessary to request a chaplain or an
authority figure for that culture or religion to discuss the
patient’s views. These views may serve as another barrier
when trying to move from care aimed at cure, to care or 
sustaining life, to care where the primary focus is quality of
life.

The Importance of Communication

One area of importance in terminal care is consistent open
communication among the medical team, the patients, and
their caregivers (Table 91.1). There is evidence that different
patients18,19 and families want varying amounts and types of
information from their physicians. While also receiving active
treatment, these individuals often have many psychosocial
needs, but the number of these needs often increases once the
main focus shifts to palliative care.20 Patients whose needs are
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TABLE 91.1. Six areas of central importance in communicating
with dying patients.

1. Talking with patients in an honest and straightforward way
2. Being willing to talk about dying
3. Giving bad news in a sensitive way
4. Listening to patients
5. Encouraging questions from patients
6. Being sensitive to when patients are ready to talk about death

Source: From Wenrich et al.,27 by permission of Archives of Internal Medicine.



not met may later report higher levels of distress21 and possi-
bly dissatisfaction with care received.

Patients are thought to suffer through a number of losses
as their illnesses advance (Table 91.2). The first loss is usually
that of physical health when an illness that may end life at
some time in the future is diagnosed. As illness progresses,
many people are faced with having to give up their work, their
identities in society, and even their independence once they
need others to assist them with even the most basic activi-
ties of daily living.22 Patients may also struggle with thoughts
of leaving everything behind, or from finding that despite all
the medical advances, they are still going to die.23 Patients
frequently want open and honest discussion about their end-
of-life concerns.24,25 Detmar et al., found, however, that often
clinicians missed opportunities to address those concerns.26

There may be a desire not to upset the patient, but this min-
imizes the patient’s needs and feelings. Patients want physi-
cians who are sensitive to these needs.16,27

Family and close friends also need opportunities to com-
municate their suffering, which is often overlooked because
of the necessary focus on the patient.28 Lederberg has referred
to family caregivers as second-order patients. Although they
in essence have been part of the healthcare team, they need
as much support and care as the patient.29 While taking into
account the importance of patient trust and privacy, clini-
cians should consider the role of discussing such desires with
patients and, with permission, facilitating these discussions.
Lilly et al. found that when caregivers spent more time
meeting with patients and families, they were more effective
at meeting the goals of the patient.30

Communication may become more difficult when bad
news must be given to the patient and/or family. While there
is little evidence about the best way to deliver bad news, there
are a variety of ways that seem to be effective.31,32 How the
news is presented may affect how the patient and others inter-
pret the news. However it is presented, it is optimal to find
a quiet comfortable place to deliver the news33; this will help
those present feel that there is enough time for discussion.
Prefacing the bad news with “forewarning words” such as
“I’m afraid I have some bad news” or “This result is not as
good as we had hoped for” is speculated to help listeners

prepare mentally for what is to follow.34 Such words also help
the physician gauge whether the patient and/or family
members wish to hear more. Lilly et al. found that when care-
givers spent more time meeting with patients and families
they were more effective at meeting the goals of the patient.30

The physician’s skill at communicating can greatly assist in
the care of the patient and family. One crucial skill is being
able to explain the situation in everyday language. Patients
and families often misunderstand the meaning of any 
discussion if there is too much medical jargon.35 A clear and
careful explanation by the clinician, in terms that are under-
stood by the patient and family will facilitate a better under-
standing of what to expect and how to act during such a sad
situation.

Symptom Management

Treating symptoms should be a priority throughout the
course of cancer. As a patient’s condition worsens, the causes
of symptoms may become more complex, and there may be
limits on clinicians’ ability to treat the primary etiologic
factors. In certain situations, an approach that directly treats
the cause of the symptom and provides relief may still be
obvious. Examples include the draining of a pleural effusion
to treat dyspnea or the use of whole-brain radiation to shrink
brain metastases and eliminate the disability that had
resulted from the lesion. Often, however, the cause of a
symptom may be multifactorial or unclear and/or the cause
may not be amenable to treatment. In these cases, the best
course may be to bring the patient relief by treating the
symptom itself, whether it is caused by the disease or is a side
effect of a necessary medication. It is beyond the scope of this
chapter to provide a comprehensive guide to the treatment 
of all the symptoms that patients experience. Table 91.3 
provides a brief list of some of the more frequently 
encountered symptoms and some common treatments in the
terminal patient.36–62 Evidence for the different treatments
varies, but use is often the result of anecdote or clinical 
experience.
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TABLE 91.2. Losses in the process of dying.

1. Physical health
2. The belief in remaining healthy indefinitely—of living indefinitely
3. Confidence in the certainty, order, predictability, and security of life
4. Family
5. Roles, identity
6. Job, employment
7. Being productive, feeling competent
8. Independence
9. Control (of bowels, of life—everything)

10. People thought to be friends
11. Things (i.e., possessions)
12. The future
13. Superficial relationship with God
14. Hope
15. Meaning

Source: From Kemp,22 by permission of Lippincott, Williams & Wilkins.
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TABLE 91.3. Frequently encountered symptoms and some common treatments in the terminal patient.

Symptom Class Examples of agents Comments

Anorexia Corticosteroids Megestrol36

Cannabinoid derivative Dronabinol37

Anxiety Benzodiazepines Lorazepam IV formulation
Neuroleptics38 Clonazepam diazepam

Quetiapine olanzapine
Haloperidol

Asthenia/ Corticosteroids39 Dexamethasone Also used for opioid-induced sedation39

fatigue Psychostimulant Methylphenidate
Dextroamphetamine

Bowel Opioids Morphine For pain
obstruction Corticosteroids Others Uncertain effectiveness42

Somatostatin analogue Dexamethasone Dries out GI tract
Octreotide40,41

Constipation Stool softeners Docusate sodium No conclusive evidence to determine if any 
Bulking agents Polyethylene glycol medications for constipation are more 
Stimulants Lactulose effective than any others43,44

Senna
Casanthranol

Cough Opioids Codeine
Tetracaine derivative Morphine

Benzonatate45

Delirium Neuroleptics46 Quetiapine Risperidone Risk of paradoxical agitation
Benzodiazepines Haloperidol

Not recommended
Depression Selective seritonin reuptake Sertraline Depression is common in terminal 

inhibitor (SSRI) Citalopram patients48,49

antidepressants Escitalopram Effective for short periods of time 
Psychostimulant Methylphenidate47

Dyspnea Open window or a fan blowing Morphine Dyspnea is compatible with normal O2

on the face50,51 Others saturation54

Oral or parenteral opioids53,53 Lorazepam Poor evidence for their use in most patients
Benzodiazepines50,54

Hiccups Metoclopramide, baclofen There is little good evidence for any 
chlorpromazine pharmacologic therapy
nifedipine55,56

Myoclonus Clonazepam44

Nausea/ Metoclopramide
vomiting hydroxyzine

Haloperidol
Octreotide40

Pain Opioids Many choices Neuropathic pain
NSAIDS Many choices Neuropathic pain
Tricyclic antidepressants Amitriptyline
Anticonvulsants Desipramine

Gabapentin
Carbamazepine

Pruritus Corticosteroids57,58 Various Symptomatic treatment depends on cause
Antihistamines57,58 Various

Restless legs Catecholamine precursor Levodopa59 Some evidence
syndrome Benzodiazepines Clonazepam Nighttime symptoms

Somnolence Stimulant Methylphenidate60

Terminal Benzodiazepines61 Lorazepam Sedation may be necessary
restlessness Antipsychotics61 Haloperidol

Barbiturates61 Pentobarbital
Xerostomia Sialagogues Pilocarpine62 If saliva glands have residual function

Saliva replacements Various Symptomatic
Vaseline Keeps lips moist

Hospice and Palliative Care

The term hospice has been used in Europe since medieval
times. The first known hospice specifically for the dying was
begun in Lyons, France, in 1842. The Irish Sisters of Charity

opened hospices in Dublin in 1879 and London in 1905.63

There were other important efforts, but the first modern
hospice is generally considered to be St. Christopher’s in
London, which opened in 1967.63 The first modern hospice in
the United States is frequently considered to have opened 



in 1974, in Branford, Connecticut.63 The hospice movement
in the United States has expanded so that in 1999 about 25%
of all deaths in the United States involved hospice.64

When the likely burdens of any remaining life-prolonging
options outweigh the likely benefits, the clinician may refer
the patient to hospice, depending on that patient’s care needs
and resources. The term hospice can be confusing for patients
because it has been used in several different ways. An inpa-
tient hospice can be a free-standing building or beds in a hos-
pital reserved for end-of-life care. A home hospice program
supports terminal patients in the home or in institutions,
such as nursing homes.

Although there are few data for the United States, it is
generally thought that most people would prefer to die at
home.65 In 2002, 25% of Americans died at home, whereas
50% died in hospitals and another 25% died in other institu-
tions, such as nursing homes.66 Wherever they die, patients,
their families and other caregivers often experience eco-
nomic, physical, and social burdens imposed by the terminal
illness.67,68 Hospice can assist in many ways to overcome
those burdens.

The philosophy of hospice involves interdisciplinary care,
as already mentioned. To relieve suffering in all aspects of the
patient’s life, the hospice team may include doctors, nurses,
physical therapists, chaplains, social workers, volunteers, and
many others. The goals of care are to preserve the patient’s
dignity, function, and control for as long as possible. Encour-
aging realistic personal goals is an important aspect of care.
Caregivers can help fit the goal to the current condition of a
patient, for example, whether the patient has the stamina for
a long-desired trip or for making a videotape for children or
grandchildren.

A cancer patient’s spiritual beliefs can be a major source
of support. Many patients are actively supported by members
of their faith group during their disease. It is important to
explore patients’ beliefs because they can be important 
indicators of how patients will manage the terminal phase of
their lives.17

Under the original rules, the Medicare hospice benefit did
not allow payment for any antineoplastic treatment for a
hospice patient. Over the past decade, many hospices have
moved more toward a palliative care model, getting involved
earlier in the disease process. This shift means that in some
instances, hospices may accept patients who are still under-
going chemotherapy or radiation, especially if the treatment
is palliative. Sometimes a patient’s insurance may contribute
to the payment for such treatments in addition to covering
hospice services. The total time in hospice still remains short;
however, as in 2002, the median length of stay in hospice was
only about 21 days.69

A home hospice referral is appropriate when a patient
requires symptom management or support and there is a
likely possibility of death from the disease within 6 months,
as required by the Medicare Hospice Benefit. The advantages
of being in a home hospice program include home visits by
hospice nurses who specialize in symptom control and other
hospice professionals, such as social workers and chaplains.
The hospice program also usually covers all medications used
to treat symptoms related to the terminal disease.

When a home hospice program cares for a patient, family
members remain the primary caregivers, taking care of the
patient for more than 90% of each day. In general, although

it varies, a hospice program in the United States supplies
regular short nursing visits a few days a week and possibly a
home health aide who will come to the house for 1 to 2 hours
a day to provide patient care.

A hospice program’s psychosocial and emotional support
can be very helpful to a family’s success in caring for a patient
at home because many families find it hard to take care of a
dying family member. For some, the trauma of the disease or
discomfort with performing various intimate aspects of 
care can be significant barriers to caring for the patient at
home.

Living at home and ultimately dying there is usually the
hospice patient’s goal, but in certain cases, inpatient hospice
referral is appropriate. These situations include patients with
symptoms that are difficult to treat, such as severe pain or
dyspnea. Another instance is when caregivers are exhausted
and need a break. Admitting the patient for a few days of inpa-
tient “respite care” allows the caregivers necessary rest.

Whether directed beds in a hospital or a free-standing
building, inpatient hospices usually are small and have few
beds. These are normally held for patients who are thought
to be in the final 2 weeks of life or for whom staying at home
can mean great suffering. If a patient is nearing death and has
accepted that idea, an inpatient hospice may be a better place
than an acute care hospital. In such a case, the goals of the
hospice are often in line with those of the dying patients and
decrease the possibility of unwanted aggressive workups or
treatments. If a patient’s symptoms are severe and require
around-the-clock professional nursing, remaining at home
can put the patient at risk for a very uncomfortable death. At
those times, admission to inpatient hospice can be the best
option for both patient and caregivers.

The discomfort with conversations about death and the
stigma of hospice may prevent referrals early enough for the
patient to benefit fully from hospice services.70 Although
receiving an accurate prognosis is important to many
patients, medical professionals have a bias toward overly opti-
mistic predictions.71 This attitude reduces a patient’s ability
to make informed choices regarding quality of life. Patients
may, however, also wish to continue antineoplastic treat-
ments until they are dying, which is another important
barrier to hospice referrals. If the goals of care are frequently
revisited with patients and concerns and ways of addressing
those concerns are defined, patients and caregivers may take
more advantage of what hospice programs have to offer. In
addition, another change that could affect the timing of refer-
rals would occur if the ability of hospices to accept patients
receiving anticancer treatment for the relief of symptoms
were more widespread.

The Final Days

When a patient is dying, clear communication with the
patient, if possible, and with caregivers is crucial. Time used
by clinicians to explain the dying process can make an impor-
tant difference in end-of-life care, both for the patient and also
in how the family is affected by the experience.72,73 Manfredi
et al. showed that discussions about goals of care were helpful
in implementing advanced directives and making decisions
to forgo specific interventions.73 The medical community
generally focuses on the patient, but the caregivers, many of
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whom may not have seen someone die before, in the midst
of their own suffering also need support.

Unspoken fears and anxieties are often close to the surface
for both patient and family (Table 91.4). Some patients fear
that their lives will be technologically prolonged at the
expense of quality of life.74 Other patients fear being a finan-
cial drain on their families,75 as well as the loss of indepen-
dence.44 The Support Study showed that as cancer patients
approached the end of life, increasing numbers preferred care
that focused on quality of life.44 Other studies have found that
the opposite can be true. In these studies, as the patients’ con-
ditions worsened, they became more likely to choose more
aggressive treatments.15,76 These thoughts and others are often
what the patient wishes to discuss, but they often need
encouragement from family or clinicians to do so.

“Comfort measures only” is often written by physicians
to describe care provided near the end of life that focuses on
quality of life. This description means that clinicians must
weigh the benefits against the burdens of any proposed inter-
vention to determine the effect on patient comfort. As a
person nears death, certain interventions are less likely to be
beneficial than they might be for a healthier patient. For
example, blood draws and other needle sticks are obviously
painful. Unless the result might direct a change in treatment,
such as demonstrating hypercalcemia as a treatable cause of
delirium, blood draws can usually be discontinued as they are
more burdensome than beneficial to the patient. The decrease
in pain from stopping unnecessary needle sticks is fairly clear,
but other changes that may provide increased comfort to
dying patients are not always so easily recognized.

It is usually necessary at this time to reevaluate the
patient’s goals. As death approaches, patients often will not
benefit from various interventions in the way they might
have earlier in the disease process. These medical interven-
tions, although necessary in sick patients, can increase dis-
comfort in the dying. Although medical nutrition, gastric
tube feedings, and even intravenous fluids can be important
in some settings, such as in a patient with an obstructed
bowel and in some instances of delirium, they do not neces-
sarily increase a dying person’s comfort. These medical inter-

ventions not only are capable of prolonging the dying process
but also have the potential to increase patient suffering.
Typical rates of intravenous fluids may cause increased rates
of vomiting, urination, and defecation that may require
painful moving and cleaning of the patient.77 The fluid also
commonly does not stay intravascular and so it may cause or
even worsen peripheral and pulmonary edema. Vullo-Navich
et al. found that dehydration near the end of life causes fairly
benign symptoms and, by decreasing the risk of all the factors
just mentioned, often leaves the patient more comfortable.78

In one study, almost all discomfort caused by the lack of
nutrition or hydration was relieved with either small
amounts of food or appropriate mouth care.79

Medical nutrition in the dying patient can also be coun-
terproductive. In most cultures, feeding the sick is part of
normal care of that person. This concept may lead to the
concern that a patient near the end of life might “starve”
unless given proper nutrition. One study appeared to show
that allowing dying patients to eat and drink as they wish,
but not attempting artificial life-prolonging therapies, usually
leads to more comfortable and peaceful deaths.79 Stopping
medical feedings may also be beneficial because the body then
produces ketones, which can provide an additional sense of
well-being as a patient approaches death.72

Patients with diminished renal function are often more
comfortable with decreased amounts of various medications
as well as fluids. Decreasing body mass or dehydration can
lead to increasing side effects that may require lowering the
doses of medications, including the pain medications that a
dying patient receives. However, if the patient is already 
comfortable, options include changing to as-needed dosing 
or treating the side effects rather than risking increased 
pain from a dose reduction.

One common end-of-life intervention in the hospital
setting is a “morphine drip.” Continuous intravenous mor-
phine may be indicated to treat existing pain or dyspnea, but
it is not necessary for all dying patients. The fact that a person
is close to death is not a sufficient reason to start intravenous
morphine if pain is not already a problem. Patients, who have
not experienced pain as a major problem during their disease
rarely develop severe pain near the end. Morphine and other
opioids, although important for comfort, can also cause side
effects. Somnolence, myoclonus, and urinary retention can
become problems as the dose of opioid is increased. However,
use of an opioid at high doses, if indicated for relief of symp-
toms, is generally considered to be acceptable. The use of
morphine and other opioids at this time are governed by the
principle of double effect. This principle holds that it is the
clinician’s intention of providing comfort that determines 
the ethics of appropriate opioids use at the end of life and 
not any possible unintended hastening of the patient’s
death.80

Bereavement

An important but often-overlooked aspect of caring for the
family of a terminal patient is following up with them after
their loved one dies.81 After the intensity of the final days of
a patient’s life, the family will often benefit from and be grate-
ful for communication from the physician. An early phone
call or letter of sympathy to family members from the physi-
cian or some other known member of the medical team can
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TABLE 91.4. Concerns important at the end of life.a

1. Be kept clean
2. Name a decision maker
3. Have a nurse with whom one feels comfortable
4. Know what to expect about one’s physical condition
5. Have someone who will listen
6. Maintain one’s dignity
7. Trust one’s physician
8. Have financial affairs in order
9. Be free of pain

10. Maintain sense of humor
11. Say goodbye to important people
12. Be free of shortness of breath
13. Be free of anxiety
14. Have a physician with whom one can discuss fears
a These concerns were rated very important by more than 90% of patients and
more than 70% of bereaved family members, physicians, and other care
providers.

Source: From Steinhauser et al.,16 by permission of Journal of the American
Medical Association.



mean a great deal. Later on, verbal contact can be helpful in
distinguishing normal from pathologic grief.81

Studies have demonstrated the possibility of significant
morbidity during the bereavement period.82,83 So far, however,
there is little evidence that lends support to any specific inter-
vention. Hospices are required to offer bereavement follow-
up to anyone who lives in the areas they serve even if the
deceased loved one was not involved with hospice.

Ethical and Legal Issues

Decision Making

Difficult ethical issues can arise while taking care of a ter-
minal patient. The range of issues includes requests to 
withhold information from the patient, requests for futile
treatment, withholding or withdrawing life-sustaining treat-
ments, and requests for physician-assisted suicide.

One issue that can arise is a request by the family to with-
hold distressing information from the patient. In the United
States, the patient “of sound mind and adult years” holds the
legal right to make medical decisions.84 The patient does have
the option to delegate that responsibility to someone else 
and request not to be told, but that ought to be an explicit
decision.

One approach to a request to withhold information from
the patient is to explore with the family their reasons.85 Often
clinicians can allay their fears of the patient losing hope or
not wanting to know. Using open-ended statements allows
patients to ask questions or to express the desire not to know.
Occasionally there may be a valid reason for concern, such as
a patient’s suicide threat following previous distressing news.
Although cultural differences can have a great impact in this
area, specific cases are beyond the scope of this chapter.

Medical Futility

Another ethical issue involves the concept of medically futile
treatment. The medical team may view certain procedures or
treatments as futile for an end-stage patient while the
family’s view may be quite different. The reverse may also
occur. There may be a point at which the treating team
should decide that they have done everything medically 
indicated to support a patient’s life. Determining that any 
specific treatment is futile and needs to be stopped requires
careful communication and possibly an ethics consult if the
family and medical team disagree.

Withholding or withdrawing any life-sustaining treat-
ment can lead to major disagreement, whether the medical
team views it as futile or the patient does not want it. In most
states, stopping a treatment or never starting it are legally
equivalent and also viewed as ethically equal.86 Once a
patient starts receiving intravenous fluids or a feeding tube,
however, the experience of stopping the treatment often
appears far more difficult emotionally. It is best to try to
discuss those possibilities long before they may become
reality.

Physician-Assisted Suicide

“Doctor, will you help me end my suffering?” According to
one study in 1998, this is not a rare question. Of a national

sample of 1,902 physicians, 18.3% had received a request for
a prescription to end suffering by ending life, with a median
of three requests per physician since entering practice.87 Of
these physicians, 3.3% had written at least one of these 
prescriptions.

Well-respected leaders have expressed support both for
and against physician-assisted suicide (PAS). As of this
writing, the state of Oregon is the only American jurisdiction
that has legalized PAS. There are formal criteria that must be
met before the act may occur (Table 91.5). Valid arguments
exist both for and against the legalization of PAS, and it would
require more than the space allowed here to do full justice to
the topic. Some of the arguments for each side are listed in
Table 91.6 and are also briefly described next. For more com-
plete presentations on the subject, there are several good 
references.88–90

Although there is some disagreement as to the exact
meaning of the term physician-assisted suicide, here the
meaning of PAS is as used in the Oregon law. PAS occurs if a
person commits suicide using a method supplied by a physi-
cian specifically for that purpose (Table 91.7). In Oregon, the
physician supplies a prescription for medication, which the
patient fills and later uses to commit suicide either with the
doctor present or not. This is not the same as euthanasia,
which is when the physician physically performs the action
that ends the life of the patient, such as with a lethal injec-
tion. Euthanasia is considered murder in all parts of the
United States today.
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TABLE 91.5. Requirements for physician-assisted suicide.

1. The person must be a capable adult resident of Oregon.
2. The person must have a terminal disease.
3. There must be less than 6 months to live.
4. The person must make two oral requests for assistance in dying.
5. The person must make one written request for assistance in

dying.
6. The person must convince two physicians that he or she is

capable, acting voluntarily, and making an informed decision.
7. The person is not making the decision because of a depression or

other psychiatric or psychologic disorder.
8. The person must be informed of the diagnosis, prognosis,

potential risks of medication, probable result of taking the
medication, and “the feasible alternatives, including but not
limited to, comfort care, hospice care, and pain control.”

9. The person must wait 15 days.

Source: From The Oregon Death with Dignity Act of the Oregon Revised
Statutes.

TABLE 91.6. Arguments in favor of and against physician-assisted
suicide.

Arguments in favor of physician-assisted suicide:
1. Respect for patient autonomy
2. Relief of suffering
3. Legalization allows controls
4. Society allows some killing

Arguments against physician-assisted suicide:
1. Intrinsic value of life
2. Legalization would reduce efforts at palliative care
3. Slippery slope
4. Professional ethics



Turning off a ventilator or stopping some other form of
life-sustaining treatment at the patient’s or family’s request,
with the intention of allowing life to end, is not usually con-
sidered PAS. Benjamin Cardozo, a New York judge, in 1914,
ruled that “every human being of adult years and sound mind
has the right to determine what shall be done with his own
body.”84 If a ventilator, or other life-sustaining treatment, is
determined by the patient or other legal decision maker to be
excessively burdensome, then removing it is not PAS but a
legal request in most states that ought to be respected. In
these cases, the life-sustaining treatment is considered as
holding back death and, when stopped, the patient dies of his
disease or medical problem, not from the withdrawal of 
the treatment. In some states, the law limits the ability of a
decision maker, but not the patient, to withdraw certain
treatments.

Although not a legal part of end-of-life care in most of the
country at this time, PAS is an ongoing question. Below are
presented some of the arguments supporting PAS followed by
some that oppose it.

The Case in Favor of Physician-Assisted Suicide

Some of the arguments for PAS are based on respect for
patient autonomy, which is generally considered to be the
preeminent principle in American medical ethics today.
Respect for autonomy is the basis for informed consent,
which is necessary for any procedure performed on a patient.
If a patient wishes to die to escape uncontrollable suffering,
or being an extreme burden on the family, some would argue
that the patient’s physician has a responsibility to try all pos-
sible legal means to achieve patient comfort. Various forms
of suffering are, however, extremely difficult to control. Even
the provision of excellent palliative care may not relieve all
types of psychologic, emotional, existential, or even physical
pain. Proponents of PAS argue that duty requires that the
physician not abandon the patient whose suffering remains
intolerable, claiming that there are no other palliative treat-
ments. This argument continues that the logical continuation
of a physician’s responsibility, after ensuring that the patient
neither is depressed nor has otherwise compromised decision
making, is to provide the means for a comfortable death.

Many are afraid that dying must be a painful experience.
When a clinician is unable to prevent unbearable suffering in
a dying patient, proponents would argue that PAS should be
an option on the continuum of total care of a patient. They
would say that a physician is responsible for treating that suf-

fering by any possible means and that refusing to explore
what may be the only way to prevent that suffering could be
viewed as abandoning the patient. Proponents could also
argue that giving a patient control over the process of dying
would reduce some suffering. Most of the requests for PAS in
Oregon have been made to try and control the circumstances
of dying, not because of physical symptoms, which are more
easily treated.75

To some extent PAS or even euthanasia is widespread
already. A national survey in 1998 reported that 4.7% of
physicians stated that they had given at least one patient a
lethal injection.87 These situations already exist in the privacy
of the doctor–patient relationship, and some would say that
they should be allowed to continue without interference.
This argument continues that legalizing PAS would allow
society to acknowledge and regulate these actions, thereby
providing protections for all involved parties. Currently, in all
states except Oregon, any physician involved in PAS is legally
at risk, whereas the patient, if interrupted or unsuccessful in
the act, is at risk for unwanted aggressive measures and
increased physical handicaps.

Intentionally ending the life of a person, while usually
proscribed by society, is allowed in a few specific instances.
Killing another human being while fighting for one’s country
is often defended as a responsible act, or even a required one
for a member of the military. Capital punishment is legal in
38 states for those whom society has deemed deserving of that
ultimate punishment. Some say that PAS should be included
in this class of “justifiable killing.”

The Case Against Physician-Assisted Suicide

The case against PAS also follows several avenues, a few of
which are presented below. Two of the main arguments
involve the effect of PAS on society as a whole.

The first argument states that life has intrinsic value and
that physicians are viewed as guardians of those lives. They
attempt to heal the sick, but when cure is not possible, pro-
ponents would say that their role is to comfort the sick until
a patient succumbs to his or her inevitable death. Their role
is either trying to prolong life or bearing witness to the end
of patients’ lives they cannot prolong because of the value of
those lives. It would follow that they are not charged by
society intentionally to shorten life. Many argue that the
public’s views of the profession would change were physi-
cians allowed to intend death while supplying the means. It
is certainly possible for a physician to hasten a patient’s death
while struggling to make a dying patient comfortable with
opioids and benzodiazepines, but the intention here is to
relieve suffering. The alternative is uncontrolled pain and suf-
fering followed by a difficult death. Proponents would argue
that the role of physicians is to protect the lives of patients
and not purposely try to end them.

Opponents of PAS might also say that legalizing PAS
could allow the medical profession not to work so hard to
provide the best palliative care. Instead, if comfort were not
achieved easily, there would be an alternative to continued
serious efforts. Currently, with the choice of either increas-
ing or decreasing levels of comfort, the only option is to con-
tinue trying to reduce any patient’s suffering. PAS would
serve as an “easy way out” for some physicians if they found
end-of-life care too challenging.
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TABLE 91.7. Some definitions of terms.

Suicide signifies that a person knowingly performs an action that
takes his or her own life.
Physician-assisted suicide is suicide as above in that the person
commits the act of knowingly ending his or her own life, but has
been assisted by a physician in obtaining the means, usually a
medication.
Euthanasia is the ending of a person’s life by another. In the
medical sense, usually the patient has expressed a wish to die and
someone else performs the act.
Execution is commonly used in the setting of a government-
sanctioned act as a form of capital punishment.
Murder is involuntary euthanasia, which is illegal everywhere in
the United States.



Some would argue that legalizing PAS could be the begin-
ning of a slippery slope. It might begin as a way for people
with a serious illness to avoid a bad end and could proceed to
a time when people with serious disabilities or the very old
would be encouraged to end their lives and cease being a
burden to their families or to society. PAS could become
viewed as the way to rid society of those who were no longer
capable of being contributing members. Some might even
argue that it could eventually open the door for euthanasia.

PAS could also lead to decisions burdened by conflicts of
interest. Patients who may not be ready to die, but who also
do not wish to deplete their family’s resources, might feel
pressure not based on the medical situation. On the other
side, physicians in certain situations might eventually find
financial incentives involved in the decision. Legalizing PAS
could lead to society having serious questions about how the
decisions are influenced.

Physicians are not required to provide care that they
believe is unethical, and many people feel that killing a
human being under any circumstances is evil in itself. Legal-
izing PAS would cause some physicians to be seen as not
helping those who suffer because of their beliefs. This could
cause a difficult split within the community of physicians.
Of course, there is also the question of whether humans
should decide when to end their own lives. At this time,
American society has not fully resolved this larger question.

End-of-life care in the United States is changing rapidly as
palliative care and hospice both develop and become more
well known. Oncologists and other physicians are becoming
more aware of the needs of terminal patients and their 
families, and there is more literature about those situations.
Palliative care specialists and teams are becoming more 
widespread, and hospice now takes care of about 50% of the
dying people in the United States. One common idea is that
good palliative care will prevent the need for PAS. Although
this concept seems as though it might be valid, there is little
evidence to prove it. As terminal care continues to improve,
it will be interesting to watch what happens to the debate
over PAS.
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Metastatic Cancer to the
Central Nervous System

Douglas B. Einstein

Epidemiology

Brain metastases are the most common intracranial solid
tumors identified in adults, with 150,000 to 170,000 newly
diagnosed cases of brain metastases per year in the United
States.1 Ten percent to 30% of adult cancer patients develop
brain metastases in their lifetime with an incidence of up to
25% to 40% at time of autopsy.2,3 The mean age of patients
diagnosed with brain metastases is 60 years.4 Brain metas-
tases are much less frequent in children, affecting approxi-
mately 3% of children with localized solid tumors and 7% 
of those with known metastatic disease.5 The most common
primary tumor giving rise to brain metastases is non-small
cell lung cancer, followed by small cell lung cancer and breast
cancer (Figure 92.1).6 The median time from diagnosis of 
the primary tumor to development of brain metastases is
approximately 8 months.7

The number of brain metastases identified at diagnosis is
highly dependent on the imaging modality utilized. Multiple
brain metastases were identified in 47% of newly diagnosed
patients using computed tomography (CT) studies. This per-
centage increases to 75% with gadolinium contrast-enhanced
magnetic resonance imaging (MRI).6–11 Patients with prostate,
unknown primary, and gastrointestinal cancers present with
a higher proportion of single brain metastases than multiple
metastases (Figure 92.2).6

Brain metastases appear to preferentially localize to
certain portions of the brain in relationship to their relative
blood flow. Brain metastases are usually found at gray–white
matter watershed areas because of decreases in superficial
artery sizes at these junctions that trap metastatic emboli.9

Approximately 80% of brain metastases are supratentorial,
with 15% to 17% in the cerebellum and 3% to 5% in the
brainstem.7 Patients with single brain metastases from pelvic
primaries (prostate, uterine, ovarian) appear to have a
predilection for the posterior fossa 50% of the time, whereas
single nonpelvic primary metastases localize to the supra-
tentorial region 80% to 90% of the time.6,7

Diagnosis

Two-thirds of patients present with neurologic symptoms at
diagnosis, with the majority of the remainder diagnosed inci-
dentally at time of staging evaluation. The most common
neurologic symptoms are headaches or changes in mental
status (Figure 92.3).6 Five percent to 10% of patients present

symptoms of secondary hemorrhage or infarction at time of
diagnosis.12 Melanoma, choriocarcinoma, renal cell carci-
noma, and thyroid carcinoma brain metastases have a higher
than average risk of associated hemorrhage.6,12,13

Twenty percent of brain metastases are diagnosed 
synchronously with a new extracranial malignancy; 80% are
diagnosed metachronously after the primary diagnosis.2 In the
absence of a known primary, a metastatic workup should be
performed, including history and physical examination, CT
of the chest, abdomen, and pelvis, and bone scan. Sixty
percent to 70% of synchronously diagnosed brain metastases
originate from a primary lung cancer.14–16 In a study of patients
without an initially detectable primary at the time of brain
metastasis diagnosis, prospective surveillance screening
shows the primary to be of lung origin 82% of the time.17

Contrast-enhanced MRI has supplanted CT as the
imaging modality of choice for the diagnosis of brain 
metastases because of its higher sensitivity, as previously
mentioned. Figure 92.4 shows typical gadolinium-contrast
enhanced T1 and T2 sequences from the MRI of patients with
single and multiple brain metastases. Brain metastases are
typically identified as spherical, multiple ring-enhancing
lesions on T1 images with surrounding edema often larger
than the lesion on T2 images.10,11 Increased doses of gadolin-
ium (double or triple dose) appear to be more beneficial than
single doses in identifying smaller lesions.18,19 Diffusion-
weighted MRI imaging and MR spectroscopy may also aid in
identifying hemorrhage within a brain metastasis and differ-
entiate it from an abscess.20

Despite characteristic imaging features, a differential
diagnosis should be considered for a suspected brain metas-
tasis in the absence of a known malignancy. This is especially
critical for patients with a solitary brain metastasis (a single
brain lesion representing the only evidence of metastatic
disease throughout the body) versus a single brain metastasis
(a single brain lesion in addition to other known extracranial
metastases). This differential includes primary brain tumors,
abscesses, infarctions, nonmalignant hemorrhage, demyeli-
nating diseases, or leukoencephalopathy.13 As shown by
selected randomized trials in Table 92.1, the surgically proven
false-positive rate of suspected single brain metastases
detected by CT or MRI in patients with known malignancies,
ranges from 2% to 11%, supporting the role of biopsy for any
questionable lesion before treatment.21–23 Treatment of pre-
sumed brain metastases without a brain biopsy has routinely
been delivered at most centers and on national protocols for
patients with multiple suggestive lesions on MRI and known
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FIGURE 92.1. Frequency of brain metastases by primary tumor site. FIGURE 92.2. Frequency of single brain metastases for a given
primary tumor site.

FIGURE 92.3. Frequency of neurologic symptoms at time of brain metas-
tasis diagnosis.

A

FIGURE 92.4. Contrast-enhanced axial computed tomography (CT) slices (A), gadolinium-contrast enhanced T1 axial (B), and T2 axial (C)
sequences of a patient with brain metastases.

B C



extracranial biopsy-proven metastatic disease diagnosed
within 5 years.21–25 However, any patient with MRI imaging-
equivocal single or multiple lesions should have a stereotac-
tic biopsy or resection of the brain lesion before treatment.

Prognostic Factors

The largest study to date investigating the pretreatment prog-
nostic factors affecting the survival of patients with brain
metastases was performed by the Radiation Therapy Oncol-
ogy Group (RTOG),26 a study of 1,200 patients from three
large RTOG trials. Several prognostic factors were found to
be significant by univariate analysis (Table 92.2). Recursive
partitioning analysis (RPA), a statistical methodology that
creates a regression tree according to factors identified as sig-
nificant in univariate analysis, was used to further analyze
these data. Three RPA classes of patients were identified
stratified by Karnofsky Performance Score (KPS), age, and
extent of extracranial disease, with significantly different
expected survival times (Table 92.3). These RPA classes have
been borne out on analyses of other large (more than 500
patients) patient data sets (Table 92.4). It has also been pro-
posed in a study of 916 patients27 that RPA class 3 patients
be segregated into 3A (age less than 65, controlled primary,
single brain metastasis), 3B (not B or C), and 3C (age greater
than 65, uncontrolled primary, multiple brain metastasis) as

these three subsets have low but different median survivals
of 3.2, 1.9, and 1.2 months, respectively (P less than 0.0001).
The RPA classification scheme has been utilized to aid in
determining which patients may benefit from more aggres-
sive treatment of their brain metastases.

The number of lesions identified by CT imaging was also
shown to have prognostic significance in an analysis of a large
RTOG database of 779 patients.28 For patients with charac-
teristics similar to RPA class I patients (age less than 60, KPS
70 or greater, controlled extracranial disease), those patients
with fewer than four lesions had a statistically significantly
prolonged survival over those with four or more lesions (4.0
months versus 3.2 months; P = 0.001). Mass effect as evi-
denced by midline shift was also found to be a prognostic
factor in this study. These patients, however, were imaged by
CT rather than MRI, raising the possibility that the number
of larger, CT-identifiable metastases may be a more impor-
tant prognostic factor than the absolute number of lesions.

The Mini-Mental State Examination (MMSE), a rapid 10-
question examination tool with a maximum score of 30, has
also been shown to have prognostic significance for patients
with brain metastases. In a study of 445 patients in a RTOG
trial,29 a decline in pretreatment MMSE score (especially less
than 23) was associated with a decrease in time to death from
brain metastases (P = 0.003). The only other factor in this
study associated with an improved survival by multivariate
analysis was a breast primary, which may explain some
reports of gender as a prognostic factor.

Management and Outcomes

Symptomatic Therapy

Initial management of the patient with brain metastases con-
sists of symptomatic therapy that is often first focused at
treating peritumoral edema, resulting in increased intracra-
nial pressure and associated neurologic symptoms. Cortico-
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TABLE 92.1. False-positive rate of patients with suspected single brain metastases.

Imaging No. of patients with nonbrain False-positive
Study N modality metastasis diagnosis at surgery rate

Mintz21 41 CT 1 2%
Noordijk22 32 CT 1 (at time of 3%

recurrence)
Patchell23 54 MRI 6 11%

CT, computed tomograpy; MRI, magnetic resonance imaging.

TABLE 92.2. Prognostic factors identified in Radiation Therapy
Oncology Group (RTOG) trials by univariate analysis.

Factor P value

Solitary brain metastasis <0.0001
KPS >70 <0.0001
Age <65 years <0.0001
Controlled primary lesion <0.0001
Squamous or small cell histology <0.0001
No neurologic dysfunction <0.0001
Total radiation dose >52Gy <0.0001
Breast primary 0.001
No headache 0.003
More than 2 years after primary diagnosis 0.004
Surgical resection 0.005
Complete tumor response 0.019
Noncerebellum or brainstem location 0.033
Nonmidline brain lesion 0.038

KPS, Karnofsky Performance Status.

TABLE 92.3. Recursive partitioning analysis (RPA) classes
identified in RTOG trials.

RPA
class RPA class Median survival

I KPS 70 or more, age less than 65 years, 7.1 months
controlled primary, no active 
extracranial metastases

II Not class I or III 4.2 months
III KPS less than 70 2.3 months



steroids have historically been utilized because of their ability
to reduce the permeability of tumor capillaries.13 Dexa-
methasone is used preferentially to other steroids because of
its minimal mineralcorticoid effect, lowering the potential for
fluid retention; its long half-life (plasma, 2–5 hours; biologic,
24–36 hours), allowing for twice-daily dosing; and equivalent
dosing by po or IV route.13,15,30 Typically, for the symptomatic
patient, loading doses of 10 to 20mg IV are given followed by
16 to 24mg/day in bid or qid divided doses. For the neuro-
logically unstable patient, higher dexamethasone doses up to
100mg/day have been utilized.7,15,30 Sixty-five percent to 70%
of patients have symptomatic relief within 6 to 24 hours after
their first dose of dexamethasone.30,31 Steroids used as a single
treatment modality increases the medial survival of patients
with brain metastases from 1 month, if left untreated, to 2
months.15,31,32

After a patient is clinically stabilized, dexamethasone
should be tapered to the lowest dose necessary to maintain
neurologic status because long-term steroid use can be asso-
ciated with well-known side effects, such as oral candidiasis,
gastritis, myopathy, hyperglycemia, fluid retention, weight
gain, sleep and personality disorders, acne, osteoporosis, and
immunosuppression.7,13 In a double-blinded randomized
study of patients with stable but symptomatic brain metas-
tases treated with 16, 8, or 4mg dexamethasone per day, 4mg
per day was found to be equally effective as 16mg per day in
maintaining neurologic status as measured by KPS.33 Steroid
taper is often started after initiation of definitive therapy,
such as surgery or radiotherapy, and typically is reduced over
a 3- to 4-week period by 2mg per 5 to 7 days to avoid steroid
withdrawal symptoms and adrenal insufficiency if utilized.7,30

To minimize acute effects of gastritis, patients should be rou-
tinely placed on prophylactic H2 blockers. Pneumocystis
carinii pneumonia prophylaxis can also be considered for oth-
erwise immunocompromised patients. Patients with small
(less than 1cm), asymptomatic lesions with minimal peritu-
moral edema often identified during staging evaluation may
require no steroids or a brief course of steroids that can be dis-
continued within 14 days without need for tapering.7,30

Anticonvulsants are recommended by the American
Academy of Neurology for patients presenting with seizures

at time of brain metastases diagnosis.34 Phenytoin, carba-
mazepine, valproic acid, and phenobarbital are the most com-
monly used anticonvulsants.7,34 Anticonvulsant side effects
include cognitive impairment, myelosuppression, liver dys-
function, and dermatologic reactions (ranging from minor
rashes to life-threatening Stevens–Johnson syndrome), which
appear to be increased in brain tumor patients.13,34 Phenytoin,
carbamazepine, and phenobarbital can also stimulate the
cytochrome P-450 system, increasing the metabolism and
decreasing the efficacy of many medications, including dexa-
methasone.34 Newer anticonvulsants, such as levetiracetam
may be a better choice for patients with brain metastases as
they have a decreased risk of dermatologic reactions and do
not interfere with the P-450 system.35,36

For patients with newly diagnosed brain metastases who
have not had a seizure, the role for prophylactic anticonvul-
sants is controversial. A meta-analysis of four randomized
trials involving the use of prophylactic anticonvulsants was
performed by the American Academy of Neurology.34 As
summarized in Table 92.5, there was no statistically signifi-
cant benefit to the use of prophylactic anticonvulsants. The
Academy concluded, “In patients with newly diagnosed brain
tumors, anticonvulsant medications are not effective in pre-
venting first seizures. Because of their lack of efficacy and
their potential side effects, prophylactic anticonvulsants
should not be used routinely in patients with newly diag-
nosed brain tumors.” With regard to postoperative anticon-
vulsant duration, they concluded that “In patients with brain
tumors who have not had a seizure, tapering and discontinu-
ing anticonvulsants after the first post-operative week is
appropriate, particularly in those patients who are medically
stable and who are experiencing anticonvulsant-related side
effects.”

Whole-Brain Radiotherapy

Whole-brain radiotherapy (WBRT) has been the historical
standard treatment for brain metastases. WBRT is a technique
by which megavoltage irradiation is delivered to the entire
brain and meninges via two opposing lateral 4- to 6-MV
photon beams with custom blocking to include the retina but
exclude the lenses, oral/nasal cavities, and pharynx (Figure
92.5). This technique allows for the treatment of both gross
and microscopic tumor within the brain. WBRT is given in
fractionated form (small doses per day for a period of several
weeks) to increase the therapeutic ratio by allowing normal
cells to repair radiation-induced DNA damage between frac-
tions with much greater efficacy than tumor cells, thus min-
imizing normal tissue toxicity.37
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TABLE 92.4. Median survival (months) of patients with brain
metastases separated by RPA class.

RPA RPA RPA
Study N Class 1 Class 2 Class 3

Gaspar26 1,200 7.1 4.2 2.3
Lutterbach27 916 8.2 4.9 1.8
Nieder96 528 10.5 3.5 2.0
Sanghavi97 502 16.1 10.3 8.7

TABLE 92.5. Randomized trials of prophylactic anticonvulsant use in patients with brain tumors.

No. (%) of Patients with
Study N drug seizures/placebo Odds ratio (95% CI)

Forsyth98 100 11/46 (24) 15/54 (28) 0.82 (0.33–2.01)
Glantz99 74 13/37 (35) 9/37 (24) 1.69 (0.61–4.63)
Franceschetti100 63 3/41 (7) 4/22 (18) 0.36 (0.07–1.76)
North101 81 9/42 (21) 5/39 (13) 1.85 (0.56–6.12)
Total 318 36/166 (22) 33/152 (22) 1.09 (0.63–1.89)



Acute side effects of WBRT commonly include fatigue, a
scalp skin reaction (reddening, tanning, or irritation), and hair
loss. Uncommonly observed are radiation parotitis with dry
mouth and change in taste sensation; otitis externa and
serous otitis media with possible ear plugging, tinnitus, and
drainage; possible transient increased intracranial pressure
symptoms of headaches, nausea, vomiting, or seizures that
may be related to increased capillary permeability; and a rare
somnolence syndrome 4 to 10 weeks after WBRT with spon-
taneously recovering increased fatigue. Late side effects of
WBRT include effects of radiation necrosis with increased
peritumoral inflammation; neurocognitive impairment with
decreased memory or concentration; cerebellar dysfunction
with ataxia; and cataracts with a rare risk of blindness.7,12,24

WBRT improves the median survival of patients with
brain metastases over steroid use alone to 3 to 6
months.2,7,13,15,38 The RTOG performed the largest series of
randomized trials to date investigating the optimum
dose/fractionation schedule for WBRT (Table 92.6).39–42 There
was no statistically significant difference in median survival
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FIGURE 92.5. Typical whole-brain radiotherapy patient setup (A, B)
and lateral X-ray portal (C).

of patients treated with fractionation schemes ranging from
10Gy in 1 fraction to 70.4Gy in 1.6 bid fractions, with the
exception of patients with solitary brain metastases treated
on RTOG 85-28. Patients with solitary brain metastases
treated with boost doses higher than 48Gy had an improved
median survival compared to patients treated to 48Gy or less,
although there was no dose–response differential between the
three higher doses.43 This finding led to a Phase III trial of
standard WBRT versus accelerated fractionated (twice-daily)
WBRT with a dose-escalated local radiation boost (RTOG 91-
04).49 This trial did not find any difference in median survival
of patients treated with the dose-escalated local boost com-
pared to lower-dose conventional daily fractionation deliv-
ered to the entire brain, supporting the use of conventional
fractionation WBRT.

Although no significant differences in median survival
have been produced by varying WBRT dose-fractionation
schedules, there do appear to be dose-fractionation-dependent
differences in quality of life and toxicity parameters. Neuro-
logic quality of life as measured by symptom relief was ulti-



mately observed in 60% to 90% of patients treated in the
aforementioned RTOG randomized trials. A high palliative
index was also produced by WBRT alone, with patients spend-
ing 75% to 80% of their remaining life in an improved or
stable neurologic state.39–42 There was a dose-fractionation-
dependent difference in the promptness of neurologic
improvement. Patients receiving larger daily fraction doses
reported a quicker response to neurologic improvement by
the second week than those patients receiving lower daily
doses (Table 92.7).39 For patients presenting with the highest
pretreatment neurologic function, total doses greater than 
30Gy were associated with a longer duration of neurologic
improvement compared to lower total dose schedules (19
weeks versus 13 weeks; P = 0.05).39

Neurocognitive function also may be dependent on the
daily fraction dose of WBRT. In 1 year, of long-term survivors
from a widely quoted retrospective analysis of 79 patients
receiving postoperative WBRT (20–40Gy total dose in 2- to 6-
Gy daily fractions) after resection of a single brain metasta-
sis,45 17% of patients who received more than 3Gy per
fraction (4/23) experienced dementia versus 0% of patients
who received 3Gy per fraction or less (0/15), supporting the
use of lower daily fraction size to decrease late toxicity in
patients with the highest potential for long-term survival.
WBRT fraction sizes of 2.5Gy or less have also been associ-
ated with a decreased risk of late neurocognitive side effects.46

Hyperfractionation (twice-daily radiotherapy), which has

been utilized in other sites to decrease radiation side effects,
did not affect neurocognitive outcome as measured by the
MMSE for patients in RTOG 91-04 receiving twice-daily
versus once-daily WBRT doses. The neurocognitive outcome
proved to be highly dependent on tumor control with an
average drop in MMSE score of 0.5 for patients with con-
trolled brain metastases versus a drop of 6.3 in patients with
uncontrolled brain metastases (P = 0.02).47 Tumor growth,
rather than WBRT treatment effect, was also found to be the
primary factor resulting in neurocognitive decline assessed by
a battery of neurocognitive tests administered before and after
WBRT in another prospective trial.48

The more rapid neurologic symptom improvement with
higher daily fractionation schemes, combined with the longer
duration of neurologic response with higher total dose and
decreased late neurotoxicity in suspected longer-term sur-
vivors with lower daily doses, supports the use of stratified
WBRT dose-fractionation schemes based on prognostic
factors. One proposed dose-fractionation stratification based
on recursive partitioning analysis (RPA) classes used at our
institution is described in Table 92.8.

Surgery

Surgical intervention is indicated for patients requiring a his-
tologic diagnosis with no known extracranial cancer, for
patients requiring rapid relief from metastases causing symp-
tomatic mass effect or obstructive hydrocephalus, and for
improvement of local control.15,49 Surgical morbidity and mor-
tality have been improved through the use of newer advanced
techniques, such as intraoperative MRI and ultrasound, func-
tional cortical mapping, and frameless stereotaxis.15,50 In the
largest reported retrospective cohort study to date of 13,685
patients undergoing craniotomy for the resection of brain
metastases from 1988 to 2000, in-hospital mortality rates
decreased from 4.6% between 1988 and 1990 to 2.3%
between 1997 and 2000. Mortality was dependent on hospi-
tal and surgeon volume, with lower-volume sites/surgeons
associated with higher mortality rates.51 Although surgical
morbidity/mortality has been significantly reduced using
advanced neurosurgical techniques, surgical therapy is often
not offered for patients with extensive progressive extracra-
nial disease, as this factor removes patients from RPA class 
I status and is associated with a poorer than average 
prognosis.12,13

For patients with a single brain metastasis with stable
extracranial disease, surgical resection has been shown to
improve survival over WBRT alone. Three randomized trials
of patients with single brain metastases compared preradio-
therapy surgical resection of the metastases to WBRT alone
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TABLE 92.6. Randomized trials of whole-brain radiotherapy alone
performed by the Radiation Therapy Oncology Group (RTOG).

Median
Total dose (Gy)/dose per survival

Trial N daily fraction (months) P value

69-0139 910 30/3 5.2
30/2 4.5 NS
40/2.67 4.5
40/2 4.0

73-6139 902 20/4 4.0
30/3 3.7 NS
40/2.67 4.5

69-01/ 59 10/10 3.7 NS
73-6140 12/6 3.2
76-0641 255 30/3 4.5 NS

50/2.5 4.2
85-2842 a 345 48/1.6 (twice daily) 4.2 NS

54.4/1.6 (twice daily) 5.2 Except for 
solitary
metastases,

64.0/1.6 (twice daily) 4.8 48 Gy vs. >48Gy
70.4/1.6 (twice daily) 6.4 P = 0.05 (48)

91-0444 445 30/3 (once daily) 4.5
54.4/1.6 (twice daily)a 4.5 NS

a Whole brain treated to 32 Gy with a reduced-field size boost beyond 32 Gy.

TABLE 92.7. Impact of daily fraction size on promptness of
neurologic response after whole-brain radiation therapy (WBRT).

WBRT Percent with neurologic
Dose per daily fraction improvement by week 2 P value

<3Gy/day 43%
>3Gy/day 55% P = 0.06
<4Gy/day 54%
>4Gy/day 64% P = 0.01

TABLE 92.8. Proposed dose-fractionation schedule for whole-brain
radiotherapy (WBRT) alone stratified by RPA class.

RPA Dose per
class RPA class fraction Total dose

I KPS 70 or more, age less than 2.5Gy 37.5Gy
65 years, controlled primary, no 
active extracranial metastases

II Not class I or III 2.5-3Gy 30–37.5Gy
III KPS less than 70 3-4Gy 20–30Gy



(Table 92.9). None of the trials showed a survival advantage
for patients undergoing surgery in the presence of progressive
extracranial disease, again demonstrating the importance of
this prognostic factor. The first two trials52,53 found a signifi-
cant increase in overall survival for patients with stable
extracranial disease whose single brain metastasis was
resected before WBRT. The third trial54 failed to show a
benefit for surgical resection. This may be secondary to the
inclusion of patients with a KPS above 50 rather than 70 in
the other trials, and a higher proportion of patients with pro-
gressive extracranial disease (45% versus 38% and 32%).52–54

The necessity of immediate adjuvant WBRT after surgical
resection for patients with a single brain metastasis, has been
investigated in several retrospective analyses with varied
results,45,55–59 but in only one prospective, randomized trial.60

This trial randomized 95 patients with a single brain metas-
tasis to either immediate WBRT or WBRT upon recurrence.60

There was no difference in overall survival between the
immediate WBRT group (48 weeks) and the delayed WBRT
group (43 weeks). There were, however, several benefits of
immediate WBRT. Immediate WBRT decreased the risk of
recurrence anywhere in the brain from 70% to 18% (P less
than 0.001); decreased the risk of recurrence at the site of 
the initial metastasis from 46% to 10% (P less than 0.001);
increased the time to brain recurrence from 27 weeks to 52
weeks; and decreased death from neurologic causes from 44%
to 14% (P = 0.003). Although delayed WBRT resulted in the
same overall survival as immediate WBRT, the authors rec-
ommended the routine use of immediate WBRT to decrease
brain recurrences and associated neurologic symptoms that
can affect quality of life and neurologic death.

For select patients with a solitary brain metastasis from
non-small cell lung cancer and resectable thoracic disease,
aggressive surgical resection of gross disease at both sites has
been attempted with encouraging results. In retrospective
trials of patients with complete resection of both solitary
brain metastases and limited (stage I or II) non-small cell lung
cancer, combined resection has yielded median survivals
ranging from 13 to 24 months and 5 year survival rates of 10%
to 30%.61–64 Thoracic lymph node tumor involvement was
found to be the most significant negative prognostic factor for
patients undergoing combined resection of their cranial and
thoracic disease.62,64

For patients with multiple brain metastases, surgical
resection has been generally limited to resection of a 

dominant single lesion, causing symptomatic mass effect.
However, with advanced surgical techniques, the ability to
resect multiple lesions has improved. Although there have
been no randomized trials investigating the benefit of sur-
gical resection of multiple brain metastases, retrospective
studies of patients with multiple resected brain metastases
have been reported.65,66 The largest of these studies65 subdi-
vided patients undergoing resection of multiple brain metas-
tases into three groups: group A (30 patients) had remaining
metastases after resection, group B (26 patients) had all brain
metastases resected, and group C patients (26 patients) were
case-controlled matched patients to those in group B who
underwent resection of a single brain metastasis for compar-
ison. All patients received WBRT (30Gy in 3-Gy daily frac-
tions) either pre- or postoperatively. The median survival of
group B patients (with all metastases resected) was 14
months, which was equivalent to those patients in group C
(with a single resected metastasis), but significantly higher
than the 6-month median survival of group A (with remain-
ing unresected lesions). These authors concluded that
removal of all lesions in selected patients with multiple brain
metastases improves survival time, and gives a prognosis
similar to that of patients with a single resected brain metas-
tasis combined with WBRT. Although supporting surgical
resection of multiple brain metastases that can be resected
within a single operation, these data await validation by a
prospective, randomized trial.

Stereotactic Radiosurgery

Stereotactic radiosurgery (SRS) has produced significant
advances in the treatment of brain metastases over the past
decade. SRS is a technique using single-fraction, high-dose
megavoltage radiation directed at a discrete target identified
in three-dimensional stereotactic space. Brain SRS is deliv-
ered via collimator-modified linear accelerators using 
multiple arcing beams intersecting at the defined target
(LINAC-SRS), or via a gamma knife machine using 201 fixed
cobalt sources, with the target moved into the intersection
(focal point) of the beams (GK-SRS). Head position must also
be fixed using stereotactic frames attached to the skull. SRS
head frames, devices, and typical SRS isodose curves for brain
metastases are shown in Figure 92.6.
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TABLE 92.9. Randomized trials of surgical resection in addition to whole-brain radiotherapy (WBRT) for patients with a single brain
metastasis.

WBRT dose Median survival with
(Gy)/dose progressive extracranial Median survival Recurrence rate at

Trial Randomization N per fraction disease (ED) P value with stable ED P value original site P value

Patchell52 Surgery + 25 36/3 Not stated 40 weeks 20%
WBRT

WBRT 23 36/3 Not stated P = NS 15 weeks P < 0.01 52% P < 0.02

Noordjik53 Surgery + 32 40/2bid 20 weeks 43 weeks Not stated
WBRT

WBRT 31 40/2bid 20 weeks P = NS 26 weeks P = 0.02 Not stated

Mintz54 Surgery + 41 30/3 12 weeks 24 weeks Not stated
WBRT

WBRT 43 30/3 12 weeks P = NS 27 weeks P = 0.24 Not stated
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FIGURE 92.6. (A) Stereotactic radiosurgery (SRS) head immobilization frame. (B) SRS isodose curves (inner 50%, outer 30%). (C, D) LINAC
stereotactic radiosurgery treatment. (E, F) Gamma knife stereotactic radiosurgery treatment.

The radiobiology of single-fraction high-dose radiation
treatments allows for maximal DNA damage with minimal
sublethal damage repair that normally occurs during the
interfraction interval of fractionated radiotherapy treatments.
Because normal tissue repair is minimized, SRS targets must
be exquisitely defined to minimize the amount of normal

tissue within the SRS field. Therefore, SRS is utilized, in a
manner similar to surgical resection, to treat gross brain
metastases that can be identified on imaging studies and is
not used to treat nonvisualized microscopic metastases.

Side effects of SRS include stereotactic frame pin site
issues, including transient facial swelling and rare risks of



bleeding or infection; radiation-induced peritumoral inflam-
mation with risk of increased intracranial pressure symptoms,
such as headaches, nausea, vomiting, or seizures within 24 to
48 hours of the radiosurgical procedure; and risk of sympto-
matic radiation necrosis, which can cause peritumoral edema
3 to 24 months after radiosurgery.24 Dexamethasone and 
anticonvulsants delivered on the day of the procedure can
decrease the risk of increased intracranial pressure (ICP)
symptoms. The risk of symptomatic radiation necrosis is
highly dose-volume dependent. The largest Phase I multiin-
stitutional trial investigating the risk of symptomatic necro-
sis from radiosurgery is RTOG 90-05,67 in which 168 patients
with recurrent primary brain tumors or brain metastases after
large-field radiotherapy (WBRT or conformal brain radiother-
apy), were entered on the protocol. Tumor diameter-
dependent doses were escalated to the maximum tolerable
dose (MTD) based on the incidence of acute (less than 3
months) and chronic (more than 3 months) central nervous
system (CNS) toxicity as measured by RTOG CNS toxicity
criteria (Table 92.10). The MTDs identified are summarized
in Table 92.11. These MTDs have been used as guidelines in
all subsequent RTOG radiosurgery protocols. Radiosurgical
toxicity for unirradiated brain has also been investigated by
the University of Pittsburgh group in their large study of 332
patients treated with SRS for arteriovenous malformations
(AVMs).68 They found a dose–volume relationship between
the volume covered by the 12-Gy isodose curve and risk of
symptomatic necrosis.68

Advantages of SRS over surgical resection include outpa-
tient treatment with rapid recovery time, no need for general
anesthesia, lower side-effect profile, easier accessibility of
more eloquent regions of the brain, and less cost with the
median reported cost of WBRT plus SRS of $15,102 compared
to $22,018 with WBRT plus surgery.49,69 Surgical resection
remains the treatment of choice for patients who require

rapid decompression of symptomatic brain metastases
causing substantial mass effect, for patients requiring tissue
diagnosis before treatment, and for patients with radio-
surgery-ineligible tumors, that is, those larger than 4cm,
inseparable from the optic nerves or chiasm, or involving the
brainstem (relative contraindication).49

Two randomized trials of the addition of SRS to WBRT
(Table 92.12) have been conducted in a similar manner to
those for the addition of surgical resection to WBRT (see Table
92.9).70,71 The first trial by the University of Pittsburgh group70

included 27 patients with two to four brain metastases less
than 2.5cm in diameter with a median KPS of 100 and a
median age of 59 years. Most patients had active systemic
disease (62% in WBRT + SRS versus 71% in WBRT alone).
The trial was stopped after a planned analysis at 60% accrual
that showed an improvement in 1-year local control from 8%
in WBRT to 100% in WBRT + SRS (P = 0.002). At that level
of accrual, the group found a trend in improved median
overall survival from 7.5 months in the WBRT group to 11
months in the WBRT + SRS that did not reach statistical sig-
nificance (P = 0.22). However, in the group of patients with
stable extracranial disease, there was a significant improve-
ment in overall survival from 5.5 months (with pulmonary
metastases) to 7.5 months (without pulmonary metastases) to
14 months (P = 0.02). The difference was still significant
without the pulmonary disease stratification (P = 0.05),
emphasizing the importance of stable extracranial disease on
the prognosis of patients with brain metastases.

The second trial, RTOG 95-08, is the largest multiinsti-
tutional trial of WBRT versus WBRT + SRS to date, random-
izing 333 patients with one to three brain metastases with
diameters less than 4.0cm and a KPS of 70 or more.71,72 SRS
improved survival over WBRT alone for patients with a single
brain metastasis (4.9 to 6.5 months; P = 0.04); RPA class I
patients (9.6 to 11.6 months; P = 0.05); and patients with non-
small cell lung cancer or any squamous cell carcinoma (3.9
to 5.9 months; P = 0.05). All patients receiving SRS were more
likely to maintain a stable or improved performance status
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TABLE 92.10. Radiation Therapy Oncology Group (RTOG) central
nervous system (CNS) toxicity criteria.

Grade Definition

1 Mild neurologic symptoms; no medication necessary
2 Moderate neurologic symptoms; outpatient medication

required (e.g., steroids)
3 Severe neurologic symptoms; outpatient or inpatient

medication required
4 Life-threatening neurologic symptoms (e.g., uncontrolled

seizures, paralysis, or coma); includes clinically or
radiographically suspected radionecrosis and histologically
proven radionecrosis at the time of an operation

5 Death

TABLE 92.11. Radiosurgery maximum tolerable doses (MTDs)
from RTOG 90-05.62

Maximum Maximum
tumor tolerable
diameter radiosurgical dose Comments

0–2.0cm 24Gy MTD not reached at 24Gy
2.1–3.0cm 18Gy 18Gy based on chronic toxicity, 

21Gy based on acute toxicity
3.1–4.0cm 15Gy 15Gy based on acute toxicity

TABLE 92.12. Randomized trials of stereotactic radiosurgery (SRS) in addition to whole-brain radiotherapy (WBRT).

WBRT dose Median survival One-year
(Gy)/dose (months) with stable SRS in-field

Trial Randomization N per fraction extracranial disease (ED) P value recurrence rate P value

Kondziolka70 SRS + WBRT 14 30/2.5 14 months 8%
WBRT 13 30/2.5 7.5 months P = 0.05 100% P < 0.02

RTOG 95-0871,72 SRS + WBRT 16 37.5/2.5 11.6 months 18%
4

WBRT 16 37.5/2.5 9.6 months P = 0.045 29% P = 0.01
7



(KPS) at 3 months (50% versus 33%; P = 0.02) and at 6 months
(43% versus 27%; P = 0.03).

Thus, SRS has a proven survival benefit in addition to
WBRT for all RPA class I patients and for select RPA class II
patients with stable extracranial disease, young age, or single
brain metastases. The benefit of SRS for RPA class III patients
(KPS less than 70) has not been proven, as these patients have
a historically poor prognosis and have been excluded from the
aforementioned randomized trials.

Attempts have been made to delay or exclude WBRT for
patients receiving initial SRS for the treatment of brain
metastases to minimize treatment-related side effects of
WBRT. To date, there have been no randomized trials com-
paring SRS alone versus SRS + WBRT, although one by the
American College of Surgeons Oncology Group (ACOSOG)
has recently begun accrual.73 Based on the only randomized
trial comparing surgery alone with surgery + WBRT for
patients with single brain metastases,60 one would expect
similar conclusions substituting SRS for surgical resection;
namely, no difference in overall survival with immediate
WBRT versus WBRT upon recurrence, a decrease in future
CNS failure rate with immediate WBRT, and a resultant
improvement in neurologic quality of life by decreasing the

risk of further symptomatic brain metastases.60 Several retro-
spective studies have shown an improvement in local control
with the addition of WBRT over SRS alone (Table 92.13).
None of these studies, however, demonstrated a significant
difference in overall survival between the SRS alone versus
SRS + WBRT, presumably due to the ability to salvage recur-
rences with delayed WBRT or repeat SRS.

Radiosensitizing Agents

Several trials of radiosensitizing agents in conjunction with
WBRT have been performed. Radiosensitizing agents, by def-
inition, are compounds that increase the lethal effects of
radiotherapy but have little activity in the absence of radia-
tion.37 Agents tested in trials include misonidazole (an oxygen
mimetic; a hypoxic cell sensitizer), BrdU (bromodeoxyuri-
dine; a halogenated pyrimidine), lonidamine (inhibits cellular
respiration), RSR13 (increases oxygen release by hemoglobin;
a hypoxic cell sensitizer), and, most recently, motexafin
gadolinium (depletes reducing metabolites that may inhibit
radiation-induced DNA damage). A summary of Phase II/III
radiosensitizer trials is found in Table 92.14. Unfortunately,
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TABLE 92.13. Retrospective studies of SRS alone versus SRS + WBRT.

Median survival
% requiring (months) with 

Trial Initial treatment N Local control P value salvage therapy P value stable ED P value

Sneed89 SRS alone 268 NA 37% 8.2 months
SRS + WBRT 301 NA NA 7% P > 0.01 8.6 months P = NS

Flickinger102 SRS alone 51 53% NA NA
SRS + WBRT 65 81% P = 0.004 NA NA NA NA

Pirzkall103 SRS alone 158 72% NA 5 months
SRS + WBRT 78 86% P = 0.13 NA NA 6 months P = NS

Sneed105 SRS alone 62 42% 40% 11.3 months
SRS + WBRT 43 63% P = 0.008 19% P = 0.02 11.1 months P = NS

Chidel104 SRS alone 78 52% NA 10.5 months
SRS + WBRT 57 80% P = 0.034 NA NA 6.4 months P = 0.079

Shehata106 SRS alone 228 87% NA NA
SRS + WBRT 240 97% P = 0.0001 NA NA NA NA

Robinson107 SRS alone 68 74% NA 5.8 months
SRS + WBRT 51 84% P = 0.01 NA NA 6.1 months P = NS

TABLE 92.14. Phase II/III trials of WBRT with or without radiosensitizing agents.

Trial Phase N Treatment Median survival P value

RTOG 79-16108 Phase III 190 WBRT + misonidazole 3.9 months
193 WBRT alone (3.0Gy ¥ 10 fractions) 4.5 months P = NS

RTOG 79-16108 Phase III 196 WBRT + misonidazole 3.1 months
200 WBRT alone (5.0Gy ¥ 6 fractions) 4.1 months P = NS

RTOG 89-05109 Phase III 30 WBRT + bromodeoxyuridine (BrdU) 4.3 months
34 WBRT alone (2.5Gy ¥ 15 fractions) 6.1 months P = NS

DeAngelis110 Phase III 31 WBRT + lonidamine 5.4 months
27 WBRT alone (3.0Gy ¥ 10 fractions) 3.9 months P = NS

Mehta111 Phase III 193 WBRT + motexafin gadolinium 5.2 months
208 WBRT alone (3Gy ¥ 10 fractions) 4.9 months P = NS

Shaw112 Phase II 57 WBRT + RSR13 6.4 months
1,070 WBRT alone (historical from 4.1 months P = 0.174

RTOG database)



none of the randomized trials showed a benefit of the
radiosensitizing agent in addition to WBRT. There was a sug-
gestion of a benefit of RSR13, although this was only a Phase
II trial, and Phase III trial results (RT-009) are pending.

Chemotherapy

Many different chemotherapeutic agents have shown activity
in the treatment of brain metastases, including etoposide, 
cisplatin, temozolomide, thalidomide, teniposide, topotecan,
vinorelbine, gemcitibine, carboplatin, IL-2, BCNU, and
methyl-CCNU (chloroethylnitrosurea).74–86 Chemotherapy
has historically had limited success in the treatment of 
brain metastases, presumably because of blood–brain and
blood–tumor barriers maintained by tight endothelial junc-
tions and p-glycoprotein-mediated active efflux transport of
chemotherapeutic agents away from the CNS.15,74,76 Reports
that some CNS-penetrating drugs, such as methyl-CCNU
have failed to improve survival over WBRT alone in a ran-
domized trial,75 suggest that there are other factors involved
in brain metastasis response to chemotherapy besides the
ability to penetrate the CNS. Inherent tumor histology-
specific chemosensitivity also appears to play a role in the dif-
ferential response rates seen with the use of different agents
in the treatment of brain metastases. Chemosensitive small
cell lung cancer shows the highest response rates (Table
92.15).

One promising newer chemotherapeutic agent utilized in
the treatment of brain metastases is temozolomide, an alky-
lating agent similar to dacarbazine (DTIC) with CNS-pene-
trating properties used in the treatment of malignant gliomas.
A summary of Phase II/III trials of temozolomide with WBRT
for newly diagnosed brain metastases is shown in Table 92.16.

Although most trials have shown an increased response rate
with the addition of temozolomide to WBRT in the treatment
of brain metastases, none has shown a statistically significant
increase in overall survival. Larger multiinstitutional trials
are ongoing.

Salvage for Recurrent Brain Metastases

Options for patients with recurrent brain metastases after 
surgical resection/SRS, and an initial course of WBRT, include
further surgical resection, repeat SRS, repeat WBRT, and
chemotherapy. Surgical resection tends to be reserved for
those patients with significant mass effect symptoms from
their recurrent brain metastases. Several retrospective studies
of patients undergoing surgical resection for recurrent brain
metastases have shown encouraging median survival times
after resection, ranging from 6 to 11 months.86–88 Of the
remaining options, repeat SRS to the new, previously
untreated, metastasis offers the highest control rate of 60%
to 90%, similar to control of initial lesions.89–92 Lesions pre-
viously treated with SRS have been retreated with no appar-
ent added toxicity at cumulative doses up to 39Gy with a
minimum interdose interval of 4 months.92 The largest
reported study of reirradiation of recurrent brain metastases,
using a repeat course of WBRT, comes from the Mayo Clinic.93

In this retrospective study of 2,658 patients who received
initial WBRT for brain metastases (median dose, 30Gy), 86
received a repeat course of WBRT (median dose, 20Gy in 10
fractions). Seventy percent of reirradiated patients had partial
or complete resolution of neurologic symptoms, with a
median survival of 4 months after reirradiation. Retreatment
appeared to be the well tolerated, with 6% of patients devel-
oping radiographic changes consistent with reirradiation and
1 patient developing dementia believed to be secondary to
reirradiation. Systemic chemotherapy for recurrent brain
metastases appears to be the least successful treatment, with
partial responses in 20% to 50% of patients with recurrent
brain metastases. The blood–brain barrier-penetrating sys-
temic agent temozolomide appears to have the highest activ-
ity.73,76,94 A potentially promising chemotherapeutictreatment
of recurrent brain metastases involves intraarterial delivery
of chemotherapy, with regional blood–brain barrier disrup-
tion. In preliminary studies using intraarterial carboplatin
and intravenous etoposide, response rates of 79% were
obtained with predominantly hematologic toxicities and rare
angiographic complications.95
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TABLE 92.15. Histology-specific brain metastasis response rates to
chemotherapeutic agents.

Primary histology Response rate References

Small cell lung cancer 21%–76% 82, 83, 89
Breast cancer 38%–59% 84, 85
Non-small cell lung cancer 23%–33% 85, 86, 88
Melanoma 0%–38% 85, 87, 91

TABLE 92.16. Phase II/III trials of WBRT with or without temozolomide for patients with newly diagnosed brain metastases.

Overall
Trial Phase N Treatment response P value Median survival P value

Antonadou113 Phase II 25 WBRT + temozolo mide 96% 8.6 months
23 WBRT alone (2.0 Gy ¥ 20 fractions) 67% P = 0.017 7.0 months P = 0.45

Antonadou114 Phase III 67 WBRT + temozolo mide 53% 8.3 months
67 WBRT alone (3.0 Gy ¥ 10 fractions) 33% P = 0.039 6.3 months P = 0.18

Verger115 Phase II/III 24 WBRT + temozolo mide 45% 18.4 weeks
20 WBRT alone 44% P = NS 12.5 weeks P = NS
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Metastatic Cancer 
to Lung

Jessica S. Donington

etastasis is the major cause of death in cancer
patients. The lungs are the second most frequent
site of metastatic disease for all histologies and the

sole site of metastasis in 20% of autopsy cases.1 The presence
of pulmonary metastasis implies systemic dissemination of
disease and was once considered beyond the realm of surgi-
cal cure. It was widely accepted that surgery could provide
nothing beyond palliation. We now recognize that metastases
that are isolated to the lungs are not consistently associated
with the same dismal survival as metastases to multiple
sites.2 During the past 40 years, surgical resection has become
a standard approach for the treatment of pulmonary metas-
tasis in selected histologies. A multitude of series have doc-
umented the survival benefits of pulmonary metastasectomy
in selected patients.

Despite the vast number of series that propose the benefit
of pulmonary metastasectomy, they all share a similar weak-
ness; data in this area are all retrospective. There are no con-
trolled randomized trials comparing surgical metastasectomy
to medical therapy or best supportive care. The definitive
benefit of surgery has never been proven because no group of
unresected patients has clearly been shown to be compara-
tive. Critics of metastasectomy state that only clinically
detectable disease is resected and therefore, the majority of
patients will recur. This is true: more than 50% of patients
will have their disease recur following resection. Critics also
argue that only highly selective patients with good perfor-
mance status and favorable tumor biology undergo resection
and these patients would have a prolonged survival with 
or without surgery. Proponents of metastasectomy counter
these arguments by pointing out the universally poor
outcome in patients with pulmonary metastases who
undergo other curative or palliative therapy.

Following metastasectomy, most patients die of recurrent
pulmonary disease, but 20% to 40% of patients survive 5
years. The generally accepted selection criteria for pulmonary
metastasectomy include (1) control of the primary tumor, (2)
absence of extrathoracic metastasis, (3) the ability to com-
pletely resect all metastatic disease, (4) sufficient cardiopul-
monary function to tolerate resection, and (5) lack of effective
systemic therapy. Advancements in systemic therapy, molec-
ular profiling of tumors, and our understanding of tumor
biology continue to mold our treatment strategy.

History

Weinlecher is credited with the first pulmonary metastasec-
tomy in 1882, when he removed a metastatic lung deposit
during a chest wall resection for a rib sarcoma.3 Divis per-
formed the first pulmonary metastasectomy as an indepen-
dent operation in 1927 in Czechoslovakia.4 The first such
resection in the United States was performed by Barney 
and Churchill, who performed a right lower lobectomy for
metastatic kidney cancer.5 The patient survived disease free
for 23 years before dying of coronary artery disease. The
success of this case and other isolated reports gave credibil-
ity to the concept of curative pulmonary metastasectomy. In
1947, Alexander and Haight published a series of 24 pul-
monary metastasectomies and formally addressed appropri-
ate selection criteria for the procedure.6 In 1965, the Mayo
Clinic published a series of more than 200 pulmonary metas-
tasectomies and pointed out the limitations of preoperative
radiologic studies in predicting the extent of metastatic
disease.7 In 1979, Memorial Sloan-Kettering Cancer Center
(MSKCC) stressed the prognostic significance between metas-
tases from sarcomas, and those from other histologies, in 
their series of 622 pulmonary metastasectomies.8 Efforts to
better refine selection criteria and better define prognostic
variables led to the development of the International Registry
of Lung Metastasis (IRLM) in 1997. The registry consists 
of more than 5,000 patients from major thoracic surgery
groups around the world and provides the most definitive
analysis of clinical prognostic factors for pulmonary metas-
tasectomy to date.9 Their findings guide our current treat-
ment protocols.

Surgical Techniques

When discussing techniques for pulmonary metastasectomy,
we must address the approach used to access the chest cavity
and the mode of removal of the lesion from the lung
parenchyma. There are a wide variety of options in surgical
approach, including posterolateral thoracotomy, median ster-
notomy, clamshell thoracotomy (bilateral anterior thoraco-
tomy), or, most recently, by the video-assisted thoracoscopic
surgery (VATS) approach (Table 93.1).
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Posterior lateral thoracotomy is the standard approach 
for the majority of pulmonary resections and the original
approach used for pulmonary metastasectomy. The main
advantage of this approach is excellent exposure to the lung
and hilum. Almost any pulmonary procedure can be per-
formed through this incision. The downside of this approach
for metastasectomy is that it provides access to only one lung.
Unfortunately with access to only one thoracic cavity,
patients with bilateral disease are committed to two proce-
dures. Most surgeons stage the thoracotomies from 3 days to
3 months apart. Postoperative pain issues also hamper poste-
rior lateral thoracotomies. Pain issues are handled in the same
manner as pain from posterior lateral thoracotomies for other
reasons with the use of epidural analgesia and with muscle-
sparing procedures. The surgeons at MSKCC advocate per-
forming bilateral thoracotomies at a single setting and believe
it can be done safely with these techniques.10

The median sternotomy was popularized in the 1980s as
an approach for pulmonary metastasectomy. It has the advan-
tages of access to both lung fields through a single, well-
tolerated incision. The downside of this approach is that it
does not provide good access to the posterior lung fields or
the left lower lobe. Although most metastasectomies are per-
formed as wedge resections, which are easily performed
through a sternotomy, lobectomies can also be performed
through this incision. Median sternotomy has the advantage
of manual palpation of both lungs. In patients with unilateral
disease on preoperative studies, up to one-third of patients
can have disease on the opposite side at operation.11

In the 1990s, Cooper and colleagues popularized the
clamshell thoracotomy (simultaneous, bilateral anterior tho-
racotomies) for bilateral lung transplants.12 It provides excel-
lent exposure to both pleural cavities while being surprisingly
safe and well tolerated in even the most debilitated patients.
It provides better exposure to lesions in the posterior lung
fields and left lower lobe than median sternotomy. Clamshell
thoracotomy has been shown to lengthen operative time and
increase chest tube drainage and postoperative pain compared
to median sternotomy,13 but it has not been associated with
a significant increase in morbidity or mortality compared to
median sternotomy.14

Most recently, VATS has been advocated for pulmonary
metastasectomy. VATS has the advantage of decreased pain
and hospital stay compared to standard posterior lateral tho-
racotomy.15 The largest disadvantage of the VATS approach is
the lack of manual palpation of the lung. VATS for metasta-

sectomy was prospectively evaluated by the MSKCC in the
early 1990s.16 Patients with one or two ipsilateral metastases
on preoperative computed tomography (CT) scan were eligi-
ble for evaluation. They underwent complete resection by
VATS, which was immediately followed by a thoracotomy for
manual palpation of the lung. Over half of the patients had
additional malignant lesions found at the thoracotomy. This
study questioned the utility of VATS for metastasectomy
because of the inaccuracy of preoperative staging to accu-
rately identify all nodules. Manual palpation was thought to
be vital to detecting and resecting all lesions. As radiographic
technology advances with fine-cut helical CT scans, we are
able to more accurately detect smaller and smaller lesions
preoperatively. A more recent study found that helical CT
scans are more sensitive than older scans and can accurately
detect 82% of lesions and with 61.5% sensitivity for lesions
less than 6mm.17 Although a VATS trial similar to the one
from MSKCC has not been repeated, many surgeons believe
that as our radiographic technologies improve, VATS resec-
tion may be a viable alternative in certain histologies. Renal
cell carcinomas and colorectal cancers tend to produce a
smaller number of large nodules. Other histologies, especially
sarcomas, may never be good candidates for VATS resection
as they have a tendency to present with multiple small
nodules, and may always require manual palpation to assure
complete resection. It is important for the surgeon to remem-
ber that complete resection is the most important prognostic
factor in patients undergoing pulmonary metastasectomy and
therefore, a complete oncologic resection should never be sac-
rificed for the short-term benefits of a VATS approach.

Pulmonary metastasectomy should be done with the
assistance of single-lung ventilation whenever possible. The
lung should be thoroughly palpated, both inflated and com-
pletely deflated, to avoid missing any small nodules. The
lungs should be completely examined and palpated before and
after the resections by both members of the operating team.
Although there is no formal margin required, 1cm circum-
ferentially of grossly normal lung is recommended. Most
metastasectomies are performed as a simple wedge resection
with standard stapling device. Lesions on the flat surface of
the lung, which do not lend themselves to stapled wedge
resection, can be removed with precision electrocautery. With
this technique, the lesion is cored out with a healthy margin,
clipping and ligating large vessels during the dissection.
Patients with deep lesions may require segmentectomy,
lobectomy, or even pneumonectomy for complete resection.
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TABLE 93.1. Approach for metastasectomy.

Approach Advantage Disadvantage Reference

Posterior lateral thoracotomy Excellent exposure Unilateral access Hazelrigg59

Staged operations Ponn60

Postoperative pain Rusch10

Median sternotomy Bilateral access Poor exposure to left lower Hazelrigg61

Single procedure lobe and posterior lung fields Johnston62

Decreased pain Roth11

Clamshell (bilateral anterior Excellent exposure Increased postoperative pain Cooper12

thoracotomies) Bilateral access Increased chest tube drainage Bains14

Single procedure Increased OR time Shimizu13

Video-assisted thoracoscopic Decreased pain Unilateral access Dowling63

surgery (VATS) Decreased hospital stay Staged operations Hazelrigg64

No manual palpation Landrenau15

Decreased detection of nodules McCormack16



The value of concurrent lymph node dissection with 
pulmonary metastasectomy has not been well investigated.
Mediastinal lymphadenectomy is a standard procedure for
lung cancer resections but is not routinely performed during
pulmonary metastasectomy. Mediastinal lymph node metas-
tases, along with pulmonary metastases, carry a poor prog-
nostic value,18 but it is impossible to determine the true
impact of lymphatic metastases on patients with resected
pulmonary lesions, because lymphadenectomy has been per-
formed in a small number of patients. If preoperative studies
identify mediastinal lymph node involvement, most surgeons
would agree that metastasectomy is not indicated. It is likely
that PET scanning will help identify some radiographic occult
lymph node metastases preoperatively to help provide
improved patient selection.

International Registry of Lung 
Metastases (IRLM)

Over the past 40 years, pulmonary metastasectomy has
become recognized as a potentially curative treatment for
selected patients. To date, no controlled trial exists compar-
ing metastasectomy to chemotherapy, radiation therapy, or
best supportive care for patients with isolated pulmonary
metastases, but historical data suggest that unresected lung
metastases are uniformly fatal within 2 years.19,20 IRLM
pooled large numbers of unselected patients and obtained
extensive follow-up from the major thoracic oncology centers
worldwide. The meta-analysis of these data has helped to
clarify the therapeutic benefit of pulmonary metastasectomy.

The ILMR project was launched in 1990 to combine and
analyze the experience of major European and American tho-
racic surgery centers during the past 50 years. It created a
database using a single form for each patient. The record
included (1) patient identification, (2) features of the primary
neoplasm, (3) description of each metastasectomy performed
(sequential or staged thoracotomies were treated as a single
metastasectomy), and (4) follow-up. Between 1991 and 1995,
5,290 patients were enrolled. Only 84 cases were excluded for

incomplete data, leaving 5,206 evaluable patients. The largest
series is from MSKCC, which submitted their consecutive
series of all pulmonary metastasectomies performed in their
institution from 1945 to 1995. Variables that were tested for
significance included gender, age, number of resected and
pathologically proven metastases, disease-free interval (DFI),
histology, and site of the primary tumor. Survival was calcu-
lated from the time of the initial metastasectomy to the date
of last follow-up.

Data from the registry confirmed that the morbidity from
metastasectomy is very low and overall perioperative mor-
tality was only 1%. The accuracy of preoperative radiologic
testing was only 61%, with 25% of patients having more
metastases at the time of resection and 14% having fewer
lesions than suspected preoperatively. The accuracy of pre-
operative evaluation varied among histologies, with osteosar-
coma frequently having a higher number of occult lesions,
whereas colon cancer had the highest frequency of false-
positive lesions.

Completeness of resection was the single most important
prognostic factor following pulmonary metastasectomy. The
actuarial survival after complete metastasectomy was 36% at
5 years, 26% at 10 years, and 22% at 15 years, with a median
survival of 35 months. The median survival for patients with
incomplete resections was 15 months; survival at 5 years was
13% and 7% at 10 years.

Disease-free interval (DFI) is the time between the treat-
ment of the primary tumor and the appearance of metastases.
Table 93.2 demonstrates 5- and 10-year survival according to
DFI. The surprisingly good survival in patients with DFI less
than 1 year is mainly due to the patients who presented with
synchronous pulmonary metastases. Table 93.3 reports sur-
vival by the number of pathologically proven metastases.
There was significant survival benefit for solitary lesions
compared to multiple lesions. The probability of survival
tends to decrease with the number of resected nodules, but
very little survival difference was seen between patients who
had 4 or more lesions and those with 10 or more lesions.

Table 93.4 reviews survival by primary diagnosis. Germ
cell tumors had by far the best survival, 68% at 5 years and
63% at 10 years. It was apparent from the registry data 
that these represented a separate clinical entity because of 
the high frequency of complete pathologic response to
chemotherapy. These patients were therefore excluded from
the multivariate analysis of prognostic factors. Melanomas
had the worst survival, 21% at 5 years and 14% at 10 years,
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TABLE 93.2. Long-term survival following complete resection
according to disease-free interval (DFI).

Five-year Ten-year Median survival
DFI N survival (%) survival (%) (months)

Overall 4,572 36 26 35
0–11 months 1,384 33 27 29
12–35 months 1,662 31 22 30

36+ months 1,416 45 29 45

Source: International Registry of Lung Metastasis (IRLM).

TABLE 93.3. Long-term survival following complete resection
according to number of pathologically proven metastases (IRLM).

No. of Five-year Ten-year survival Median survival
metastases N survival (%) (%) (months)

Overall 4,572 36 26 35
1 2,169 43 31 43
2–3 1,226 34 24 31
4+ 1,123 27 19 27
10+ 342 26 17 26

TABLE 93.4. Long-term survival following complete resection
according to histology (International Registry of Lung Metastasis,
IRLM).

Five-year Ten-year Median
survival survival survival

Primary tumor N (%) (%) (months)

Overall 4,572 36 26 35
Osteosarcoma 734 33 27 40
Soft tissue sarcoma 938 30 22 27
Colorectal 653 37 22 41
Breast 411 37 21 37
Renal cell 402 41 24 41
Melanoma 282 21 14 19
Germ cell 318 68 63 Not reached



with a median survival of 19 months. There was no signifi-
cant difference in survival between epithelial tumors (37% at
5 years, 21% at 10 years) and sarcomas (31% at 5 years, 26%
at 10 years). There were survival differences among the spe-
cific histologies of sarcoma and the various sites of epithelial
cancers.

Of completely resected patients, 53% had a documented
recurrence. Sarcomas (64%) and melanomas (64%) recurred
more frequently than epithelial (46%) or germ cell tumors
(26%). The majority of sarcomas relapsed in the lungs (66%),
whereas 73% of melanoma relapses were extrathoracic. An
intermediate pattern of relapse was seen in epithelial and
germ cell tumors. The median time to recurrence was 10
months and was shorter in sarcomas (8 months) than epithe-
lial tumors (12 months).

Twenty percent of patients underwent multiple metasta-
sectomies. Repeat pulmonary metastasectomy was more
common in sarcomas (53%) than in other histologies, as one
might predict from their pattern of relapse. The median inter-
val between first and second metastasectomy in sarcomas
was 10 months. Long-term survival for patients who under-
went repeat pulmonary metastasectomy was 44% at 5 years
and 29% at 10 years. These survivals are better than those
seen in patients who underwent a single operation (34% at 5
years and 25% at 10 years). Better survivals can be attributed
to both the improved selection criteria of patients offered redo
surgery (good performance status and limited disease) and the
real salvage benefit of repeat resection.

One of the goals of the IRLM was to establish a new
staging system that would be simple, discriminant, and valid
across histologies. Complete resection was the single most
important prognostic factor. The new classification system
combined the DFI, number of nodules, and completeness of
resection into a simplified reliable system that could be used
to predict long-term survival across histologies. Among
resectable lesions, a DFI greater than 36 months and solitary
metastases were seen as independent risk factors for
improved outcome. Table 93.5 demonstrates the four distinct
prognostic groups based on these factors. The median survival
for group I was 61 months, 34 months for group II, 24 months
for group III, and 14 months for group IV (P less than 0.00001)
The prognostic grouping was highly significant for the entire
group and in each specific tumor histology. The log rank c2

was 131.8 for epithelial tumors, 118.8 for bone sarcomas, 77.4
for soft tissue sarcomas, and 29.6 for melanomas.

By combining data from the leading thoracic surgical
centers, the IRLM was able to collect a large number of
metastasectomies from a broad spectrum of primary diseases

and with extensive follow-up. The analysis verified the low
morbidity and mortality associated with metastasectomy 
and the inaccuracy of radiology studies to accurately stage
patients. Thorough intraoperative staging by an experienced
thoracic surgeon is required to optimize resection of all
nodules. The proposed prognostic groups are based on easily
available clinical data and represent a simple and discrimi-
nate system to classify these patients. Further confirmation
of the validity of the system is planned.

Osteosarcoma

The disease model for surgical removal of pulmonary metas-
tases is osteogenic sarcoma. High-grade osteosarcoma is a
malignant bony tumor with a peak incidence in the second
decade of life. Historical data demonstrate that although 80%
of patients present with localized disease, 80% of those
treated with amputation alone will develop pulmonary
metastases within 2 years and none of those untreated will
survive to 5 years.21,22 In the absence of effective chemother-
apy or radiotherapy, MSKCC led the way in developing a
strategy for pulmonary metastasectomy in these young
patients. In a series from 1971, 29 patients were treated with
surgical metastasectomy; they demonstrated a 32% 5-year
survival in the 22 patients who had a complete resection.23

Over the past two decades, the prognosis for patients with
localized osteosarcoma has improved considerably with the
development of effective chemotherapeutic regimens. The
event-free survival for patients who present with localized
disease, treated with neoadjuvant chemotherapy and resec-
tion, is estimated to be 44% to 78% at 5 years.24,25 The lungs
remain the most frequent site of recurrence, but an increased
frequency of bony metastases is seen following chemother-
apy.26–28 Complete resection remains the most important 
prognostic factor following metastasectomy (Table 93.6).25
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TABLE 93.5. International Registry of Lung Metastasis (IRLM)
system of prognostic grouping.

Group Description

I Resectable, no risk factors: DFI > 36 months and single
metastasis

II Resectable, one risk factor: DFI < 36 months or multiple
metastases

III Resectable, two risk factors: DFI < 36 months and multiple
meastases

IV Unresectable

TABLE 93.6. Pulmonary metastasectomy for osteosarcoma.

No. Complete resection: Incomplete resection: 
Author Year Institution of patients 5-year survival 5-year survival

Martini23 1971 MSKCC 140 45% (3-year) 5% (3-year)
Putnam65 1983 NCI 38 50% 0%
Huth28 1989 UCLA 77 23% 8%
Goorin27 1991 MIOS 52 60% 32%
Saeter66 1995 Norway 60 50% 0%
Thompson67 2002 University of 21 38% (4-year) 10%

Minnesota
Ferrari29 2003 Italy 125 44% 0%

MSKCC, Memorial Sloan-Kettering Cancer Center; NCI, National Cancer Institute; UCLA, University of California at
Los Angeles; MIOS, multiinstitutional osteosarcoma study.



DFI and number of metastases found at resection have proven
to be significant in numerous series. Neoadjuvant chem-
otherapy has led to an increased time to the development of
lung metastases and a reduction in the number of lung
lesions, helping to facilitate complete surgical resection.26,27

The combination of effective systemic therapy and the refine-
ment of surgical indication and techniques have greatly
enhanced the outlook for these young patients. The role of
second-line, salvage chemotherapy for recurrence is an area
still being investigated.29

Soft Tissue Sarcoma

Soft tissue sarcomas are relatively uncommon, with 8,000
new cases and 4,600 deaths annually in the United States.30

The lung is the most common site of metastases in patients
with extremity soft tissue sarcomas; 20% of patients will
develop isolated pulmonary metastases, and the majority of
metastases occur in the first 2 years following diagnosis with
a median time to development of 14 months.31 Features of soft
tissue sarcomas that are associated with a propensity to
metastasize include extremity location, large size, and high
grade.32 The most common soft tissue tumors to develop 
pulmonary metastases are malignant fibrous histiocytoma
(MFH) (23%), synovial-cell sarcoma (19%), and leiomyosar-
coma (15%).24

Approximately one-third of patients are symptomatic at
diagnosis.33 The most common symptoms are cough and
hemoptysis. The majority of patients are asymptomatic at
diagnosis and have lesions detected on an abnormal chest
radiograph or CT scan. Patients with soft tissue sarcomas are
10 times more likely to develop pulmonary metastases than
a primary lung cancer,34 and therefore, any new pulmonary

lesions should be considered metastatic until proven 
otherwise.

Many series have documented survival benefit following
metastasectomy in soft tissue sarcoma (Table 93.7). Complete
resection is the most significant predictor of long-term sur-
vival. Attempts have been made to further identify prognos-
tic markers in resectable patients. Factors that appear to 
be associated with improved survival include prolonged 
DFI, low histologic grade, young age, tumor depth, doubling
time, number of nodules, MFH, and unilateral disease. Fea-
tures associated with poor prognosis include liposarcoma,
malignant peripheral nerve sheath tumor, and large tumor
size.

Renal Cell Carcinoma

Renal cell carcinomas affect approximately 25,000 patients
yearly in the United States, representing about 3% of all
malignancies.2 Up to one-third of patients have metastatic
disease at the time of diagnosis,35 and half of the remaining
patients will develop metastases following nephrectomy.36

The lungs are the second most common site of metastatic
spread. The lack of effective chemotherapy, radiation therapy,
or immunotherapy for metastatic renal cell carcinoma justi-
fies an aggressive approach to surgical resection. Five-year
survival for patients with unresected metastatic renal cell
cancer is 2.7%.37 Numerous series have been published on
pulmonary metastasectomy for renal cell carcinoma, and 5-
year survival rates range from 30% to 60% (Table 93.8). The
studies are unanimous in the recognition that the complete-
ness of resection is the most important factor affecting 
survival. The DFI, number of lesions, and lymph node
involvement have less of a prognostic impact. Survival after
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TABLE 93.7. Pulmonary metastasectomy for soft tissue sarcoma.

Complete resection: Incomplete resection:
Author Year Institution No. of patients 5-year survival 5-year survival

Putman68 1984 NCI 67 18% 0%
Jabalons69 1989 NCI 57 35% 0%
Casson70 1992 MDACC 68 25% NR
Verazin71 1992 Roswell Park 78 21% 0%
van Geel72 1996 EORT 255 35% NR
Billingsley32 1999 MSKCC 213 37% 17%

MDACC, M.D. Anderson Cancer Center; EORT, European Organization for Research and Treatment of Cancer.

TABLE 93.8. Pulmonary metastasectomy for renal cell carcinoma.

No. Complete resection: Incomplete resection:
Author Year Institution of patients 5-year survival 5-year survival

Jett2 1983 Mayo 44 30% 25%
Pogrebniak36 1991 NIH/NCI 23 60% 30%
Cerfolio73 1994 Mayo 147 36% NR
Fourquier74 1997 Marie-Lannelongue 50 44% 20%
Kavolius75 1998 MSKCC 211 44% 14%
Friedel76 1999 Gerlingen 93 39% NR
Piltz77 2002 Munich 122 40% 0%
Pfannschmidt78 2002 Heidelberg 191 42% 22%



repeat thoracotomy for recurrent pulmonary metastases does
not differ from survival following first complete resection.
Pulmonary metastasectomy is a safe and effective treatment
for metastatic renal cell carcinoma.

Colorectal Cancer

Colorectal cancer is one of the most common malignancies
in the United States. It is the third most common cancer in
both American men and women.38 The lungs are the second
most common site of metastases from colorectal cancers, but
only 10% of patient with pulmonary disease have isolated
pulmonary metastases and are possible candidates for resec-
tion.39 The first pulmonary resection for metastatic colorec-
tal cancer was performed by Blalock in 1944.40

There are numerous series of patients undergoing resec-
tion of pulmonary metastases from colorectal cancers with 5-
year survivals ranging between 16% and 56% (Table 93.9).
The most important prognostic factor in all series is the com-
pleteness of resection. Other significant predictors of survival
in selected series include the number of metastases,41–43 DFI,44

and serum levels of carcinoembryonic antigen (CEA).41,45 The
location, stage, and grade of the primary tumor do not appear
to have any influence on survival following metastasectomy.

Spread of colorectal cancers to the liver is very common,
occurring in approximately 50,000 patients per year in the
United States.46 Similar to lung metastases, only a small pro-
portion of patients with liver metastases are candidates for
resection, but also similar to pulmonary metastases survival
after hepatic metastasectomy is 25% to 40% at 5 years.47

Colorectal cancer provides a unique therapeutic dilemma
where patients can have surgically curable metastases in two
different organs. Untreated, survival is dismal for either iso-
lated pulmonary or hepatic metastases. Limiting surgical
resection to patients with single-organ metastases may be
denying some patients a chance for long-term survival.
Several studies have been published addressing combined
liver and lung resection for metastatic colorectal cancers
(Table 93.10). The most common sequence of presentation is
to have hepatic metastases that are resected and then develop
lung metastases,48 but these series also contain patients who
presented with lung lesions first or simultaneous metastases.
Survival following resection from both sites is comparable to
survival from either site alone.

Melanoma

Melanoma is widely recognized as the most lethal skin
cancer. The lungs are the most common site of initial pre-
sentation of metastatic disease,2 and 30% to 50% of patients

with stage IV disease have pulmonary metastases.49 Long-
term survival for melanoma patients with pulmonary metas-
tases is dismal with less than 5% surviving for 5 years.50

Unfortunately, no effective chemotherapy, radiation, or
immunotherapy exists. Surgery offers a small chance for
control of disease. Numerous small series have documented
occasional long-term survivors among patients who have
undergone pulmonary resection for isolated metastases from
melanoma (Table 93.11). The overall outcome for patients
who undergo complete metastasectomy remains poor, and
therefore, surgeons have continued to seek factors that will
better identify patients who are likely to benefit from resec-
tion. Data from both Harpole et al.50 and IRLM suggest that
patients with complete resections, longer DFI, and solitary
metastases do better overall. Progrebniak’s series from the
National Cancer Institute (NCI), demonstrated an important
aspect of care in these patients in that 30% of patients in their
series with new pulmonary nodule on serial studies were
found to have nonmetastatic lesions at exploration.36 The
majority of these were benign. They thought that melanoma
patients with a new pulmonary nodule who are surgical can-
didates should be explored for diagnosis and to attempt com-
plete resection.

New and Evolving Treatments

Only a small proportion of patients with pulmonary metas-
tases are candidates for metastasectomy. Many patients have
disease isolated to the lungs but are either not fit candidates
for thoracic surgery or have unresectable lesions. Many new
and evolving treatments are being investigated for patients
who are not candidates for standard resection.
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TABLE 93.9. Pulmonary metastasectomy for colorectal
carcinoma.

No. of Complete resection:
Author Year Institution patients 5-year survival

McCormack79 1992 MSKCC 144 44%
McAfee41 1992 Mayo 119 31%
Saclarides43 1993 Rush 23 16%
van Halteren44 1995 Netherlands 38 43%
Girard45 1996 France 86 24%
Okumura42 1996 Tokyo 111 45%
Saeter66 2002 Kansai 165 40%

TABLE 93.10. Hepatic and pulmonary metastasectomy for colorectal carcinoma.

Author Year Institution No. of patients Complete resection Median survival (months)

Conlon and Minnard88 1996 MSKCC 33 24.5
Okumura42 1996 Tokyo 39 33% 30
Robinson80 1999 Cleveland Clinic 25 9% 16
Lehnert81 1999 Heidelberg 17 45% (3-year) 34
Enk48 2001 Mayo 58 30% N/R
a Survival from time of last metastatic resection.



Isolated Lung Perfusion

In general, systemic toxicity limits the amount of chemother-
apy that can be given to an individual. New drug delivery
systems, such as isolated pulmonary perfusion, may enhance
chemotherapeutic treatment effects by increasing drug 
concentrations in the lung tissue and decreasing systemic
toxicity. Isolated limb perfusion with hyperthermia and
chemotherapy has become an accepted treatment strategy for
locally advanced malignant melanoma. Animal studies have
demonstrated that, with pulmonary artery and vein cannula-
tion, the pulmonic vascular system can be isolated from the
systemic system and chemotherapeutic agents can be infused
at higher levels than systemically tolerable. This technique
results in higher tissue concentrations within the lung.51,52

Isolated pulmonary perfusion has been performed in clinical
trials by using continuous infusion techniques. These proce-
dures are cumbersome, but safe, producing elevated tissue
concentration of drugs without associated systemic toxicity.
Unfortunately, clinical responses have been variable (Table
93.12). Acute and late lung injury was noted in most series
with a decrease in FEV1 and diffusion capacity (DLCO). The
pathophysiology of the lung injury may be secondary to ele-
vated drug levels or to ischemia associated with the proce-
dure. Modifications in perfusate solution could help to limit
this injury.

Isolated lung perfusion may prove to be a useful system
for gene delivery to the lung. Animal models have been used
to study human tumor necrosis factor (TNF)-alpha gene deliv-
ery for the treatment of pulmonary sarcoma metastases.53 The
technique of isolated lung perfusion is still experimental. The
ability to modulate the drug dose, concentration, and per-
fusate composition will help to provide safer and more effec-
tive outcomes. There remains a paucity of effective treatment
for pulmonary metastases and, despite the lack of over-
whelming clinical benefit to date, isolated lung perfusion
warrants further clinical investigation.

Inhalation Therapy

Inhalation therapy has been used most commonly in the
treatment of patients with pulmonary metastases from renal
cell carcinoma. Inhaled interleukin 2 (IL-2) is given in doses
of 18 to 36 million IUs, alone or in combination with other
systemic therapy. It is associated with a decrease in the pro-
gression of pulmonary metastases in renal cell, ovary and
breast carcinomas, and melanomas.55 Therapy is well toler-
ated, the main toxicity being a dose-dependent cough. High-
dose IL-2 (36 million IUs/day) with single-agent dacarbazine
was studied in 27 patients with malignant melanoma.48 Five
patients had complete response and partial response was seen
in 8 patients. Extrapulmonary metastases do not respond to
treatment. Inhalational IL-2 appears to be a promising strat-
egy that will allow prolonged therapeutic response and a
potential long-term survival advantage to patients with iso-
lated pulmonary metastasis with low toxicity.

Radiofrequency Ablation

Radiofrequency ablation (RFA) applies thermal energy via a
catheter delivery system, resulting in coagulation necrosis. Its
use is widely accepted for the treatment of unresectable liver
tumors, and is now being explored for destruction of solid
tumors in other locations, including the lung. Animal models
investigating the histologic effects of RFA on pulmonary
parenchyma revealed that tumors can be effectively ablated
with minimal damage to surrounding lung.56 A pilot study
from the University of Pittsburgh, evaluated RFA in patients
with unresectable lung tumors [5 with non-small cell lung
cancer (NSCLC) and 13 with pulmonary metastases]. There
was 1 death following treatment. A better radiographic
response was seen in lesions smaller than 5cm. After a mean
follow-up of 6 months, lesions that had radiographic treat-
ment effect did not demonstrate regrowth, but 9 of the 13
developed new sites of metastatic disease, and 6 (46%) died.57
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TABLE 93.12. Isolated lung perfusion for pulmonary metastases.

Author Year No. of patients Agents Complications Response

Johnston54 1995 8 Doxorubicin/CDDP 25% 0%
Ratto85 1996 6 Resection + CDDP 33% N/A
Pass86 1996 15 TNF + interferon 20% 33%
Burt52 1998 8 Doxorubicin 0% 0%
Putnam87 2000 16 Doxorubicin 19% 6%

CDDP, cisplatin; TNF, tumor necrosis factor.

TABLE 93.11. Pulmonary metastasectomy for melanoma.

Median survival in
No. of Complete resection: months: complete Incomplete resection:

Author Year Institution patients 5-year survival resection 5-year survival

Mathisen82 1979 NIH/NCI 33 0% 12 0%
Pogrebniak36 1988 NIH/NCI 31 7% 13 10%
Wong83 1988 UCLA 47 31% 24 0%
Harpole50 1992 Duke 109 20% 20 10%
Leo84 2000 IRLM 328 22% 19 0%



Pulmonic RFA is still new but it appears to be a promising
treatment option for patients with isolated pulmonary metas-
tases who are not resection candidates.

Stereotactic Radiosurgery

Stereotactic radiation is a method of delivering highly focused
external-beam radiation using a compact fractionation sched-
ule. The techniques are well established for intracranial 
neoplasms and have replaced surgical resection for many
intracranial neoplasms but are a novel approach to treating
tumors in the lung. Treatment uses a 6-Me LIAC (6 megavolt
linear accelerator) on a robotic arm. A gold fiducial is percu-
taneously placed within pulmonary lesions to guide treat-
ment and decrease treatment to surrounding tissue secondary
to respiratory motion. Results from a Phase I trial at Stanford
University, in patients with solitary lung tumors who were
not candidates for resection (14 NSCLC, 9 metastases) show
25% stable disease, 40% partial response, and 35% complete
response at median follow-up of 8 months.58 Long-term
follow-up is necessary to determine the overall toxicity and
efficacy of treatment.

Conclusion

There is a wealth of retrospective data demonstrating the
benefit of pulmonary metastasectomy compared to other
treatment modalities for isolated pulmonary metastases, but
there remains a lack of randomized clinical trials demon-
strating the benefit. The IRLM has provided us with a large
database with extensive follow-up to evaluate this issue. Data
from the IRLM and countless smaller series demonstrate that
metastasectomy can be performed with minimal morbidity
and low mortality. In selected histologies, metastasectomy
provides a survival advantage over other therapies. The com-
pleteness of resection is the single most significant prognos-
tic variable across all histologies. The DFI and number of
metastases appear to be the next most significant variables.
Using these three variables, prognostic groups have been con-
structed, with patients with respectable single lesion and DFI
greater than 36 months having the greatest chance for cure.
The majority of patients treated with pulmonary metastasec-
tomy will eventually die of their metastatic disease, and
therefore work continues to refine selection criteria and on
new treatment modalities.
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Surgical and Regional
Therapy for Liver

Metastases
Kenneth K. Tanabe and Sam S. Yoon

he liver is a frequent site of metastases from solid
tumors and the most common site of distant metas-
tases from colon and rectal cancer. Death from colon

and rectal cancer is usually a result of metastatic disease. In
one study, more than one-half of patients who died of colon
and rectal cancer had liver metastases at autopsy, and the
majority of these patients died as a result of their metastatic
liver disease.1 Unlike many types of cancer, however, the
presence of distant metastases from colon and rectal cancer
does not necessarily preclude curative treatment. Nearly 40%
of patients with colon and rectal cancer and hematogenous
metastases have disease that is predominantly in the liver.2

Moreover, in a subpopulation of patients, the number of
lesions is limited. Accordingly, there exists a strong rationale
for regional therapies directed specifically against colon and
rectal cancer liver metastases. This pattern of metastases is
rarely observed in other cancers.

Resection is the most effective regional therapy for
patients with colon and rectal cancer liver metastases, and
this treatment leads to long-term survival in a defined subset
of patients. Other regional therapies, such as cryosurgery,
radiofrequency ablation (RFA), and hepatic artery infusion
(HAI) chemotherapy, have been used, mainly for patients
whose liver metastases are unresectable. Although ablative
therapies and HAI chemotherapy hold promise, their ability
to either improve quality of life or overall survival has 
not been convincingly demonstrated in prospective trials.
Regional hepatic therapies are of much less value for patients
with liver metastases from other types of cancer. Accordingly,
this chapter focuses mainly on regional therapies for patients
with colon and rectal cancer.

Natural History of Colon and Rectal Cancer

Understanding the natural history of colon and rectal cancer
liver metastases sets a framework from which to assess the
value of various treatments. Natural history data are increas-
ingly more difficult to come by, as the vast majority of
patients with this condition are treated with some form of
therapy. Thus, many of the data on natural history come from
studies conducted primarily in the 1960s and 1970s. Median
survival for patients with colon and rectal cancer liver metas-
tases was found to be between 5 and 9 months.3–8 However,

in these older studies, the majority of patients had advanced
disease diagnosed without the advantage of modern-day
imaging techniques. A few retrospective studies have
assessed the survival of patients with potentially resectable
colon and rectal cancer liver metastases that were left
untreated. Wilson and Adson reported no 5-year survivors
among patients with untreated but potentially resectable
liver metastases compared to a 28% 5-year survival for
patients with resected liver metastases.9 A subsequent study
found 5-year survival rates in similar groups of patients to be
2% and 25%, respectively.10 In another study, patients with
untreated but potentially resectable liver metastases had a
mean survival of 21.3 months with only 1 of 13 patients sur-
viving 5 years.11 Wanebo et al. found that patients with an
untreated single liver metastasis had a median survival of 19
months and no patients survived 5 years, whereas patients
with a resected single liver metastasis had a median survival
of 36 months and 25% of patients survived 5 years.12

Conclusions that can be reached from these studies are
limited because of their retrospective patient identification
and relatively insensitive methods for assessment of extent
of disease. However, one can conclude that patients with a
limited number of liver metastases survive longer than
patients with more extensive liver metastases. Another 
conclusion is that 5-year survival is highly uncommon 
for patients with untreated liver metastases from colon and
rectal cancer. Improvements in the quality of imaging in more
recent years combined with more widespread use of imaging
has led to earlier detection of liver metastases in the years
since these original studies on natural history. Accordingly,
recent “improvements” in the natural history of colon and
rectal carcinoma liver metastases are expected solely as a
result of earlier diagnosis.

Patient Evaluation

One of the greatest challenges to the decision-making skills
of a surgeon comes with intraoperative detection of colon 
or rectal cancer liver metastases. The decision whether to
include regional therapy during surgery for the primary tumor
is a function of many variables: the surgeon’s experience, the
anatomic location of the liver lesions, the thoroughness and
quality of intraoperative assessment of the distribution of
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liver metastases, the location of the primary tumor and the
difficulty of the operation to remove the primary tumor, the
anticipated morbidity of adding a regional therapy to the oper-
ation, and an understanding of the values and goals of the
patient and family based on preoperative discussions. A deci-
sion whether or not to intraoperatively biopsy a liver lesion
should be made with careful consideration of the conse-
quences. In patients with clinically obvious liver metastases
that are clearly not candidates for curative hepatectomy, core
biopsy or incisional biopsy of one lesion to histologically
confirm its nature is indicated. In contrast, in a patient with
potentially resectable liver metastases, biopsy is not justified
if the lesions appear to be obvious metastases based on clin-
ical inspection. The risk of implanting tumor cells into the
abdominal cavity or abdominal wound after an incisional
biopsy, represents an unnecessary risk in a patient that has
the opportunity to undergo potentially curative hepatectomy.

For patients who will undergo systemic chemotherapy
rather than regional therapy as their treatment, mere con-
firmation of the presence and volume of metastases on 
computed tomography (CT) scan is sufficient. But when 
considering regional treatment strategies, patient evaluation
necessarily focuses on evaluation of the extent and anatomic
distribution of anatomic disease, the presence or absence of
extrahepatic disease, underlying liver function, and medical
comorbidity.

Candidates for regional therapies, including liver resec-
tion, should undergo a detailed history and physical exami-
nation, hematology and chemistry panels, liver function
tests, chest X-ray, and abdominal and pelvic CT scans. Phys-
ical findings and clinical symptoms are the least reliable and
least sensitive method of diagnosing liver metastases. An ele-
vated carcinoembryonic antigen (CEA) value may be the first
sign of colon or rectal cancer liver metastases and may hold
prognostic value.13,14

In recognition that 5% of patients with colon and rectal
cancer develop metachronous primary colon and rectal
cancers,15 strong consideration should be given to colonos-
copy if not done within the past 12 to 24 months to exclude
recurrence of the original primary colon and rectal cancer 
or development of a second primary colon and rectal 
cancer.

Chest CT scans in patients considered for regional therapy
of liver metastases are of small but defined benefit in the
setting of a normal chest X-ray. A retrospective study of
patients with colon and rectal cancer liver metastases,
without evidence of pulmonary metastases on chest X-ray,
demonstrated that chest CT had a positive yield of only 4%
and a positive predictive value of 36% for lung metastases.16

However, if one modifies the manner in which these data are
integrated into patient management decisions, the value to
improving patient care is greater than that suggested by the
authors of this study. If one sets a higher threshold for chest
CT findings that alter management, the specificity will con-
sequently improve. Along those lines, the writers of this
chapter routinely obtain chest CT scans in patients consid-
ered for hepatic regional therapy. Treatment decisions are
altered for findings that have a high probability of repre-
senting pulmonary metastatic disease. In patients with 
indeterminate findings, such as small, nonspecific lesions,
management is not altered and the study serves as a baseline
for future comparison.

For liver resection and ablation therapies, precise
anatomic localization of liver tumors is important. Magnetic
resonance imaging (MRI), CT, and intraoperative ultrasound
are used frequently for this purpose and have been compared
in numerous studies.17–31 Positron emission tomography (PET)
studies provide a physiologic survey for hypermetabolic
tumors to complement these anatomic imaging studies.
Imaging technology continues to rapidly improve. For
example, faster image acquisition times, greater numbers of
detectors on CT scanners (e.g., multidetector CT), postpro-
cessing algorithms, and MRI contrast agents have dramati-
cally improved image quality.

Abdominal CT scans remain the most commonly used
modality for the assessment of the number, size, and
anatomic distribution of liver metastases. Although normal
liver is perfused primarily by the portal vein, liver metastases
are perfused principally by the hepatic artery.32 Therefore, on
CT images obtained during the portal venous phase follow-
ing intravenous contrast administration, hypoattenuated
liver metastases are more easily recognized.33

MRI is being increasingly utilized for the diagnosis and
characterization of liver lesions, particularly now that liver-
specific contrast agents and dynamic scanning have been
incorporated. Additional improvements in MRI, include
availability of high field strength magnets, use of phased array
coils, multiplanar capability, breath-hold acquisition, fat sat-
uration, and three-dimensional imaging. Liver-specific con-
trast agents increase the imaging window for evaluation of
liver and thus permit acquisition of high-resolution thin sec-
tions through liver. One liver-specific contrast agent, man-
ganese pyridoxyl diphosphate (Mn-DPDP), is a paramagnetic
agent taken up preferentially by hepatocytes and excreted in
the bile. Normal liver parenchyma is markedly enhanced on
T1-weighted images, whereas metastases do not enhance.34

PET imaging has improved markedly over the past decade,
and many centers routinely incorporate PET imaging results
into their decisions on whether to pursue regional therapy. 
Many studies have focused on the diagnostic yield of fluo-
rodeoxyglucose (FDG)-PET in staging patients with liver
metastases from colon and rectal cancer, but have generally
suffered from retrospective analysis concerning clinical man-
agement decisions.24–31 In a prospective study of 51 patients
analyzed for resection of colon and rectal cancer liver metas-
tases by conventional diagnostic imaging and FDG-PET, clin-
ical management decisions based on conventional diagnostic
imaging were changed in 10 (20%) of 51 patients after FDG-
PET findings were known. Eight patients were spared unwar-
ranted liver resection or laparotomy, and 2 other patients
were identified as candidates for liver resection. One patient
was falsely upstaged.35

Transabdominal ultrasound is a relatively inexpensive
modality but misses up to 50% of liver metastases.36 It has
essentially no role in the preoperative evaluation of potential
liver resection candidates. However, many studies have
shown the superiority of intraoperative ultrasound (IOUS) in
the detection of liver lesions as compared to helical CT or
MRI.37–43 In addition, IOUS findings have been observed to
change surgical management in 11% to 33% of patients.37–43

The proportion of patients in which IOUS changes manage-
ment may be dropping as a result of improvements in 
MRI imaging.44,45 In a study of 79 patients treated at the 
Massachusetts General Hospital (MGH) who underwent 
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contrast-enhanced MRI examination within 6 weeks of
surgery, 10 had unsuspected liver metastases detected by
IOUS examination. Surgical management was altered in only
3 of these patients by these findings.44 Although the likeli-
hood of new findings with IOUS examination is low, this
imaging modality has other advantages. IOUS defines the
location of hepatic vessels to allow segmental localization
and accurately assesses the anatomic relationship between
hepatic lesions and blood vessels (Figure 94.1). Additionally,
small subcentimeter hepatic lesions, which could not be
characterized on preoperative MRI, can be characterized on
IOUS. IOUS guidance is required for RFA (see following) and
aids with biopsy of small liver lesions. Most liver surgeons
perform IOUS in all patients who undergo resection of colon
or rectal carcinoma liver metastases.

Angiograms were once required preoperatively for
patients who may undergo placement of a hepatic artery infu-
sion pump. However, recent studies have demonstrated the
accuracy of CT angiograms in which the hepatic arterial
anatomy is reconstructed from either MRI or CT scans.46,47

Laparoscopy, sometimes combined with laparoscopic
ultrasound, is increasingly used for preoperative evaluation 
of metastatic disease. Because the quality of liver imaging
with CT or MRI scan has improved so dramatically over the
past decade, the principal value of laparoscopy is now for
detection of radiographically occult peritoneal metastases.
Laparoscopy with laparoscopic ultrasound may change the
intraoperative treatment plan.48 In one study of 24 patients
with liver tumors judged preoperatively to be resectable by
conventional imaging studies, laparoscopy, combined with
laparoscopic ultrasound, identified 6 patients who were in
fact unresectable and avoided laparotomy in these patients.49

The frequency with which laparoscopic findings alter intra-
operative management is clearly a function of the quality of

other imaging used before laparoscopy. The writers of this
chapter have found a much lower incidence of unresectable
metastases during laparotomy, when MRI with Mn-DPDP is
used as the primary preoperative imaging study.44

Liver Resection

Techniques

Liver resections are performed based on the liver’s functional
anatomy as described by Couinaud,50 who described anatomic
division of the liver into eight segments defined by hepatic
veins and portal vessels (Figure 94.2). In addition to the main
hepatic veins, small hepatic veins drain directly from the pos-
terior surface of the liver (including the caudate) directly into
the inferior vena cava. The left and right triangular ligaments,
coronary ligament, and the falciform ligament secure the
liver to the diaphragm. Precise knowledge of the surgical
anatomy of the liver, its blood vessels, and its biliary drainage
system are mandatory for liver surgery.

The commonly performed major hepatic resections
(Figure 94.3) include right hepatectomy, left hepatectomy,
right trisegmentectomy (sparing segments II and III), left
trisegmentectomy (sparing segments VI and VII), and left
lateral segmentectomy (resection of segments II and III).51,52

There is no advantage to performing a major resection when
removal of one or more segments can eradicate all metastases
with an adequate margin. In fact, often one or more segmen-
tal resections can spare more normal liver than a major resec-
tion or allow resection of metastases not encompassed by a
traditional major resection. Anatomic segments of the liver
can be delineated intraoperatively to allow removal of indi-
vidual segments. In the absence of underlying liver dysfunc-
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FIGURE 94.1. Intraoperative ultrasound image
demonstrating the relationship between the
tumor (T) located in segment VII and the 
inferior vena cava (IVC) and right hepatic vein
(RHV). (By permission of Yoon SS, Tanabe KK.
In: Cancer of the Lower Gastrointestinal Tract.
London: Decker, 2001.)



FIGURE 94.2. Functional anatomy of the liver. A schematic view
of the liver demonstrates segments I–VIII, as described by Couinaud.
(Adapted from Blumgart,51 by permission of Churchill Livingstone.)

tion, up to 75% of the liver can be removed without sub-
sequent hepatic failure.53

The operation to resect liver metastases starts with an
exploratory laparotomy. Attention is paid to possible extra-
hepatic sites of disease, such as portal lymph nodes and peri-
toneum, and any suspicious areas are biopsied for frozen
section analysis. The liver is then fully mobilized by dissec-
tion of its supporting ligaments and palpated to identify
lesions. Intraoperative ultrasonography is performed to iden-
tify unsuspected metastases and to determine the anatomic
relationship between metastases and major vascular 
structures.44,45

In situations where the tumors are located well away from
the porta hepatis, the entire right or left portal pedicle may
be ligated en masse away from the hepatic duct confluence,

thus avoiding problems with anatomic variations in this
area.54 Following liver mobilization, the hilar plate is lowered
with sharp dissection. To isolate the main right portal pedicle,
incisions into the liver are made in the gallbladder fossa and
in the caudate lobe immediately parallel to and 5mm to the
right of the inferior vena cava (Figure 94.4). An umbilical tape
is passed around to completely encircle the portal pedicle,
which may be either clamped or stapled with a TI-30 or Endo
GIA stapler with a vascular cartridge (Figure 94.5). It is impor-
tant to keep the umbilical tape between the stapler and the
confluence of the hepatic ducts to avoid injury to the left
hepatic duct. It is also important to have the right liver fully
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FIGURE 94.3. Commonly performed liver resections.

FIGURE 94.4. Sites for hepatotomy in portal pedicle isolation. The
undersurface of the liver is illustrated. The dotted lines indicate sites
for hepatotomy if control of the intrahepatic portal pedicles is desired.
Incision at 3 allows lowering of the hilar plate. Incisions at 1 and 2
allow control of the main right pedicle. Incisions at 1 and 4 allow
control of the right posterior pedicle. Incisions at 2 and 4 allow
control of the right anterior pedicle. Incisions at 3 and 5 allow control
of the left pedicle. (From Fong and Blumgart,54 by permission of
Journal of the American College of Surgeons.)
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FIGURE 94.5. Control of the right portal
pedicle. After an umbilical tape is passed
around the main pedicle, it is retracted medi-
ally and the stapler is placed away from the
bifurcation to avoid injury to the hilus. A
clamp is subsequently placed to control
bleeding from the specimen side. (From Fong
and Blumgart,54 by permission of Journal of
the American College of Surgeons.)

mobilized before performing this maneuver, as it is possible
to inadvertently injure a hepatic vein. The left main portal
pedicle may be similarly ligated en masse by incising the liver
at the base of segment IV anterior to the left portal pedicle
and incising the liver in the caudate lobe posterior to the left
portal pedicle.54

Following control of liver inflow, the liver outflow can be
controlled by division of the hepatic veins. For right hepatec-
tomy, before division of the right hepatic vein, short hepatic
veins that drain directly from the caudate lobe into the vena
cava are first divided. It is important to identify and avoid
injury to the right adrenal vein. A ligament from the right
lobe of the liver arching across the lateral aspect of the vena
cava just inferior to the right hepatic vein is identified and
sharply divided to gain full access to the right hepatic vein.
It is safe and usually simple to divide the right hepatic vein
itself using a laparoscopic Endo GIA 30 stapler with a vascu-
lar cartridge (Figure 94.6). For left hepatectomy, the left lateral
segment is rotated to the right and the gastrohepatic ligament
and ligamentum venosum are divided close to its entry to the
left vein. A tunnel is then formed to incorporate the left
hepatic vein. The laparoscopic Endo GIA 30 stapler may also
be used to transect the left hepatic vein (Figure 94.7). Vas-
cular control of the suprahepatic and infrahepatic vena cava
should be obtained before isolation of the hepatic veins if the
size and location of metastases reduces visualization and
exposure of the hepatic veins.

Whether performing a traditional major resection or one
or more segmental resections, the goal of the operation is
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FIGURE 94.6. Stapling the right hepatic vein. The liver is rotated
clockwise to provide exposure to place an Endo GIA 30 vascular
stapler to the junction of the right hepatic vein and vena cava. (From
Fong and Blumgart,54 by permission of Journal of the American
College of Surgeons.)
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FIGURE 94.7. Stapling the left hepatic vein. The liver is rotated to
the right and an Endo GIA 30 vascular stapler is applied at the junc-
tion of the left hepatic vein and the vena cava. (From Fong and Blum-
gart,54 by permission of Journal of the American College of Surgeons.)

complete removal of all metastases with at least a 1cm
tumor-free margin. Recognition of hepatic veins is critical in
determining which segments may be surgically excised. A
large inferior right hepatic vein is present in approximately
20% of individuals and is usually identified on preoperative
MRI or CT images (Figure 94.8). The presence of this vein
permits resection of segments VII and VIII without sacrifice
of segments V and VI. With the use of IOUS, the anatomic
segments are quickly and accurately delineated.

There are various techniques to divide hepatic paren-
chyma (Table 94.1). The manner with which liver tissue is
divided should achieve several objectives. The method 
ideally should allow visualization of blood vessels and bile
ducts before their transection to allow their ligation. The
method should be hemostatic and avoid bile leaks. The
method should avoid devascularization of large zones of
remnant liver and should allow creation of a crisply defined
transection plane. Clamp fracture, ultrasonic surgical aspira-
tion, water-jet dissection, and focused RFA dissection are
methods that achieve all these goals. Finger fracture is effec-
tive but cannot create the precise transection plane that is
sometimes necessary. A prospective randomized trial of
clamp fracture versus ultrasonic dissection demonstrated no
significant difference between the two methods in blood loss
or transection time.55

The skill with which the liver parenchyma is transected
is an important factor that influences blood loss. In addition,
several surgical maneuvers can be used to minimize blood
loss. Transient portal inflow occlusion during parenchymal
transection is well tolerated and reduces blood loss.56 Surgery
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FIGURE 94.8. (A) Magnetic resonance imag-
ing (MRI) examination demonstrates the loca-
tion of the right hepatic vein (arrow) as well as
the presence of an inferior right hepatic vein
(arrowhead), which is present in approximately
20% of patients. (B) The presence of an inferior
right hepatic vein permits resection of segments
VII and VIII without resection of segments V
and VI. (From Blumgart,51 by permission of
Churchill Livingstone.)



under low central venous pressure to reduce hepatic venous
bleeding has also been demonstrated to be safe and reduces
blood loss.57 Although some anesthesiologists may feel more
secure keeping the central venous pressure high during an
operation that could be associated with high blood loss, this
maneuver will only increase blood loss. Additionally, place-
ment of the patient in 15° Trendelenburg position during
hepatic transection will lower the hepatic vein pressure.
Hemodilution is another strategy that reduces blood loss.
This strategy involves removing 1 to 2L blood in the operat-
ing room just before liver resection, with simultaneous
replacement with crystalloid or colloid. The blood lost during
liver transection is then more dilute. The removed blood is
then reinfused following completion of the portion of the
operation that is associated with blood loss. Compression of
the liver edge with either a Penrose drain or a Lin liver clamp
during transection reduces blood loss. Total vascular isolation
is another technique that has been used to reduce intraoper-
ative blood.58 With this technique, vascular clamps are used
to stop vascular inflow, as well as to isolate the hepatic veins
from the inferior vena cava (Figure 94.9). Liver transection
may then be performed with minimal blood loss.

Improvements in preoperative evaluation and imaging,
surgical technique, and postoperative care have allowed liver
surgeons to expand the boundaries of liver resection for colon
and rectal cancer liver metastases. Liver metastases that were
previously considered unresectable, such as multiple, bilobar
metastases, are often now resected with multiple segmentec-
tomies or trisegmentectomy. Strategies also have been devel-
oped to increase the volume of liver tissue that can be safely
resected; these include use of sequential hepatic resections,
which allows hypertrophy before removing more liver, as 
has been championed by Adam and Bismuth.59 Preoperative
portal vein embolization to induce hypertrophy before liver
resection has been demonstrated to be safe and permits resec-
tion of larger volumes with less risk of postoperative hepatic
insufficiency.60,61

Outcomes

The operative mortality for major hepatic resections has
declined with improved operative techniques and postopera-
tive care, but morbidity remains significant. Table 94.2 sum-
marizes the operative mortality, morbidity, median survival,
and 5-year survival in 10 published series.14,62–70 It is impor-
tant to point out that these studies all reported 5-year actu-
arial overall survival rates. Rare reports of actual 5-year
survival rates suggest that 5-year actual survival rates are gen-

erally lower than actuarial 5-year survival rates. Operative
mortality in these studies ranges from 2.8% to 7%, and causes
of death include hemorrhage, sepsis, and hepatic failure. Mor-
bidity is observed to range between 11% and 34%, and
common causes of morbidity include hemorrhage, biliary
leak or fistula, hepatic failure, perihepatic abscess, wound
infection, pneumonia, and myocardial infarction. Median sur-
vival ranges from 28 to 46 months, and 5-year survival was
between 24% and 38%.

Criteria for patient selection for liver resection have been
influenced significantly by numerous retrospective studies
conducted to identify prognostic factors. Hughes et al.70a pub-
lished a multicenter retrospective review of 859 patients who
had undergone resection of colon and rectal cancer liver
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TABLE 94.1. Techniques for liver parenchymal transection.

Goals Methods

Minimize blood loss Ultrasonic dissection and 
aspiration

Avoid bile leaks Water-jet dissection
Create precise line of transection Clamp fracture
Minimize hepatic ischemia Focused RFA

Finger fracture
Harmonic scalpel
Compression sutures
Electrocautery

RFA, radiofrequency ablation.

FIGURE 94.9. Hepatic vascular isolation requires positioning of
either one or two vascular clamps for control of the retrohepatic vena
cava. (Adapted from Blumgart,51 by permission of Churchill Living-
stone; and by permission of Hansen PD, Isla AM, Habib NA. Journal
of Gastrointestinal Surgery 1999;3:537–542.)



metastases. The overall actuarial 5-year survival was 33%.
No patients with portal or lymph node metastases or with
extrahepatic disease survived 5 years, and few patients with
four or more metastases survived 5 years. Other less signifi-
cant prognostic factors associated with a worse outcome were
a surgical resection margin of less than 1cm, advanced stage
of the primary colon and rectal cancer, and short disease-
free interval. Many other studies have examined prognostic
factors, which are summarized in Table 94.3.14,63–70,71

In a large single-institution retrospective study of 456 con-
secutive patients with colon and rectal cancer liver metas-
tases who underwent resection, perioperative mortality was
2.8%, perioperative morbidity was 24%, median hospital stay
was 10 days, median survival was 46 months, and 5-year sur-
vival was 38%.68 The authors concluded that the only factors
that are absolute contraindications to resection are the pres-
ence of extrahepatic metastases and tumors larger than 10cm
in diameter. These factors were associated with only 13% and
14% 5-year survival rates, respectively. A reasonable per-
centage of patients with other negative prognostic factors,
such as bilobar tumor distribution and four or more tumors,
survived 5 years, and thus, the authors concluded that these
factors should not be considered absolute contraindications
to surgical resection. In an attempt to account for numerous
prognostic factors in a formula to estimate outcome follow-
ing liver resection, some investigators have developed 
mathematical formulas. One such example is shown in 
Table 94.4.

Despite careful selection, a majority of patients who
undergo resection of colon and rectal cancer liver metastases

will have recurrence of their cancer. The most common sites
of recurrence following resection of colon and rectal cancer
liver metastases are the liver and lung (Table 94.5).14 Repeat
liver resections for colon and rectal cancer liver metastases
are feasible and have been reported by several groups.72–80 In
a large series, median survival reported following repeat
hepatic resection in 170 patients was 34 months and 5-year
survival was 32%. The only significant negative prognostic
factor was an incomplete resection. Median follow-up,
however, was only 25 months.80 The number of patients who
have undergone repeat hepatectomies for metastases is far
fewer than the number who have had only one hepatectomy,
and so the available literature is limited. In general, prognos-
tic factors that predict outcome following repeat resection are
similar to those which predict outcome following the initial
liver resection. Thus, indications for repeat hepatectomy are
similar to the indications for initial hepatectomy.

A few groups have reported on the resection of initially
nonresectable colon and rectal cancer liver metastases fol-
lowing tumor regression from chemotherapy given by either
systemic administration or hepatic intraarterial administra-
tion.81–83 In a series of 53 patients with a mean follow-up of
greater than 2 years, 5-year survival was 40% with 15 cases
of repeat liver resection for liver recurrence.83 In a subsequent
publication, these authors reported 87 patients followed 5
years after liver resection following neoadjuvant chemother-
apy, and the overall survival is 35% from the time of resec-
tion.84 The value of this strategy for improving resectability
rates or survival is currently under prospective examination
in a randomized trial sponsored by the European Organiza-
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TABLE 94.2. Results of resection of colon and rectal carcinoma liver metastases.

Operative Operative Median Five-year 
No. of mortality morbidity survival survival

Study patients (%) (%) (months) (%)

Schlag62 (1990) 122 4 34 28 30
Doci63 (1991) 100 5 11 30
Rosen64 (1992) 116 4 33.6 25
Gajowski65 (1994) 204 32
Scheele66 (1995) 434 4.4 16 39.6 31
Wanebo67 (1996) 74 7 35 24
Fong68 (1997) 456 2.8 24 46 38
Bakalakos69 (1998) 238 1.1 23 29
Ambiru70 (1999) 168 3.5 26
Fong14 (1999) 1,001 2.8 42 37

Source: Adapted from Fong et al.,68 by permission of Journal of Clinical Oncology.

TABLE 94.3. Negative prognostic factors after surgical resection of colon and rectal cancer liver
metastases.

Primary colon and rectal
cancer characteristics Metastases characteristics Surgical resection characteristics

Advanced stage Lymph node involvement Less than 1cm tumor-free margin
High grade Extrahepatic metastases Extensive resection

Larger size
Increased number
Satellitosis
Bilobar distribution
Short disease-free interval
Synchronous metastases
Elevated CEA level

Source: Data from references 14, 62–70.



tion for Research and Treatment of Cancer (EORTC), in
which patients with resectable colon or rectal carcinoma liver
metastases are randomized to undergo resection or neoadju-
vant chemotherapy followed by resection.

Adjuvant Therapy Following Resection of
Colon or Rectal Carcinoma Liver Metastases

As evidenced by 5-year survival rates averaging 35% follow-
ing resection of liver metastases, two-thirds of patients
develop some type of recurrence following hepatic resection.
Although several retrospective studies have examined the
utility of systemic chemotherapy in patients following 
resection of colon and rectal cancer liver metastases, most
prospective studies have focused on regional, liver-directed
chemotherapy.85–91 Four small, single-arm studies have exam-
ined hepatic artery infusion (HAI) chemotherapy after liver
resection.85–87 In addition, one small88 and three large ran-
domized studies89–91 of HAI chemotherapy after liver resection
have been completed (Table 94.6). The largest study of adju-
vant therapy following liver resection was a multicenter
European study comparing HAI of 5-fluorouracil (5-FU) and
folinic acid (leucovorin) to observation.91 No differences in
survival were observed between patients in these two arms,
but there were several problems with this study. The use of
5-FU rather than floxuridine (FUDR) did not capitalize on the

significant regional exposure advantages of FUDR (see fol-
lowing). In addition, the use of subcutaneous ports rather than
pumps and technical problems led to termination of adjuvant
therapy before completion of the planned treatment courses
in many patients. Only 84 of 107 patients randomized to adju-
vant chemotherapy received any chemotherapy, and only 34
finished the planned treatment.

The Eastern Cooperative Oncology Group (ECOG) and
the Southwest Oncology Group (SWOG) sponsored a study in
which 77 patients with fewer than four liver metastases
resected were randomized to treatment with HAI FUDR and
systemic 5-FU versus observation.89 Although disease-free
survival was improved by adjuvant therapy (P = 0.03), mainly
as a result of reduced relapses in the liver, the difference in
overall survival was not statistically significant.

A recently completed, single-center study randomized
156 patients to systemic 5-FU and leucovorin or to HAI
FUDR and dexamethasone combined with systemic 5-FU
after resection of liver metastases from colon or rectal
cancer.90 The study was designed to examine 2-year survival
and patterns of recurrence at 2 years. Local recurrences in the
liver were significantly reduced by regional plus systemic
chemotherapy. Survival at 2 years was improved in patients
randomized to combined HAI and intravenous chemother-
apy; however, differences at 5 years were not statistically 
significant.

Newer combinations of HAI and systemic chemotherapy
may be more active, such as the combination of HAI FUDR
plus systemic irinotecan (CPT-11).92 However, such newer
combinations will have to be assessed in relation to newer
systemic regimens for metastatic colon and rectal cancer,
such as the FOLFOX (5-FU, leucovorin, oxaliplatin) and
FOLFIRI (5-FU, leucovorin, and irinotecan) regimens, which
have demonstrated better efficacy than systemic 5-FU and
leucovorin alone.
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TABLE 94.5. Patterns of first recurrence after liver resection.

% of all
Site % of recurrences patients

Liver 48% 24%
Liver alone 41% 21%
Liver/peritoneum 2% 1%
Liver/lung 5% 3%

Other abdominal/pelvic 26% 13%
Lung (total) 26% 13%
Bone 4% 2%
Brain 2% 1%

Source: Adapted from Fong et al.,68 by permission of Journal of Clinical 
Oncology.

TABLE 94.6. Selected published prospective randomized clinical trials of adjuvant hepatic arterial infusion (HAI) chemotherapy following
liver resection for colon and rectal cancer liver metastases.

No. of Median or overall 
Trial author Year Patients Randomized Stage Intervention/design P value survival

Lorenz91 1998 226 Yes IV HAI 5-FU + FA or surgery 0.53 MS
alone 34.5 vs. 40.8 months

Kemeny90 1999 156 Yes IV HAI FUDR/dex + IV 5-FU 0.03 2-year OS
or IV 5-FU 86% vs. 72%

Kemeny92 2002 75 Yes IV HAI FUDR + IV 5-FU or 0.15 4-year OS
surgery alone 61.5% vs. 52.7%

5-FU, 5-fluorouracil; FA, folinic acid; FUDR, floxuridine; dex, dexamethasone; MS, median survival; OS, overall survival.

TABLE 94.4. Prognosis following resection of colon or rectal
carcinoma.

Factor Pointsa

Node metastases in primary tumor 1
Disease free interval <12 months 1
More than one liver metastasis 1
Preoperative CEA >200ng/mL 1
Largest tumor >5cm 1

Score One year Three years Five years Median (months)

0 93% 72% 60% 74
1 91% 66% 44% 51
2 89% 60% 40% 47
3 86% 42% 20% 33
4 70% 38% 25% 20
5 71% 27% 14% 22

CEA, carcinoembryonic antigen.
a One point is assigned for each adverse prognostic factor, and survival based
on score is shown in the bottom half of the table.

Source: From Fong et al.,14 by permission of Annals of Surgery.



Hepatic Tumor Ablation

Several techniques of in situ liver tumor ablation by local
destruction have been developed, including cryosurgical abla-
tion, RFA, microwave ablation, laser ablation, and alcohol
injection. These techniques are used mainly in patients
whose tumors are considered unresectable, although some
have used cryosurgical ablation for resectable colon and rectal
cancer metastases.93 Real-time imaging of the zone of ablated
tissue is typically accomplished with MRI or ultrasound;
however, the inability of these techniques to accurately assess
areas of incompletely ablated tumors remains problematic.

Cryosurgical Ablation

Hepatic cryosurgery involves the freezing and thawing of liver
tumors by means of a cryoprobe inserted into the tumor.
Liquid nitrogen is circulated through the cryoprobe, and 
the subsequent iceball formation is observed by ultrasound.
Freezing is continued until the iceball is at least 1cm beyond
the tumor. During freeze–thaw cycles, intracellular and
extracellular ice formation occurs, leading to tumor destruc-
tion.94 Some centers perform two or three freeze/thaw cycles
or combine freezing with hepatic inflow occlusion to increase
tumor destruction and iceball size.94,95

Hepatic cryosurgery is generally reserved for patients with
colon and rectal cancer liver metastases in whom one or more
lesions are not surgically resectable, although certain centers
have offered hepatic cryosurgery as an alternative to surgical
resection.93 Cryosurgery can treat multiple lesions and sal-
vages more uninvolved liver parenchyma than surgical resec-
tion. Cryosurgery may also be used to treat tumors intimately
associated with major blood vessels, but large blood vessels
may serve as “heat sinks” and prevent adequate freezing of
immediately adjacent tumor.96 Hepatic inflow occlusion or
hepatic vein occlusion may reduce the incidence of inade-
quate freezing of tumor adjacent to blood vessels,97 but recur-
rence of tumor adjacent to large blood vessels remains a
problem.98 In addition, many surgeons avoid hepatic inflow
occlusion for fear of blood vessel wall destruction and sub-
sequent hemorrhage. Cryosurgery may also help in treating
patients who are left with a positive surgical margin after
hepatic resection, as well as patients in whom underlying
illness or hepatic insufficiency precludes surgical resection.

Complications associated with cryosurgery include
arrhythmia, cracking of frozen liver with subsequent hemor-
rhage, right-sided pleural effusion, subphrenic or hepatic
abscess, bile collection, biliary fistula, thrombocytopenia,
myoglobinuria, acute renal failure, and cryoshock phenome-
non (multisystem organ failure and disseminated intravascu-
lar coagulation).93,97,99,100 Measures to reduce complications
include packing the cryoprobe site with Gelfoam to prevent
hemorrhage and postoperative administration of lasix, man-
nitol, and sodium bicarbonate to promote diuresis and alka-
linize the urine. Overall morbidity rates range widely, from
6%93 to 49%100 with aggressive treatment. Mortality rates
range from 0% to 8% with an overall mortality rate in
reported series of 1.6%.98 Median survival in reported series
has ranged from 8 to 33 months.98

Hepatic cryosurgery is clearly an option for patients with
isolated colon and rectal cancer liver metastases that are not
surgically resectable, but limited enough to allow cryoabla-

tion of all lesions. In general, these patients’ tumors usually
have unfavorable tumor biology, and it is unclear whether
cryoablation improves survival. It is also unclear whether
hepatic cryosurgery will lead to equivalent survival in
patients with more limited disease who currently undergo
surgical resection. Well-controlled studies are required to
address these questions. Although this technique gained pop-
ularity in the 1980s and 1990s, its usage has become much
more restricted with the development of RFA.

Radiofrequency Ablation

Among the more promising experimental therapies for colon
and rectal cancer liver metastases is RFA. This technique
involves percutaneous or intraoperative insertion of a RFA
electrode into the center of a hepatic tumor under ultrasound
or CT guidance. RFA energy is then emitted from the elec-
trode and absorbed by the surrounding tissue. This process
generates extreme heat leading to coagulative necrosis of
treated tissue.101

The initial limitation of this therapy was the small (1.5-
cm) diameter of necrosis achievable with a single RF elec-
trode. Strategies to increase this treatment area include
multiprobe arrays,102 saline infusion with RFA application,103

and internal cooling of the tip of the RFA electrode.103 One
type of multiprobe array deploys multiple curved stiff wires
in the shape of an umbrella from a single 14- or 16-gauge
cannula. Studies using a 12-hook “umbrella” array in porcine
liver in vivo produced spherical regions of coagulation necro-
sis measuring up to 3.5cm in diameter.104 Another type of
RFA probe allows infusion of low volumes of saline during
RFA that increases the volume of coagulation necro-
sis.103,105,106,107 Injection of ethanol has also been demonstrated
to increase the volume of coagulation necrosis achieved by
RFA in animal models.108 Another tactic to increase coagula-
tion volume has been the development of internally cooled
RF electrodes. With internal electrode tip cooling, which
avoids desiccation of tissue adjacent to the electrode and rises
in impedance, radiofrequency-induced coagulation necrosis is
greater than that achieved with noncooled electrodes.109

Blood flow serves as a “heat sink,” such that tumors
located in vascular environments are less susceptible to
thermal destruction as perfusion-mediated tissue cooling
reduces the extent of coagulation necrosis. Greater coagula-
tion is observed in vivo when radiofrequency energy is deliv-
ered during occlusion of the portal vein than when energy is
delivered during normal blood flow.110,111 Finally, pulsed
current may increase the extent of coagulation necrosis as
compared to continuous current.112,113

Techniques

Radiofrequency ablation can be performed percutaneously 
by means of interventional radiology or surgically, either 
by laparoscopic or open techniques. When performing RFA
during open laparotomy, careful planning of ablation zones is
necessary to achieve complete necrosis of the target lesion.
Current technology allows for effective ablation of tumors up
to 3cm with an adequate margin. Tumor sizes larger than 4
to 5cm are associated with increased incidence of local recur-
rence.114,115 The location of a tumor near the main portal pedi-
cles is considered a relative contraindication to RFA. In
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addition to the inability to achieve an effective ablation
because of the high blood flow, ablation near the porta hepatis
can result in stricture and liver failure from injury to a central
bile duct.116

Once the target lesion is identified, the RFA electrode
needle is inserted under ultrasound guidance. Optimally, the
electrode is advanced in a track parallel and within the plane
of the transducer, so the entire path of the needle can be visu-
alized. When using a multielectrode needle, the array is
deployed within the tumor and position is confirmed ultra-
sonographically. Monitoring during thermal ablation can be
performed using a variety of methods. Some RFA devices have
the capacity to measure tissue temperatures using thermis-
ters located at the tips of the electrodes. Alternatively, tissue
impedance and current can be monitored during treatment.
With some devices, the power output is adjusted automati-
cally to control impedance and maintain tissue temperature
between 70° and 105°C. The ablation zone is visualized by
ultrasound during treatment (Figure 94.10). Typically, local
minuscule gas bubble formation results in hyperechogenicity
within the treated tissue.

Laparoscopic RFA offers the advantage of a minimally
invasive procedure with the ability to visualize the abdomi-
nal cavity and perform the therapy using IOUS. With this
approach, patients are treated under general endotracheal
anesthesia, typically in the supine position. In most cases, the
procedure can be done with two or three ports.117 The liver is
typically partially mobilized, and viscera within 2cm of the
intended ablation zone are mobilized out of the way. The RFA
electrode is placed into the abdominal cavity through a per-
cutaneous approach and does not require the placement of an
additional port. The needle is placed within the tumor under
US guidance, and ablation is performed and monitored as
with the open technique.

Serial follow-up imaging of the liver is recommended after
RFA treatment. However, as with other ablative approaches,
interpretation of these images can at times be difficult, as a
hypoattenuating lesion may persist for months to years
despite complete tumor destruction. In most cases, a local
recurrence is characterized by an increase in the lesion size

on serial scans, or evidence of new areas of contrast enhance-
ment.118 CT or MRI is the most useful method for follow-up
imaging, emphasizing the importance of comparing images to
previous ones.119,120 The role of FDG-PET in assessing local
residual or recurrent disease following RFA is yet to be
defined.

Operative Versus Percutaneous
Radiofrequency Ablation

Many of the published reports evaluating RFA of liver metas-
tases have relied upon percutaneous electrode insertion under
image guidance.103,121 The principal advantage of the per-
cutaneous approach compared to operative approaches is the
lower associated morbidity and cost. A second advantage of a
percutaneous approach is the ability to use either ultrasound,
MRI, or CT guidance, whereas imaging of RFA performed
during laparotomy or laparoscopy is for the most part limited
to ultrasound guidance (Figure 94.11).

However, there are several advantages to performance of
ablation during laparotomy or laparoscopy. The first benefit
is that of enhanced staging, as laparotomy and laparoscopy
afford the opportunity to identify both hepatic and extrahe-
patic metastases not visualized on preoperative imaging. Ten
percent to 20% of patients who undergo exploration for intent
to resect colorectal cancer liver metastases are found at
laparotomy to have additional metastases that either preclude
or significantly alter the planned resection. Many of these
operative findings can be detected via laparoscopy as well. In
addition, IOUS can frequently detect lesions that are not seen
with transabdominal ultrasound, CT, or MRI.

Second, laparotomy affords the opportunity to combine
ablation with surgical resection. It is important to point out
that following ablation of tumors larger than 5cm, the local
recurrence rate is unacceptably high.122 Accordingly, a signif-
icant fraction of patients with “unresectable” liver tumors
can be fully treated only by the combination of resection of
larger lesions and ablation of smaller lesions. For example, a
patient with a 7cm tumor occupying the left hepatic lobe and
a 2cm tumor straddling segments 6 and 7 is an ideal candi-
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FIGURE 94.10. Placement of an electrode into the center of a liver tumor intraoperatively under ultrasound guidance (left). Delivery of
radiofrequency (RF) energy to the tumor is associated with significantly increased echogenicity in the treated area (right). This typically resolves
within 15 minutes. (By permission of Yoon SS, Tanabe KK. In: Cancer of the Lower Gastrointestinal Tract. London: Decker, 2001.)



date for treatment with a combination of left hepatic lobec-
tomy for the larger left lobe tumor and RFA of the smaller
right lobe tumor.

Third, hepatic blood flow creates a “heat sink” that
reduces the efficacy of thermal ablation. Ablation during
laparotomy or laparoscopy can be performed with a vascular
clamp occluding hepatic arterial and portal venous blood
flow. This technique has been demonstrated to safely and
reproducibly increase the size of the zone of abla-
tion.110,111,123,124 Although this can also be accomplished using
percutaneous techniques, it adds negligible morbidity when
performed during laparotomy or laparoscopy.

Fourth, laparotomy or laparoscopy affords excellent
access to tumors in the dome of the liver or in other locations
that are difficult to accurately target percutaneously. This
location is difficult to access with precision using a path for
the electrode that does not violate the pleura. In addition,
motion of the liver caused by respiration creates further prob-
lems that can be better managed during an open laparotomy.

Fifth, operative approaches permit mobilization of struc-
tures away from a surface tumor that may be thermally
injured during RFA. For example, the transverse colon may
be adherent to a tumor in the inferior portion of the liver.
Effective thermal ablation of the entire tumor would risk
injury to the colon unless it was first dissected free from the
tumor.

Finally, laparotomy affords the opportunity to implant a
hepatic arterial infusion pump for postoperative administra-

tion of regional chemotherapy. The most common pattern of
relapse following treatment of both primary and secondary
hepatic malignancies is within the liver. A prospective, ran-
domized trial comparing intravenous chemotherapy to HAI
chemotherapy combined with intravenous chemotherapy fol-
lowing curative liver resection, demonstrated enhanced sur-
vival at 2 years in patients treated with the combination of
hepatic arterial infusion and intravenous chemotherapy.90

The majority of the benefit was obtained by marked reduc-
tion in hepatic recurrences observed in patients who received
hepatic arterial infusion chemotherapy. This study remains
the only prospective randomized trial to demonstrate a sur-
vival benefit to adjuvant therapy following curative resection
of colon or rectal carcinoma liver metastases. The American
College of Surgeons Oncology Group is currently conducting
a clinical trial of operative RFA combined with hepatic arte-
rial infusion of floxuridine and intravenous administration of
CPT-11.

Outcomes

The analysis of clinical results achieved by RFA for the treat-
ment of hepatic colorectal metastases has been hampered by
lack of appropriate controls and relatively short follow-up
times. As technical improvements have occurred, investiga-
tors have used different devices and techniques. In addition,
inclusion of heterogeneous patient populations, the difficulty
in defining true local recurrences, and the significant impact
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FIGURE 94.11. CT scan of a colon carcinoma liver metastasis in the right lobe before (A), during (B), and following (C) RF ablation. The
tumor was resected several days later (D), and coagulation necrosis was observed throughout the tumor.



of distant recurrence on survival have made assessment of the
efficacy of RFA challenging.

Curley et al. reported the largest series to date of opera-
tive RFA of unresectable primary and metastatic hepatic
malignancies in 123 patients.115 In these patients, RFA was
used to treat 169 tumors with a median diameter of 3.4cm.
Primary liver cancer was treated in 48 patients and metasta-
tic liver tumors were treated in 75 patients. Percutaneous and
intraoperative RFA was performed in 31 patients and 92
patients, respectively. No treatment-related deaths occurred,
and the complication rate was only 2.4%. All treated tumors
were completely necrotic on imaging studies after comple-
tion of the RFA treatments. With a median follow-up of 15
months, tumor had recurred in 3 of 169 treated lesions (1.8%),
but metastatic disease had developed at other sites in 34
patients. Based on these results, these investigators concluded
that RFA is a safe, well-tolerated, and effective treatment in
patients with unresectable hepatic malignancies. RFA may
not cure most patients with primary or malignant metastatic
disease, as witnessed by the 34 patients with disease found at
extrahepatic sites, but initial disease-free rates of 20% to 50%,
justify continued investigation into aggressive treatment 
of isolated hepatic disease with a multimodality approach
including RFA. Another large series was reported by Wood 
et al., in which 231 tumors in 84 patients were treated in 91
procedures.125 Thirty-nine procedures were performed via
laparotomy and 27 were performed via laparoscopy. Of note,
intraoperative ultrasound detected intrahepatic tumors that
were not evident on preoperative scans in 38% of patients
who underwent either laparotomy or laparoscopy. In 45% of
patients, RFA was combined with resection or cryosurgical
ablation. Median hospital stay overall was 3.6 days. Eight
percent of patients had complications, and 1 patient died as
a result of the procedure. With a median follow-up of 9
months, 18% of patients experienced a local recurrence at a
RFA site.

In a large series from Italy of 117 patients with colorectal
cancer, 179 liver metastases were treated with RFA.122 The
tumors ranged in size from 0.9 to 9.6cm and all were percu-
taneously treated using internally cooled 17-gauge electrodes
under image guidance. The estimated median survival was 36
months, with 1-, 2-, and 3-year survival rates of 93%, 69%,
and 46%, respectively. Two-thirds of patients developed
recurrences at a median time of 12 months following treat-
ment. Seventy (39%) of 179 treated lesions developed local
recurrence, and of these, 54 were observed by 6 months and
67 by 1 year. No local recurrence was observed after 18
months, although the median follow-up time for the entire
study population is not reported. As expected, the incidence
of local recurrence differed by size of lesion. The local 
recurrence rates were 22%, 53%, and 68% for lesions mea-
suring less than 2.5cm, 2.6 to 4.0cm, and more than 4.1cm,
respectively.

Hepatic Arterial Infusion Chemotherapy

In patients with liver metastases from colon and rectal cancer
that are not amenable to surgical resection, HAI chemother-
apy can be used. HAI chemotherapy has received considerable
attention over the years, and is based upon two primary con-
cepts: (1) liver metastases larger than a few millimeters derive

most of their blood supply from the hepatic arterial circula-
tion, whereas the normal liver derives most of its blood
supply from the portal circulation,126 and (2) clearance of
chemotherapeutic agents by first pass through the liver can
increase drug level in the liver and limit systemic toxicity.127

FUDR is the most commonly used agent for HAI chemother-
apy. Hepatic venous levels of FUDR have been documented
to be four times higher following hepatic intraarterial admin-
istration than following systemic administration, whereas
systemic FUDR levels following hepatic intraarterial admin-
istration are one-fourth FUDR levels following intravenous
infusion.128 It is estimated that hepatic intraarterial adminis-
tration of FUDR allows a level of liver exposure 100 to 400
times greater than with intravenous administration.129

HAI chemotherapy is generally reserved to patients
without evidence of extrahepatic metastases. Rare exceptions
are made for patients with a good performance status who
have minimal extrahepatic metastases, but have substantial
liver tumor burden. In the past, patients considered for HAI
chemotherapy would first undergo a preoperative angiogram
to define arterial anatomy because about 37% of patients have
variant arterial anatomy.130 In recent years, CT angiography
has largely replaced conventional hepatic arteriography in
many centers. Subsequently, an operation is performed in
which a cannula is placed into the hepatic arterial circulation
and attached to an infusion pump. The pump is implanted
into a subcutaneous pocket in the abdominal wall.

Once appropriate hepatic perfusion is verified and the
patient has recovered from the operative procedure, HAI
chemotherapy is initiated. A typical infusion regimen
involves a 28-day cycle of continuous infusion of FUDR for
14 days at a dose of 0.15mg/kg/day, leucovorin 8mg/m2/day,
and decadron 20mg/14 days, followed by a 14-day continuous
infusion of heparinized saline.131 Hepatic toxicity is not
uncommon with HAI FUDR, and liver function tests should
be obtained every 2 weeks to allow dose adjustments that will
reduce the chances of biliary sclerosis. FUDR infusion is gen-
erally withheld for any liver function test that exceeds twice
the baseline value and resumed at one-half or one-third the
original dose when the liver function tests return to base-
line.131,132 After three cycles of HAI chemotherapy, an abdom-
inal CT scan is obtained to assess response. In patients with
stable disease or disease regression, cycles can be continued
and reevaluated periodically for response. Patients with
disease progression during therapy should have treatment 
discontinued.

There have been several randomized trials comparing HAI
chemotherapy with FUDR to systemic chemotherapy with
FUDR or 5-fluorouracil (5-FU) (Table 94.7).133,134–139 Median
survival ranged from 12.6 to 17 months. Response rates for
HAI chemotherapy ranged from 43% to 62% compared to
10% to 21% for systemic chemotherapy. The increased
response rate for HAI chemotherapy did not translate into sig-
nificantly increased survival in any of the studies. There are
several reasons that may explain why no difference between
treatment arms was observed in survival in these studies.
First, colon and rectal cancer may be a systemic disease in
many patients such that regional therapy will not affect 
survival. Second, some of the trials allowed cross-over.134,136

Third, the high incidence of biliary sclerosis precluded full
and prolonged HAI therapy in the earlier trials. Fourth, com-
plications related to pump placement were common in the
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early trials, and this problem prevented many patients from
receiving HAI therapy.133 Subsequent improvements in 
surgical technique, combined with improvements in HAI
chemotherapy regimens, have resulted in renewed interest in
this approach in recent years.

A meta-analysis of six prospective randomized trials pub-
lished by Harmantas et al.,140 demonstrated a statistically 
significant survival advantage of HAI chemotherapy over 
systemic chemotherapy, but this analysis included one study
in which some patients in the control group received no treat-
ment.139 Two randomized trials evaluating HAI therapy have
been conducted and recently reported. A multicenter trial was
recently reported in which the one group received IV leucov-
orin followed by HIA 5-FU every 2 weeks and the control
group received systemic 5-FU and leucovorin.141 Thirty-seven
percent of patients randomized to HAI chemotherapy did 
not receive therapy because of technical complications. HAI
chemotherapy was not associated with better median 
progression-free survival (7.7 versus 6.7 months) or overall
survival (14.7 versus 14.8 months).

The Cancer and Leukemia Group B recently reported
results of a randomized trial comparing patients treated with
HAI chemotherapy with FUDR, leucovorin, and dexametha-
sone to patients treated with systemic 5-FU and leucovorin
(Mayo regimen).142 The trial was closed before achieving its
accrual goals due to poor enrollment. An early analysis
demonstrated that HAI chemotherapy was associated with 
a significantly higher response rate (48% versus 25%) and
median survival (22.7 versus 129.8 months).

Despite better disease control in the liver, about 56% of
patients receiving HAI chemotherapy, subsequently develop
extrahepatic disease compared to 37% of patients receiving
systemic FUDR.134 One approach has been to combine HAI
chemotherapy with systemic chemotherapy. Several centers
are presently exploring the combination of FUDR-based HAI
chemotherapy and intravenous CPT-11.113 Similar to the 
use of HAI chemotherapy in the adjuvant setting, HAI
chemotherapy for unresectable colon and rectal liver metas-
tases needs to be compared to newer systemic regimens for
metastatic colon and rectal cancer, such as the FOLFOX and
FOLFIRI regimens, which have demonstrated better response
rates for liver metastases than older systemic regimens.

Resection of Liver Metastases from Tumors
Other Than Colon and Rectal Carcinoma

The paradigm of resection for liver metastases was estab-
lished with colon and rectal cancer metastases, principally to
take advantage of the known biology of this cancer, where it

is not uncommon to harbor a limited number of liver metas-
tases in the absence of extrahepatic metastases. Surgeons
have exploited this knowledge to cure patients with colon and
rectal cancer liver metastases. For patients with liver metas-
tases from other cancers, the statistical likelihood that a
patient actually has isolated liver metastases in the absence
of extrahepatic metastases is much lower.

In one selected report concerning resection of breast
cancer metastases from Duke University, 17 patients under-
went resection of breast cancer liver metastases following
neoadjuvant high-dose chemotherapy over a 10-year period.143

The 5-year actuarial survival rate was calculated at 22%, and
7 of 17 patients are alive with follow-up of up to 12 years.
Four of these survivors had no measurable disease and were
6 months, 17 months, 6 years, and 12 years out from their
resections. This report is not an outlier, as is shown in Table
94.8, demonstrating that several centers have reported 5-year
actuarial survivals of 18% to 51% following resection of
breast cancer liver metastases. Probably the most important
information from these studies is gained by noting the inter-
val over which these patients were accumulated; each center
reports on average 1 or 2 patients per year. This finding under-
scores two points. First, a favorable tumor biology for liver
resection (i.e., isolated liver metastases) is rare with breast
cancer. And second, such tumor biology does indeed exist in
some patients with breast cancer.

Retrospective reports in the literature also address the
issue of resection of neuroendocrine cancer liver metastases.
Chen et al. reported on 15 patients over an 11-year period who
underwent complete resection of their liver metastases from
neuroendocrine tumors. Following complete surgical resec-
tion, patients were noted to have an actuarial 5-year survival
of 73%.144 Yao et al. identified 16 patients over a 9-year period
with neuroendocrine carcinoma liver metastases who under-
went resection for whom a 70% actuarial 5-year survival is
reported.152 These reports originate from a high-volume ter-
tiary care institution, and yet they report on average 1 or 2
patients per year whom they have selected for resection.
Similar patterns are observed in an analysis of published
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TABLE 94.7. Selected published prospective randomized clinical trials of HAI chemotherapy compared to systemic chemotherapy.

No. of Median survival
Trial author Year patients Randomized Stage Intervention/design P value (months) Comments

Kemeny134 1987 99 Yes IV HAI FUDR or systemic FUDR 0.424 17 vs. 12 Crossover allowed
Chang135 1987 64 Yes IV HAI FUDR or systemic FUDR 0.27 17 vs. 12 No crossover
Hohn136 1989 143 Yes IV HAI FUDR or systemic FUDR NS 15.45 vs. 15.81 Crossover allowed
Martin133 1990 69 Yes IV HAI FUDR or systemic 5-FU 0.53 12.6 vs. 10.5 No crossover

FUDR, floxuridine; 5-FU, 5-fluorouracil; NS, not significant.

Source: Adapted from Harmantas et al.,140 by permission of Cancer.

TABLE 94.8. Selected published series of resection for breast
cancer liver metastases.

Time interval Five-year actuarial
Author Year N of study survival

Raab149 1998 34 11 years 18%
Selzner143 2000 17 10 years 22%
Carlini150 2002 17 10 years 46%
Maksan151 2000 9 14 years 51%



reports of surgery for patients with sarcoma liver metastases
(Table 94.9).153–155

The tumor biology involving isolated liver metastases
that justify regionally intensive therapy is even more rare
(possibly nonexistent) for gastric cancer, esophageal cancer,
pancreatic cancer, and melanoma. Although metastases from
ocular melanoma commonly manifest in the liver, patients
with this disease commonly also harbor metastases in other
sites, such as the bone, lung, or lymph nodes.144

Hyperthermic Isolated Liver Perfusion

Isolated hepatic perfusion has been under clinical evaluation
for four decades.145 In this procedure, the circulation of the
liver is isolated completely from the systemic circulation
using an extracorporeal circuit driven by a heart–lung bypass
machine. This approach has not gained widespread or con-
sistent clinical application, because it is a complex treatment
to administer, has been associated with significant morbidity,
and has not demonstrated adequate efficacy to justify such
aggressive treatment.

The Surgery Branch at the National Cancer Institute ini-
tiated clinical trials of isolated hepatic perfusion with several
refinements and modifications to improve the potential
safety and efficacy of this treatment technique. Over 200
patients have been treated on protocols designed to system-
atically evaluate refinements in this treatment strategy using
tumor necrosis factor, melphalan, and hyperthermia as the
therapeutic components of treatment. Initially, a Phase I
study of escalating dose of tumor necrosis factor (TNF) alone
was conducted, and the maximum safe tolerated dose defined
as 1.5mg/kg TNF administered into the perfusate during a 60-
minute hyperthermic perfusion.146 Subsequently, patients
were treated on a Phase I trial of alternating escalating dose
melphalan and TNF for unresectable malignancies confined
to the liver.146 In that trial, the maximum safe-tolerated 
dose of the agents used in combination was 1mg TNF and 
1.5mg/kg melphalan. The dose-limiting toxicity of TNF was
coagulopathy and the dose-limiting toxicity of melphalan was
hepatic veno-occlusive disease. Subsequently, a Phase II trial
of isolated hepatic perfusion was performed using the
maximum safe-tolerated doses of these agents in patients
with malignancies confined to the liver.147 The overall
response rate in that trial was approximately 75% and was
consistently observed in patients with colorectal cancer,
ocular melanoma, and other histologies. In addition, the
response rates were observed in patients who had failed pre-
vious systemic or regional therapy, patients who had large
(greater than 10cm) lesions, patients who had multiple (more
than nine) lesions, and patients who had greater than 30%
hepatic replacement by tumor. Although the median duration

of response was only 8 months, some patients had sustained
responses that are ongoing at 3 years of follow-up. Subsequent
to these studies, pharmacologic grade TNF became unavail-
able in the United States. Another study designed to 
incorporate postperfusion hepatic intraarterial FUDR and 
leucovorin following hyperthermic isolated liver perfusion
with melphalan alone, demonstrated that hepatic arterial
infusion of FUDR lengthened the duration of response.148

Objective response rates of 75% and a median duration of
response of 8 to 14 months were observed following treat-
ment of liver metastases from a variety of cancers, including
colon and rectal cancer, ocular melanoma, islet cell cancers,
and cholangiocarcinomas.146–148
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Metastatic Cancer 
to Bone

Patrick J. Getty, Jeffrey L. Nielsen, 
Thomas Huff, Mark R. Robbin, 

and Beth A. Overmoyer

etastatic disease to bone is the most common
malignancy of bone. The American Cancer Society
estimated that in 2004 there will have been

1,368,030 new cases of cancer in the United States.1 Of these,
they estimated that approximately 2,400 will be new cases of
primary bone malignancy; that is, compared with over
230,000 new cases of prostate carcinoma, 217,000 cases of
breast carcinoma, and 173,000 cases of lung carcinoma. Those
three diagnoses, along with kidney cancer and thyroid carci-
noma, represent 80% of metastases to the skeleton.2 Autopsy
studies have shown that 50% to 70% of patients with prostate
cancer develop metastases and 85% of patients with breast
cancer develop skeletal metastases. The skeleton is surpassed
only by the lungs and liver for incidence of metastatic disease.
Any bone of the skeleton can be involved; however, the axial
skeleton is most commonly involved. Involvement of the
appendicular skeleton most commonly involves the proximal
portion of the lower extremities. Within the spine, it is pri-
marily the anterior and middle columns that are involved.3

Presentation of patients with skeletal metastases takes
many forms. Metastases may be found on routine staging
studies, including bone scan. They typically become clini-
cally evident as a result of pain and dysfunction. Spinal
metastases can present because of pain with or without
pathologic fracture as well as spinal instability or compres-
sion of the spinal cord. Metastases to the long bones of the
extremities typically present secondary to pain or pathologic
fracture.

Diagnosis of metastatic disease to bone requires an orga-
nized approach and, if necessary, a well-planned biopsy.
Appropriate treatment options, including medical manage-
ment, radiation therapy, and surgical treatment, can then be
considered.

Mechanisms of Osseous Metastases

The development of metastatic disease to bone is a complex
interaction between the neoplastic cells and the host organ-
ism. In 1889, Paget described the seed and soil hypothesis of
tumor metastasis.4 Although the exact mechanisms remain
elusive, increased understanding of the mechanism of metas-
tasis has occurred via both anatomic and molecular studies.

The mechanism of metastasis to bone involves both the gen-
eralized steps required at the primary site for all metastases
as well as specialized interactions at the bone end organ.5 At
the primary site of disease, the tumor cells must induce neo-
vascularization, following which there must be alterations in
the expression of cell adhesion molecules, followed by the
expression of collagenases and metalloproteinases to allow
the tumor cell to leave the primary site and invade the blood-
stream for hematogenous spread. The tumor cells must then
evade the host immune mechanisms to arrive intact at the
bone end organ.

The most common sites of skeletal metastasis are the
spine, pelvis, and proximal femur.6 It is believed that these
represent receptive anatomic sites due to the presence of
hematopoietic marrow, which contains vascular sinuses that
allow circulating tumor cells to pass from the bloodstream
into the bone marrow space. Another site of valveless blood
flow was described by Batson with reference to the venous
plexus surrounding the spine and high incidence of spinal
metastasis.7 Once within bone, the tumor cells must adopt a
mechanism for bone lysis to create the space needed for
tumor growth. It is believed that tumor cells do not cause
direct bone lysis, but rather induce the host osteoclasts to
perform lysis of bone.5 It is thought that tumor cells do this
primarily by producing parathyroid hormone-related protein,
possibly under the stimulation of transforming growth factor-
beta (TGF-b.) The parathyroid hormone-related protein then
stimulates the osteoclasts to perform lysis of bone. This
exogenous stimulus places the normal homeostatic mecha-
nism of bone metabolism out of balance to produce overall
bone lysis and allow for increased tumor growth.

Pathophysiology of Osseous Metastasis

Both osteolytic and osteoblastic bone metastasis can be
viewed as part of the spectrum of dysregulation of bone
remodeling that occurs with the development of osseous
metastasis. Occasionally, both types of metastasis occur in
association with the same malignancy, such as with breast
cancer; however, in general, breast cancer is associated with
primarily osteolytic disease, contrasting with prostate cancer
that has primarily osteoblastic features.8 The skeleton is a
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common site of metastasis because of significant access to
blood flow, and the ability of marrow stromal cells to bind to
circulating tumor cells via the presence of adhesion mole-
cules, for example, integrin aavb3, which also function to bind
osteoclasts to bone surfaces.9–12 The microenvironment of the
bone matrix facilitates tumor expansion via the paracrine 
production of growth factors, such as TGF-b, platelet-derived
growth factor (PDGF), insulin-like growth factor I and II, and
calcium. The favorable combination of these factors enhances
the capacity of solid tumors to use bone as a frequent target
for metastasis.13

Understanding the metabolic functions involved in the
balance of osteoclast and osteoblast activity within the
marrow stroma will help support the rationale behind newer
therapies in the treatment of bone metastasis discussed later
in this chapter. Osteoclasts arise from the monocyte-
macrophage lineage, and are induced by macrophage colony-
stimulating factor (M-CSF), and by binding to the receptor
activator of nuclear factor-kB (RANK) ligand (RANKL)
present on the surface of osteoblasts and stromal cells.10,14

Osteoblastic secretion of cytokines, such as interleukin 6 (IL-
6), IL-1, and prostaglandin E2, also aids in the induction of
osteoclast formation. Osteoclasts adhere to the surface of the
bone via integrins, where they control osseous resorption by
protease secretion. Osteoblasts arise from mesenchymal cells,
and their differentiation is controlled by several of the growth
factors produced by the stromal cells, such as TGF-b and
PDGF.9

Within the bone matrix, most metastatic solid tumors
secrete parathyroid hormone-related peptide, which binds to
the parathyroid hormone receptor (PTHR1) and stimulates
osteoclast development.15,16 The activation of PTHR1 also
stimulates expression of RANKL on stromal cells, which has
been shown to induce formation of osteoclasts. Osteoclast-
induced resorption of bone results in the local increase 
in calcium concentration, which in turn stimulates tumor
growth and parathyroid hormone-related protein production.
Therefore, a significant relationship appears to exist between
bone destruction and metastatic tumor growth mediated
through cell signaling involving the microenvironment. This
phenomenon has been viewed as a “vicious cycle.”9,10

This “vicious cycle” may also exist in the development
of osteoblastic metastasis, such as that seen with prostate
cancer; however, the mechanisms related to osteoblastic
metastasis are less recognized. Paracrine factors, such as
endothelin 1 and PDGF, also appear to stimulate osteoblastic
metastasis and tumor growth.8,9,10,17 In addition, prostate
cancer cells secrete both prostate-specific antigen (PSA) and
urokinase-type plasminogen activator (u-PA), which activate
growth factors within the marrow stroma, such as TGF-b and
insulin-like growth factors I and II that, in turn stimulate
osteoblastic activity.9

Clinical Presentation

The principal presenting symptom of metastatic cancer to the
bone is pain. The pain can have both biologic and mechani-
cal components.18 The biologic component refers to pain asso-
ciated with growth of the tumor itself. Tumor growth must
be accompanied by angiogenesis and hyperemia. Along with
the increased blood flow come cytokines, which are thought

to be important mediators of the pain response.19 This bio-
logic component to the pain is often described as a deep, dull,
ache in the bone that is unrelated to activity. This type of
pain is often responsive to nonsurgical management, such as
radiation and chemotherapy.20

The mechanical aspects of the pain, on the other hand,
are strain related. This pain is aggravated by weight-bearing
activities and is relieved by rest. This pattern of pain results
from the loss of structural integrity of the bone.20 As already
stated, for the metastatic tumor to grow within the bone there
must be a mechanism for bone lysis, which is thought to
occur secondary to effects on the host osteoclasts and
osteoblasts, rather than by a direct effect of the tumor cells
themselves. Typically, osteoclast stimulation outweighs
osteoblast stimulation, and a lytic lesion of bone results.21

This net bone loss reduces bone strength and stiffness,
thereby leading to pain with weightbearing. Pain of this char-
acter is less likely to be immediately responsive to medical
management. Increasing mechanical symptoms may signal
impending pathologic fracture and warrant protected weight-
bearing as well as a consideration of prophylactic operative
stabilization.

Many metastatic tumors to bone have no presenting
symptoms. These lesions may come to medical attention as
an incidental finding on plain radiographs or, more com-
monly, by bone scintigraphy in the setting of staging of a
known primary tumor.

Radiologic Evaluation of Skeletal Metastases

Radiography

The sensitivity of plain radiographs to detect metastatic
lesions is low. Studies have shown that more than 50% to
70% of cancellous bone must be destroyed to be reliably
detected by plain radiographs.22 Although involvement of the
cortex may be detectable much earlier (i.e., with a lesser
degree of destruction), it is an uncommon site of early
metastatic involvement. Cortical bone, which is much denser
than cancellous bone, masks subtle foci of abnormal trabec-
ular bone, leaving them much less conspicuous (Figure 
95.1).

Appearance of the metastatic lesion also affects its
detectability by radiography. Permeative lesions can be par-
ticularly difficult to detect until a large area of medullary
bone is involved. Similarly, purely lytic metastases may be
radiographically occult until large unless they involve the
cortex (Figure 95.2). Cortical involvement of a trabecular
lesion can be perceived as endosteal scalloping along the inner
margin. In lesions of mixed lytic/blastic appearance, adjacent
areas of sclerosis depict reaction of the adjacent normal bone
in an attempt to “wall off” the metastasis. Purely blastic
lesions are often more readily detectable, with areas of scle-
rosis often demonstrating ill-defined margins. These lesions
are likely caused by reaction to osteoblast-like factors made
by the tumor, attempts by the surrounding normal bone to
isolate the abnormal focus, or a combination of the two
processes. In the event of a direct cortical metastasis, a well-
defined focal cortical defect can be seen, which can give the
false impression of a benign lesion.
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FIGURE 95.1. Anteroposterior (AP) view of the pelvis (A) in a 76-
year-old patient with a history of Paget’s disease shows bony expan-
sion and trabecular thickening involving the right hemipelvis,
consistent with this history. Additionally, the superior margin of the
left sacrum is not seen, and there is suggestion of a soft tissue mass
in this location. Dense osteoid matrix is identified within the soft

tissue mass. In this setting, findings are suggestive of sarcomatous
transformation in the setting of Paget’s disease. (B) Axial post-gadolin-
ium T1-weighted magnetic resonance imaging (MRI) of the pelvis
better demonstrates the extensive involvement of the left sacrum by
the heterogeneously enhancing soft tissue mass.

A B

FIGURE 95.2. Lateral view of the lumbar spine (A) demonstrates lytic replacement of the L4 vertebral body in this 53-year-old patient. Sagit-
tal T1-weighted MRI of the spine (B) shows diffuse marrow replacement. Subsequent computed tomography (CT)-guided biopsy (not shown)
confirmed the presence of a plasmacytoma.



Because of its low sensitivity for most metastatic lesions,
radiography is best used as an adjunct to other imaging modal-
ities. Plain films can also be helpful in the evaluation of
symptomatic sites. Additionally, radiography has been used
in an attempt to assess the risk of pathologic fracture in long
bone metastases. Fidler et al. proposed that pathologic frac-
ture was unlikely if less than 50% of the cortex was
destroyed, likely if 50% to 75% was destroyed, and expected
if greater than 75% was destroyed.23 Given the limitations of
plain film radiography, this is likely only an approximation.

A related clinical presentation in which radiography is
still the imaging modality of choice is multiple myeloma.
Lesions associated with myeloma are notorious for their low
conspicuity on conventional bone scintigraphy, such that the
bone survey is still used for staging and evaluation in this
disease. Plain film usually demonstrates a “punched-out”
lytic lesion (Figure 95.3). Nevertheless, evaluation of 
these surveys is difficult, with the inherent limitations of
radiography meaning that significant disease can be missed.

Nuclear Medicine

In most cases, nuclear medicine scans using Tc-99m 
phosphate compounds represent the preferred method of
evaluating skeletal metastases in both symptomatic and
asymptomatic patients. Although they represent a powerful
tool in the staging of metastatic disease due to their high sen-
sitivity, a basic understanding of their mechanism of action
is important when interpreting results. The radioactive com-
plexes are incorporated into areas of bone formation or

increased osteoblast activity. This process can lead to areas of
increased radiopharmaceutical activity in the presence of
tumor, with a sensitivity reported at 50% to 80% greater than
radiography. However, virtually any pathologic process can
yield a similar appearance.24 Foci of abnormally increased
activity can be seen in the presence of fracture, infection,
inflammation, surgery, and degenerative changes. Plain film
correlation is indicated in situations or at sites where these
processes may give the false impression of tumor spread.

In bone scintigraphy, the pattern of abnormal foci of 
activity may suggest the diagnosis of skeletal metastases.
Multiple areas of increased activity of varying size, with a
propensity for the axial skeleton, most likely represent
metastatic disease (Figure 95.4). However, clinical correlation
with the patient’s symptoms is necessary because the afore-
mentioned mimics can coexist with metastatic disease. It has
been estimated that only 50% of solitary “hot” lesions on
bone scan indicate metastasis, even in the setting of a known
malignancy25; this underscores the importance of plain film
correlation in characterizing bone scan abnormalities.
Because plain film findings of metastasis can lag behind
scintigraphic abnormalities, a negative plain film in the pres-
ence of an abnormality on nuclear scanning does not exclude
the possibility of a metastasis.

Among metastases shown by bone scintigraphy, 39%
were seen in the vertebrae, 38% in the ribs and sternum, 12%
in the pelvis, with only 10% in the skull and long bones.26

This propensity for the axial skeleton makes bone scanning
particularly attractive as an initial evaluation, as it simplifies
the evaluation of those parts of the skeleton that are more dif-
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FIGURE 95.3. AP view of the right femur (A) and lateral view of the skull (B) in a patient with a history of multiple myeloma demonstrate
the classic “punched-out” lytic lesions associated with this malignancy.



ficult to visualize by plain film: the scapula, sternum, ribs,
and spine. Evaluation of the pelvis is sometimes complicated
by pooling of the excreted radiopharmaceutical in the bladder.

The ribs are also sometimes difficult to evaluate. Areas of
increased activity that parallel the long axis of the rib likely
indicate metastasis, whereas more focal lesions, especially
when arranged in a linear orientation in adjacent ribs, often
indicate fracture. Although 80% of solitary foci of activity in
a series of proven metastatic disease to bone were found to
correspond to true metastatic lesions, only 17% of solitary
“hot spots” in the ribs were the result of metastasis.27

As tracer activity is dependent on the presence of bone
turnover, photopenic or “cold” lesions can be seen in the pres-
ence of particularly aggressive tumors, where the growth is

too rapid for sufficient reactive bone growth. This presenta-
tion can be seen in metastases from carcinoma of the breast
or lung. Additionally, diffuse metastatic involvement
throughout the skeleton can lead to a relatively homogeneous
appearance, yielding a false impression of a normal scan. This
entity, termed the “super scan,” should be suspected in the
setting of intense skeletal activity in the absence of renal,
bladder, or soft tissue uptake. The appearance is due to the
increased extraction of the radiopharmaceutical by the reac-
tive bone compared to the soft tissues and kidneys.

Bone marrow scanning has been advocated as an alterna-
tive to phosphate compound methods in the evaluation of
some malignancies. In one study, bone marrow scanning with
a monoclonal antibody complex detected almost twice the
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FIGURE 95.4. (A) Posterior tomographic image from a technetium-
99m-MDP bone scan in a 55-year-old patient with a history of breast
carcinoma, shows abnormally increased radiopharmaceutical activity
on the right at the T11, T12, and L1 vertebral body levels. (B) Lateral
film of the thoracolumbar spine in the same patient demonstrates
lytic lesions at the same levels, which appear centered at the junction

of the pedicles with the vertebral bodies. (C) Sagittal T1-weighted non-
contrast MRI through the same region demonstrates abnormal
marrow replacement centered at the vertebral body–pedicle junction.
This case illustrates the improved marrow resolution of MRI relative
to plain film. (D) Axial CT image in the same patient showing CT-
guided core biopsy of the T12 lesion via a transpedicular approach.



number of metastases as conventional bone scanning.
However, the number of patients identified as having skele-
tal metastatic involvement was the same with both methods,
suggesting that management would not have been changed.28

For screening in patients with papillary and follicular vari-
ants of thyroid carcinoma, 131I whole-body scans are preferred
over Tc-99 studies. One study found that 78% of thyroid
metastases visualized by radiography or 131I scans were unde-
tectable or “minimally abnormal” on technetium bone
scans.29

Positron emission tomography (PET) scanning has gained
widespread acceptance in the evaluation and staging of
metastatic disease in recent years, having lately been
approved for the evaluation of breast and lung carcinomas.
PET has been shown to be moderately sensitive in the detec-
tion of prostatic carcinoma metastatic to the spine (sensitiv-
ity, 65%), but with high specificity (98%).30 PET appears to
be useful in separating Paget’s disease and other benign enti-
ties (which demonstrate low uptake) from bone metastases or
sarcomatous degeneration of Paget’s.31,32

Evaluation of Response to Therapy

Skeletal metastases may respond to chemotherapy, radiation
therapy, and bone agents, such as the bisphosphonate class of
drugs. This response may be detected through imaging
studies. On plain radiographs, an increase in sclerosis may be
seen, with progression of the sclerosis from the periphery
toward the center of the lesion. Increasing sclerosis may make
previously undetectable lesions visible radiographically. This
misleading appearance may give the false impression of wors-
ening disease. An increase in size of either a sclerotic or lytic
lesion, as well as increased lysis in a previously blastic site,
suggest failure of therapy and progression of metastatic
disease.33

Similarly, radioisotope bone scans may show an increase
in tracer activity shortly after administration of chemothera-
peutic drugs.34 This so-called flare phenomenon is believed to
represent increased radionuclide deposition secondary to
bone healing and a resultant increase in bone formation.
Additionally, an increase in the number of “hot spots” in the
setting of therapy may represent previously undetectable
lesions being made visible by the increase in bone formation.
Such appearances must be correlated with the clinical history
of therapy in order to avoid a false impression of worsening
disease. If followed, healing lesions will eventually demon-
strate decreased radiopharmaceutical uptake and should
eventually take on a normal or near-normal appearance. In
equivocal cases, radiographs can offer evidence of subtle
changes that may not be manifest on bone scanning.33

Computed Tomography

Computed tomography (CT) is useful as an adjunct to other
imaging modalities in the evaluation of metastases. While CT
is capable of demonstrating abnormalities before they are
seen on radiography, it is a cumbersome tool for screening the
skeleton. CT can delineate abnormalities seen on bone scan
when they cannot be corroborated by plain film evaluation.
CT can also depict subtle areas of cortical involvement in
long bones better than radiography. It can demonstrate spinal
metastases better than plain film, and can be used in con-

junction with nuclear medicine scans to more clearly eluci-
date specific sites of involvement, such as the pedicles.35,36

Similarly, the complex bony anatomy of the pelvis is better
evaluated by CT. Quantitative CT has been used to detect
marrow replacement in long bones before bone destruction is
noted. Increased attenuation compared with the normal fatty
marrow suggests the abnormality. A difference between 
the right and left sides of 20 Hounsfield units is considered
abnormal.37

Perhaps the most potentially useful aspect of CT in the
evaluation of metastatic disease is as a means of directing
biopsy. CT-guided biopsy of suspected areas of tumor
involvement has been shown to be a safe and effective means
of reaching a diagnosis and, in the setting of metastatic
disease, provides staging information as well.38,39 Although
image-guided biopsies of bone lesions have been performed
for over 60 years, CT allows improved precision of needle
placement over previous fluoroscopic techniques (Figure
95.4D). Modern techniques allow most procedures to be per-
formed on an outpatient basis and under local anesthesia,
thereby decreasing the cost and potential morbidity compared
with surgical biopsy.39–42

Most skeletal lesions can be reached under CT guidance.
This ability to make a tissue diagnosis has wide-ranging
implications in guiding subsequent management. CT-guided
biopsy can also identify alternative diagnoses, such as infec-
tion and primary tumors of bone. Percutaneous biopsy of
metastatic lesions has been shown to have a higher accuracy
than biopsies of infections and primary tumors.43 Nonethe-
less, this information can drastically alter management.

Image-guided biopsy of spinal lesions under CT guidance
has been shown to have an overall accuracy of 71% to 100%.39

In an early study, 78% of clinically or histologically con-
firmed bone malignancies were correctly identified by CT-
guided fine-needle aspiration.40 More recent studies have
reported successful diagnoses by CT-guided bone biopsy in
71% to 89% of cases.38,39,40,44 CT-guided biopsy has also proven
useful in the diagnosis of benign lesions, which can give the
false impression of malignancy.44

In addition to CT-guided biopsy as a means of diagnosis and
staging, recent work has studied the potential for percutaneous
treatment of lesions. Techniques have involved alcohol 
injections and ablation, for the purpose of palliation. In one
study, 25 patients with painful skeletal metastases that were
previously unsuccessfully treated, received image-guided
injection of 95% alcohol; 74% of these patients reported
decreased analgesic requirements within 2 days of the proce-
dure.45 Painful vertebral body fractures have also been treated
by vertebroplasty under fluoroscopic or CT guidance.

Magnetic Resonance Imaging

Skeletal metastases lead to infiltration or replacement of
normal marrow. This propensity for marrow involvement
underlies the usefulness of magnetic resonance imaging (MRI)
in the identification of metastatic lesions. The fact that the
majority of red marrow in adults is located within the axial
skeleton, where metastases most commonly occur, makes
this an ideal technique.

MRI is used most often to evaluate metastatic disease of
the spine, where it has proven superior to CT and myelogra-
phy.46,47 The superior soft tissue detail of MRI allows it to
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demonstrate paravertebral extension of tumor as well as canal
involvement, whether the spinal cord is compressed or not.
In the setting of extradural masses, MRI is more sensitive
than CT myelography.48 The excellent marrow detail achiev-
able by MRI also makes it a useful adjunct to conventional
bone scans. MRI has been shown to be more sensitive to
spinal metastases than bone scintigraphy, although bone
scanning is probably more practical as an initial screening
method at this time, with MRI used to further evaluate equiv-
ocal nuclear medicine findings.49,50

Faster MRI sequences under development may make
screening with MRI feasible, obviating the need for scintig-
raphy in many circumstances. These methods employ
sequences designed to highlight sites of marrow infiltration.
Early studies comparing MRI marrow screening of the axial
skeleton to whole-body bone scintigraphy, showed no signif-
icant difference in accuracy when evaluating breast and
prostate cancer patients for skeletal metastases. In this study,
2% had isolated metastatic involvement of the appendicular
skeleton. Nevertheless, 75% of patients with isolated periph-
eral involvement experienced pain, with subsequent plain
films showing the metastatic lesions.51 A more recent study
used turbo-STIR (short tau inversion recovery) imaging of the
whole body to evaluate metastatic involvement in a small
group of patients with breast cancer. Comparison showed an
88% concordance rate between the two modalities, with MRI
showing an additional lesion not evident on scintigraphy and
subsequently shown by biopsy to be malignant.52 MRI tech-
niques, such as these, provide the additional potential benefit
of evaluating the liver and brain. While initial results appear
promising, larger studies will be required before scintigraphy
is likely to be replaced.

Normal bone marrow (including hematopoietic marrow)
contains a high percentage of fat, making it high in signal on
T1-weighted spin echo images. Metastatic foci in adults char-
acteristically demonstrate areas of decreased signal on T1-
weighted images relative to the high signal of normal fatty
marrow (see Figure 95.2B). These lesions often demonstrate
increased signal on STIR or T2-weighted spin echo images,
owing to their high water content, and often have a sur-
rounding area of bright T2 signal (known as the “halo” sign).53

Variable enhancement is seen following gadolinium adminis-
tration, and different metastatic foci within the same patient
can demonstrate vastly different enhancement patterns.
Lesion conspicuity on gadolinium-enhanced scans can be
improved by employing fat suppression techniques (see Figure
95.1B). Use of fat suppression on precontrast images can 
actually lower sensitivity, however, because of the loss of the
otherwise noticeable fat–soft tissue interface.

MRI can be useful in distinguishing osteoporotic vertebral
body compression fractures from those arising secondary to
metastases. In the setting of an osteoporotic compression
fracture, marrow signal intensity should follow that of
normal marrow in adjacent vertebral bodies. Metastatic foci
will demonstrate findings of marrow replacement, as already
noted, and may show enhancement following gadolinium
administration. Additional findings suggestive of metastatic
compression fracture on MRI include a convex posterior
border of the vertebral body, abnormal signal intensity involv-
ing the pedicle or posterior elements (Figure 95.4B,C), and the
presence of an epidural or paraspinal mass.54 The presence of
multiple lesions also suggests metastatic involvement.

Acute benign compression fractures can have a similar
appearance to metastatic lesions, making this differential
diagnosis particularly difficult.55 Findings suggestive of acute
osteoporotic compression fracture are low signal intensity on
both T1- and T2-weighted images, spared bone marrow signal
within the vertebral body, retropulsion of bone fragments, and
the presence of multiple compression fractures.54 The use of
gadolinium also may be helpful, with metastatic lesions
expected to show enhancement relative to the adjacent
marrow.55

Many of the techniques employed in MR imaging lack
specificity with respect to the evaluation of metastases. Infec-
tion, as well as several benign tumors, can mimic the appear-
ance of metastases on imaging studies. MRI is also subject to
decreased sensitivity in the setting of diffuse metastatic
involvement, similar to the so-called “super scan” encoun-
tered in nuclear medicine.

Diagnostic Evaluation

In general, patients presenting for evaluation of a metastatic
lesion to bone fall into three categories.56 The first category
is a patient with a known primary tumor who presents with
bone pain and a lesion on plain radiographs or with patho-
logic fracture. The second category is the asymptomatic
patient with a known primary lesion who is found to have
areas of increased uptake on scintigraphic evaluation. The
third category is a patient who does not have a known 
diagnosis of cancer and presents with pain or pathologic 
fracture and a suspicious lesion on plain radiographs. Each
patient deserves an organized approach to their management.
A systematic approach can shorten the time to and improve
the accuracy of the diagnosis and eliminate pitfalls in 
treatment.

The evaluation of the patient should begin with a thor-
ough history and physical examination. Focused questioning
in the history of present illness will often reveal symptoms
of mechanical pain before pathologic fracture, which can be
particularly helpful in the patient with an unknown primary.
Patients should be asked directly whether they have had a
diagnosis of cancer. Often patients with a history of cancer
followed by a prolonged disease-free interval do not consider
the previous diagnosis as pertinent. However, bone metas-
tases may present after a decade or more of remission from,
for example, breast cancer. Social and occupational history
should be focused to reveal any exposure to possible carcino-
gens. The sexual history may also be contributory, as human
immunodeficiency virus/acquired immunodeficiency syn-
drome (HIV/AIDS) carries an increased risk of certain neo-
plasms. A thorough review of systems should include specific
questions regarding respiratory, endocrine, genitourinary, and
integumentary systems. Patients should be asked directly
about persistent cough or hemoptysis that may be associated
with a lung carcinoma. The patients should be questioned
directly about flank pain or hematuria, which may be related
to a renal cell carcinoma. Symptoms typically associated with
prostate enlargement, such as voiding hesitancy, frequency,
and nocturia may be secondary to prostate carcinoma.
Patients should be asked about suspicious lesions found on
their skin or any history of biopsy. Patients should be asked
whether they have ever had a breast mass or biopsy. All these
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areas should be covered directly, because the association is
often not apparent to the patient.

Physical examination, as always, should be complete. If
the patient is presenting without an underlying diagnosis of
a primary tumor, the physical examination should not be
limited to the musculoskeletal system. Breast, intraabdomi-
nal, or prostate masses may indicate the primary site of
disease.

Laboratory evaluation can be diagnostic in some cases of
metastatic bone disease. Serum and urine protein elec-
trophoresis studies can be diagnostic of multiple myeloma. A
markedly elevated prostate-specific antigen (PSA) can lead to
the diagnosis of prostate cancer. In most cases, however, lab-
oratory workup is relatively nonspecific and therefore nondi-
agnostic. Nonetheless, a general laboratory workup, including
complete blood count with differential, serum chemistries,
and erythrocyte sedimentation rate, can help guide the man-
agement of the patient with suspected metastatic bone
disease. Elevated white count may be indicative of infection
or lymphoma. Leukocytosis may also be present in other
marrow cell tumors, such as Ewing’s sarcoma, multiple
myeloma, histiocytosis, or leukemia. Erythrocyte sedimenta-
tion rate may also be elevated in these settings.57 The utility
of serum tumor markers has been established in the setting
of known primary disease; however, they are of little value in
the diagnostic workup of suspected metastatic disease to bone
in the setting of an unknown primary tumor.58

After a thorough history and physical examination and
the appropriate laboratory studies, an algorithmic approach to
the evaluation of suspected metastatic bone disease splits
into two categories based on whether the patient has a known
primary or not. Asymptomatic patients with a known
primary malignancy typically present following a bone scan
that demonstrates an area of increased metabolic activity. If
this is the case, the next study obtained should be a plain
radiograph of the area in question. If plain radiographs reveal
a lesion that is nonaggressive in appearance and demonstrates
diagnostic characteristics, it may represent an enchondroma
or other benign bone tumor. The lesion can be followed with
serial radiographs over time. Experience in recognizing such
lesions may save the patient an unnecessary biopsy.56

If the plain radiograph reveals a suspicious lesion, then
bone scans should be reviewed to determine whether the
patient has monostotic or polyostotic involvement. Metasta-
tic disease to bone is commonly polyostotic; therefore, a
monostotic lesion warrants advanced imaging before further
workup. Advanced imaging would consist of CT and/or MRI.
These studies can be diagnostic for certain primary tumors 
of bone and also are helpful in planning a biopsy.59–61 Options
for biopsy include CT-guided core needle biopsy, incisional
biopsy, and excisional biopsy.

The issue of biopsy technique is important. The biopsy
tract must be placed in such a way that it can be resected
with the tumor in cases in which the final diagnosis is
primary sarcoma of bone. Also, excessive dissection and
tissue contamination should be avoided while meticulous
hemostasis must be maintained. Mankin et al. have shown
that poorly placed and poorly performed biopsies can result
in a higher incidence in the need for amputation.60,61 Patho-
logic analysis is necessary to determine definitively whether
a lesion represents a primary bone tumor, such as sarcoma,
or metastatic disease. It must be remembered that patients
with a history of cancer elsewhere can have a second primary

malignancy. The clinician must be particularly concerned
about the patient with monostotic disease and no previous
history of metastasis. However, in the setting of metastatic
disease, pathologic analysis of the biopsy specimen is 
often unable to provide the primary diagnosis.62 Once the
diagnosis has been established, treatment can proceed as 
indicated.

The patient with a known primary malignancy who pre-
sents with a bone scan that demonstrates polyostotic disease,
should obtain plain radiographs of each involved area. If there
is no area of impending pathologic fracture identified on plain
radiograph, the patient can be followed with observation or
treated medically and/or with radiation. If the diagnosis is in
doubt, biopsy can be performed at the most accessible site. If
radiographs do reveal an impending fracture, surgical treat-
ment should be considered.

Diagnosing the patient with an unknown primary can
present a more daunting clinical dilemma. However, an orga-
nized approach can produce a diagnosis of the primary site of
disease in the majority of cases.62 A thorough history and
physical, along with laboratory evaluation, in some cases will
reveal the primary diagnosis. Serum or urine protein elec-
trophoresis may lead to a diagnosis of myeloma. In these
cases, a skeletal survey should be obtained and the patient
should be referred to a medical oncologist. If history, physi-
cal, and laboratory findings fail to identify a primary diagno-
sis, the workup should proceed with a bone scan to look for
polyostotic disease. CT images of the chest, abdomen, and
pelvis also should be obtained as a screening for primary
tumors.56,62 If the CT scan identifies a primary tumor, the
patient should then be staged and treated as indicated. If the
CT scan fails to identify a primary tumor and the bone scan
reveals polyostotic disease, biopsy should then be performed
on the most appropriate and accessible site. Treatment can
then proceed as indicated. If the CT scan is negative and the
bone scan reveals monostotic disease, the lesion should be
assumed to be sarcoma until proven otherwise, and the
patient should be referred to an orthopedic oncologist.

Rougraff et al. conducted a study of 40 consecutive
patients with metastasis of unknown origin.62 The patients
were evaluated with history and physical, routine serum lab-
oratory studies, plain radiographs of the involved bones and
chest, whole-body bone scintigraphy, and CT of the chest,
abdomen, and pelvis. The most accessible bone lesion was
then biopsied. Serum laboratory studies were nondiagnostic.
History and physical revealed the primary site in 3 patients
(1 each with carcinoma of the breast, kidney, and bladder).
Plain chest radiographs established the diagnosis of lung car-
cinoma in 17 patients whereas chest CT made that diagnosis
in an additional 6 cases. CT of the abdomen and pelvis estab-
lished the diagnosis in 5 patients (3 with kidney carcinoma
and 1 each with carcinoma of the liver and colon). Examina-
tion of the bone biopsy specimen established the diagnosis in
3 additional patients (1 with melanoma and 1 each with car-
cinoma of the lung and thyroid) and confirmed the primary
diagnosis in 11 others. Therefore, with this strategy, the
authors were able to identify the primary site of disease in 34
of 40 patients who presented with metastasis of unknown
origin. Of interest, the most common primary site of disease
was the lung (24 cases) followed by the kidney (3 cases). Breast
carcinoma only accounted for 1 case, whereas prostate 
carcinoma accounted for no cases. Also of interest, 
histologic review of the biopsy specimen alone was able to
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identify the primary site in only 14 cases, whereas the pre-
biopsy workup identified the primary site in 31 cases.

Once the diagnosis has been established, there are three
primary modes of treatment: medical management, radiation,
and surgical treatment. These modes of treatment are
addressed in the following sections.

Treatment Options

Radiation Treatment

External-Beam Radiation Therapy

Although the specific cause of cancer-related bone pain may
differ, that is, mechanical, inflammatory, muscle spasm, or
nerve compromise, more than 75% of patients with osseous
metastasis will develop pain as their most important cause of
reduced quality of life.63 Radiation therapy has been the main-
stay of relieving pain associated with bone metastasis. Unfor-
tunately, this modality is used for localized palliation and is
often used in conjunction with other systemic means of pain
control. Data supporting wide-field radiation therapy, or
“half-body” irradiation, do exist; however, this modality is
not generally used in the United States. Regardless, there are
several randomized trials providing Level 1 evidence con-
cerning the optimal schedule of local radiation treatment
(Table 95.1).

The primary endpoint in all these studies is pain relief.
Keep in mind that differences exist in the mechanism of ascer-
taining pain relief, for example, physician assessment versus

patient assessment, and that often, patients are given concur-
rent analgesia, which complicates the conclusions. The major
question that is addressed in these trials is whether a shorter
radiation therapy schedule results in comparable pain relief
compared to the conventional schedule. Five prospective ran-
domized trials performed during the 1980s to 1990s, examined
variations in duration of treatment. Various treatment pro-
grams were compared, ranging from 30Gy in 2 to 3 weeks
(daily dose of 2–3Gy) as the standard approach, with shorter
durations of treatment utilizing three to five fractions of 15 to
20Gy total. Overall, each study concluded that significant dif-
ferences in pain relief did not occur with shorter duration of
treatment. Clearly, these studies varied in sample size (57 to
759), performance status, and whether concurrent systemic
antineoplastic therapy was permitted; however, these studies
supported the trend in reducing duration of radiation treat-
ment for palliation of osseous metastasis.64–68 Only one study
performed by the Radiation Therapy Oncology Group (RTOG)
was large enough to support Level 1 evidence; however, the
remaining studies can be classified as having Level 2 scientific
evidence.68,69

Five additional prospective randomized trials compared
the outcome of “conventional” duration of radiation treat-
ment for bone metastasis with a single treatment fraction of
8Gy. Again, these studies provide Level 1 evidence support-
ing equivalency in symptom relief with a single treatment
dose. Two studies randomized a total of 1,200 patients to
either a single dose of 8Gy or a total of 24Gy given in 6 frac-
tions, and found no difference in pain scores.70,71 These results
were supported by three prospective randomized trials involv-
ing a total of 1,294 patients receiving treatment, either with
a single fraction of 8Gy or 20 to 30Gy given over 5 to 10 frac-
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TABLE 95.1. Radiation schedule and the treatment of osseous metastasis.

No.
of Median

Trial Year patients Randomized Disease Design follow-up Results Conclusions

Bone73 1999 765 Prospective All 8Gy single fraction 12 months No difference in Single-fraction
Pain Trial vs. 20Gy/5 fractions pain relief or treatment is
Working or 30Gy/10 overall survival comparable to
Party fractions multifraction

treatment
Gaze75 1997 245 Prospective All 10Gy single vs. 22.5Gy/ 2 years Median duration Single-fraction

5 fractions of pain relief: treatment is
13.5 weeks comparable to
(single) vs. 14 multifraction
weeks (multi) treatment

Nielsen72 1998 241 Prospective, All 8Gy single vs. 20Gy/4 2 years At 20 weeks Single-fraction
Phase III fractions follow-up: 72% treatment is

pain relief comparable to
(single) vs. 82% multifraction
(multi); duration treatment
of relief is same

Steenland71 1999 1171 Prospective All 8Gy single vs. 24Gy/6 4 months Time to pain Single-fraction
fractions relief is same, treatment is

3 weeks; no comparable to
difference in multifraction
pain scores treatment
(P = 0.24)

Price74 1986 288 Prospective All 8Gy single vs. 30Gy/10 3 months Incidence of Single-fraction
fractions complete treatment is

relief at 4 comparable to
weeks = 27% multifraction
(same); same treatment
duration of
relief



tions. Pain relief was comparable between the two regi-
mens.72–74 A single trial using 10Gy as its single treatment
fraction supported the previous results when compared with
a 22.5Gy treatment given over 5 fractions.75 Two additional
randomized trials investigated the optimal single fraction
dose of radiation therapy; 4Gy versus 6Gy versus 8Gy. In
general, 8Gy was considered the “lowest” dose that would
result in adequate pain control of bone metastasis.76,77

Three systematic reviews of the literature describing ran-
domized trials comparing short versus long duration of radi-
ation therapy for palliation have concluded that shorter
therapy (single fraction of 6–10Gy) is comparable to longer
treatment.78–80 Overall, there is sufficient Level 1 evidence to
support single-fraction therapy for the palliation of bone
metastasis.81 An additional benefit of single-dose therapy that
was discussed within these randomized trials was the ability
of retreating the disease site if symptoms reoccurred. This
action was deemed acceptable in the majority of studies, yet
clearly the need for retreatment suggests an inadequate
disease response to the original radiation received. These dif-
ficulties in comparing pain relief due to radiation therapy
among the various studies is being addressed by a task force
(International Bone Metastasis Consensus Working Party)
that will enable further prospective randomized trials utiliz-
ing radiation therapy to be performed in a more consistent
fashion and support stronger evidence for treatment 
strategies.82

Systemic Radionuclide Therapy

Several radiopharmaceuticals are approved for palliative treat-
ment of bone metastasis in the United States; however, the
Level 1 and Level 2 data are scarcer than those available for
conventional radiation therapy. The characteristics of all
radionuclides used in this setting are the need for the nuclide
to be preferentially deposited in the bone, and that the
product emits particulate radiation that is locally absorbed.83

Phosphorus-32 has been widely used for the control of myelo-
proliferative diseases because it is also preferentially incor-
porated into bone marrow; however, it can also be used to
effectively control pain caused by osseous metastasis from
solid tumors.84

Physician practice is not as supportive of radionuclide
therapy for palliation, and specifically,32P is used less than
newer approved treatments because of concerns with myelo-
suppression.85 This concern was supported in a randomized
trial of 31 patients receiving either 32P or 89Sr, a radioactive
calcium analogue that is a beta emitter which has less hema-
tologic toxicity and is effective in the treatment primarily of
blastic metastasis.86,87 More than 90% of the patients in each
group achieved pain relief; however, bone marrow suppres-
sion was slightly more common in the 32P-treated patients.88

Three randomized control trials with 89Sr and one trial with
samarium-153 (both approved for use in the United States)
provide Level 1 evidence supporting the use of radionuclides
in reducing pain due to osseous metastasis.89,90,91,92 Two 
systematic reviews lend Level 1 support and confirm the
optimal dose of 89Sr (150–200MBq) and 153Sm (1.0mCi/kg)
that result in pain relief after approximately 1 to 2 weeks,
lasting for approximately 2 to 4 months in 60% to 80% of
patients treated with a single administration of nuclide.78,93

Caution must be used in the application of these therapies
because of the potential for bone marrow suppression;
repeated administration of nuclide has not been thoroughly
investigated. Patients with multiple osteoblastic metastasis
or mixed lesions that have not been extensively pretreated
with radiation therapy and chemotherapy offer the optimal
patient population for response with minimal toxicity with
radiopharmaceuticals.94 These results are presented in Table
95.2.

Medical Treatment

Bisphosphonate Therapy

Bisphosphonates are analogues of pyrophosphate wherein a
carbon atom replaces the central oxygen atom. This structure
permits binding to hydroxyapatite within bone and results 
in an increased resistance to hydrolysis and consequent
reduction in bone mineral dissolution because of their 
phosphorus–carbon–phosphorus bond. For this reason, 
bisphosphonates are extremely effective in the treatment of
hypercalcemia that occurs in approximately 10% to 20% of
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TABLE 95.2. Efficacy of radioisotopes in the treatment of osseous metastasis.

No. of Median
Trial Year patients Randomized Disease Design follow-up Results Conclusions

Serafini92 1998 118 Double-blind All 153Sm-EDTMP 0.5 16wks 31% pain relief Benefit in higher-
vs. 1.0mCi/kg or by week 4 dose 153Sm
placebo

Lewington91 1991 32 Double-blind, Prostate 89Sr 150MBq vs. 5wks Only patients Benefit with 89Sr
crossover placebo receiving 89Sr

were pain free
Porter90 1993 126 Double-blind Prostate 89Sr 10.8mCi vs. 6mo At 3 months Reduced pain-score 

placebo follow-up: 40% in 70% 89Sr vs. 55% 
pain free with placebo; benefit 
89Sr vs. 23% with 89Sr
placebo

Buchali89 1988 49 Double-blind Prostate 75MBq 89Sr vs. 5wks No difference in Survival benefit
placebo pain; increased with 89Sr

survival with 89Sr:
46% vs. 4% 
2-year OS

OS, overall survival.



patients with cancer. In addition, bisphosphonates have been
shown to inhibit osteoclast activity, lessen chemotaxis of
osteoclasts to sites of bone resorption, and induce osteoclast
apoptosis by inhibiting the enzyme farnesyl diphosphate syn-
thetase and inhibiting cytokine synthesis by stromal cells, for
example, IL-6 production.95–97 Consequently, the use of bis-
phosphonates is effective in reducing the morbidity of skele-
tal events associated with metastatic disease, such as fracture
and pain, and may contribute to the delay in the progression
of osseous metastasis by interfering with tumor cell adhesion
to bone or directly inducing tumor apoptosis.98,99 Although
the majority of data supporting the use of bisphosphonates
primarily involve patients with metastatic breast and prostate
cancer or multiple myeloma, several recent trials also support
the use of this class of drugs for adjunctive treatment of
osseous metastasis due to other solid tumors.

Hypercalcemia

Level 1 evidence does exist that supports the use of bisphos-
phonates in the treatment of hypercalcemia of malignancy.100

However, these studies are very heterogeneous and they could
not be analyzed in a meta-analysis. Overall, the randomized
trials demonstrate that the administration of bisphospho-
nates (pamidronate, clodronate, etidronate, ibandronate)
resulted in greater than 70% incidence of normalization 
of calcium levels within 2 to 6 days, which is significantly
superior to either saline infusion or mithramycin.101–105

There is a single randomized trial involving 71 patients that
demonstrated superiority of gallium nitrate compared with
etidronate in controlling hypercalcemia.106

A summary of the randomized trials presented in Table
95.3 demonstrates nonstatistically significant superiority by
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TABLE 95.3. Comparisons of bisphosphonates in the treatment of cancer-related hypercalcemia.

No. of Median
Trial Year patients Randomized Disease Design follow-up Results Conclusions

Gucalp107 1992 65 Randomized after All 60mg IV 7 days Pamidronate Pamidronate
24h IV hydration pamidronate vs. normalized normalizes calcium

7.5mg/kg IV calcium in more frequently
etidronate ¥ 3 70% vs. 41% than etidronate

(P = 0.26)
Purohit108 1995 41 Randomized after All 90mg IV 28 days Pamidronate Pamidronate results

48h IV hydration pamidronate vs. normalized in a longer duration
1,500mg IV calcium in of normal calcium
clodronate 100% vs. 80% levels than

(NS) clodronate
Median

duration of
normalization
28 days
pamidronate
vs. 14 days 
(P < 0.01)

Ralston109 1989 48 Randomized after All 30mg IV 9 days At day 6, calcium Pamidronate results
48h IV hydration pamidronate vs. levels were in a longer duration

600mg IV lower with of normal calcium
clodronate vs. pamidronate levels than
7.5mg/kg IV vs. clodronate clodronate or

etidronate ¥ 3 (P = 0.01) etidronate
vs. etidronate 
(P = 0.001)

Longer median 
time to relapse
with
pamidronate,
29 days vs. 12
days vs. 10.5
days

Major112 2001 287 Two identical All 90mg IV 56 days Zoledronic acid Zoledronic acid
parallel pamidronate vs. normalized results in a longer

concurrent 4mg or 8mg IV calcium duration of normal
double-blind, zoledronic acid within 10d in calcium levels than

double-dummy 88.4% (4mg, pamidronate
p = 0.002),
86.7% (8mg
p = 0.015) vs.
69.7%
pamidronate.

Median
duration of
normalization
30d (4mg, p =
0.001), 40d (8mg,
p = 0.007) vs. 17d
pamidronate



pamidronate in the time to normalization of calcium levels
and prolongation of the time to relapse of hypercalcemia 
compared with etidronate and clodronate.107–111 Two parallel
multicenter double-blind, double-dummy randomized trials,
involving a total of 275 patients, compared two dose levels of
zoledronic acid (4mg and 8mg) to pamidronate (90mg) in the
treatment of malignancy-induced hypercalcemia. Interest-
ingly, both dose levels of zoledronic acid were superior to
pamidronate in both response rates, resulting in normaliza-
tion of calcium levels and duration of normocalcemia.112

Several other studies investigated the optimal dose of each
bisphosphonate, including pamidronate and zoledronic 
acid. A well-designed randomized trial demonstrated a
dose–response relationship using pamidronate, with the
optimal dose equaling 90mgIV. There did not appear to be
any advantage among the various dosing durations or sched-
ules.113 The toxicity associated with bisphosphonate use in
this setting is minimal. Self-limiting fever appears to be the
most common effect, followed by hypocalcaemia and
hypophosphatemia, which did not require metabolic 
correction.

Skeletal Morbidity

Several bisphosphonates have demonstrated the ability to
reduce the incidence of bone pain and fracture due to metasta-
tic disease. Most of the current evidence supports the use of
intravenous administration, because approximately 5% of
bisphosphonates are absorbed with oral administration, and
this absorption is quite variable depending upon concurrent
intake with other medicines and food. Level 1 evidence sup-
ports the inclusion of bisphosphonates as adjunctive therapy
in the treatment of osseous metastasis to reduce skeletal mor-
bidity. This Level 1 evidence is presented in the form of a
meta-analysis involving 18 randomized clinical trials that
compare bisphosphonate use with placebo and result in 
a statistically significant reduction in the odds ratio (OR) 
for vertebral fractures of 0.692 [95% confidence interval 
(CI), 0.570–0.840), nonvertebral fractures of 0.653 (95% 
CI, 0.540–0.791), combined fractures of 0.653 (95% CI,
0.547–0.780), and need for radiation therapy of 0.674 (95% CI,
0.573–0.791).100 Several bisphosphonates were included in
this analysis, including zoledronic acid, pamidronate, and clo-
dronate, administered either orally or intravenously.

Among those randomized placebo-controlled studies
included in the meta-analysis, the majority of trials involved
patients with metastatic breast cancer, evaluating the efficacy
of either adjunctive pamidronate or clodronate versus
placebo.114–119 Again, a dose response was demonstrated with
regard to skeletal-related events, and the administration of
bisphosphonates orally was problematic due to gastrointesti-
nal (GI) toxicity.120–124 The efficacy of zoledronic acid com-
pared with placebo was examined among patients with
metastatic prostate cancer, lung cancer, and other malignan-
cies.125,126 In two very large randomized trials comparing zole-
dronic acid with pamidronate, they appear to have equal
efficacy in the reduction of skeletal events among a total of
2,128 patients with breast cancer or multiple myeloma.127,128

This Level 1 evidence establishes the role of bisphosphonates
in the reduction of the incidence of skeletal-related events
compared with placebo, regardless of the type of underlying
cancer.

Although the majority of skeletal-related events discussed
in the foregoing section referred to bone fractures, skeletal
pain has been significantly reduced with the administration
of bisphosphonates, and is often included in the description
of “skeletal-related events” identified in clinical trials. Level
1 evidence exists supporting the addition of bisphosphonates
as adjunct therapy to reduce the level of pain and to prolong
the time to progression of pain associated with bone metas-
tasis, regardless of the concurrent use of antineoplastic
therapy.129 Two randomized trials involving a total of 465
patients with metastatic breast cancer determined that
pamidronate administration statistically significantly
increased the time to progression of tumor pain and resulted
in a significant reduction of bone pain.130,131 Identical results
were demonstrated in a randomized trial of 55 patients with
metastatic breast cancer treated with oral clodronate.132 The
administration of zoledronic acid among 635 patients with
metastatic prostate cancer resulted in lower pain and anal-
gesic scores compared with placebo.133

Tumor Progression

One large, placebo-controlled trial has specifically investi-
gated the benefit of adding bisphosphonates to systemic
therapy for the treatment of metastatic osseous neoplasm and
its impact upon disease progression (Level 2 evidence). This
European Phase III trial involved 295 patients with metasta-
tic breast cancer, and it showed that the addition of a bispho-
sphonate to traditional systemic therapy, whether it is
chemotherapy or hormonal therapy, will result in a statisti-
cally significant delay in the progression of disease. These 295
patients were concurrently receiving chemotherapy and were
randomized to either placebo or pamidronate, 45mg intra-
venously, every 3 weeks. The group receiving the pamidronate
had a 48% increase in the median time to bone progression:
249 days versus 168 days in the control arm (P = 0.02).134,135

Other randomized trials did not specifically address the issue
of disease progression and its association with bisphosphonate
use; however, they clearly demonstrate that the addition of
bisphosphonate therapy did not affect overall survival.

Emerging Medical Therapy

Although there are good evidence-based data supporting
several adjunctive therapies available for supportive 
treatment of osseous metastasis, many questions remain
unanswered. We have yet to determine the optimal 
bisphosphonate, or whether it should be used in prevention
strategies to reduce the risk of developing bone metastasis. It
also is unclear as to what the optimal duration of bisphos-
phonate therapy is, or whether bisphosphonates in fact affect
tumor growth and impact on survival. These are questions
that future clinical trials need to address, and fortunately, the
American Society of Clinical Oncology has presented some
guidelines to aid the clinician in the application of bisphos-
phonate therapy in the treatment of breast cancer.136 Increas-
ing knowledge of the underlying pathogenesis of osseous
metastasis has prompted several new therapies that target the
biologic mechanisms responsible for the development of
osteolytic bone metastasis and subsequent hypercalcemia.
Biologic tumor necrosis factor-alpha antagonists, such as
etanercept, are currently being investigated as therapies that
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relieve painful metastasis that are otherwise refractory to
treatment.137 Col-3 is a modified form of tetracycline and its
inhibitory effects on matrix metalloproteinases are currently
being explored as a potential treatment for osseous metasta-
sis. A similar mechanism of action has been noted with doxy-
cycline, which also suppresses osteoclast differentiation and
consequent survival.138 Recent studies using calcitonin to
reduce bone pain and the incidence of pathologic fractures
have not been very encouraging, and the use of gene therapy,
specifically targeting osteocalcin, continues to require
ongoing investigation.139,140 Promising investigation is con-
tinuing using a humanized monoclonal antibody to parathy-
roid hormone-related protein that does not cross-react with
parathyroid hormone.141 These are just some of the current
clinical investigations in the pursuit of controlling the
adverse consequences of metastatic disease involving bone.

Image-Guided Treatment

Approximately 50% of patients who develop metastatic
disease have poorly controlled pain, and management of 
pain in patients with metastatic disease can be difficult.142

Traditional treatment modalities, such as radiation therapy,
chemotherapy, surgery, and analgesic medication, may not
satisfactorily address the needs of patients with skeletal
metastases. Both radiation and chemotherapy have thresholds
above which their toxic side effects become too severe to 
continue therapy. Additionally, side effects of conventional
opioid analgesics can have a detrimental effect on the
patient’s quality of life.

Early research into image-guided, site-specific therapies
has shown promise in the management of pain and im-
mobility related to skeletal metastatic involvement. Initial
studies involving injection of 95% ethanol into bone metas-
tases under CT guidance led to decreased analgesic require-
ments in 60% of patients within 2 weeks.45

More recent work has focused on the use of radiofre-
quency ablation of tumors as an additional option for pain
management in metastatic disease. This research has bor-
rowed from the collective experience using ablation to treat
solid tumors of the abdomen and pelvis, especially the
liver.143,144 This experience led to use of the technique to treat
benign primary neoplasms of bone, such as osteoid osteoma
and chondroblastoma, a practice that has since gained wide-
spread acceptance.145–147

Applying radiofrequency (RF) ablation to painful skeletal
metastatic lesions represents an exciting new option for
patients for whom conventional therapies have been
exhausted. Callstrom et al. demonstrated significant
decreases in the pain scores and pain interference with daily
activity in a series of patients treated with ablation. Eighty
percent of patients using analgesic medication reported a
decrease in use after the treatment.148 In another study, 10
patients with unresectable spine metastases were treated with
RF ablation. The patients reported an average of 74% decrease
in pain scores, with 9 of 10 patients reporting an improvement
in symptoms. Postprocedure MRI showed no further tumor
growth at a mean follow-up time of 5.8 months.149

Several studies have reported the use of cementoplasty
under image guidance as a potential treatment for pathologic
fractures. Conventionally used to prevent further collapse in
the setting of osteoporotic compression fractures, this tech-

nique is being applied to existing and potential sites of patho-
logic fracture as well. Most reports concern treatment of sites
of vertebral body involvement, with marked improvement in
pain management, stability, and patient mobility.150–153 Sig-
nificant pain relief and improved mobility were seen in 70%
to 80% of patients treated with vertebroplasty in various
studies.150 In these patients, pain relief was apparent within 1
to 2 days of the procedure and persisted for several months to
several years. Complications reported have been rare, with
occasional symptoms related to extrusion of cement and sub-
sequent compression of neural structures. When compared to
the relatively higher cost and risk associated with spinal
surgery, vertebroplasty may by an increasingly viable option
in these settings.150 Although most studies have dealt with
treatment of spinal lesions, cementoplasty in combination
with RF ablation has even been used to treat long bone 
metastases.154

Although these findings represent the potential of new,
more effective treatment of skeletal tumors, the number of
patients studied remains low. Also, the small number of
patients with various histopathologic diagnoses makes it
impossible to determine whether certain types of malignan-
cies are more susceptible than others to RF ablation.

Surgical Treatment

Indications for Operative Treatment

Patients with cancer metastatic to bone often present with
pathologic fracture. Pathologic fracture of vertebral bodies
and flat bones can often be treated nonsurgically. Pathologic
fractures of long bones, however, are associated with signifi-
cant morbidity and are often best managed with surgical
intervention (Figure 95.5). If the patient’s general medical
status does not prohibit the risk of anesthesia, open reduction
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FIGURE 95.5. AP radiograph of a peritrochanteric left femur patho-
logic fracture secondary to metastatic breast carcinoma in a 79-year-
old woman stabilized with a cephalomedullary nail.



and rigid internal fixation or resection and reconstruction
should be considered. There are also many cases in which 
prophylactic stabilization should be considered. Prophylactic
stabilization of impending fracture can spare the patient 
significant morbidity. The difficulty lies in deciding which
lesions represent impending fracture.23 The decision of
whether to perform prophylactic surgery should depend on
several factors, including (1) the biologic activity of the lesion,
as demonstrated by serial radiographs over time; (2) how the
lesion responds to nonsurgical management, such as
chemotherapeutics and radiation therapy; (3) the location of
the lesion, for example, a periarticular lesion in the weight-
bearing long bone demands stronger consideration than a
lesion in a non-weight-bearing bone; and (4) the overall health
and expectations of the individual patient.155

Any cortical defect in a bone compromises its biome-
chanical properties, making it more prone to fracture. Corti-
cal defects lead to an uneven distribution of stresses and are
therefore, termed stress risers. Stress risers created by corti-
cal screw holes were studied by Burstein et al. in a rabbit
model. In their study, they demonstrated a 70% decrease in
energy storage capacitance created by a single drill hole. The
loss of bone strength is most significant in torsion.156

Lesions creating cortical defects are generally divided into
two categories, based on the relationship between the diam-
eter of the involved bone and the maximum dimension of the
lesion. Smaller lesions are simply referred to as stress risers,
whereas larger lesions are termed open-section defects.
Frankel and Burstein demonstrated through biomechanical
testing of cadaveric bone that, by creating stress risers, the
bone strength in torsion decreased by 60%, whereas open-
section defects can decrease the load to failure of a bone by
90%.157

These in vitro studies correlate with clinical findings and
have led to some recommendations regarding prophylactic
treatment. It has been recommended that for lesions greater
than 2.5cm in maximum dimension or lesions that are
greater than 50% of the cross-sectional area of the bone, pro-
phylactic treatment may be warranted.158 Plain radiographs
can be used to measure the maximum linear dimension and
can also be used with orthogonal views to estimate the cross-
sectional area involved. CT will give more accurate measures
of cross-sectional involvement. Even with advanced imaging,
however, interobserver variability exists. Using the criterion
of a 2.5-cm or larger defect, Hipp et al. found up to a 42%
probability of clinical errors on predicting fracture risk in
metastatic lesions in 60 femurs (i.e., 19 of 60 femurs that were
predicted not to fracture, did fracture), and up to 10% error
in predicting fracture based on the criterion of 50% of cross-
sectional area.23,159

The clinical symptom of pain and specifically, the char-
acter of the pain, can be helpful in determining the need for
prophylactic fixation. Pain that is worsened with activity and
particularly, weightbearing, is suggestive of compromised
mechanical integrity of the bone and potential for fracture.
On the other hand, pain that is present at all times and not
affected by activity is more likely associated with the biologic
activity of the tumor and not necessarily a lack of mechani-
cal integrity of the bone. Nonetheless, pain is a subjective
factor, and as reported by Keene et al., there has been no study
that has shown any value in the use of pain scores alone in
estimating risk for pathologic fracture.160

The biologic activity of the metastatic lesion, as best
demonstrated by serial radiographs, can be very useful in pre-
dicting impending fracture. Serial radiographs should be used
whenever possible to monitor the response of a lesion to con-
servative treatment. It is important to remember that bone is
a living tissue, the form and function of which is a result of
dynamic interplay among many factors. In the case of lytic
metastatic lesions to bone, it is thought that the tumor cells
tip the balance in favor of osteoclasis; not all metastatic
lesions are purely lytic, however. They may be lytic or blastic
or mixed lytic and blastic. Zickel and Mouradian reported that
purely lytic lesions were the most likely to fracture, whereas
purely blastic lesions were the least likely to fracture.161,162

With the foregoing in mind, it is important to treat each
patient on an individual basis. The patient must have suffi-
cient life expectancy to consider undergoing surgical treat-
ment. The outcome of the surgical intervention must be
expected to expedite mobilization or facilitate the general
care of the patient, barring any complication. Mirels created
a scoring system to help predict the need for prophylactic fix-
ation and retrospectively applied the system to 78 metastatic
lesions to bone that were treated with radiation and without
surgery.163 Through his review, he was able to estimate patho-
logic fracture risk based on his objective scoring system. The
scoring system rates four criteria from 1 to 3: anatomic site,
pain level, lesion type, and fraction of cortex destroyed (Table
95.4). Mirels recommended prophylactic fixation of patients
with a score of 8 or greater (Table 95.5). By his scoring system,
a patient with functional pain (described as severe pain at rest,
or pain with use of the extremity) in a weightbearing bone,
automatically scores at least 8. This scoring system can be
used as a guideline; however, it was created before bisphos-
phonates and some other nonsurgical treatment options were
available.
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TABLE 95.4. Mirels objective scoring system.

Score 1 2 3

Site of lesion Upper extremity Lower extremity Peritrochanteric
Pain Mild Moderate Functional
Lesion Blastic Mixed Lytic
Size Less than 1/3 1/3 to 2/3 More than 2/3

Data from Mirels.163

TABLE 95.5. Risk of pathologic fracture by Mirels objective
scoring system.

Score Fracture (%)

Less than 6 0
7 4
8 15
9 33

10 72
11 96
12 100

Data from Mirels.163



Perioperative Considerations

The typical cancer patient with disease metastatic to bone is
elderly, malnourished if not cachectic, and has a limited phys-
iologic reserve. The majority of these patients have signifi-
cant medical comorbidities, including cardiovascular,
respiratory, and metabolic disturbances. Careful preoperative
medical evaluation and optimization are necessary to mini-
mize the risk of operative and postoperative complications.164

Preoperative assessment will identify patients that simply do
not have the medical reserve to tolerate the anesthetic event
or the surgical insult. Careful screening will identify these
patients and direct them toward other treatment modalities.
Special attention should be paid to patients who have been
treated with chemotherapeutic agents with cardiotoxic side
effects, or patients who have received radiation therapy that
has exposed the heart or great vessels. Cancer patients are also
prone to electrolyte disturbances and deep venous thrombo-
sis.165 These problems should be identified and managed
appropriately preoperatively.

Metastatic tumors of certain origin, particularly kidney
cancer, or in specific locations, are notorious for hypervascu-
larity. These tumors should be considered for preoperative
arteriogram followed by embolization before undergoing a
planned resection. Sun and Lang reported a 40% decrease in
operative blood loss achieved by preoperative embolization.166

This successful use of preoperative embolization has been
reported in metastatic lesions from renal cell, breast, thyroid,
and bronchogenic carcinomas.167–169 Periacetabular lesions of
any origin should be considered for preoperative emboliza-
tion. Preoperative embolization should be performed within
24 to 36 hours of surgery. Embolization procedures are not
without complication, however. Reported complications
include transient lower extremity paresis, local muscle and
soft tissue flap necrosis, cardiac arrest, and sciatic nerve
impairment.170 Tumor embolization has also been used as a
palliative treatment for unresectable bone metastases and has
demonstrated significant decreases in pain and improvement
in patient mobility.171–173

Operative Treatment

It is important to address the goals of surgery before outlin-
ing the different options in operative management. It is crit-
ical that both the surgeon and the patient understand the
goals and expectations of operative treatment. The goals fall
into the following general categories: palliation, fracture sta-
bilization and healing, ease in patient care, maintenance of
limb function, and restoration of the ability to ambulate.
Underlying all these goals is the basic principle to do no harm.
The patient must be expected to have the physiologic reserve
to tolerate the planned procedure. This concern creates a dif-
ficult balance between sparing the patient with a poor prog-
nosis from extensive surgery and rehabilitation that they may
not tolerate, and undertreating patients who might have the
quality of their remaining life improved by operative inter-
vention. Schneiderbauer et al. recently published a retrospec-
tive study of 306 patients who underwent hip arthroplasty for
treatment of pathologic or impending pathologic hip fracture.
In their series, the median duration of survival after arthro-
plasty was 8.6 months, with a range from 0 days to 19 years.
The survival rate reported was 78% at 3 months, 60% at 6

months, 40% at 1 year, 21% at 2 years, and 6% at 5 years
postarthroplasty. Only 17 patients were alive after 5 years.174

There are a number of surgical options available, which
include fracture fixation with plates and screws or
intramedullary rods. This fixation can be accompanied by
resection of the lesion and allograft bone grafting or by aug-
mentation of stabilization with methylmethacrylate cement.
Resection of the lesion may require an intercalary prosthesis
or bone graft for reconstruction. Periarticular lesions may 
be treated by resection arthroplasty, or resection and re-
construction with standard endoprostheses or mega-metallic
endoprostheses.

In general, the operative treatment of metastatic bone
disease can be categorized according to the site of the lesion.
Lesions of flat bones that are symptomatic and refractory to
conservative treatment can be treated with resection alone.
Lesions involving the diaphysis of long bones are often opti-
mally treated with intramedullary or plate fixation with or
without cementation of the defect left by curettage of the
lesion. Periarticular lesions often require reconstruction with
endoprostheses. Depending on the extent of bone loss,
complex reconstruction may be required; this may include a
long-stemmed endoprosthesis in combination with a periar-
ticular allograft in an attempt to preserve muscle attachments.
Another alternative is to use an endoprosthesis designed to
include segmental metallic replacement of the involved bone.

Many operative considerations are specific to the
anatomic site of metastatic disease. Some site-specific 
considerations follow.

The axial skeleton is more commonly affected by metasta-
tic disease than the appendicular skeleton. The axial skeleton
consists of the spine and pelvis. The spine is particularly vul-
nerable to metastatic disease because of the anatomic rela-
tionship of the venous plexus of Batson,7 as previously
described. Autopsy studies have reported that from 36% to
70% of patients who die with cancer have spinal metastasis.175

Many spinal metastases are not detectable on plain radio-
graphs. Spinal metastases most often occur in the anterior 
and middle columns.176 Harrington devised a classification
scheme for metastatic disease of the spine that is useful in for-
mulating treatment plans177,178 This classification scheme
places patients into one of five classes. In class I, there is no
significant neurologic involvement. In class II, there is bony
involvement without any collapse. In class III, there is neuro-
logic impairment and the absence of vertebral body involve-
ment. In class IV, there is vertebral collapse or instability
without significant neurologic involvement. In class V, there
is vertebral collapse with major neurologic impairment. 
Typically, only patients with Harrington class IV or V spine
disease are indicated for surgical intervention. In general
terms, surgical treatment consists of neurologic decom-
pression and stabilization of any mechanical instability. 
The decompression is typically achieved through an 
anterior approach. Stabilization of mechanical instability
often requires structural grafting anteriorly combined with
posterior instrumentation.179–181 The majority of metastatic
disease to the spine, however, can be managed nonoperatively.

The bony pelvis is the second most common site of
metastatic disease to bone.6 Metastatic disease to the bony
pelvis is often amenable to nonoperative treatment.182

However, many patients with periacetabular lesions will
develop progressive functional pain or pathologic fracture
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FIGURE 95.6. Preoperative (A) and postoperative (B) AP pelvis radiographs of a 46-year-old woman with metastatic breast carcinoma to her
left acetabulum. Because of the destruction of the medial wall of the acetabulum, the hip was reconstructed with a cemented acetabular cup
and protrusio plate reinforcement.

accompanied by the inability to ambulate; these patients’
conditions can often be improved by operative reconstruction
(Figure 95.6). Harrington devised a classification of acetabu-
lar insufficiency secondary to metastatic disease that helps
direct the type of reconstruction the patient will need.183

Class I acetabular insufficiency is one in which the lateral
cortices, the superior and medial walls, are structurally
intact; these lesions are amenable to conventional total hip
arthroplasty. Class II insufficiencies include a deficient
medial wall with a resulting hip protrusio. Class II deficien-
cies require a protrusio cup and cemented total hip arthro-
plasty. Class III insufficiencies include a deficient lateral and
superior acetabulum. Harrington recommended a Steinmann
pin-reinforced protrusio cup along with cemented total hip
arthroplasty for these deficiencies. Class IV acetabular insuf-
ficiency is reserved for lesions for which complete resection
is desirable, for example, renal cell carcinoma or thyroid car-
cinoma. These lesions require resection with reconstruction
with saddle prostheses or custom implants, or resection
without reconstruction could be considered (resection arthro-
plasty). Any reconstruction for an acetabular lesion should
allow for immediate weightbearing.

The most common site of metastasis in the appendicular
skeleton is the proximal femur.6 According to Ward et al., the
femur is the most common site affected by metastatic disease
of the bone that requires surgical treatment.184 As alluded to
previously, treatment options are based on the site of disease

within the femur. Diaphyseal lesions may be treated by curet-
tage and cementing with plate and screw fixation or with an
intramedullary device (Figure 95.7). Advantages to the use of
plate and screws include direct exposure of the tumor site,
which allows for open biopsy and confirmation of diagnosis.
The major disadvantage of plate and screw fixation is that 
it only stabilizes the bone across the plate fixation.
Intramedullary nailing has the advantage of providing a 
load-sharing device that can stabilize the entire length of 
the bone, including the lesion in question as well as any
future lesions that might develop. A disadvantage to
intramedullary nailing is the potential to spread the tumor
locally along the extent of the bone during the reaming
process. Ward recommends curettage of large lytic lesions
before nail placement to minimize the risk of this complica-
tion.184 Ward also recommends the use of a cephalomedullary
nail as opposed to a standard intramedullary femoral nail to
stabilize the femoral head and neck in the event of future
spread to these areas.184

Lesions at the proximal end of the femur, including the
femoral head, neck, and intertrochanteric area, are often
treated with arthroplasty. Depending on the extent of involve-
ment, the reconstruction may involve a standard hemi-
arthroplasty or total hip arthroplasty, whereas extensive
involvement of the proximal end of the femur may require
proximal femoral resection and reconstruction with a cus-
tomized megaprosthesis (Figure 95.8).185–187 Distal femoral
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FIGURE 95.7. AP (A) and lateral (B) distal left femoral radiographs of a 65-year-old man with an intracortical metastasis from lung carcinoma.
He underwent prophylactic fixation with a retrograde intramedullary femoral nail.

A B

FIGURE 95.8. Preoperative (A) and postoperative (B) AP right hip radiographs of a 56-year-old woman with metastatic kidney carcinoma.
Because this was her only known site of disease, she was treated with a proximal femoral resection and prosthetic reconstruction.
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metaphyseal lesions can occasionally be treated with a peri-
articular plate and screw construct along with curettage and
cementing. If the lesion involves the articular surface, this
can be treated with distal femoral resection and reconstruc-
tion, along with total joint replacement (Figure 95.9). Recon-
structions of this type use a rotating-hinge total knee due to
the loss of ligamentous attachments. Customized or modular
megaprostheses can be utilized to reconstruct large inter-
calary segments of lost bone in the diaphysis, the proximal
femur, the distal femur, or, in cases of massive involvement
of the entire femur, the entire femur can be replaced with a
megametallic prosthesis along with a proximal tibia replace-
ment. Resection arthroplasty and amputation are very rarely
required for treatment of metastatic disease to bone.

The treatment of metastatic disease to the humerus 
can be approached in a fashion similar to the treatment of 
the femur. Diaphyseal lesions may be treated with

intramedullary nailing or with plate and screw fixation
(Figure 95.10). Intercalary prosthetic reconstruction is an
option for cases requiring diaphyseal resection or revision of
failed fixation with segmental bone loss (Figure 95.11).
Lesions in the proximal humerus may be amenable to peri-
articular plate and screw fixation with local curettage and
cementing or may require proximal humeral resection and
reconstruction with a megametallic prosthesis (Figure 95.12).

Lesions that have not been radiated before surgery should
receive postoperative external-beam radiation. In a retrospec-
tive study, Townsend et al. demonstrated a 15% failure rate
requiring reoperation in patients treated with surgery alone.
Only 3% of patients treated with surgery and postoperative
radiation required reoperation.188

Regardless of the location of the operative treatment,
there is a constant goal of rapid return to weightbearing and
functional rehabilitation.

A B

FIGURE 95.9. Postoperative AP (A) and lateral (B) radiographs of a 64-year-old woman with metastatic lung carcinoma to the distal femur.
Because of extensive bone destruction, she was treated with distal femoral resection and prosthetic reconstruction.
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FIGURE 95.10. AP (A) and lateral (B) right humerus radiographs of a 72-year-old woman with metastatic breast carcinoma showing a lytic
lesion at risk for pathologic fracture. Postoperative AP (C) and lateral (D) radiographs demonstrate curettage and cementation of the lesion
with prophylactic plate fixation.
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FIGURE 95.11. AP radiograph demonstrating intercalary prosthetic reconstruction of the left humerus in a 52-year-old woman with metasta-
tic breast carcinoma following failed fixation and segmental bone loss.

FIGURE 95.12. Preoperative (A) and postoperative (B) AP right shoulder radiographs of a 
68-year-old woman with metastatic breast carcinoma refractory to radiation treatment. She
was treated with proximal humeral resection and prosthetic reconstruction.
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Cancer in the
Immunosuppressed

Patient
Patrick Whelan and David T. Scadden

uring the 1960s, as oncology research was rapidly
expanding, MacFarlane Burnett’s idea that cancer
resulted from a failure of tumor surveillance by the

aging immune system was broadly acknowledged. The devel-
opment of cancer genetics focused the field on mutational
causes of tumorigenesis. However, a new appreciation for the
role that a well-functioning immune system plays in pro-
tecting against virally induced tumors was brought to light in
the 1980s with the acquired immunodeficiency syndrome
(AIDS) epidemic. The phenomenon of the human immuno-
deficiency virus (HIV)-associated cancer epidemic within
defined populations, particularly due to the recent dramatic
responses to treatment of the underlying immunodeficiency,
has given insight into other etiologic factors for a variety of
tumors.

A greater appreciation of the elevated lymphoma risk for
children with congenital immunodeficiencies developed in
association with the early literature in this area. The advent
of solid organ and bone marrow transplantation in the 1960s
and 1970s added pressure to more quickly reach an under-
standing of the relationship between immunosuppression and
cancer. Careful epidemiologic studies to delineate increased
cancer risks for patients with more complex immune dys-
function, such as thyroiditis, celiac sprue, and Sjögren’s
disease, have begun only in this past decade.

The inability to control viruses with a direct transform-
ing capability, such as Epstein–Barr virus (EBV), is just a part
of the explanation. Persistent immune stimulation by chronic
viral or microbial infection, or as a result of the loss of normal
lymphocyte homeostatic mechanisms, may play a crucial
role, particularly with regard to hematologic malignancies.
The newly recognized role of the hepatitis C virus and gastric
Helicobacter pylori infection in the eruption of characteris-
tic lymphomas, are the only prototypes to date. Treatment of
these two infections can often lead to regression of the related
lymphomas.1,2 This chapter examines some of the unique
considerations that influence the diagnosis and treatment of
cancer in the immunocompromised patient. Generally, these
immunodeficiencies are divided into inherited and acquired
forms. Among the acquired deficiencies are the special cases
of malignancy in the posttransplant period, in adults with
common variable immunodeficiency, and finally, in people
suffering from infection with HIV/AIDS.

Congenital Immunodeficiency

Congenital immunodeficiency-associated lymphoprolifera-
tive disorders share several characteristics that differentiate
them from spontaneous non-Hodgkin’s lymphoma (NHL) and
other lymphoproliferative disease3 (Table 96.1). First, lym-
phoma is disproportionately represented among all cancers in
this population. Between 50% and 65% of cancers among
children with immunodeficiency diseases are lymphomas,
compared to about 12% of cancers in the general pediatric
population. Children who are posttransplant fall in between,
with lymphoma constituting about a third of malignancies in
this group.

Second, one might expect impairment of specific immune
defenses to predispose to certain kinds of infections. In
general, impaired immune defenses against EBV appear to
result in a high rate of B-cell transformation. With the 
exception of ataxia telangiectasia (AT), congenital im-
munodeficiency patients frequently develop EBV-infected
lymphoproliferative lesions, either secondary to natural 
infection or potentially from graft-derived virus in those 
who undergo stem cell transplantation.

Third, these children develop lymphoma in a distinct
anatomic distribution compared to other children with lym-
phoma. Most of these tumors occur outside of lymph nodes,
particularly in the central nervous system and in the gas-
trointestinal tract. For example, a pediatric cancer registry in
Britain, studying 51 children who developed lymphoprolifer-
ative disorders secondary to congenital or acquired immun-
odeficiency, found 32 nonlocalized tumors compared to 10
that were localized.4 AT-related NHL may be mostly extra-
nodal, similar to other immunodeficiency-related NHL.5

Finally, the histology of these lymphomas is typically of
the diffuse large cell type and is associated with rapid clini-
cal progression in untreated patients. Lymphoproliferative
disease is the second leading cause of death, after oppor-
tunistic infection, for children with congenital immunodefi-
ciency. The risk of lymphoproliferative disease may approach
10,000-fold compared with the general pediatric population,6

and risk of death exceeds three times that of children who
develop these lymphomas posttransplantation.4 The one
silver lining may be that, as in posttransplant lymphoma
pediatric patients, those with congenital immunodeficiency
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have a risk of death that largely evaporates about 18 months
after diagnosis, probably because of compensatory increases
in the remaining elements of the immune system.

Ataxia Telangiectasia

Defects in the ataxia telangiectasia mutated (ATM) gene,
when inherited from both parents, result in dysfunctional
angiogenesis in the ocular and cutaneous circulation,
immune impairment with sinus and pulmonary infection
susceptibility, and an ataxic gate secondary to a spino-
cerebellar neurodegenerative process. Children with AT 
also represent the largest subpopulation of congenital
immunodeficiency patients with lymphoma in a national
cancer registry for these patients.7 AT patients are thought to
have a risk for leukemia about 70-fold over the general pedi-
atric population, and the risk for lymphoma may approach
300-fold.8 African-Americans with AT appear disproportion-
ately affected by cancer in general and lymphoma in particu-
lar. One retrospective study of 263 ATM homozygotes found
a 184-fold-increased incidence of cancer and a 750-fold
increased risk for lymphoma among black patients, compared
with 61-fold and 252-fold, respectively, for homozygotes of
European descent compared to the general population.8

More than 10% of ATM homozygotes develop some form
of malignancy, most in the lymphoid lineages.9,10 After age 20,
the incidence of lymphoid malignancies drops to less than
half and the incidence of solid tumors rises. The solid tumors
most commonly described, include gastric adenocarcinomas,
astrocytomas, medulloblastomas, and cancers of the oral
cavity, pancreas, breast, ovary, and bladder. The relationship
between Helicobacter pylori and development of gastric car-
cinoma in AT patients is unclear, but there appears to be an
important link in patients with common variable immuno-
deficiency and gastric cancer.11

The increased incidence of breast cancer in female rela-
tives of AT patients led to studies suggesting that ATM mis-
sense mutations may be involved in up to 5% of all breast
cancer in the general population.12,13 Some controversy per-
sists on this point, because the truncation mutants that
appear to predominate in AT patients may not predispose to
breast cancer in heterozygotes14 in the same way that domi-
nant negative missense mutations apparently do.15 ATM
mutations are found in as many as 2% of the U.S. popula-
tion.16 Furthermore, ATM carriers are thought to have an
increased risk of cancer, with a relative risk of cancer death

before age 80 estimated at 2.6-fold compared to noncarriers10

and as high as 5-fold before age 45.17

The ATM gene is composed of 66 exons on chromosome
11q22-23 and has sequence homology to an enzyme involved
in intermediary metabolism, phosphatidylinositol-3-kinase
(Table 96.2). The PI-3-kinase family is perhaps best known for
its role in transmembrane signal transduction in response to
a number of extracellular growth factors, but plays an impor-
tant related role in cell-cycle regulation. ATM mutations
inherited from both parents lead to inefficient DNA repair
and dysfunctional cellular immunity,18 resulting in a combi-
nation of genetic instability and potential impairment of
putative immune surveillance. ATM is believed to function
normally as part of the sensing mechanism for double-
stranded breaks in DNA, which rapidly activate its kinase
activity and lead to repair by homologous recombination or
nonhomologous end-joining. Mutations may serve to disrupt
the kinase activity and subsequent signaling to other proteins
involved in DNA repair, resulting in dysfunctional cell-cycle
checkpoint regulation and DNA repair.

The immune dysfunction is a combination of abnormal
B-cell and T-cell receptor rearrangement and disrupted
thymic organogenesis. g/d T-cell numbers are within the
normal range, but a/b T-cells are significantly reduced.19

Because ATM knockout mice frequently develop thymomas
with rearrangements in the TCR a/d locus, it had been
assumed that lymphomagenesis in these patients represented
an ATM-dependent disruption of VDJ recombination.20,21

However, both the Rag-1 and Rag-2 genes, essential compo-
nents of the VDJ recombination machinery, are dispensable
for thymoma development in ATM knockout mice.22 This
finding suggests that the inability to deal with double-
stranded DNA breaks is likely to represent the more central
defect predisposing to the development of lymphoma.

ATM-deficient mice are markedly sensitive to gamma
irradiation.23 As noted previously, studies of the recurrence of
breast cancer in women treated with radiation, have failed to
show a predisposition to second cancers among women with
ATM mutations.14 Inhibition of homologous recombination
in ATM-deficient mice partially rescues them from lym-
phoma development, suggesting that excessive homologous
recombination is at least partially responsible for the propen-
sity toward lymphomagenesis.24

Among the ATM homozygotes who develop cancer, lym-
phoma and leukemia in the lymphocytic lineages predomi-
nate. Those with NHL have presented with diverse histologic
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TABLE 96.1. Lymphoma in congenital versus sporadic immunosuppression.

Congenital
immunodeficiency Sporadic childhood cancer

Lymphoma as percent of all cancers 50%–65% 12% (ALL and brain tumors are more 
prevalent)

Role of EBV in lymphomagenesis Prevalenta Rare
Anatomic localization of lymphoma Predominantly extranodal More lymph node centeredb

Predominant lymphoma type Diffuse large cell Burkitt’s and lymphoblastic types are
more common

EBV, Epstein–Barr virus.
a Except for ataxia telangiectasia.
b Adult lymphoma generally more nodal than childhood disease.



phenotypes, in contrast to the overrepresented subtypes
typical of other childhood immunodeficiencies.25 The ATM
gene product appears to act early in the response to DNA
damage, initiating a pause in cell-cycle progression and then
facilitating the repair of double-stranded DNA breaks. Apart
from patients with congenital AT, inactivation of the ATM
gene has been found in cases of mantle cell lymphoma and in
both B-cell and T-cell leukemias.

At least five different functional domains have been iden-
tified in addition to the critical kinase domain in the ATM
gene.26 This multifunctionality, and the identification of
more than 100 distinct ATM mutations scattered throughout
the gene, may explain the considerable phenotypic hetero-
geneity among affected homozygotes. Curiously, most muta-
tions appear to be frame-shift and nonsense mutations,
predicted to cause truncation of the ATM protein, and rela-
tively few are base-pair substitutions.27

As suggested previously, the biology of ATM-associated
lymphoma differs from that of other immunodeficiencies.
Most are not EBV-infected and do not have characteristic c-
myc translocations. More than 80% of these lymphomas are
T-cell derived, in stark contrast to the B-cell predominance
seen in other immunodeficiencies and among sporadic cases
in the general population. Ataxia telangiectasia patients
appear to have a preferential disruption of the VDJ recombi-
nation process in the T-cell lineage, although functional ATM
is required for receptor gene rearrangement in both T cells
and B cells.28 Myeloid malignancies are not overrepresented
in this population.

Does the development of malignancies in children with
AT result from a relative decline in immune function over
time? Patients with AT demonstrate a variety of immune
defects. B and T lymphocytes are severely depleted, and func-

tional tests reveal poor proliferative responses to antigens and
mitogens,29,30 leading to prominent deficiencies in serum IgA,
IgG2, IgG4, and IgE. Although AT patients have a rising 
susceptibility to lower respiratory infections with age, non-
respiratory infections are not increased. Upper respiratory
infections may actually decline with age, as in the general
population, and AT patients are not susceptible to chronic
upper respiratory infections.31 The function of natural killer
and lymphokine-activated killer cells appears to be main-
tained.32 Furthermore, AT patients do not demonstrate pro-
gression of their lymphopenia or hypogammaglobulinemia
with age.31 If an age-related decline in immune function con-
tributes to the cancer risk, it would have to be a somewhat
specific element of antitumor immunity that has not been
identified to date.

X-Linked Lymphoproliferative Syndrome

X-linked lymphoproliferative (XLP) syndrome, also referred to
as Duncan disease after one of the first described patients, is
an immunodeficiency associated with mutation in the
SLAM-associated protein (SAP, also known as SH2D1A) gene
on chromosome Xq25.33 These boys have a marked suscepti-
bility to EBV infection, and a resulting hepatonecrosis is a 
significant cause of death.34 About half develop severe
mononucleosis during the first decade of life, with pro-
nounced pharyngitis, hepatosplenomegaly, diffuse lymphad-
enopathy, hepatitis, and occasionally, aplastic anemia. 
Lymph nodes showing an immunoblastic appearance, and cir-
culating atypical lymphocytes, can be mistaken for signs of
acute leukemia in these very ill mononucleosis patients.
Among the important immune defects are severe hypogam-
maglobulinemia and a loss of cytotoxic T-lymphocyte-derived
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TABLE 96.2. Pathways involved in congenital immunodeficiency.

Disease Molecular defect Clinical manifestations Cancer risk Tumor type

Ataxia telangiectasia atm gene, 11q22-23 Sinopulmonary infection 10% Early NHL
Ocular telangiectasiae Solid tumors later
Spinocerebellar ataxia

X-linked lymphoproliferative Sh2D1A, Xq25 Severe mononucleosis >30% Burkitt-type lymphoma
X-linked agammaglobulinemia btk gene, Xq22 Sinopulmonary infection Lymphoma

Gastric/colon cancer
Wiskott–Aldrich wasp gene, Xp11.22 Thrombocytopenia 16% Large cell immunoblastic lymphoma

Eczema
Autoimmune sequelae
Recurrent infection

Severe combined ADA gene, others Recurrent infection Non-Hodgkin’s lymphoma
immunodeficiency

Autoimmune Fas gene, others Hepatosplenomegaly 8% Hodgkin’s > NHL
lymphoproliferative Cytopenias
syndrome Glomerulonephritis

Chediak–Higashi lyst gene, 1q42-43 Bacterial infection Majority T-cell infiltrative disease
Hypopigmentation
Thrombocytopenia
Peripheral neuropathy

Common variable Acquired Recurrent infection Variable NHL, gastric adenocarcinoma
immunodeficiency Intestinal lymphoid

hyperplasia
Splenomegaly
Autoimmune cytopenias

NHL, non-Hodgkin’s lymphoma.



interferon-gamma production and cytotoxic activity toward
EBV-infected cells.35 Interestingly, the SAP protein is not
physiologically expressed in activated B cells, which are 
presumably the precursors for development of the B-cell-
predominant lymphomas that afflict XLP patients.36

SAP functions as an adaptor protein, binding via an Src-
homology domain (SH2) to a common motif in the cytoplas-
mic domain of the CD2 and SLAM family of cell-surface
signaling molecules (CD84, CD150, CD229, CD244, and
NTB-A).37 Because SAP is expressed only physiologically in
activated T cells and NK cells, the inability of these cells to
regulate B cells is suspected to be at the heart of lymphoma-
genesis in XLP. As many as a third of patients are thought to
develop lymphoma eventually, including some who are not
infected with EBV.34,38 The most common presenting symp-
toms are nausea, emesis, and abdominal pain, and most have
prominent constitutional symptoms, including fever.

The small, noncleaved type (Burkitt) predominates with a
risk estimated at 200-fold that of the general population,
although multiple other lymphoma types have been
described.39 Anatomically, these lymphomas are extranodal,
arising in the small bowel most of the time (commonly in the
iliocecal area). Lymph node pathology shows effacement of
the normal architecture by uniform-appearing lymphoblasts
that are predominantly of follicular center cell origin, in con-
trast to the infectious mononucleosis process that typically
preserves lymph node architecture amid polymorphous 
lymphoid elements.40 In an early series of 17 patients,41 the
median age at diagnosis was 4 years (range, 2 to 19 years) with
a median survival of 12 months. The 40% of patients with
the Burkitt’s phenotype had the worst prognosis, despite
treatment, representing 7 of 9 deaths among these 17 boys;
most deaths were attributable to bacterial infection. The
series included single cases of lymphoma in the lung, liver,
and central nervous system (CNS),41 and renal involvement
has also been described.42

Hematopoietic stem cell transplantation (HSCT) is
thought to be the best chance for remission in XLP patients
with Burkitt-type tumors.43 The largest study to date was also
the earliest, reporting a series of seven XLP patients who
received allogeneic HSCT.44 All seven had HLA-identical
donors, six from siblings (five bone marrow and one cord
blood), and one bone marrow transplant from an unrelated
donor. All the patients successfully engrafted, with six
demonstrating low-grade graft-versus-host reactions without
any attributable deaths. Two patients died of infectious com-
plications posttransplant and one of multiorgan failure. The
other four were healthy at the time of publication, more than
3 years after HSCT. Risk factors for poor HSCT outcome were
age greater than 15 years, preconditioning with total-body
irradiation, and significant infection problems pretransplant.
More recently, success has been reported using unrelated
umbilical cord stem cell transplantation.45

X-Linked Agammaglobulinemia

Bruton’s agammaglobulinemia is an immunodeficiency man-
ifested only after maternal immunoglobulin begins to wane,
typically presenting with recurrent otitis in the absence 
of obvious tonsils or cervical lymph nodes. Patients often
develop sinus and pulmonary infections because they lack cir-
culating B cells, fail to form B-cell follicles in the lymph node

and spleen, and thus fail to generate a good antibody response
to bacterial infection.46 Affected children may suffer onset of
lymphoma in late infancy,47 and an increased incidence of
gastric and colorectal cancer has been reported in older 
children.48,49 A contributing factor to colorectal cancer sus-
ceptibility may be a decreased expression of distal colonic glu-
tathione-S-transferase in these patients, resulting in
decreased detoxification of bacterial products of metabo-
lism.50

Most affected individuals have a mutation in the btk gene
on chromosome Xq22, which is critical for intracellular sig-
naling by surface immunoglobulin and for early B-cell devel-
opment. Btk is a member of the TEC family of tyrosine
kinases. Immunoglobulin ligation results in mobilization of
btk into a signaling complex at the cell membrane, where 
it is activated by src family kinases. Btk then acts in part 
by phosphorylating key residues within phospholipase 
C-gamma-2, an enzyme critical to the release of inositol
trisphosphate and the early intracellular calcium flux.51 Acti-
vation of cellular calcium channels is essential to the phos-
phorylation of IkB, resulting in disinhibition of the critical
transcriptional factor NF-kB that translocates to the nucleus
and activates several families of immune-related genes in
response to antigen.52,53 Other activation pathways are also
affected, namely, interleukin (IL)-5, IL-10, and CD38 signal-
ing.54–56 The CD40–CD40 ligand interaction that partly medi-
ates T-cell help for B-cell differentiation may also be impaired
by btk mutation.57 Consequently, boys lacking functional btk
are unable to form germinal centers, have markedly decreased
levels of serum immunoglobulin, and are significantly
impaired in mounting T-cell-dependent humoral immune
responses. Their state of immune compromise results in 
susceptibility to infection with the common encapsulated
bacterial pathogens of infancy (e.g., Hemophilus influenzae
and Streptococcus pneumoniae), mycoplasma pneumonia,
and common enteroviruses.

The pathogenesis of lymphoma development in these
patients remains a mystery, in part, because healthy older X-
linked agammaglobulinemia patients lack evidence for infec-
tion with the Epstein–Barr virus.58 EBV may lack sufficient
target cells for infection in these patients, who have mini-
mally detectable B cells in their peripheral circulation and an
absence of pharyngeal tonsils. Compromised antibody pro-
duction in these patients may possibly impair homeostatic
mechanisms that normally control EBV or other viral factors
that contribute to lymphomagenesis. Another possibility is a
role for btk as a tumor suppressor gene. Mutated btk has not
to date been shown to act as an oncogene, but the btk protein
has been shown to be capable of nuclear translocation and to
function in both up- and downregulation of apoptosis.59 Thus,
Btk loss may result indirectly in an increased susceptibility
to lymphoma by playing a role in either regulation of apo-
ptosis or transcriptional activation.

Wiskott–Aldrich Syndrome

Children with a mutation in the Wiskott–Aldrich-associated
protein (WASP) gene present in late infancy with eczema, low
platelets, and functional deficiencies in their T cells, B cells,
and neutrophils. About one in six also develop lymphoma,
most commonly, large cell immunoblastic non-Hodgkin’s
lymphoma,60 at a median age of 6.5 years.61 The WASP gene
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is located on Xp11.22. WASP is a cytoskeletal protein that is
phosphorylated in B cells by btk (Bruton’s defect) in the
immunoglobulin signaling pathway,62 and in T cells by fyn in
response to TCR cross-linking.63 When T cells interact with
their cognate antigens on antigen-presenting cells, the TCR
signal results in a WASP-dependent reorganization of the
actin cytoskeleton and formation of an “immunologic
synapse” between the two cells.64 Deficiency of WASP
appears to compromise the ability to fully polarize T-cell
cytoskeletal elements at low doses of antigen, although pro-
duction of IL-2 is substantially impaired even at saturating
antigen levels.65 The defect appears to be in directional secre-
tion of cytokines, though not in chemokines that have been
studied.66

Historically, more than 10% of WAS patients eventually
contracted some form of cancer, with median onset at age 667

and an incidence estimated to climb by 2% per year.61 Com-
peting pressures on these rates include the increased cancer
risk created as patients live longer, and the increasing number
of children who are transplanted early in life for nonneo-
plastic complications. About 40% of patients develop some
autoimmune manifestations (i.e., immune cytopenias,
nephritis, inflammatory bowel disease, uveitis, and occasion-
ally, arthritis), and these individuals appear to be at increased
risk for subsequent development of cancer68; this may be
because those with autoimmune symptoms typically have
more severe disease in general. CNS involvement appears to
predominate among the diffuse, high-grade lymphomas that
constitute at least half of all malignancies in WAS patients.
The tumors are almost exclusively extranodal with a large
cell immunoblastic phenotype, and are distinctly lacking in
Burkitt or lymphoblastic histology.69 One survey found these
lymphomas to be universally infected with EBV.67 Nonsense
and frame-shift mutations in the WASP gene, which usually
result in nonexpression of the protein, are associated with
more severe disease and with at least a threefold-greater risk
for lymphoma compared with patients who have missense
mutations.70 Some of the clinical heterogeneity in the disease
may result from differing levels of WASP expression in 
different cell types, with lower expression correlating with
greater dysfunction.71

Bone marrow transplantation is an effective treatment for
the thrombocytopenia and immunosuppressive elements of
WAS, which is probably the second most common immu-
nodeficiency indication for transplantation.72 In a study of 170
transplants accumulated in the International Bone Marrow
Transplant Registry and/or National Marrow Donor Program,
WAS patients achieved a 5-year probability of survival that
was 87% for HLA-identical sibling donors, 52% for other
related donors, and 71% for unrelated donors.73 Boys younger
than age 5 who received an unrelated donor transplant had
survival similar to those receiving HLA-identical sibling
transplants, so good survival outcomes are possible with
unrelated donors in younger children. Cord blood stem cells
may be particularly useful in younger children who are
cytomegalovirus (CMV) negative, and five reported cases have
offered good outcomes to date.74–76 EBV-induced B-cell prolif-
erative disorders, and other viral infections, are a significant
cause of mortality in this transplanted population, develop-
ing most prominently in those children with slower develop-
ment of full T- and B-cell functions and subsequent severe
infectious complications.77

Severe Combined Immunodeficiency

The severe combined immunodeficiency (SCID) term covers
an array of different genetic defects that impair some combi-
nation of cellular and humoral immunity, resulting in severe
infections after maternal transplacental antibody wanes.78

Many of these children died before the era of immune recon-
stitution. Following bone marrow or stem cell transplanta-
tion, a susceptibility emerges to lymphoproliferative disease,
often related to naturally acquired or transplant-transmitted
EBV infection.79 As in Wiskott–Aldrich syndrome, lymphoma
represents 75% of all malignancies in SCID patients and
almost universally demonstrates EBV infection.47

Children with an unusually aggressive variant of SCID,
termed Omenn syndrome, die early in life if not recognized
and treated for their severe hypogammaglobulinemia. These
patients present with rash, elevated IgE levels, swollen lymph
nodes, and hepatosplenomegaly. Stem cell transplantation is
required to avoid fatal complications.

Autoimmune Lymphoproliferative 
Syndrome (ALPS)

Also known as Canale–Smith syndrome, autoimmune lym-
phoproliferative syndrome (ALPS) usually results from inher-
ited mutations in the CD95 (Fas) gene.80 Less common
mutations in the Fas ligand, caspase 8, and caspase 10 genes
have been described with a similar phenotype. Fas is a
member of the tumor necrosis factor receptor family and is
critical to normal apoptosis during development and post-
infection immune senescence. The Fas defect results in
reduced apoptosis and increased proliferation of T cells. Con-
sequently, lymph node pathology shows marked paracortical
hyperplasia, expanded interfollicular areas, follicular hyper-
plasia, and a polyclonal plasmacytosis. The paracortical 
lymphoid cells have a high proliferative index and frequent
mitoses.81

These patients develop massive splenomegaly and liver
infiltration with a unique subpopulation of T cells akin to
those in the lymph nodes and peripheral blood. These a/b-
TCR-bearing T cells, lacking both the CD4 and CD8 markers,
are normally found as minor populations in the thymus, skin,
and spleen.82 Although in vitro studies have suggested that
these cells are poorly responsive to mitogens or antigen,83

their expansion in patients with lupus has fueled speculation
that they may help drive some of the autoimmune phenom-
ena observed in ALPS patients.84 Also seen in the peripheral
circulation, is a polyclonal expansion of CD5+ B cells, which
produce most of the circulating IgM antibody. ALPS patients
are frequently misdiagnosed as having systemic lupus, par-
ticularly given their propensity to hemolytic anemia, throm-
bocytopenia, neutropenia, and glomerulonephritis.81 The
prognosis in this condition is not necessarily that of progres-
sive disease.85

Fas germ-line mutations, mostly in the cytoplasmic
“death domain,” impose a risk estimated at 14-fold for non-
Hodgkin’s lymphomas and as high as 51-fold for Hodgkin’s
disease. These numbers were based on a series of 10 patients
with lymphoma among 130 with heterozygous germ-line Fas
mutations.86 Among those with Hodgkin’s lymphoma, the
atypical nodular lymphocyte predominant form was particu-
larly prominent, having been reported in three separate 
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families with ALPS cases.87 Aside from patients with ALPS,
somatic mutations in Fas have been identified in sporadic
cases of non-Hodgkin’s lymphomas. These constituted about
11% in one series of 150 cases and may represent a higher
percentage of MALT-type lymphomas. Similarly, somatic
mutations in the caspase 10 gene have been found in a sig-
nificant number of NHLs.88 B cells often develop missense
mutations in the Fas gene, as they do in the Bcl-6 gene, once
they become germinal center centroblasts.89 Consequently,
the relationship of these mutations to lymphomagenesis is
unclear.

Chediak–Higashi Syndrome

This autosomal recessively inherited immunodeficiency is
characterized by oculocutaneous hypopigmentation, abnor-
mal platelets, and susceptibility to bacterial infections. At a
molecular level, many of these patients’ cells display exag-
gerated lysosomes and melanosomes. The neutrophils in 
particular, show impaired degranulation, resulting from 
mutations in the lysosomal trafficking regulator (LYST) gene
that appear to be present in all affected patients.90 This cyto-
plasmic protein has been shown to interact with other pro-
teins important in vesicular transport and signal transduction
(among others, the casein kinase II protein, the SNARE
complex protein HRS, and the 14-3-3 adaptor protein).91

Among the immune defects, is difficulty controlling EBV
replication in infected individuals, with abnormal serologic
responses to EBV resulting in a chronic active EBV infection
that may predispose to lymphoproliferative disease.92 These
patients experience what is frequently referred to as an accel-
erated phase, with a lymphocyte and macrophage infiltration
of bone marrow, spleen, lymph nodes, liver, and central
nervous system that resembles lymphoma and can lead to sig-
nificant functional compromise.

Chemotherapy with combinations of etoposide, glucocor-
ticoids, methotrexate, cyclophosphamide, and vincristine can
restrain the accelerated phase, but relapses are common.93

Allogeneic bone marrow transplant, particularly from HLA-
identical related donors, has shown good success in reconsti-
tuting immune function and controlling recurrence of the
accelerated phase.94

Acquired Immunodeficiency

Three forms of acquired immunodeficiency have offered
accelerating clarity as to the causes and predisposing factors
to cancer. In the 1950s and 1960s, it was appreciated that loss
of the ability to make immunoglobulin during adulthood was
a relatively common immunodeficiency, and that it predis-
posed to cancer.95,96 The advent of the 1970s brought a wide
expansion of organ transplantation, and a new appreciation
for cancer risk in individuals whose immunity was iatro-
genically suppressed. Of course, the HIV epidemic in the
1980s ultimately revealed how important immune function
is to controlling the development of cancer. Studies on these
three categories of illness have served to highlight the inter-
play of genetic, infectious, and immunologic phenomena in
the genesis of cancer. A fourth category of acquired immune
dysfunction, namely the rheumatic or autoimmune diseases,
has reinforced an appreciation of the complexity that sur-

rounds susceptibility to cancer in general and lymphoma in
particular.

Common Variable Immunodeficiency

Common variable immunodeficiency (CVID) is the most
common cause of non-HIV-related immunodeficiency, asso-
ciated with low levels of immunoglobulin and poor humoral
responses to vaccination. The pathophysiology may be sec-
ondary to a variety of other observed deficiencies, including
low NK cell levels,97 reduced T-cell expression of CD40L, rel-
ative CD4 T-cell lymphopenia, and poor T-cell responses to
mitogen.98–100 A defect in B-cell generation of somatic hyper-
mutation may also contribute.101 Disease onset is usually
after age 20 but has been described in toddlers.102 Most
patients have no identifiable genetic defect, but mutations
have been found in the CD40 ligand, btk (Bruton’s), and SAP
(X-linked lymphoproliferative syndrome) genes.103 Affected
individuals have an increased susceptibility to otitis and
sinusitis problems caused by encapsulated organisms, such as
Streptococcus pneumoniae and Haemophilus influenzae,
akin to the susceptibility seen in early childhood and in
splenectomized adults.104 Beyond respiratory infections, some
patients present with diarrhea and crampy abdominal pain.
Some cases of irritable bowel syndrome have turned out to
be CVID on immunologic testing. Patients experience an
increased incidence of immune cytopenias, inflammatory
arthritis, and granulomatous vasculitis.

A high incidence of atrophic gastritis, possibly related to
H. pylori infection, appears to contribute to these patients’
increased risk for gastric carcinoma.105 CVID patients in
general, are at increased risk for lymphomas of the CNS and
gastrointestinal tract. The risk of lymphoma has been esti-
mated at 8.5% in those diagnosed with CVID as adults.106 One
registry of 120 CVID patients with malignancies demon-
strated a breakdown showing 46% of cancers were NHL, 16%
gastric carcinoma, and 7.5% Hodgkin’s disease.107 Clinical
presentation crosses a spectrum from atypical or reactive
lymphoid hyperplasia to malignancy, with a predominance of
benign disease.108 The elevated lymphoma risk has diverged
widely in different studies, from 12.0-fold among the 176
patients in the Scandanavian cohort109 to 30-fold in a British
study of 220 CVID subjects,49 to 259-fold among 98 patients
followed at Sloan-Kettering in New York.110 Women with
CVID may have a particularly pronounced susceptibility to
lymphoma.110

The pathology of these tumors is largely that of postger-
minal center B cells, or centrocytes,111 with a diffuse large 
cell phenotype and frequent mutations and rearrangements
within the Bcl-6 locus.112 Similar pathology is seen in HIV-
related and posttransplant lymphoma, although in contrast,
the CVID-related tumors are EBV negative.112 Reexamination
of these lymphomas has led to speculation that a significant
percentage of CVID-related NHL may be lymphomas of the
mucosa-associated lymphoid tissue (MALT),113 also referred to
in the REAL classification as marginal zone B-cell lym-
phomas. From a mechanistic standpoint, it is appealing to
think that chronic antigenic stimulation in the absence of
effective humoral immunity could lead to a type of lym-
phoma that has been associated specifically with certain
chronic infections (e.g., H. pylori-associated gastric lym-
phoma, HCV-associated MALT lymphoma). Perhaps more
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aggressive treatment of underlying chronic infections could
serve to prevent the development of these tumors or retard
their growth once diagnosed.

The increased risk for gastric carcinoma has been con-
firmed in several studies, with a standardized incidence ratio
of 10.3 in the largest study.109 Two women in their thirties
have been described with CVID and breast cancer,114 but no
cases were seen in a retrospective study of 176 CVID
patients.109 Similarly, 2 cases of thymoma were described
from one center’s experience with 36 Dutch CVID patients,
but other larger series did not identify such patients.109

Acquired Immunodeficiency Syndrome

According to the Joint United Nations Program on HIV/AIDS,
an estimated 40 million people are living with HIV infection,
with close to 20 million deaths attributable to the virus since
its discovery in 1984. Most cases are in Africa, but Asia may
represent the part of the world with the most explosive HIV
problem.115,116 Malignancy is probably the most difficult com-
plication of HIV in the developed world from a treatment
standpoint. The relative risk of death from opportunistic
infection has declined for many infectious complications and
for Kaposi’s sarcoma, but has remained stubbornly persistent
for AIDS-related lymphoma. The characteristic features of
both these opportunistic neoplasms have changed in the
context of antiretroviral therapy.

Kaposi’s Sarcoma

Among the first clues to the emerging AIDS epidemic was the
diagnosis of clusters of Kaposi’s sarcoma (KS) among young

men in California. At the time, the three primary populations
to present with this intermittently aggressive tumor of skin
and visceral organs included elderly men of Mediterranean
origin, an endemic form prevalent in Central Africa that
affects both men and women, and posttransplant patients
under immunosuppression. Ten years after the discovery of
HIV, the Kaposi’s sarcoma-associated herpesvirus (KSHV),
also referred to as human herpesvirus 8 (HHV-8), was identi-
fied as an etiologic agent strongly connected with all forms
of Kaposi’s sarcoma, including the HIV-associated cases.117 In
addition, primary effusion lymphoma (PEL) and multicentric
Castleman’s disease were two other HIV-associated illnesses
to be quickly linked to KSHV infection.118 KSHV appears to
represent a sexually transmitted cancer threat that is exposed
by subsequent HIV infection or immunosuppressive therapy,
although the exact route of KSHV transmission has not been
definitively demonstrated.

Serology and Epidemiology

KSHV is a sizeable double-stranded DNA virus (165kb).119

Closely related viruses have been found in three monkey
species, the horse, cow, rabbit, and mouse, and together com-
prise the rhabdinoviridae genus of the gamma herpesviruses.
The most closely related human pathogen is the Epstein–Barr
virus (EBV), a lymphocryptogenous gamma herpesvirus that
shares a similar genomic structure with three large regions of
conserved, mostly lytic cycle genes (Figure 96.1). Chang and
colleagues first described KSHV in 1994.118 This group was
motivated to search for the virus by circumstantial epidemi-
ologic evidence of a transmissible agent for KS.120 Among
HIV-infected people in the West, for example, KS is uncom-
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mon in women, and spares almost completely, patients with
transfusion-acquired HIV infection.121 KS is principally found
in HIV-infected persons whose HIV risk group is men having
sexual relations with men. Accordingly, a second transmissi-
ble agent was long hypothesized, and growing evidence
strongly indicates that this agent is KSHV120,122: infection pre-
cedes tumor formation, the prevalence of KSHV infection
tightly correlates with the epidemiology of the disease,121

and the virus infects the cell types implicated in tumor 
formation.123

Found in about 80% of HIV-infected KS patients,121

are antibodies directed against a latency-associated nuclear
antigen (LANA) that have been the basis for the first genera-
tion of serologic tests available to detect previous exposure or
active infection with KSHV. The incidence of infection
appears to be at least 1% to 2% in the healthy HIV-negative
U.S. blood donor population, compared with 2% of people
with hemophilia, 3% to 4% of HIV-positive women,124 and
25% to 30% of HIV-positive gay men by that assay.125 A new
enzyme-linked immunosorbent assay (ELISA), based on a
whole virus lysate from the KS-1 cell line, may be even 
more sensitive126: 92% of 134 KS patients, independent of 
HIV status, were shown to have positive titers for anti-KSHV
antibodies, compared with 11% of 91 healthy blood donors.
Another study analyzing antibodies to lytic antigens in 1,400
serum samples, may suggest an even higher exposure rate 
in the U.S. general population: 25% of nonselected individu-
als were positive, as were 90% of HIV-infected homosexual
men assessed by this method.127 The sensitivity and speci-
ficity of these various assays, however, need additional defi-
nition and a standardized test developed to better evaluate
this issue.

Detailed epidemiologic studies of the prevalence and
mode of viral spread among various susceptible populations
around the world have been made possible through the avail-
ability of specific oligonucleotide primers and of these sero-
logic tests. Research in Italy, involving a cohort of healthy
individuals and non-KS dermatology patients, showed 24% to
have KSHV sequences in their peripheral blood.128 In Sardinia,
a region where classic KS is particularly prevalent, KS
patients were shown to be seropositive for antibodies against
a minor capsid antigen in 95% of individuals. Additionally,
39% of their family members were also positive, compared
with 11% of age- and sex-matched controls.129 Therefore,
in Mediterranean countries, where cases of classic KS are
focused, the prevalence of KSHV infection appears to be
higher. Vertical transmission is suggested by the evidence
that communicability of the virus may occur preferentially
among family members, although recent evidence suggests
that breast milk is not a vector.130

Among the endemic KSHV-infected populations of sub-
Saharan Africa, where children contract a less aggressive form
of Kaposi’s sarcoma both with and without coincident HIV
infection, vertical or paravertical transmission is also evident.
In some studies, KSHV appears to be independently associ-
ated with hepatitis B infection,131 and seropositivity to LANA
and the open reading frame (ORF) 65 proteins reached adult
levels of about 50% before puberty. Vertical and multiple
modes of horizontal transmission may be prevalent in
endemic populations of southern Europe and in Africa,
although detailed mechanisms of transmission remain to be
defined.

The role of sexual transmission is clear and has been best
demonstrated in a cohort of men from whom serum samples
were gathered over a 10-year period. The frequency of sero-
conversion was linearly related to male sexual intercourse
contacts, with no seropositivity among 195 exclusively het-
erosexual men.125 The seropositivity rate reached 65% among
men with more than 250 sexual partners in the preceding 2
years. Where the virus resides within the male genitourinary
tract, if indeed this is a route of transmission, is not clear.
Studies have supported132 or contradicted133 the presence of
KSHV in semen, and one report found KSHV in glandular
epithelial cells of the prostate.123

Clinical Manifestations

Kaposi’s sarcoma represented the AIDS-defining illness in
more than 10% of HIV-infected individuals, and ultimately
occurred in approximately 20% of the HIV-infected popula-
tion before the availability of potent anti-HIV therapy. Among
those HIV-positive patients who are seropositive for KSHV,
the risk of developing KS was noted to be 50% at 10 years in
one large study.125 Interestingly, that risk is expected to be
much lower in the era of highly active antiretroviral therapy
(HAART), as discussed next.

Erythematous or violaceous macules or nodules on any
mucocutaneous surface in the body may occur in isolation or
in clusters. Cutaneous KS lesions are found more often on the
lower extremities, where they can become confluent and cir-
cumferential, and on the face with a particular predilection
for the ears and nose. The heterogeneity of their appearance
covers a spectrum from faint salmon-colored macules to
plaques, prominent nodular densities in some patients, and
occasionally ulceration with superinfection. In dark-
complexioned individuals, KS lesions may be somewhat more
subtle. The highly vascular nature of the macules lends a
characteristic reddish-blue tint that blanches minimally, if 
at all, on palpation. The natural history may vary widely,
ranging from spontaneous remission in some individuals to
explosive, fatal progression in others.

Edema is also frequently seen and may be distant from
any cutaneous KS lesions. One-third of KS patients present
with edema localized to affected extremities,134 frequently in
the legs. A peau d’orange appearance may result from obstruc-
tion of dermal lymphatics locally, or lymph node enlargement
may be seen with attendant distal edema. In addition to
mechanical causes of edema induced by obstructing lym-
phatic flow, KS lesions are composed of abnormal vessels
with poor integrity. Surrounding the vessels in lesions are
extravasated red blood cells that account for the pigmenta-
tion of the lesions. A KSHV viral protein has been shown to
induce local vascular endothelial growth factor (VEGF),135 a
known permeability factor. Therefore, normal vessels sur-
rounding KS lesions may also be altered in their integrity,
contributing to interstitial fluid in KS lesions or affected
limbs.135 Lower extremity involvement can lead to disabling
loss of joint mobility. Considerable morbidity can occur when
peculiar syndromes of periorbital edema or peripubic edema
are seen.

In addition to skin and lymphatics, KS can involve any
epithelial surface in the body, including the oral cavity, pul-
monary tree, and gastrointestinal tract. In one report, patients
with cutaneous KS had a 50% incidence of coexistent oral
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involvement, 30% had pulmonary lesions, and 10% had KS
in the gastrointestinal (GI) tract.134 Many patients have GI
lesions noted on endoscopic procedures, but clinical conse-
quences are infrequent. Chronic or acute blood loss or
protein-losing enteropathy is occasionally caused by GI
involvement.

One particular type of KS that is life threatening and man-
dates aggressive therapy, is pulmonary parenchymal involve-
ment. Chest X-rays are routinely performed on patients
initially diagnosed with cutaneous KS to assess the possibil-
ity of lung lesions. Other screening studies for organ involve-
ment are targeted to symptoms and are not recommended
simply for observation.

The differential diagnosis for nonblanching lesions resem-
bling KS includes136 hematoma, purpura, sarcoid plaques,
lichen planus, pyogenic granuloma,137 mycosis fungoides,
bacillary angiomatosis (usually due to Bartonella infection,
with increased frequency in advanced HIV patients), sec-
ondary syphilis, pityriasis rosea (possibly associated with
HHV-7 reactivation),138 drug-related erythema multiforme,
prurigo nodularis, nevi, vascular lesions of the phakomatoses
(e.g., neurofibromatosis), epithelioid hemangioendothelioma,
angiosarcoma, melanoma, and basal cell carcinoma. The
potential for processes requiring entirely different therapeu-
tic approaches strongly supports the need for histologic con-
firmation upon initial presentation, even though the CDC
definition of KS does not require biopsy.

With the pervasiveness of KSHV infection in the general
population, the virus is presumed to spread insidiously with
disease manifestations occurring only in the context of some
form of immunosuppression. However, a possible acute viral
syndrome caused by KSHV in an HIV-positive patient has
been described.139 Kikuchi’s disease, a cervical lymph node
hyperplasia syndrome seen predominantly in women in the
Far East, is another systemic syndrome that has been associ-
ated with KSHV. These patients typically present with fever,
flu-like symptoms, neutropenia, an atypical lymphocytosis,
and an elevated erythrocyte sedimentation rate (ESR). One
retrospective analysis of 26 lymph node biopsies found poly-
merase chain reaction (PCR) evidence of KSHV sequences in
23%, with none in 40 controls.140

Pathology and Pathogenesis

The KS lesion can best be described as a complex array of
endothelial cells, surrounded by spindle cells and extravasated
blood elements. The spindle cell mass typically forms a
cluster around slitlike endothelium-lined vascular spaces in
the dermis, and becomes more densely packed in nodular
lesions; both the spaces and the spindle cells characteristically
lie parallel to the epidermis.141 The spindle cell mass is
thought to produce paracrine cytokines, which recruit neoan-
giogenic elements and inflammatory cells.120 Spindle cells are
not themselves infected with HIV, but KSHV sequences can
often be amplified from them.123,142 The origin of the spindle
cells is controversial, alternately being viewed as having mes-
enchymal or endothelial cell features. One report demon-
strated a phenotype more typical of the sinus-lining cells of
spleen and lymph nodes than of other vascular or lymphatic
endothelium.143 These investigators and others have suggested
that the cells of origin may be circulating in the blood. Expres-
sion of the mannose receptor and CD68 by these cells suggests

that the spindle cells may derive from a macrophage-like pop-
ulation in the sinuses of secondary lymphoid organs that enter
the bloodstream, and spread hematologically to the epithelial
surfaces where KS lesions are found. This origin may explain
the peculiar histology of KS lesions, with vascular spaces rem-
iniscent of splenic sinuses. A newer marker, the VEGR-C
receptor that appears specific for lymphatic endothelium, has
been reported to be expressed in KS biopsy tissue.144 In con-
trast, endothelial nitric oxide synthase, expressed in vascular
endothelium, is not detectable in KS cells.145

An autocrine or paracrine secretion of cytokines, such as
VEGF and basic fibroblast growth factor (bFGF), appear to
maintain the spindle cells. The absence of a signal sequence
in bFGF motivated one group to postulate that its export from
KS cells may be mediated by one of the ATP-binding cassette
transport proteins.146 They showed that the multidrug resis-
tance gene (MDR) is expressed in KS cells, and that the 
secretion of bFGF can be blocked by the MDR inhibitor
probenecid. Furthermore, probenecid induced apoptosis in
these cells in vitro. These data are compatible with an MDR
or other probenecid-sensitive channel mediating an essential
secretion of bFGF that then protects virally infected cells
from apoptosis.

Even in the presence of exogenous growth factors, such as
the IL-6–IL-6R complex, IL-1b, TNF-a, and oncostatin M,
antibodies147 to bFGF block the proliferation of KS cells and
prevent them from entering the S phase of the cell cycle.
However, exogenous growth factors do not completely
explain the phenotype and growth potential of KS cells, which
have been shown to overexpress the antiapoptotic bcl-2 gene
independently of any factors contained in conditioned
medium from these cells.148

Regardless of the HIV-1 status of the patients,149 the phe-
notype of the tumor-infiltrating lymphocytes in KS lesions is
CD8+ T-cell predominant. Other significant populations
include CD4+ T cells and CD4/CD8 double-negative T cells.
Compared to biopsy-derived lymphocytes in other dermato-
logic conditions, stimulation of KS-derived leukocytes in
culture results in high levels of IFN-g but no IL-2.
CD68/CD14+ cells of the monocyte lineage are a minority
population, but also contribute to this strong IFN-g produc-
tion.150 These monocytic cells produce a variety of other
proinflammatory cytokines, including IL-1 and TNF-a, which
in turn induce the KS spindle cells to produce bFGF and
VEGF. These latter factors have been shown to induce angio-
genic lesions resembling KS in nude mice, and cause
increased vascular permeability and edema in guinea pigs.151

Regardless of whether the underlying context is HIV
disease, organ transplantation, or endemic KS, KSHV appears
necessary for the induction of KS and is found in KS lesions.
The exact mechanisms, however, by which the virus partici-
pates in the oncogenic process are uncertain.

The methods of cell transformation seem to be unique
among human viruses. None of the EBV genes expressed in
its latent phase of infection has a homologue in KSHV, even
though KSHV is closely related to the known transforming
virus EBV.122 Four open reading frames in KSHV have been
identified as having the ability to transform mammalian cells
when expressed (K1, K9, K12, and CRF74), but whether they
participate in vivo is not entirely clear.152–155

Several other genes have also been isolated for their pos-
sible role in host cell transformation. These genes can be

1 6 8 8 chapter 96



divided into three classes of KSHV homologues to known
mammalian genes: (1) apoptosis: ORF 16 (related to human
Bcl-2); (2) cell-cycle interference: ORF 72 (cyclin D) binds and
activates human cdk-6, making it resistant to the normal
inhibition of the CDK inhibitors p16(Ink4a), p27Kip1, and
p21Cip144,156; and (3) immunomodulating cytokines: K2 (IL-6),
K4 (MIP-II), and K6 (MIP-I). Subsequently, viral proteins could
possibly act in a paracrine manner and affect neighboring
cells. In addition, viral gene products in the infected cell may
affect its growth, apoptotic potential, or vulnerability to
immune defense targeting.

The pervasiveness of KS in populations that are HIV
infected, post-solid organ transplant, of elderly Mediterranean
extraction, or in economically disadvantaged tropical Africa,
suggests that expression of a KS disease phenotype requires a
degree of immunosuppression. The introduction of HAART
for HIV treatment offers remarkable support to a central role
for immunosuppression: complete remissions of cutaneous157

and pulmonary KS are well recognized in the context of
increases in CD4 count and declines in HIV viral load induced
by HAART.158

Treatment

Over the past several years, the treatment of KS has changed
dramatically. Antiretroviral therapy has had a major impact
on the natural history of HIV disease, reducing its incidence
and inducing regression in some patients with established
disease. Specific therapies for KS have also improved dra-
matically, and most patients can anticipate a satisfactory
outcome with limited treatment toxicity. One issue of which
patients and providers need to be mindful is that even with
regression of lesions, a disfiguring pigmentation can remain.

The prominent extravasation of red blood cells in active KS
lesions leads to hemosiderin deposition that can leave gray-
brown macules when KS can no longer be histologically iden-
tified. Therefore, even successful treatment for KS masses
may leave a residual stain that fades only after prolonged
intervals. Laser therapy has been used to hasten the process
for some with particularly disfiguring macules.

Quantitative methods have been developed for monitor-
ing KSHV viral loads in patients under treatment. KSHV
DNA level has been shown in transplant patients to increase
with time after transplantation, and to correlate with pro-
gression of KS, stage of disease, and loss of the graft. In one
multivariate analysis, the clinical activity of the tumor inde-
pendently correlated with levels of KSHV DNA in the blood
(P = 0.01).159 KSHV viral loads may have more limited utility
in HIV-infected individuals under treatment but do correlate
with HIV viral load, CD4 cell counts, and the serologic
response to KSHV lytic antigens.160

Anti-HIV Therapy

Extraordinary declines in HIV-related mortality in the
Western world have occurred since the advent of HIV-1 pro-
tease inhibitors and combination therapy for HIV. The rate of
death fell by 70% among those with AIDS following the 
introduction of HAART in one U.S. study.161 Declines in
opportunistic diseases associated with advanced im-
munosuppression have correspondingly been observed. Clin-
ical entities, such as CMV retinitis, disseminated atypical
mycobacterial disease, and Pneumocystis pneumonia are
increasingly unusual events among patients on HAART. KS
is the opportunistic neoplasm with the most dramatic
decrease in incidence.162 Table 96.3 presents a summary of the
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TABLE 96.3. Effect of highly active antiretroviral therapy (HAART) on incidence of cancer in AIDS patients.

Study authors Year Data source N Disease Pre-HAART HAART era P value

Besson et al.202 2001 French Hospital Database 80,000+ Total lymphoma 8.6 4.29 <0.001
CNS lymphoma 2.78 0.97 <10e–11

International 2000 Meta-analysis 47,936 Total cancer 6.2 3.6 <0.001
Collaboration200

Jones et al.315 1998 U.S. Centers for Disease 37,303 Kaposi’s sarcomaa 41 7 <0.001
Control Surveillance

Jones et al.163 1999 U.S. Centers for Disease 19,684 Kaposi’s sarcomab 49.9 25.7 0.001
Control Surveillance CNS lymphoma 8 2.1 0.01

Grulich et al.199 2001 Australian HIV Database 9,209 Total lymphoma 7.5 4.3 0.012
Kaposi’s sarcoma 6.1 2.1 0.045

Kirk et al.201 2001 EuroSIDA 8,556 Systemic NHL 19.9 3 <0.001
Matthews et al.251 2000 Chelsea and Westminster 7,840 Systemic NHL 5.3 4.7 0.933

Hospital (London)
Rabkin et al.192 1999 AIDS Clinical Trials Group 6,587 Total NHL 31 4 nc

(ACTG) Kaposi’s sarcoma 96 3 nc
Dean et al.193 1999 Multicenter AIDS Cohort 5,622 Total NHL 5.2 7.5 <0.001

Study Kaposi’s sarcoma 25.6 7.5 0.003
Buchbinder et al. 1999 SF City Clinic Cohort 622 Total lymphoma 14 19 0.19

Kaposi’s sarcoma 35 0 0.07

NHL, non-Hodgkin’s lymphoma; CNS, central nervous system; KS, Kaposi’s sarcoma; nc, not calculated.

Incidence values are per 1000 person-years.
a Comparing KS incidence in 1990 to 1998.
b Comparing 1994 to 1997; decline occurred in both treated and untreated groups (P = 0.8).

Source: Adapted from Cheung TW. Cancer Invest 2004;22:774–786, with permission.



largest studies to date. The first large survey study of KS
among HIV patients found that incidence dropped by half
when comparing the period before 1994 to the first half of
1997.163 Although fewer cases were seen for both treated and
untreated patients among the nearly 20,000 patients studied,
HAART-treated patients experienced a more dramatic
decline.

There is a well-recognized clinical phenomenon of estab-
lished KS responding to HAART, in addition to the decrease
in new cases of KS. This anti-KS effect has been demonstrated
in four small series reported to date. A Swiss study of 9 indi-
viduals with cutaneous KS who were treated for a median 7
months with a protease inhibitor showed partial response in
6, stabilization in 2, and progression in 1 noncompliant
patient.164 In another trial examining 8 HIV-infected men
with cutaneous disease, 4 experienced a complete remission
following a mean of 12 months of HAART.165 Another study
of 10 KS patients showed a decrease to undetectable in the
anti-KSHV peripheral blood titer following HAART in 7 of
the 8 patients who showed partial or complete regression of
KS.166

Although most likely due to the recovery of immune
function rather than a direct inhibitory effect on KSHV repli-
cation, KSHV sequences have been noted to disappear from
peripheral blood following commencement of HAART.167

There is no known impact of HIV therapy on KSHV directly.
The effects of anti-HIV treatment are likely similar to the KS
remission seen in posttransplant patients following with-
drawal of their immunosuppression. KS is an immunologi-
cally responsive tumor, and the partial restoration of immune
function with HAART is sufficient for tumor regression in
many, but not all, patients.

Antiherpesviral Therapy

KSHV replication can be inhibited in vitro by the antiherpes
drugs foscarnet, ganciclovir, and cidofovir.168 Quantitation of
KSHV copy number in peripheral blood of individuals on gan-
ciclovir or foscarnet for other reasons has shown a decrease
in KSHV viral load.169 Although some studies have indicated
a response,170–173 most results have been disappointing.172–174

Currently available antiherpesvirus drugs are too toxic to be
considered a reasonable part of the therapeutic armamentar-
ium.

Local Antitumor Chemotherapy

KS therapy is either local or systemic. Small, singular lesions
on the trunk or an extremity may be more appropriate for
local therapy. Local therapy is either liquid nitrogen, intrale-
sional injection of vinblastine, topical 9-cis-retinoic acid, or
radiation therapy.

Intralesional vinblastine is particularly useful for palatal
or buccal mucosa lesions with a response rate estimated at
90%.134 Vinblastine can be administered at 0.1 to 0.4mg/mL,
injecting approximately 0.1 to 0.2mL into a 1-cm2 lesion. As
with liquid nitrogen, local discomfort is common and skin
breakdown may occur. Regrowth of lesions is common.

Radiotherapy has taken on a new role in the treatment of
KS in the HIV population, being used principally in the treat-
ment of anal and cervical cancer with the advent of the

HAART era.175 However, orthovoltage irradiation and elec-
tron beam radiotherapy have been shown to be effective for
treatment of larger dermal KS plaques.134 In France, 643 HIV-
infected patients with KS showed a complete response rate of
92% from 20Gy over 2 weeks, followed 2 weeks later by 10
GY over 1 week.176 Other studies have shown a response rate
of 77% with a single dose of 8Gy.177 Radiation therapy gen-
erally can be useful for large or clustered lesions but can cause
severe mucositis. HIV-infected individuals appear to have a
heightened sensitivity to radiation injury of mucosa.

Topical use of 9-cis-retinoic acid cream was approved after
a placebo-controlled, randomized trial of 82 patients.178

Responses were sixfold higher in retinoic acid-treated
patients, but the local side effects were often substantial.
Patients often have discomfort and erythema at the site of
application.178 Open label trials of the same compound given
systemically showed partial or complete responses in
37%.179,180 Tolerability was limited by complications that
included dry skin, rash, alopecia, exfoliation, and headache
(70%).179

Systemic Antitumor Chemotherapy

Among the first agents available for treatment of KS were
type I interferons, and their use has been comprehensively
reviewed.181 Interferon-a2 has been shown to induce remis-
sion of KS in a dose-dependent fashion when given in com-
bination with AZT, with 31% of 54 patients responding to 8
million units given daily subcutaneously.74,182 Interferon
therapy is most effective in those with relative preservation
of immune function, generally reserved for those with 
100 CD4 cells/mm3 or more. The use of interferon is limited
by its slow commencement of action (median time to
response of 10 weeks in some studies) and the numerous and
troubling side effects. Initially, and most prominent, are 
flu-like symptoms, followed by depression and fatigue after
prolonged use.

For patients with advanced symptomatic KS, particularly
those patients with edema, extensive mucocutaneous disease,
and pulmonary or GI involvement, chemotherapy is recom-
mended. Symptomatic pulmonary disease can be rapidly fatal
and is particularly important to treat aggressively. Combina-
tion cytotoxic therapy with vincristine, bleomycin, and doxo-
rubicin has served as a standard for comparison for newer
treatment regimens, having demonstrated a 40% KS regres-
sion rate. The treatment involves a variety of difficult side
effects, including nausea, alopecia, fatigue, peripheral neu-
ropathy, acral cyanosis, and Raynaud’s phenomenon.183 Two
Phase III studies, with about 250 HIV-related KS patients
each, found a 25% response rate to this triple therapy or to
bleomycin + vincristine; this compared to 46% and 58% for
liposomal doxorubicin in the two studies, respectively.184,185

In contrast, a large, randomized study comparing the BVD
triple combination to liposomal daunorubicin found them to
be of comparable efficacy.186 Whether liposomal doxorubicin
is truly superior to liposomal daunorubicin is unclear. These
agents have different kinetic profiles, and the longer half-life
of liposomal doxorubicin may account for its differential
activity and association with the hand-foot syndrome. Many
practitioners use these agents interchangeably for first-line
therapy of patients with advanced, symptomatic KS, although
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current U.S. Food and Drug Administration (FDA) approval
for liposomal doxorubicin is for use only in refractory or
relapsed KS.

One newer class of agents being examined is the taxane
tubulin stabilizers. Paclitaxel, for instance, was shown in a
Phase I trial involving 28 patients to induce a major response
in 71%,187 including those previously and unsuccessfully
treated with anthracyclines. This treatment appears to have
both profound activity and highly durable responses. Tumor
breakthrough is relatively rare and patients can tolerate 
low-dose paclitaxel (100mg/m2 every 2 weeks) extremely
well. Some patients have received this therapy for over 2 years
at our center, with cessation of therapy resulting in prompt
regrowth of tumors.

KS lesions are highly vascular, which has led to the inves-
tigation of antiangiogenic therapies. Thalidomide was studied
in a Phase II trial of 20 patients, with 8 of them achiev-
ing partial responses and 2 with stable disease; other than
drowsiness and depression, the drug was well tolerated over
a median 6-month treatment period.188 Fumagillin (TNP-470)
was well tolerated in a study of 38 patients but had poor activ-
ity.189 In an effort to bridge the gap between antiretroviral reg-
imens and systemic chemotherapy, halofuginon and other
agents are all currently under in-depth investigation.

Summary

The identification of the human pathogen KSHV has been a
major boon to understanding the basis of KS. This newest of
human tumor-associated viruses appears to act via unique
means of cell transformation, the understanding of which is
likely to contribute novel paradigms for viral oncogenesis. In
addition, virus-related antibodies may ultimately provide a
means of screening for KS risk among immunosuppressed
patients, and the virus itself may represent a target for future
therapies. At present, the treatment of choice for AIDS-
related KS is potent anti-HIV therapy. Those patients with
advanced KS who require prompt improvement in symptoms,
or who fail anti-HIV therapy, have a number of active
chemotherapy options. Those who are not appropriate for
cytotoxic agents still await a satisfactory systemic treatment,
but local therapies can provide temporary improvement and
the antiangiogenesis compounds offer promise that this gulf
may soon be bridged.

AIDS-Associated Lymphoma

Epidemiology

The risk of developing lymphoma for HIV patients is esti-
mated to be 60- to 110-fold higher than that of the general
population. Genetic background, use of HAART, and subtype
of lymphoma greatly influence the development and course
of AIDS-related lymphoma (ARL). ARL is about twice as
common among people of European ancestry compared with
African-Americans and among men as compared with
women.190 It is the most common malignant complication of
AIDS in children, representing 42 of 64 cancer cases in a
British registry.4 These are generally high-grade tumors,
though a minority are low-grade lymphomas of the mucosa-
associated lymphoid tissue termed maltomas. The estimated

incidence of ARL in patients with symptomatic HIV infec-
tion is 1.6% per year.191

Specific genotypes appear to alter the risk of ARL. Specif-
ically, polymorphisms in the 3’-region of the gene encoding
the chemokine SDF-1 were associated with a higher risk of
AIDS-related lymphoma.192 Those heterozygous for the poly-
morphism had a twofold increase in risk whereas homozy-
gous individuals had a fourfold-increased risk of lymphoma.
The polymorphism was detected in 37% of whites, but only
11% of African-Americans, possibly accounting for the noted
infrequency of this complication in black Americans with
HIV. Other chemokine alterations also may affect lymphoma
incidence, including a reduced incidence of ARL among those
with a deletion within the CCR5 chemokine receptor gene
(CCR5-delta32) that has been shown to be protective against
HIV-1 infection. A threefold reduction in risk of ARL was
noted in individuals with the CCR5 deletion. CCR5-delta32
is thought to affect the sensitivity of cells to the chemokine
ligand of CCR5, RANTES, possibly causing altered B-cell
function, either directly or through T-cell-mediated events.193

The polymorphism in SDF-1 may change expression of
RANTES, which is a known B-cell growth factor. Therefore,
regulatory genes of the immune system may enhance or
decrease an individual’s likelihood of developing a lympho-
proliferative disease.

Primary CNS lymphoma has been most dramatically
altered in incidence since the advent of HAART therapy. It is
a complication of far-advanced HIV disease that is now rarely
seen, and generally only among those who have either failed
antiretroviral therapy or for whom it is not available.

Among the ARL, primary CNS lymphoma in AIDS
closely resembles posttransplant lymphoproliferative disease
(PTLPD). Both tumors manifest a type II pattern of EBV latent
gene expression (EBNA1-6 and LMP1-2).194,195 EBNA-2 and -3
gene products are those generally well targeted by cytotoxic
T lymphocytes (CTL), and the reduced incidence of primary
CNS lymphoma with HAART may reflect an improved 
anti-EBV immune response. Of note, even among 
HIV-infected individuals with relatively normal numbers of
EBV-specific CTL, there are abnormalities in cell function
that have been linked to the development of EBV-associated
lymphoproliferation.196

Systemic lymphomas have been less markedly reduced in
the era of HAART than has ARL, the primary CNS lymphoma
subset of AIDS-related lymphomas, in which the risk of 
systemic lymphomas is less dramatically reduced by
HAART.197,198 Systemic ARLs have a more complex patho-
physiology, discussed next, that likely accounts for this less
dramatic decrease in incidence since the advent of HAART.
The estimated decline in systemic lymphoma incidence is
approximately two- to sevenfold since the introduction of
potent antiretroviral therapy (see Table 96.3).199–202 An obser-
vational cohort analysis of 8,500 HIV-positive individuals
across Europe (EuroSIDA),201 demonstrated a significant
decrease in the incidence of all subtypes of lymphoma after
1999, when the use of combination antiretroviral therapy was
widespread compared with the period before HAART.200 Sim-
ilarly, an international multicohort study found a reduced
incidence of ARL of approximately twofold following the
introduction of HAART. Subtypes of lymphomas were also
investigated in this study, and the greatest difference in inci-
dence was observed in immunoblastic and primary CNS lym-
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phoma. Both those lymphomas are closely associated with
EBV, although EBV DNA in the tumor specimens was not
specifically assessed in this study. In contrast, as noted in
Figure 96.2, a large meta-analysis found there was no change
in incidence of either Burkitt’s lymphoma or Hodgkin’s
disease.200 Therefore, the effect of antiretroviral therapy and
the resultant improvement in immune function were not
globally effective. Thus, although poor control of EBV plays
a critical role in the genesis of ARL, susceptibility represents
a complex interplay of immunity and other factors, such as
lymphocyte growth control.

Non-Hodgkin’s Lymphoma

Pathophysiology

The simplest scenario by which altered immunity could
affect lymphoma occurrence is that in which an infectious
agent directly alters the molecular basis of cell growth regu-
lation. One rare example of this is HIV itself. HIV is tropic
for CD4+ T cells and within that subset HIV has been impli-
cated in rarely inducing T-cell non-Hodgkin’s lym-
phomas.203,204 Some of these tumors have been molecularly
analyzed and noted to have an insertion site for HIV-1 in the
host genome that juxtaposes HIV with the c-fes/fps
protooncogene.205 Dysregulated expression of c-fes/fps by 
the presence of HIV may result in altered cell proliferation or
survival.

In contrast to HIV, gammaherpesviruses are commonly
implicated in ARL. Within the gammaherpesvirus family,
two have been implicated in AIDS-related lymphomas and in
immunodeficiency-related lymphomas generally: EBV and
the Kaposi’s sarcoma-associated herpesvirus (KSHV). Two dis-
tinct subsets of AIDS-related lymphomas are directly linked
to one or both of these viruses. Primary CNS lymphomas are
infected with EBV, whereas primary effusion lymphomas uni-
formly have the KSHV genome present in tumor tissue. The
EBV latent membrane protein 1 (LMP-1) is the gene most
directly associated with transforming capability and is widely
expressed in primary CNS lymphomas.206,207 LMP-1 activates
the tumor necrosis receptor-associated factor (TRAF) family
signaling pathway,208 resulting in enhanced expression of 
the transcription factor NF-kB and in transformation of B
lymphocytes.

The mechanism of KSHV-mediated transformation
remains controversial, although a number of viral gene prod-
ucts, such as IL-6, have been implicated. In addition, KSHV
encodes an interferon regulatory factor homologue (vIRF1 or
K9) that is capable of repressing interferon-induced host genes
and inhibiting pathways of apoptosis normally enhanced by
interferon, thereby further impairing a critical host antiviral
defense mechanism.152,209

KSHV may be capable of altering immune recognition 
of virus-infected cells through inhibition of the MHC class 
I-dependent pathway of antigen presentation by preventing
attachment to NK cells. Although EBV and KSHV may
directly alter target cell growth in the genesis of CNS NHL
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CANCER TYPE 

CANCER TYPE 

Cerebral lymphoma 

Immunoblastic lymphoma 

Burkitt’s lymphoma 

1.7 (138) 

3.0 (246) 

0.3 (26) 

0.7 (24) 

1.7 (54) 

0.4 (13) 

0.42 (0.09) 

0.57 (0.09) 

1.18 (0.41) 
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3.6 (134) 

0.4 (12) 

2.1 (17) 

1.7 (54) 

0.32 (0.03) 

0.58 (0.06) 
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FIGURE 96.2. Meta-analysis of highly active antiretroviral therapy
(HAART) effect on (A) cancer incidence and (B) certain non-Hodgkin’s
lymphoma subtypes in HIV-infected adults, comparing pre-HAART
to the treatment era. Rate ratios are adjusted for factors including

study type, age, gender and transmission group. (From the Interna-
tional Collaboration on HIV and Cancer,200 by permission of Journal
of the National Cancer Institute.)



and PEL, respectively, other mechanisms are clearly at work
in the majority of AIDS-related lymphomas. Aside from these
two minor subsets, other lymphomas in AIDS patients are
often negative for EBV, which, for example, infects only about
30% of AIDS-related Burkitt lymphomas.210 Of those tumors
that are EBV infected, the type III latent gene pattern seen in
infectious mononucleosis and low-grade B lymphoprolifera-
tive disorders is not consistently observed.211–213 These lym-
phomas often express a type II profile of EBV genes more
consistent with that seen in Hodgkin’s disease. Among those
ARL without EBV DNA, there are often genetic abnormali-
ties. Large cell histology ARL demonstrate EBV infection in
approximately 80% of tumors but show other genetic abnor-
malities that include nonoverlapping subsets with rearrange-
ments of the Bcl-6 (21%) and c-myc (21%) transcription factor
genes. p53 tumor suppressor gene rearrangements are gener-
ally not present.214 The pattern is somewhat different in
AIDS-related lymphoma of Burkitt histology, with c-myc
rearrangements being almost universal (as in non-HIV-
associated forms of Burkitt lymphoma), p53 mutations seen
in 61%, and Bcl-6 rearrangements very uncommon. There 
is no clear link between EBV and any specific genetic 
mutation.215–218

Large cell lymphomas, whether in endemic or HIV-asso-
ciated settings, are thought to be germinal center in origin.
The Bcl-6 gene expressed in these tumors is characteristic of
germinal center cells.219 Burkitt cells are also a mature B-cell
lymphoma thought to represent a transformed germinal
center blast cell. They have c-myc translocations into either
the heavy- or light-chain immunoglobulin gene loci. The
translocation of the HIV-associated Burkitt tumor is distinct
from endemic Burkitt’s. In the HIV patients, c-myc has
translocated into the immunoglobulin heavy-chain gene
switch region rather than the joining region of the
immunoglobulin locus that is characteristic of the endemic
tumors.220 This finding suggests that the rearrangement in the
HIV-associated tumors occurred at a later time in B-cell mat-
uration when heavy-chain class switching was occurring
rather than during early B-cell differentiation when VDJ
recombination takes place.

Although direct effects of herpesviruses may be relevant
for transformation, and the interaction with other somatic
mutations in host cells may enhance tumorigenicity, these
events alone would be unlikely to account for the high inci-
dence of lymphoma in AIDS patients. HIV-induced impair-
ment of the immune system is likely to provide the critical
context in which lymphoma can emerge. HIV-induced
impairment of the immune system first enables transforming
herpesviruses to propagate but may facilitate secondary 
transforming events by other means. B-cell proliferation 
is common in HIV infection independent of secondary 
herpesvirus, as is clinically manifest as the frequent 
lymphadenopathy and hypergammaglobulinemia seen in
HIV-infected individuals. HIV may directly contribute to the
process through antigenic drive, and the HIV envelope glyco-
protein has also been reported to directly enhance B-cell acti-
vation.221,222 Further, the HIV gp120 engages with the CXCR-4
chemokine receptor and may directly alter B-cell proliferation,
as this receptor is known to provide a growth-promoting
signal to B-cell subsets akin to the SDF-1 discussed
earlier.223–227 B-cell proliferation may be further augmented by
viral perturbation of the T-cell compartment, with expansion

of the Th2 subpopulation that releases B-cell stimulatory
factors, such as IL-10 and IL-4.228,229 HAART may reduce the
incidence of ARL partly through reverting these direct and
indirect mechanisms driving B-cell proliferation.

Clinical Biology

Virtually all ARL are high grade and of mature B-cell origin.
The histology is usually either large cell anaplastic or small
cell (Burkitt), and these are thought to be either germinal
center or postgerminal center B cell in origin. Subsets of
tumors have been more finely divided into other stages of B-
cell differentiation as well. For example, by staining with
antibodies against Bcl-6 (associated with germinal center
cells), MUM1/IRF4 (associated with late or postgerminal
center cells). and CD138/syndican-1 (associated with post-
germinal center cells), Carbone et al. noted that the majority
of large cell or Burkitt lymphomas were germinal center. 
In contrast, immunoblastic histology was described as late
germinal center and primary CNS, primary effusion, 
plasmablastic, Hodgkin’s, and some large immunoblastic
lymphomas were characterized as postgerminal center.230

The localization of systemic AIDS-related lymphomas fre-
quently extends beyond involved lymph nodes and affects
extranodal tissues. Extranodal sites that are particularly
common are the gastrointestinal tract, bone marrow and
central nervous system, although virtually any tissue may be
involved.201,231–248 The tumor histology significantly influ-
ences its localization. In particular, large cell tumors prefer-
entially involve the gastrointestinal tract, whereas Burkitt
tumors often involve the bone marrow and meninges. The
presenting symptoms of ARL can be very variable and do not
appear to be appreciably affected by HAART.250,251

The different histologic subtypes of systemic ARL may
occur in different settings and have unique features. AIDS-
related Burkitt’s lymphoma usually arises in patients with a
less severe degree of immunosuppression than other histo-
logic subtypes.252 In those cases of Burkitt’s that are EBV
infected, only two EBV-encoded RNAs and only a single
protein-encoding gene (EBNA-1) are expressed; this is the type
I program of latent gene expression.253 Immune reconstitution
of EBV-infected cells typically does not include EBNA-1
because infected cells cannot process this protein and there-
fore, cannot present the antigens on class I MHC.254 The basis
for the approximately 1000-fold increase in risk for Burkitt’s
lymphoma among HIV-infected individuals compared with
other immunosupressed populations remains an unresolved
mystery.

CNS involvement with ARLs was noted early in the HIV
epidemic with up to 20% incidence reported.236 That has
resulted in an emphasis on aggressively evaluating the CNS
in patients with systemic AIDS-related lymphoma, including
imaging and cerebrospinal fluid sampling studies. Some
centers prophylactically treat all patients with intrathecal
therapy, but data suggest EBV in the primary tumor is of
strong predictive value for an increased risk of CNS relapse
(P = 0.003).255 Extranodal involvement has also been noted 
as a strong predictive factor for CNS involvement (P =
0.006).255,256

The prognosis for patients with AIDS-related lymphoma
has been markedly affected by HAART. Prognostic factors
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defined before the advent of HAART need to be revised, but
one large multivariate analysis indicated that CD4 count less
than 100 cells/mm3, age greater than 35 years, intravenous
drug use, and stage III/IV disease, were negative prognostic
factors. When only one or none of these factors was present,
the overall survival was 46 weeks; when two factors were
present, 44 weeks; and when three or four factors were
present, 18 weeks.

The International Prognostic Index (IPI)258 has been 
validated in the context of AIDS,259 and other studies 
have indicated that factors used in the IPI, such as elevated
lactate dehydrogenase (LDH)258 or age more than 40 years do
provide independent prognostic information in ARL. Curi-
ously, given its impact outside the setting of HIV, Burkitt his-
tology has not been consistently found to be of prognostic
significance. Similarly, treatment protocols have not specifi-
cally evaluated this subset, and it remains unclear whether
they do better with a more aggressive regimen in the setting
of HIV.

Primary effusion lymphoma is a very unusual subset of
systemic ARL. It is a liquid-phase tumor that rarely involves
the blood, lymph nodes, or solid organs. Body cavity effu-
sions261–263 laden with large anaplastic or immunoblastic-
appearing cells are characteristic. The cells can be identified
as hematologic by staining for surface CD45 (common leuko-
cyte antigen), but antibodies specific for B cells (CD20 
or CD19) or T cells (CD3) generally do not stain the tumor
cells. Molecular analysis of tumor cells is required to 
demonstrate VDJ rearrangement of the immunoglobulin
locus, thereby defining the cells as being of B-cell origin.
These cells also uniformly are infected with KSHV and are
frequently coinfected with EBV. These tumors are not
restricted to HIV-related immunodeficiency and may be
found in other immunodeficient states. They provide a
unique and intriguing paradigm for virus-induced human
malignancy.

Another rare form of systemic AIDS-related lymphoma 
is that of plasmablastic lymphoma of the oral cavity.264

This is an aggressive B-cell lymphoma that is distinct from
other HIV-related large cell lymphomas in their presentation,
histology, and immunohistochemistry (CD20 is not
expressed). EBV is often, but not uniformly, present in these
tumors.

Treatment

The ability to effectively treat ARL has long been complicated
by the coincident presence of other complications of
immunosuppression, which led to an approach of compro-
mised dose chemotherapy early in the HIV epidemic.
Although such therapies were found to result in comparable
response rates to full-dose chemotherapy,265 they are gener-
ally now reserved for those patients who have failed HAART
or for whom it is not available. The introduction of HAART
has resulted in far superior tolerance of chemotherapy, and
full-dose regimens are now the standard of care. The specific
regimen remains controversial. Full-dose CHOP or infusional
regimens, such as modified-dose EPOCH have both been
shown to be effective.266,267 The response rate of the infusional
EPOCH regimen was particularly impressive, with 74% of
patients achieving a complete remission. Overall and disease-
free survival were 92% and 60%, respectively, at a median of

53 months of follow-up. However, this was a single-center
trial and validation in a larger, multicenter setting is currently
being tested through the U.S. AIDS Malignancy Consortium
(AMC).

The issue of whether rituximab adds benefit when added
to standard chemotherapy is also still unclear in the setting
of ARL. Preliminary data from a randomized trial comparing
CHOP versus CHOP plus rituximab by the AMC, suggest
that there may be an increased risk of infectious death in
those patients receiving the rituximab without any clear
improvement in tumor outcomes (Kaplan, in press). If ritux-
imab is used, these data would indicate that it is prudent to
include antibiotic prophylaxis; an intervention currently
being tested in an EPOCH plus rituximab trial.

Whether specific subsets of tumors require distinct ther-
apies has not been well defined. The numbers of patients have
generally been too small to run histology-specific trials, and
subgroup analysis of larger trials has not provided clear indi-
cation of histology-specific outcomes. Given the uniquely
aggressive nature of Burkitt histology outside the setting of
HIV, however, many centers employ a treatment regimen
designed for Burkitt histology rather than using a more con-
ventional CHOP-like regimen. One study of hyper-CVAD in
AIDS-related Burkitt lymphoma demonstrated a 92% com-
plete remission rate with tolerable toxicity and some long-
term disease-free survivors.268 Primary effusion lymphomas
generally do poorly regardless of regimen, but again the data
are mostly anecdotal, and no systematic evaluation has been
performed.

For patients who have relapsed beyond initial therapy, the
potential for high-dose chemotherapy with stem cell rescue
was thought prohibitively toxic until recently. There have
now been several trials that have indicated the tolerability of
this approach and the potential for durable tumor control for
those with ARL.269–272 Somewhat unexpectedly, hematopoi-
etic engraftment or infectious complication have not been
problematic. Long-term outcomes remain poorly defined, but
this therapy appears to be a useful intervention in the setting
of lymphoma relapse and HIV disease.

Managing antiretroviral therapy during cancer chemother-
apy is an issue that has been addressed by clinical trials. In
one study by the AMC, a set regimen of HAART (indinivir,
d4T, and 3TC) was prescribed for those receiving CHOP or
modified CHOP, and it was maintained throughout the
chemotherapy program.266 No unusual or unusually severe
toxic reactions were noted, and there was no change in the
pharmacokinetics of either daunorubicin or indinivir. There
was, however, a prolonging of the area under the curve for
cyclophosphamide levels, although this did not have appar-
ent clinical consequences. This approach was generally well
accepted by patients, but only a small number of the now
wide range of antiretroviral agents available have been
studied. It remains possible that untoward drug–drug inter-
actions will emerge if cancer and antiretroviral therapies are
given concurrently. Taking the opposite tack to entirely avoid
this issue, Little and colleagues suspended all antiretrovirals
during dose-adjusted EPOCH therapy and noted that CD4 and
viral loads returned to baseline when HAART was reinitiated
after the completion of cancer treatments.267 Stopping anti-
HIV medications can be particularly difficult for patients 
to accept, however. The decision of whether to continue or
interrupt HAART is a complicated one with limited available
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data; many centers proceed only after extensive open discus-
sion with the patient weighing the relative likelihood of
adverse effects from pharmacologic principles of the drugs in
question. If anti-HIV medications are to be continued, com-
promised dosing or schedule should be avoided to reduce the
likelihood of resistant viral strains emerging.

Hodgkin’s Disease

The incidence of Hodgkin’s disease has been estimated to be
increased 2.5- to 8.5-fold above that of the uninfected popu-
lation,273–278 with certain geographic groups reporting an
increase of up to 18.3-fold.275 The risk of Hodgkin’s disease
appears to be uniformly increased across the risk groups for
HIV infection, and independent of age or gender.278 The clini-
cal features of the disease in HIV-positive persons are sub-
stantially different from uninfected counterparts with a
higher incidence of advanced-stage disease, B symptoms, and
extranodal disease.279–282 Stage III or IV disease was reported
in 91% of HIV-infected patients compared with 46% in indi-
viduals without HIV.283 Bone marrow may be involved in up
to 50% of patients,284–286 in addition to less common extra-
nodal sites, such as the tongue, rectum, skin, and lung.
Staging procedures should follow guidelines in the HIV-
uninfected population, but with particular care to assess for
coincident infectious causes of B symptoms.

Pathologic features of Hodgkin’s disease are also different
in the HIV-infected individual, with mixed cellularity histol-
ogy more commonly noted.279–281,287 EBV is also much more
frequently detected in the tumor specimens. EBV has been
estimated to be present in 80% to 100% of Hodgkin’s tumors
from individuals with HIV,287–290 typically expressing LMP-1
but not EBNA2.290 The transcription factor Bcl-6, expressed
as noted earlier in germinal center B cells, is present in
Reed–Sternberg cells from both HIV-1-infected and unin-
fected individuals. However, syndecan 1 (a proteoglycan asso-
ciated with the postgerminal center) is restricted to the
HIV-1-positive population,291,292 suggesting that the postger-
minal center B cell may be the cell of origin in HIV-1-related
Hodgkin’s disease. In contrast, the germinal center cell is 
considered to be the source of Reed–Sternberg cells in HIV-
negative patients with Hodgkin’s disease.

Treatment guidelines for patients with Hodgkin’s disease
in the setting of HIV should be the same as those without
HIV. The one caveat is that HIV patients with CD4 depres-
sion should receive prophylaxis for PCP during therapy.

Posttransplant Lymphoproliferative Disease

Epidemiology

Posttransplant lymphoproliferative disease (PTLPD) is a
severe complication of organ transplantation resulting from
iatrogenic immunosuppression. PTLPD is the most common
malignancy in the posttransplantation population; the other
major complicating neoplasms are Kaposi’s sarcoma, basal
cell carcinoma, and cutaneous squamous cell carcinomas,
which are generally less frequent or severe. PTLPD is seen
both early and late after transplantation, with distinct patho-
physiologic factors distinguishing these two settings. In the

immediate posttransplant setting, PTLPD is uniformly EBV
related. The median time to onset of PTLPD has been vari-
ably reported, but was 10 months after surgery in a series of
4,000 consecutive liver transplants in one retrospective
series.293 PTLPD is rarely seen after 5 years posttransplanta-
tion, and its frequency and perhaps time to occurrence are
related to the magnitude of immunosuppression.294 For this
reason, lung and multiorgan transplants are generally associ-
ated with a higher incidence and more rapid onset of disease
than kidney transplants. European centers using regimens
that are less immunosuppressive, generally see less PTLPD
than centers in the United States. In one multicenter study
of more than 50,000 patients, the incidence of PTLPD during
the first posttransplant year was 1.2%, with subsequent years
estimated at 0.3% per year in cardiac transplant recipients,
but these rates vary considerably depending upon the
center.295

A number of features factor into the risk of developing
PTLPD. Perhaps most important is whether the organ recip-
ient is EBV seropositive before transplant and whether the
recipient is a child or an adult. The incidence of PTLPD is
significantly greater (~3-fold) in children, probably because of
the lower incidence of preceding EBV infection, and is approx-
imately 24-fold higher in EBV-seronegative versus EBV-
seropositive recipients.293,296,297 In those not previously
exposed to EBV, primary EBV infection via the graft or from
transfusions during surgery can result in florid lymphoprolif-
erative disease that is generally polymorphic and polyclonal
and responds to reduction in immunosuppression.298

Although often mentioned in conjunction with PTLPD in
previously EBV-infected adults or children, the pathophysiol-
ogy of disease in patients with perioperatively acquired EBV
is distinct, as discussed next.

The extent of immunosuppression is one of several
reported risk factors, and studies have indicated that the ther-
apeutic use of antibodies directed against T cells (for graft
rejection) provide a particular enhancement of risk.299

Alcoholic cirrhosis, and notably, the presence of hepatitis C,
as a cause of liver failure in liver transplants, also appear to
increase the risk of PTLPD, for reasons that are not clear.300

When assessing patients in the posttransplant setting, it
has been reported that elevated titers of EBV viral load in the
blood (more than 25,000 copies/mg DNA) are associated with
the development of PTLPD and have been correlated with a
suppression of EBV-reactive T cells.297,301 Inversion of these
parameters has been associated with improvement in PTLPD,
usually seen in conjunction with a decrease in therapeutic
immunosuppression.

The late-occurring lymphoproliferative disorders seen in
the posttransplant patient are not EBV associated, may be
either B or T cell in origin, and are generally similar to lym-
phoma in the immunocompetent population.

Pathophysiology

Posttransplantation lymphoproliferative disorders often have
a polymorphic histologic appearance that may complicate
diagnosis and likely reflect some of the underlying patho-
physiologic differences within this group. Knowles has 
advocated dividing PTLPD into plasmacytic hyperplasias,
polymorphic lymphoproliferative disorders, and malignant
lymphomas/multiple myeloma.302 The plasmacytic hyper-
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plasias are polyclonal and generally regress spontaneously fol-
lowing withdrawal of immunosuppression. The malignant
lymphomas are monoclonal, possess a variety of genetic alter-
ations, and generally progress despite aggressive therapy. The
polymorphic lymphoproliferative disorders are also mono-
clonal but display variable clinical behavior, their progression
and response to chemotherapy apparently correlating with
Bcl-6 gene mutation.302–304 These correlations between 
clonality and mutation, with responsiveness to alteration 
of immunosuppression, support the following model. In the
posttransplant setting, EBV reactivation induces a reactive
lymphoid hyperplasia. The lifting of pharmacologic suppres-
sion results in restoration of the ability to control the conse-
quences of EBV lytic replication through rejuvenated CTL
responsiveness. The recalcitrance of some more blastoid
PTLPD tumor types to the lifting of immunosuppression sup-
ports the notion that these tumors represent a fundamentally
different disease process. EBV may serve as an initiation
factor in this subset, but progression may be secondary to
genomic mutation and resultant dysregulation of the cell
cycle; thus, restoration of an anti-EBV CTL response may no
longer be sufficient to control a rapidly progressive tumor.

Overall, PTLPD may be regarded as a relatively straight-
forward failure of immune control of EBV. Pharmacologically
induced immunosuppression is clearly the central factor in
the susceptibility, and may serve as a model for the genesis
of similar lymphomas in the broader context of autoimmune
disease and congenital immunodeficiency. Other genetic
traits (e.g., a polymorphism in the hMSH2 DNA mismatch
repair gene)305 and environmental factors (e.g., alcohol use)306

likely also contribute to lymphomagenesis in these patients,
but any discussion of causation must begin with a focus on
the host interaction with chronic EBV infection.

Despite its ubiquity as a chronic infecting agent in more
than 90% of adults worldwide, EBV was first identified in
1964 by a British team307 that found viral particles in tumor
biopsies from patients with the endemic non-Hodgkin’s lym-
phoma subtype first identified in African children by Burkitt
in 1958.308 B lymphocytes appear to be the most important
targets of primary infection through exposure to oral secre-
tions. Patients with the infectious mononucleosis symptom
complex demonstrate activated B-cell blasts in the paracorti-
cal region of the tonsils.309 EBV-infected T cells and oropha-
ryngeal epithelial cells are only rarely identified during acute
mononucleosis.310 Viral particles release their double-
stranded linear DNA in the B-cell cytoplasm, subsequently
circularizing and surreptitiously assuming control of cellular
replication. This viral episome is transcriptionally active in
as few as 3 of the 90+ viral genes.311 As many as 10 latency
genes are active in in vitro transformed B cells, which are suf-
ficient to cause a relative immortalization of the host cell.
This parsimony of viral gene expression is believed to con-
tribute significantly to the ability of the virus to hide from
immune recognition in the normal host.

Independent of the immunosuppression factor, the spe-
cific steps leading to transformation of infected B lympho-
cytes are still poorly understood. Three different latency gene
expression patterns have been described in most EBV-related
lymphomas as previously noted, constituted by different
combinations of the 10 genes expressed in B-cell lines trans-
formed in vitro. All three patterns are represented among
PTLPD patients, with the full complement expressed in poly-

morphic lymphoproliferative disease and a more restricted
expression profile in monoclonal lymphomas.310

Successful suppression of viral replication is maintained
in large part by the generation of cytotoxic T cells directed
against several splice products of the Epstein–Barr nuclear
antigen (EBNA) genes. The ability of renal transplant patients
who develop PTLPD to respond to therapy (acyclovir treat-
ment and a decrease in immunosuppression) has been shown
to correlate with the recovery of the CD8+ CTL population.312

This finding suggests that the mechanism behind regression
of PTLPD in the setting of the withdrawal of immunosup-
pression is the release of pharmacologic impairment of CTL
function. Because of the ubiquity of EBV infection in PTLPD,
it is tempting to speculate that the invigoration of CTL func-
tion restores a previously suppressed ability to control EBV
in these patients. Indeed, administration of autologous EBV-
specific CTL has also been shown to induce regression of
PTLPD in both renal transplant patients313 and following allo-
geneic bone marrow transplantation.314 One of these studies313

found that in three patients with EBV reactivation in associ-
ation with lymphoproliferation, serum EBV DNA concentra-
tions dropped as much as three logs, back to the control range,
within a month after CTL infusion.

Although PTLPD is generally due to EBV if seen in the
first 2 years posttransplant, there can be rare cases of EBV-
negative tumors, including KSHV-related primary effusion
lymphomas. Primary effusion lymphoma associated with
KSHV in the tumor has been reported in the heart allograft
of a patient who had a prior history of Kaposi’s sarcoma.315

Clinical Biology

PTLPD after solid organ transplantation often presents as
lymphadenopathy or a mass. As with AIDS-related lym-
phomas, extranodal involvement is common. Sites of partic-
ular proclivity are the CNS and the gastrointestinal tract. A
site not uncommonly involved is that of the allograft itself,
where presumably the antigenic stimulation is greatest in
magnitude and perturbations in immune regulation may be
most dramatic. The transplanted organ has been estimated to
be involved in about 20% of cases involving heart, lung, or
liver transplants. Depending on the nature of the lymphoma-
tous infiltration, distinguishing between PTLPD and graft
rejection may be difficult and may require biopsy and sup-
portive clinical information, such as EBV viral load.

The clinical approach to patients with PTLPD is gener-
ally multistep and involves reduction in immunosuppression,
as tolerated. Antiherpesvirus agents are often given, though
their use outside the context of primary EBV infection is
highly controversial. These antiviral medications generally
target the viral thymidine kinase, a gene expressed only
during the lytic replication phase of the viral life cycle. Con-
sequently, use of these drugs is appropriate in PTLPD result-
ing from primary EBV infection in recipients who were EBV
seronegative at the time of transplant. In contrast, these
antivirals are unlikely to affect the predominantly latent 
viral gene expression seen in PTLPD of the polymorphic 
or monoclonal type. In patients who do not respond to 
reduction in immunosuppressive drugs or are critically ill 
at presentation, treatment with the anti-CD20 monoclonal
antibody rituximab may be highly successful.316–318 The use of
rituximab has been reported only in limited studies to date,
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but the results are highly encouraging. The apparent toxici-
ties are relatively few, although hypogammaglobulinemia is
an expected and potentially important clinical outcome.
Interestingly, rituximab induces a reduction in EBV viral load,
but this reduction does not exactly correlate with antitumor
effect. Quite probably different populations of B cells are pro-
ducing EBV versus those that are malignant.319 For those
patients who are refractory to anti-CD20, other antibody ther-
apies may be useful, but no published results are available.
Cytotoxic chemotherapy is another alternative, although the
sensitivity of patients to the toxic side effects of these agents
is increased.320

Drug-Associated Risk for Lymphoma in
Autoimmune Disease Patients

The relationship between treatment for rheumatoid arthritis
and the development of lymphoproliferative disorders is con-
troversial, with numerous suggestive case reports321 but no
validation in large series.322 Early studies had shown an
increased risk in patients receiving cyclophosphamide323 or
chlorambucil,324 but neither of these drugs has been widely
used in rheumatoid arthritis since the advent of methotrex-
ate therapy in the 1980s and the very effective biologic agents
in the late 1990s. As indicated in Figure 96.3, these agents are
associated with some risk for development of lymphoma.

The possibility of treatment-associated lymphoma has
been a cause of great recent concern, particularly that asso-
ciated with the most frequently used drug in rheumatoid
arthritis, methotrexate.325 The dilemma at the heart of this
analysis has been whether methotrexate use is a surrogate
marker for those patients with the most severe disease and
thus possibly the highest risk of disease-associated lym-

phoma. However, many of these NHL cases have demon-
strated a tumor regression following cessation of methotrex-
ate therapy. If not a causative relationship, this observation
suggests that there is something unique about the immuno-
suppression induced by the drug that leads to lymphoma in
this disease context. One analysis of 9 new cases and review
of 28 published cases326 found that 10 of 16 patients who were
diagnosed with lymphoma at the time of methotrexate dis-
continuation, subsequently experienced a complete or partial
spontaneous remission with no other therapy. Of these
responders, 8 of the 9 who were studied showed evidence of
EBV infection in the tumor. Only 1 of 6 without evidence of
EBV responded to methotrexate withdrawal. A more recent
prospective study was performed seeking to identify all
rheumatoid arthritis patients in France over a 3-year period
who developed lymphoma while on methotrexate.327,328 The
estimated annual incidence of NHL was 33.3 per 100,000 pop-
ulation for male rheumatoid arthritis patients treated with
methotrexate and 16.7 per 100,000 for women. The stan-
dardized mortality ratio was 1.07, based on the observed NHL
incidence in the general French population when adjusted for
age and gender, suggesting no increased risk of NHL for these
rheumatoid arthritis patients. In contrast, the standardized
mortality ratio for Hodgkin’s disease was 7.4, with 27.8 cases
per 100,000 treated male patients and 2.8 per 100,000 women.
The number of cases identified in this study was much higher
than those expected, based on U.S. population incidence 
of Hodgkin’s disease, and this association has not been 
previously reported.

One is tempted to speculate that the success of
methotrexate in treating the systemic inflammation in
rheumatoid arthritis patients could decrease the established
risk of NHL generally, while causing a small increase in the
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FIGURE 96.3. Lymphoma development in rheumatoid arthritis
(RA) patients treated with immune-modulating therapy. Figure
depicts the number of months from the start of therapy to the devel-
opment of lymphoma, with bars showing the 5th and 95th per-
centiles. Lymphoma incidence in this study of 18,572 RA patients in
the National Data Bank for Rheumatic Diseases, at the University of
Kansas School of Medicine, showed overall standard incidence ratio

(SIR) for lymphoma of 1.9 (95% CI, 1.3–2.7). SIR for lymphoma was
2.9 (95% CI, 1.7–4.9) in patients receiving biologics, 2.6 (95% CI,
1.4–5.0) in those receiving infliximab, with or without etanercept,
and 3.8 (95% CI, 1.9–7.5) in patients treated with etanercept, with or
without infliximab. Results do not show an increased SIR in patients
receiving MTX compared with those who were never exposed to
MTX. (From Wolfe,330 by permission of Arthritis Rheumatism.)



risk for both Hodgkin’s disease and NHL associated with 
dysregulation of anti-EBV immunity. The overall result might
be neutral with regard to the lymphoma incidence in
methotrexate-treated patients, at least as concerns NHL. An
important new study has suggested that all-cause mortality
is strongly decreased in rheumatoid arthritis patients who are
treated with methotrexate, particularly cardiac-related
death.329 All in all, cytotoxic treatments for rheumatoid
arthritis are unlikely to play a significant role in the genesis
of the increased susceptibility to non-Hodgkin’ lymphoma,
and the balance of benefit for disease activity and overall mor-
tality strongly favor the use of drugs, such as methotrexate.

Since the 1990s, rheumatologists have achieved dramatic
success in treating many types of inflammatory arthritis with
a new class of biologic agents that block the effects of TNF-
a. Roughly 80% of patients experience significant responses
in the first week of therapy with these agents, compared with
the 6 to 8 weeks that typically elapse before the first benefits
of methotrexate therapy. However, MedWatch postmarketing
surveillance for adverse events among patients with either
rheumatoid arthritis or Crohn’s disease, identified 26 cases of
lymphoproliferative disorders following treatment with etan-
ercept (18 cases) or infliximab (8 cases). A third drug, adali-
mumab, was more recently FDA approved (December 2002),
and has been reported preliminarily to be similarly associated
with increased risk330; 81% of these cases were non-Hodgkin’s
lymphomas, primarily diffuse large cell phenotype. Lym-
phoma-related symptoms typically developed in only a
median of 8 weeks after initiation of etanercept or 6 weeks
after starting infliximab therapy. In 2 cases, 1 apiece for each
drug, lymphoma regression occurred (similar to the experi-
ence with methotrexate) following discontinuation of anti-
TNF therapy without specific cytotoxic lymphoma therapy.
Besides the 16 etanercept-treated patients with NHL, 1 case
each of thymoma and Hodgkin’s disease was reported. Also
of note, 13 of 18 patients were simultaneously or previously
treated with methotrexate. Among the infliximab patients,
most of whom were being treated for Crohn’s disease, 5 devel-
oped NHL, and the other 3 had Hodgkin’s. In the year fol-
lowing publication of this report, the authors noted an
additional 68 case reports, with 54 classified as probable med-
ication-associated lymphomas (29 infliximab, 25 etanercept),
and 14 as possible medication-associated lymphomas (10
infliximab, 4 etanercept).331

More recently, another group studied 18,572 patients with
rheumatoid arthritis (RA) enrolled in a national databank for
rheumatic disease. About a third of the lymphoma cases were
logged prospectively. The overall standard incidence ratio
(SIR) for lymphoma was 1.9 [95% confidence interval (CI),
1.3–2.7]. The SIR for biologic agent use was 2.9 (95% CI,
1.7–4.9), for etanercept was 3.8 (95% CI, 1.9–7.5), and for
infliximab was 2.6 (95% CI, 1.4–4.5). They found a SIR for
methotrexate of 1.7 (95% CI, 0.9–3.2). Duration of RA did not
influence lymphoma risk. Factors predisposing to lymphoma
in this patient group were increasing age [odds ratio (OR), 1.7
for each 10 years], male gender (OR, 2.6), and to a minor
degree, the level of education (a variable that correlated with
likelihood of receiving TNF blockers).

There is a biologically plausible explanation for an asso-
ciation between TNF inhibition and tumor development.
TNF knockout mice that are transgenic for a B-cell differen-
tiation factor (BAFF), have a significantly increased incidence

of lymphoma compared with the transgenic mice alone.332

This finding may reflect the several decades of work in tumor
immunology that had suggested that TNF is part of the body’s
armamentarium in fighting tumor development. Treatment
with these agents is clearly a surrogate marker for the sicker
patients, but also appears to represent an independent risk
factor for lymphoma.330

Looking prospectively at the use of another class of bio-
logic agents, the IL-1 receptor antagonists, preliminary data
with relatively short follow-up for 233 patients, found no
cases of lymphoma. Similarly, there were no cases among
patients treated with leflunamide, a newer cytotoxic agent
used in place of methotrexate but sullied by problems with
comparatively greater hepatotoxicity.330
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Cancer in the Older
Population

Karim S. Malek and Rebecca A. Silliman

Epidemiology

Cancer Burden in the Older Population

Advancing age comes bundled with increased cancer inci-
dence and mortality.1,2 Indeed, the median age at diagnosis of
all cancers combined is 69 years for men and 67 for women.3

Age-adjusted cancer incidence is 10 times higher in the 65+
population compared to their younger counterparts (2,151.2
versus 208.8/100,000 persons).2 Similarly, age-adjusted cancer
mortality is 15-fold higher in the 65+ population (1,068.2
versus 67.3/100,000 persons).2 Figure 97.1 illustrates the pro-
portions of the commonest cancers incidence and mortality
in the 65+ population.4 As a result, although the total U.S.
population is expected to grow by 9% between 1990 and 2010,
the incidence of cancer is expected to increase by a dispro-
portionate 32% in the same time frame.5,6 These trends are
mirrored in countries across the globe.7,8

These figures have pressed many private and public insti-
tutions to sponsor the development of geriatric oncology as a
separate subspecialty. Recent literature has seen a surge in the
number of seminal publications specifically devoted to the
management of older patients with cancer.9–12 Geriatric oncol-
ogy is a rapidly growing field and, although not exhaustive,
this chapter outlines the challenges that are unique to this
new discipline and briefly explores future research directions.

How Old Is Old?

Physiologically, however, there are no data to favor one par-
ticular age cutoff over the other. Although chronologic aging
and organ function decline with advancing age are undeniable
realities, individual organ functions decline at different rates
in different persons.

Practical Approach to Geriatric Oncology

Geriatric oncologists are faced with a two-sided challenge: on
the one hand, they have to carefully select evidence-based
data that are applicable to older cancer patients from an ever-
expanding oncology literature addressed to a wider audience.
This is a difficult task given the limited representation of
older individuals in cancer clinical trials.13 Indeed, even after
removing age as an exclusion criterion from collaborative
group trials, only 13% of all participants in Southwest Oncol-
ogy Group (SWOG) and 8% of all participants in European

Organization for Research and Treatment of Cancer (EORTC)
clinical trials are older than 70 years14,15 compared to 47% of
the total U.S. population with cancer in the same age group.14

A retrospective review of National Cancer Institute (NCI)-
sponsored clinical trials active between 1997 and 2000
yielded similar conclusions.16 On the other hand, treating
cancer in older patients requires that four unique points be
addressed: (1) estimating the patient’s life expectancy; (2) 
evaluating the patient’s comorbidities and functional status;
(3) increased susceptibility to treatment toxicity in older
patients; and (4) putting treatment benefits in perspective:
absolute versus relative gains.

Estimating the Patient’s Life Expectancy

Although the average life expectancy of the general popula-
tion has doubled in the last century, it is important to note
that those who live close to or beyond the average expectancy
are not condemned to imminent death but, on the contrary,
have the highest odds of surviving even longer.17 The average
life expectancy at ages 65, 75, and 85 years is respectively,
17.5, 11.2, and 6 years.18 This concept is key in avoiding the
temptation of undertreating older patients based solely on
their advanced age.12,19

Evaluating the Patient’s Comorbidities and
Functional Status

Eighty percent of individuals who are 65 years of age and older
have at least one comorbidity.20 The interaction of comor-
bidity and cancer is a very complex one and is the subject of
the following detailed discussion. Comorbidities are inde-
pendent predictors of survival in cancer patients.21,22 Account-
ing for them is an essential step in the management of older
patients with cancer.

There are many tools to assess comorbidity with variable
content and different goals,23–26 but there is no consensus on
which one to use in routine geriatric oncology. Additionally,
these tools often require lengthy administration, rendering
them less practical for regular use in a busy oncology prac-
tice. For example, the Multidimensional Assessment of
Cancer in the Elderly (MACE), although specifically devel-
oped to evaluate comorbidity in older cancer patients,
requires 27 ± 7 minutes for scoring.27 We and others have
implemented shorter screening questionnaires as a practical
substitute to exhaustive geriatric assessment scales (Table
97.1).28,29 This screening questionnaire can often be self-
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A

FIGURE 97.1. (A) Age-adjusted cancer incidence in the 65+ population. (B) Age-adjusted cancer mortality in the 65+ population. [Data 
from Ries et al. (eds) SEER Cancer Statistics Review, 1975–2000. Bethesda, MD: National Cancer Institute, 2003.
http://seer.cancer.gov/csr/1975_2000.]

B

TABLE 97.1. Geriatric screening questionnaire.

To be filled by the patient (Yes/No)

1. Have you lost 10 pounds or more in the last 6 months without trying to do so?
2. How are you able to walk?

Independent
Assist Cane Walker
Dependent

3. (A) In the past year, have you ever lost your urine and gotten wet?
(B) If you have answered “Yes” to the above question, have you lost urine on at least 6 separate

days?
4. Are you able to:

• Do strenuous activities, like fast walking or biking?
• Do heavy work around the house like washing windows, walls or floors?
• Go shopping for groceries or clothes?
• Get to places out of walking distances?
• Bathe (either a sponge bath or tub bath) or shave?
• Dress, like putting on a shirt, buttoning or zipping, or putting on shoes?

5. Do you feel that your needs at home are not being met?

To be filled by healthcare professional

6. Do you feel unsafe or threatened by someone around you?
7. Do you often feel sad or depressed?
8. I am going to give you the names of three objects. Please repeat them after me: “Apple, penny,

table”.
Recall at 1 minute: (of 3)

Source: Adapted from Reuben and Moore et al.28,30



administered by the patient with minimal help from family
members. The sensitivity, specificity, positive, and negative
predictive values of the questionnaire items are well estab-
lished.30 Results of the screening test are reported as part of
the initial geriatric oncology evaluation, and the test can be
subsequently repeated at the physician’s discretion. Patients
who perform poorly in the initial screening test are candidates
for referral to a geriatrician who would then perform a com-
prehensive geriatric assessment.

Increased Susceptibility to Treatment Toxicity in
Older Patients

This susceptibility is the subject of ongoing research and is
one of the main barriers to extrapolating clinical trial data
obtained from younger trial participants to older cancer
patients. Older patients are more susceptible to the side
effects of chemotherapeutic agents.31 Additionally, cancer
treatment modalities may affect older patients in a unique
fashion. For example, a chemotherapeutic agent that causes
peripheral neuropathy may worsen imbalance in an older
individual and increase his or her risks of falling and the sub-
sequent morbidity that ensues. Increased treatment toxicity
may also negatively affect an often-compromised quality of
life. The common problem of polypharmacy in older age
increases the likelihood of drug–drug and/or drug–food inter-
actions.32–34 The impact of treatment modalities on older
cancer patients is detailed below.

Putting Treatment Benefits in Perspective:
Absolute Versus Relative Gains

Barring untoward side effects, a treatment that offers a 25%
relative reduction of mortality at 10 years may be an attrac-
tive modality for a 65-year-old patient, whose average life
expectancy is otherwise 17.5 years. The same relative risk
reduction may not, however, represent a significant survival
gain in an 85-year-old with the same disease stage and whose
life expectancy is limited to 6 years. Treatment gains and side
effects should be carefully weighed against the individual’s
life expectancy and quality of life. How comorbidities affect
life expectancy is also an integral part of the equation.21,22

Comorbidity and Cancer

Importance of Integrating Comorbidity and Cancer

Comorbidity is defined as the presence of more than one con-
comitant chronic health condition in an individual. Condi-
tions, such as diabetes, hypertension, and/or other age-related
conditions, such as limited self-reliance, dementia, malnutri-
tion, or incontinence, represent a problem of significant 
magnitude while managing older patients. Eighty percent of
individuals who are 65 and older have at least one comorbid-
ity; 30% have three or four and 15% have seven or more such
conditions.20,21 Comorbidity and cancer interact intimately.
On one hand, comorbidities affect cancer in multiple ways:
They influence survival, independent of patients’ age and/or
tumor stage.22,35 They compete with cancer as a cause of death
and increase the risks of disability among cancer patients.21,36

Their presence is often associated with the receipt of less

definitive cancer therapy,37 which in turn leads to poorer
treatment outcomes.12 On the other hand, cancer and its
treatment modalities, even the adjunct ones, may affect 
preexisting morbidities. For example, steroids are potent
antiemetics but they can wreak havoc on diabetic control.
Similarly, erythropoietin is an effective treatment for cancer-
related anemia, but it can worsen hypertension. This is 
especially true given that older patients are generally more
susceptible to developing treatment-related side effects.31 The
concomitant management of comorbidities and cancer pre-
sents its own challenges, because primary and specialty care
may not always be well coordinated. Patients themselves may
not think that the continued management of other conditions
is as important after a cancer diagnosis is established.

An important aspect of integrating comorbidities and
cancer is the understanding of their impact on clinical trials
in older cancer patients. Patients with severe organ dysfunc-
tion are often excluded from clinical trials, limiting the
applicability of the trial results to such groups of patients.
Comorbidities may also introduce a confounding bias in the
results of cancer clinical trials.38 The presence of multiple
comorbidities may increase morbidity and mortality in any
given trial, outweighing its projected benefits. Care should
therefore be exercised in the extrapolation of trial outcomes
to older cancer patients. The interaction of cancer and comor-
bidity can be better accounted for through patient stratifica-
tion by severity and/or number of existing morbidities and/or
balanced randomization.38

Sources of Comorbidity Data

Multiple sources could be exploited to collect comorbidity
data and they should ideally be used in a complementary
fashion: (1) medical records, (2) medical interviews, and (3)
administrative datasets. The computerization of billing
information has resulted in large databases, often coded using
ICD-9-CM nomenclatures.

Note should be made that some comorbidities are often
overlooked and therefore underrecorded in routine clinical
practice. Depression and anxiety are classic examples of
under-recognized morbidities.39,40 Others include fatigue,
malnutrition, pain, and/or anemia.

Comorbidity Indices

There are multiple tools to evaluate and score morbidities,
each with different goals and outcomes.22,25,27,41–45 Their
description is outlined in Table 97.2. As stated earlier, there
is no consensus on which tool is best adapted to routine clin-
ical practice.24,26

Quantification of the Impact of 
Comorbidities on Cancer

This area has largely benefited from the work of Yancik 
et al.21 Using an established model of high-, moderate-, and
low-impact comorbidities,46,47 the relationship between select
comorbidities and increased mortality risk was examined in
a cohort of colon cancer patients who were 55 years and older
(Table 97.3).21 Patients with five or more comorbidities were
also found to have lower survival rates than those with four
or fewer (Table 97.4). Other studies had also reached similar
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conclusions in breast cancer patients, where those with an
increasing number of comorbidities had a progressively lower
relative risk of dying of their breast cancer compared to all
other causes combined.22

Cancer Screening in Older Individuals

Cancer screening in older individuals comes with its own sets
of problems and characteristics.48 (1) The characteristics of 
a given screening test may change with age. For example, 
the sensitivity and specificity of mammography gradually
increases with advancing age.49 Similarly, the specificity of
prostate-specific antigen (PSA) screening for prostate cancer
decreases with age because of the increased prevalence of
benign prostatic hyperplasia. (2) Tumors may have a different
biology in older patients (e.g., slower growth rate),50 leading

to an increased detection of slowly growing tumors, known
as length–time bias. (3) Older individuals have a shorter life
expectancy compared to younger counterparts, by virtue of
their advanced age or associated comorbidities. The detection
of an asymptomatic tumor may not translate into a longer
survival in the older individual, therefore questioning the
rationale of screening at extremes of age. In general terms, the
effect of screening is evident 3 to 5 years later, and the value
of screening may be therefore limited in individuals with
shorter life expectancy.51,52 (4) This overdetection of clinically
nonsignificant tumors may lead to treatments that adversely
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TABLE 97.2. Commonly used comorbidity indices.

Description Advantages Disadvantages

Charlson Index25 Provides an overall score based on a Shorter administration time than No measure of severity of comorbidity
composite of values assigned to ICED No functional evaluation
19 comorbidity conditions; Validated in breast cancer patients Dichotomous
estimates risk of death from Derived from medical records
comorbid conditions

Satariano and Ragland22,23 Modified Charlson index providing Validated in breast cancer patients No measure of severity of comorbidity
survival estimates in breast No functional evaluation
cancer

Index of Co-Existing Integrates measures of 10 Provides functional evaluation Average overall reliability (kappa, 0.5–0.6) 
Diseases (ICED)44 functional areas, each divided Provides an estimate of severity of and

into three levels of severity; disease Index of Disease Severity subindex
chart-based review (kappa, 0.4–0.5)

Kaplan and Feinstein43 Assigns scores from 1 to 3 to Provides and estimate of severity of No functional evaluation
comorbidity in various organ disease
systems Validated in several cancers,

including breast, prostate, and 
head and neck

Multidimensional Integrates measures of comorbidity, Validated in cancer patients Lengthy administration (27 ± 7min)
Assessment of Cancer in functional status, depression, Provides a structured evaluation of

the Elderly (MACE)27 balance, physical function and functional status
disability

Multiple Informants Combined scoring of the Charlson, Superior in estimating the overall Lengthy administration (average, 30 
Analysis42 ICED, PS and American Society effect of comorbidity than minutesa)

of Anesthesiologists Index separate models that included 
only one index

a T. Lash, personal communication.

Source: Data from Charlson et al.,25 Greenfield et al.,44 Feinstein et al.,41,43 Satariano et al.,22,23 Monfardini et al.,27 and Lash et al.42

TABLE 97.3. Relationship of overall survival to total comorbidity
in a cohort of colon cancer patients.a

No. of 95% confidence
comorbidities Risk ratio interval

0–2 (Reference group)
3 1.33 (0.98, 1.80)
4 0.96 (0.68, 1.36)
5–6 1.44 (1.10, 1.90)
7–14 1.85 (1.39, 2.46)
aAdjusted for age group, gender and colon cancer stage.

Source: From Cancer Vol. 82, 1998, pp. 2123–2134.21 Copyright 1998 Ameri-
can Cancer Society. Reprinted by permission of Wiley-Liss, Inc., a subsidiary
of John Wiley & Sons, Inc.

TABLE 97.4. Specific comorbidities and mortality risk ratio in a
cohort of colon cancer patients.

95% confidence
Comorbidity Mortality risk ratio interval

Liver disease 3.04 (1.74, 5.30)
Other serious comorbidity 2.33 (1.53, 3.55)
Alcohol abuse 2.20 (1.23, 3.93)
Deep vein thrombosis 2.06 (1.23, 3.47)
Renal failure 1.99 (1.21, 3.29)
COPD 1.67 (1.34, 2.08)
Depression 1.63 (1.12, 2.38)
Thyroid/glandular disease 1.49 (1.09, 2.03)
Heart disease (high-impact) 1.48 (1.21, 1.82)
Diabetes mellitus 1.37 (1.05, 1.79)
Anemia 1.25 (1.04, 1.51)

Source: Data from Yancik R, Wesley M, Ries L. Comorbidity and age as pre-
dictors of risk for early mortality in male and female colon cancer patients: A
population-based study. Cancer 1998;82:2123–2134. Copyright 1998 American
Cancer Society.



affect the quality of life of the older individual and may rep-
resent an unjustified healthcare cost to the community.51

Breast Cancer Screening in Older Individuals

Breast cancer remains the leading cancer by incidence in
women in the United States. Annual incidence is expected to
top 217,000 new cases in 2004, and 48,000 women are
expected to die of their disease in the same time period,
making breast cancer-specific mortality second only to lung
cancer. Breast cancer screening is an attractive intervention
in an attempt to reduce breast cancer mortality, but data are
restricted to mammography.

Mammography

Mammography is considered the standard approach to breast
cancer screening and is thought to reduce breast cancer mor-
tality by 20% to 40% in women who are 50 to 70 years of age
at the time of their first screening.53–56 Fewer studies have,
however, looked at the impact in women in the 70 or older
age group. One retrospective, one case-control and two ran-
domized clinical trials did include patients who were 70 years
or older (Table 97.5). The case-control Dutch study suggested
that screening mammography was associated with reduced
breast cancer mortality in women who were 65 to 74 years of
age [relative risk (RR), 0.34; 95% confidence interval (CI),
0.12–0.97], but not in women who were older than 75.57 Sim-
ilarly, the large retrospective SEER study showed that screen-
ing mammography reduces the relative risk of breast cancer
mortality by about one-half.58 In women who were at least 69
years of age, mammography screening in the 2 years preced-
ing a diagnosis of breast cancer was also found to eliminate
the age-related disparities in size and stage of the breast tumor
at diagnosis.59 The results of the two randomized trials were
less conclusive, with a meta-analysis showing that the rela-
tive risk of breast cancer mortality is 0.94 (95% CI, 0.6–1.6)
in women aged 70 to 75 years.56 In addition to the reduction
in breast cancer mortality, a retrospective cohort of more than
690,000 women aged 66 to 79 years, showed that screening
mammography was associated with a decreased risk of detect-
ing metastatic breast cancer (RR, 0.57; 95% CI, 0.45–0.72) and
increased chances of detecting localized breast cancer (RR,
3.3; 95% CI, 3.1–3.5).

The U.S. Preventive Services Task Force analyzed the
cost-effectiveness of continued screening after age 65. It was
estimated that extending the biennial screening to age 75 or
80 years costs between $34,000 and $80,000 per life-year
gained, compared to stopping the screening at age 65. This
was thought to be a reasonable cost and that targeting healthy
older women may be more cost-effective than extending

screening to those with multiple competing causes of
death.60,61

Overall, evidence-based data support screening mammo-
grams at least until the age of 75. The absence of data in older
women should not be interpreted that no such benefit exists,
at least on an individual basis. It is the authors’ opinion that
mammograms should continue to be offered based on indi-
vidual life expectancy and associated morbidities.

Screening for Colorectal Cancers

Fecal Occult Blood Testing

Three randomized controlled trials have previously demon-
strated that annual or biennial fecal occult blood testing
(FOBT) reduces colorectal cancer mortality in patients who
are 50 to 80 years of age.62–65 One prospective study followed
46,551 individuals for an average of 18 years and demon-
strated that annual and biennial FOBT significantly also
reduce the incidence of colorectal cancer (0.80 and 0.83 
for annual and biennial screening, respectively).66 One-time
screening with FOBT and sigmoidoscopy still failed to detect
24% of colorectal cancer in 2,885 individuals who were 50 to
75 years of age.67 There are no data on the value of screening
in individuals who are older than 80 years. Similar to breast
cancer patients reaching an extreme age, individualized deci-
sion should be made regarding screening based on life
expectancy and existing comorbidities.

Endoscopy Screening

The value of endoscopy screening has been elegantly outlined
elsewhere.68,69 Two case-controlled trials showed that serial
flexible sigmoidoscopies or colonoscopies are associated 
with reduced colorectal cancer mortality.70,71 The value of
colonoscopy over sigmoidoscopy in detecting advanced colo-
rectal cancer has been demonstrated in the study of 3,121
patients with a mean age of 62.9 years, of whom 19% were
older than 69. Patients with small (less than 10mm) or large
(10mm or larger) distal adenomas were more likely to have a
proximal colon cancer than those who did not have any distal
lesion [odds ratio (OR), 2.6; 95% CI, 1.7–4.1 and OR, 3.4; 95%
CI, 1.8–6.5, respectively].72 Colonoscopy every 10 years is also
more cost-effective than sigmoidoscopy every 5 years.73

Prostate Cancer Screening

Digital Rectal Examination (DRE)

Annual DRE has long been part of prostate cancer screening.
It remains, however, operator dependent, and two prospective
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TABLE 97.5. Mammography screening for breast cancer in the older population.

Risk ratio
Age of population Screening interval (RR) of breast cancer

Study Design screened (years) (number of examinations) mortality

Kopparberg Randomized controlled 40–74 24–33 months (5–6) 0.64
Ostergotland Randomized controlled 40–74 24–3 months (5–6) 0.74
Dutch Case-control 70–75 — 0.58
SEER Retrospective ≥70 ≥10 months (0–2) 0.4

Source: Data from Nystrom et al.,53 van Dijck et al.,57 and McCarthy et al.58



studies have demonstrated its inferiority to annual PSA mea-
surements.74,75 No study has yet demonstrated that DRE
reduces prostate cancer mortality.

Prostate-Specific Antigen (PSA)

Two randomized controlled trials have demonstrated the
value of PSA in reducing prostate cancer mortality.76,77 PSA is
usually performed annually; however, less frequent screening
may be as effective in select cases (every 5 years in men with
PSA less than 1ng/ml and every 2 years in men with PSA in
the 1- to 2-ng/ml range). Ultrasound-guided prostate biopsy is
recommended once PSA is higher than 4.0ng/ml; however,
this cutoff was demonstrated to miss an impressive 65% of
prostate cancers in older individuals.78 The use of the per-
centage of free PSA level was proposed as a means to in-
crease the test specificity in men with benign prostatic 
hyperplasia.79

Specific Cancer Management Issues in the
Older Population: Treatment Modalities

Older cancer patients benefit from the same treatment modal-
ities widely used in the management of cancer, including
surgery, radiation therapy, and chemotherapy. The following
section highlights how these modalities are applied to older
cancer patients. It is important to note, however, that treat-
ment choices in older patients go beyond the mere age-
associated physiologic and/or pathologic changes. Older
patients often have a different outlook on life, caring more
about their quality of life rather than longevity; how they opt
for one therapeutic modality over the other has not been fully
studied. Additionally, social and/or financial considerations
may ultimately affect their choice. For example, lumpectomy
followed by radiation therapy for breast cancer has yielded
similar survival results as a more extensive mastectomy;
however, older patients may still opt for mastectomy because
it obviates the need for postoperative radiation therapy, which
would requires additional logistic arrangements over several
weeks.

Cancer Surgery in the Older Patient

Surgery is an integral part of a multimodality approach to the
treatment of most cancers; its use is very frequently a pre-
requisite for treatment plans with a curative intent. Geriatric
surgery has been the subject of excellent reviews else-
where.80–82 The following section highlights some of its most
salient aspects.

Increased Operative Risks in Older Age

Age-related physiologic changes and accumulating comor-
bidities continue, however, to expose older patients to spe-
cific risks.83–86 These changes involve all major organ systems,
as summarized in Table 97.6. The mortality risks of a select
number of surgical interventions in older patients are out-
lined in Table 97.7.

Preoperative Risk Assessment

Careful preoperative evaluation of older patients is a crucial
step in estimating operative risk and planning interventions
to reduce it to a minimum.87 Controversy persists on how
extensive preoperative risk assessments should be.88–91 Of
interest, several preoperative risk assessment scales consider
age per se as a factor that increases the risks of an adverse
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TABLE 97.6. Age-related changes and increased surgical risks.

Physiologic and pathologic age-related
Organ system changes Surgical risks

Cardiovascular Increased atherosclerosis Increased sensitivity to fluid shifts
Increased risk of arrhythmias Increased risk of cardiac ischemia
Decreased ventricular distensibility Increased risk of congestive heart failure
Increased dependence on pre-load

Kidney Decreased renal mass Risks of acid–base balance disturbances
Decreased renal blood flow Risk of electrolytes imbalance
Decreased glomerular filtration Increased sensitivity to renally cleared drugs

rate (GFR) Increased risk of renal ischemia
Liver Decreased hepatic mass Increased sensitivity to hepatically cleared

Decreased hepatic blood flow drugs
Pulmonary Decreased pulmonary volumes Risk of postoperative atelectasis

Decreased compliance Risk of postoperative pneumonia
Decreased ciliary function

Central nervous Decreased cerebral mass Difficulty obtaining informed consent
system Decreased cerebral blood flow Risk of postoperative delirium

Dementia Slow postoperative recovery and prolonged
hospitalization

TABLE 97.7. Mortality from select surgical procedures in older
patients.

Average mortality 
Surgical procedure risk (%)

Breast cancer surgery158 0.5–1.5
Elective colorectal cancer surgery159–161 6–15
Emergent colorectal cancer surgery160,161 15–53.5
Gastric resection162–164 5–15
Liver resection (primary or secondary tumors)165 4
Pancreatic resection175 6

Source: Data from Busch et al.,158 Hesterberg et al.,159 Arnaud et al.,160 Mulcahy
et al.,161 and Bonenkamp et al.162 Viste et al.,163 Tsujitani et al.,164 Fong et al.165



cardiac event in noncardiac surgical interventions. For
example, age greater than 70 years contributes 5 points to 
the Goldman index of cardiac risk in noncardiac surgical 
procedures.92,93 Similarly, being 80 years of age or older 
automatically puts a patient in class II (of a possible V) in 
the American Society of Anesthesia (ASA) scale.94 However,
these scales remain heavily weighted by the presence 
or absence of comorbid conditions, rather than by age 
alone. For example, clinical evidence of congestive heart
failure and a history of recent myocardial infarction con-
tribute 11 and 10 points, respectively, to the Goldman index,92

overshadowing the more limited contribution of age to the
final score.

Reduction of Operative Risks

Multiple interventions have been advocated to reduce opera-
tive risks in older patients: these include (1) correction of
reversible metabolic parameters,95 (2) use of beta-blockers to
reduce perioperative mortality from cardiac events,87 (3) ade-
quate blood pressure control,87 (4) close monitoring of volume
status using invasive pulmonary artery catheters,96 although
their benefit is contested,97 and (5) most importantly, avoid-
ing the delay in surgery that exposes the patient to higher
risks of needing an emergent intervention81 or a more exten-
sive surgery secondary to tumor progression.

In conclusion, surgical risks related to aging are mostly
related to coexisting morbidities, rather than to age by itself.
Therefore, older patients should not be denied a chance at
curative treatment based on their age alone.

Radiation Therapy in Older Cancer Patients

Similar to surgery, radiation therapy plays a central role in
the treatment of older cancer patients, both as part of a mul-
timodality approach and/or with a palliative intent.98 There
are no convincing data that tissue tolerance to radiation
therapy is different in older than in younger patients. Most
laboratory data were obtained in rapidly growing tissue cul-
tures and apply only to acute radiation toxicity.99 Tolerance
of radiation therapy in older patients is modulated by exist-
ing comorbidities. Specifics of radiation treatment in older
patients with breast, lung, gastrointestinal, and genitouri-
nary cancers are beyond the scope of this chapter and have
been extensively reviewed elsewhere.100,101 Radiation therapy
improves the quality of life in older patients and it has proven
a special efficacy in controlling tumor-induced pain.102–104

Social issues, such as transportation continue to pose a sig-
nificant logistic and financial burden on those who have lost
their physical and/or financial independence.

Chemotherapy in Older Cancer Patients

Chemotherapy is a mainstay treatment of many types of
cancer. Two retrospective trials showed that chemotherapy
toxicity does not differ between older and younger
patients.105,106 Results of these trials, however, should be care-
fully interpreted, because stringent exclusion criteria may
preclude their generalization to the average older patient. The
pharmacology of individual antineoplastic agents in older
patients is extensively reviewed elsewhere.107

Every aspect of drug pharmacokinetics is potentially
affected in older patients, in part, explaining why they have
an increased rate of chemotherapy toxicity.

Absorption

Mucosal atrophy, decreased gastrointestinal motility, and
splanchnic blood flow are all documented changes in older
patients and can account for decreased absorption of drugs in
the older population.108 This limitation is especially impor-
tant, given that an increasing number of new chemothera-
peutic agents, such as capecitabine and imatinib, are orally
administered.

Distribution

Several factors affect drug distribution in older patients: (1)
decreased body water by about 20% in older patients leads 
to decreased volume of distribution of polar drugs, such 
as methotrexate and mitomycin-C; (2) plasma albumin is
decreased by an average of 15% to 20% in older patients,
leading an increase in the unbound fraction of protein-bound
drugs, such as etoposide, anthracyclines, and taxanes109; (3)
increased body fat leads to increased half-life and lower clear-
ance of fat-soluble agents; (4) changes in the shape of the area
under the curve (AUC), with water soluble drugs showing
higher plasma concentrations and shorter half-lives, while
fat-soluble drugs show lower plasma concentrations and pro-
longed half-lives, changes affecting both drug efficacy and tox-
icity profile; and (5) anemia can significantly increase the
toxicity of red blood cell-bound drugs, such as taxanes and
anthracyclines.

Hepatic Clearance

Decreased liver size and reduced hepatic blood flow both con-
tribute to reduced clearance of hepatically cleared chemother-
apeutic agents.110 Several of the cytochrome P-450 enzyme
activities decline with age, leaving the patient at risk of
increased toxicity from delayed clearance.111,112 Moreover,
older patients are commonly subject to polypharmacy.
CYP3A4 is inhibited by a large number of commonly pre-
scribed drugs, leaving patients at risk for increased toxicity
from CYP3A4-dependent chemotherapy agents, such as
cyclophosphamide, ifosfamide, taxanes, tamoxifen, and vinca
alkaloids.

Renal Clearance

Glomerular filtration rate (GFR) steadily decreases at the rate
of 1mL/year in individuals who are 40 years or older.113 This
decrease is not proportionally translated into an increased
serum creatinine value because of the parallel reduction in
muscle mass. Serum creatinine and estimates of creatinine
clearance such as the Cockroft–Gault formula may therefore
overestimate the renal GFR.114 This in turn may result in
increased serum levels and toxicity of any of the renally
excreted agents. Doses of drugs, such as carboplatinum and
bleomycin, should be reduced by 25% to 30% in moderate
renal insufficiency (creatinine clearance of 10–30mL/min),
whereas the use of other agents, such as cisplatinum,
methotrexate, and nitrosoureas should be completely
avoided.
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Prevention of Chemotherapy-Induced Toxicity in
Older Patients

Neutropenia

Older patients are at a higher risk of hematopoietic toxicity
because of limited hematopoietic reserves and decreased
response to hematopoietic growth factors.115 Older patients
are more liable to develop clinically significant neutropenia,
although this finding was contested by other studies.106,116

Several trials have demonstrated the value of adding a gran-
ulocyte colony-stimulating factor (G-CSF) to moderately
myelosuppressive chemotherapy regimens.117–119 These trials
serve as a sufficient basis for the regular use of G-CSF in older
patients receiving such chemotherapy. Although G-CSF use
is associated with reduced neutropenia and risk of sepsis,
complete remissions and overall survival remain generally
unchanged.120

Anemia

Anemia of chronic disease is a common complication of
cancer and its various treatment modalities. Several studies
have shown that anemia is an independent predictor of sur-
vival in older individuals.121–123 Anemia significantly affects
quality of life, with increased fatigue,124 difficulty in concen-
tration, impaired memory,125 and increased susceptibility to
complications from red blood cell-bound chemotherapy
agents.126 Synthetic erythropoietin use has been associated
with relief of anemia of chronic disease and improved quality
of life.127 Newer agents, such as glycosylated erythropoietin,
have a very long half-life that allows their administration on
a bimonthly basis. Interestingly, concomitant G-CSF admin-
istration may augment erythropoietin efficacy in treating
anemia in diseases, such as myelodysplastic syndromes.128

Mucositis and Diarrhea

Two reports have yielded contrasting results regarding the
incidence of mucositis in older cancer patients, one arguing
for an increased incidence, while the other stating that there
was no age-associated differences in the incidence of gas-
trointestinal toxicities.129,130

Interventions to reduce oral mucositis include oral
cryotherapy and careful oral hygiene. The use of G-CSF is
associated with reduced mucosal ulcerations, presumably
through its effect in increasing salivary neutrophils.

Although this section discussed the physical brunt of
various treatment modalities, older cancer patients are
further confronted with complex psychosocial and social
functioning challenges, which are detailed in the following
section.

Psychosocial Issues in Older Cancer Patients

Psychologic Issues in Older Cancer Patients

Forty-seven percent of cancer patients suffer from a form of
psychiatric disorder. The majority of these (32%) present with
adjustment disorder, while the remainder is divided between
major depressive disorder (6%), mood disorder secondary to

medical conditions (4%), personality disorders (3%), and
anxiety (2%).131

Older cancer patients suffer less from depression and psy-
chosocial distress compared to their younger counterparts.132

These findings remain true even after adjusting for physical
impairment and symptoms severity.133 It is unclear, however,
whether these are related to better adaptation and fewer psy-
chologic needs in older adults or whether they result from
underreporting of depressive symptoms in this age group.134,135

Social Isolation

Psychiatric disorders, physical impairment, and social isola-
tion are often intricately related136–138; all three can feed into
each other, leading the patient into a downward-spiraling
path. For example, 48% and 49% of older cancer patients have
difficulty with at least one activity of daily living (ADL) and
one instrumental activity of daily living (IADL), respec-
tively.139 Additionally, more than 33 million of the 65+ pop-
ulation live below the poverty line.140 These factors increase
patients’ need for social support. Unfortunately, the same
factors predispose to social isolation. This dual relationship
makes older cancer patients particularly vulnerable. The
recognition of such an interaction is key in managing older
cancer patients because social isolation is associated with an
increased mortality in this population (age-adjusted relative
risk of death = 2.3 in men and 2.8 in women).141 This was
found to be independent of self-reported physical health,
socioeconomic status, and associated morbidities.

Evaluation of Psychosocial Needs in Older 
Cancer Patients

This is an integral part of the initial Geriatric Oncology eval-
uation. A number of self-administered tools can be routinely
implemented, even in a busy practice. Several dimensions are
typically assessed:

1. Emotional needs: Several tools can be used to evaluate
depression in older patients. The self-administered Beck
Depression Inventory is a simple screening tool that can be
routinely used as part of the initial Geriatric Oncology eval-
uation.142 More extensive testing includes the Hamilton
Depression Rating Scale (HAM-D), Geriatric Depression Scale
(GDS), and Inventory for Depressive Symptomatology
(IDS).143–145

2. Cognitive impairment: The incidence and prevalence
of cognitive impairment increases with advancing age and
significantly complicates several aspects of cancer manage-
ment, not the least of which are building the direct
doctor–patient relationship and issues pertaining to informed
consent. The Modified Mini-Mental State Examination
(MMMSE) is a simple test that translates patient-specific per-
formance into age-matched percentile.146,147

3. Comorbid conditions: These have been discussed in
detail earlier. Their functional impact can be assessed using
the Activities of Daily Living (ADL) and Instrumental Activ-
ities of Daily Living (IADL) tools.148

4. Other issues, such as stressful life events, the presence
of a structured social support, and economic resources, should
be tactfully probed.
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Management of Psychosocial Distress in Older
Cancer Patients

Complexly ill older cancer patients—those with multiple
comorbidities, cognitive and functional impairments, and psy-
chosocial needs—can benefit from involvement of geriatri-
cians and their interdisciplinary teams. Patients with major
depression, a history of major psychiatric disorders earlier in
life, and/or those with depression and dementia can also
benefit from the involvement of a geropsychiatric team.
However, even less complexly ill patients are likely to need
comprehensive psychosocial support as they progress from
diagnosis, to treatment, and on to posttreatment management.
As no one resource can single-handedly provide this, it 
represents one of the strongest arguments for developing 
a “case management” approach that incorporates geriatric
oncologists, specialized geriatric oncology nurses, and social
workers.

1. Symptoms management: Particular attention should
be devoted to this issue, whether the symptoms are cancer 
or treatment related. Pain control, management of nausea, 
vomiting, mucositis, anemia, malnutrition, and other 
potential side effects are all key components that have been
extensively addressed elsewhere.149 This care results not only
in improved quality of life but also in improved physical 
function.

2. Patient–doctor communication: Caring for older
cancer patients is inherently more time-consuming than for
younger ones. Older patients cannot—and should not—be
rushed. Physicians’ interpersonal skills are associated with
better psychologic adjustment in cancer patients.150,151 Ideally,
geriatric oncology clinics should be places where pace is dic-
tated by patients rather than by scheduling constraints.
Medicare and other insurers are pressed to recognize the man-
agement of cancer in the older population as a highly complex
encounter.

3. Counseling: Patient-tailored services and coordination
of existing support structures by a social worker or other 
professional case manager can be particularly helpful. For
example, such interventions have been shown to reduce
depression in older cancer patients and improve psychologic
adaptation to cancer.152,153

4. Psychologic support: Psychotherapy, provided by a
social worker, psychologist, psychiatrist, and/or other mental
health professionals, should be routinely offered to older
cancer patients. This is especially true in view of the older
patients’ tendency to stoicism and underreporting their symp-
toms. Nonetheless, many older adults are reluctant to use
such services, recalling the stigmatization associated with
such services earlier in their lives. In such instances, the care
team will need to provide such care as best as possible, includ-
ing psychotropic medication management. Several volunteer
and professional organizations that provide cancer support
groups in many areas of the United States may be particularly
helpful in these instances.154

Future Considerations and Research Venues

Geriatric oncology is a field in full expansion. Integrated
research agendas are needed to challenge the limitations of
the single-specialty approach to the complex problem of

aging.155 A comprehensive research map of aging and cancer
has been elegantly outlined in the National Cancer Insti-
tute/National Institute on Aging common workshop, and
includes the study of the biology of aging and cancer, patterns
of care, risk assessment and cancer prevention, palliative care,
psychologic issues, and pain relief.156 The study of the intri-
cate relationship between comorbidity and cancer deserves
special attention.157 This research will benefit the growing
number of older cancer patients in America and the world.
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Chemotherapy in
Patients with Organ

Dysfunction
John L. Marshall, Jimmy Hwang, 
Shakun Malik, and Asim Amin

linical studies of chemotherapy, or other antineo-
plastic therapies, are usually conducted in physiolog-
ically otherwise normal patients with cancer. As a

result, limited information is typically available about the
optimal dosage and schedule of chemotherapy for patients
with organ dysfunction and the impact of chemotherapy 
in such patients. This is a potentially important problem,
because most chemotherapies, as with other pharmacologic
agents, are metabolized by the liver or kidney. Over the 
past decade, a concerted effort has been made to focus on
chemotherapy in this patient population. The new generation
of biologic therapies may not possess this difficulty, as the
monoclonal antibodies that, to date, comprise the most suc-
cessful of these agents are metabolized by the reticuloen-
dothelial system and may not require these modifications.
However, these concerns regarding the appropriate adminis-
tration of antineoplastic agents will persist with the new
small molecule inhibitors, including tyrosine kinase inhi-
bitors, which also may require individual evaluation in
patients with organ dysfunction.

This chapter focuses on the administration of chemother-
apy in patients with organ dysfunction. Given the limitations
in the available data regarding the correct dosing in these set-
tings, we briefly review the methods of evaluating organ func-
tion, the drugs metabolized or excreted predominantly by
those pathways, disease-specific studies, and finally the Phase
I studies that may help guide recommendations for treatment
in these patients.

Chemotherapy-Specific Trials in 
End-Organ Dysfunction

Paclitaxel

The taxoids comprise a class of antineoplastic agents origi-
nally derived from several plants in the yew family, but some
of which are now synthetically derived. Paclitaxel is metab-
olized hepatically by the cytochrome P-450 system. There-
fore, the Cancer and Leukemia Group B (CALGB) performed
a Phase I study in 87 patients with varying levels of hepatic
dysfunction (trial 9264).1 Patients with a primary hepatic

tumor, or metastatic solid tumors and evidence of hepatic
insufficiency, were enrolled in this study in one of three
cohorts, each of which participated in a separate dose-
escalation program. Cohort I included patients with aspartate
serum transaminase (AST) of at least twice the upper limit of
normal (ULN), and a total bilirubin of 1.5mg/dL or less.
Cohorts II and III had AST, but the former included patients
with a total bilirubin of 1.6 to 3.0mg/dL, and cohort III
patients had a total bilirubin of greater than 3.0mg/dL. At the
time this study was designed, paclitaxel infusion was 
typically accomplished (60 patients) over 24 hours, with
cycles repeated every 3 weeks. As the study proceeded, the
typical administration of paclitaxel became intravenously
over 3 hours, and several cohorts of patients on this study,
primarily cohorts II and III, were treated accordingly.

In the CALGB studies, dose-limiting toxicities were
defined as grade 4 nonhematologic toxicities, grade 3 neuro-
toxicity, grade 3 stomatitis, esophagitis, or dysphagia of more
than 3 days duration, and grade 4 neutropenia or thrombocy-
topenia lasting more than 3 days. The determination of the
maximum tolerated dose (MTD) was based upon toxicities
encountered in the first cycle of therapy only.

Somewhat surprisingly, in all cohorts of patients, the
doses administered had to be serially deescalated. In cohort I
(elevated ALT [alanine aminotransferase]), evaluation started
at 200mg/m2, but the eventual dose recommended was 50
mg/m2. All except 1 of the 36 patients treated on this level
received paclitaxel over 24 hours, and no recommendations
could be made for patients who received the shorter infusion
of paclitaxel. Similarly, cohort II patients were evaluated at
decreasing doses of paclitaxel from 150mg/m2 to the recom-
mended 75mg/m2. Two-thirds of the 24 patients on this level
received paclitaxel over 24 hours. In cohort III (total bilirubin
greater than 3.0mg/dL), most patients (12 of 21) were given
paclitaxel with the shorter infusion, but the results were
similar to the other cohorts, with the doses administered
being decreased from 75mg/m2 to 50mg/m2. The authors rec-
ommended a dose of 50 to 75mg/m2 of paclitaxel over 24
hours for patients with a bilirubin of more than 1.5mg/dL.
With a limited number of patients overall receiving a 3-hour
infusion of paclitaxel, the recommendations carry less
strength, but the authors considered a dose of 75mg/m2 of
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paclitaxel reasonable for patients with hyperbilirubinemia.
Because granulocyte colony-stimulating factor (G-CSF) was
not employed in this study, the authors acknowledge that the
doses recommended could be somewhat conservative.
However, the hepatic metabolism of paclitaxel clearly
requires a modification of the doses of paclitaxel employed
when treating patients with biochemical evidence of hepatic
dysfunction.

Across the cohorts, the dose-limiting toxicity (DLT) 
was similar, primarily myelosuppression in 27 patients and
thrombocytopenia in 3, with grade 4 fatigue occurring in 2
patients. Four patients died during the first cycle of therapy,
2 of sepsis. Although grade 3 fatigue was not considered to be
a DLT, it occurred in 15 patients who received the 24-hour
infusion of paclitaxel.

Pharmacokinetic studies were obtained from 56 of the
participating patients. The results were similar to historical
controls who were treated with similar doses of paclitaxel,
with no apparent difference in the free paclitaxel detected in
the plasma. In the latter part of the study, with the increas-
ing use of 3-hour infusions, and the recognition of the 
potential importance of the duration of time of paclitaxel 
concentrations exceeding 0.05mmol/L, the latter parameter
was evaluated in a limited subset of patients. The results 
suggested that in patients with hepatic dysfunction the 
duration of paclitaxel concentrations exceeding 0.05mmol/L
was higher than that expected for patients with normal
hepatic function. With only 9 patients having both detailed
pharmacokinetic information and neutrophil data, no 
correlation of these parameters was performed. In 4 patients
who had external biliary drains, the excretion of paclitaxel
and its metabolites detected in the biliary fluid ranged 
from 2.3% to 50.1% of the administered dose, primarily as 
6-a-hydroxypaclitaxel.

Despite the relatively low doses of paclitaxel, the therapy
was not bereft of anti-tumor activity, with three partial
responses noted, two in breast cancer (cohort I at 150mg/m2

over 24 hours, and cohort II at a dose of 125mg/m2 over 3
hours), and one in a woman with germ cell tumor (100mg/m2

over 24 hours in cohort II). However, all these doses exceed
the recommended doses.

Because paclitaxel is not excreted renally, it has been
assumed that paclitaxel can be administered in patients with
renal insufficiency without significant difficulty. However,
Conley et al. reported a series of four patients with renal dys-
function, as defined by a creatinine clearance of less than 
60mL/min (0–58), who were treated with paclitaxel at a dose
of 135mg/m2 over 3 hours.2 The mean duration of a paclitaxel
concentration exceeding 0.05mmol/L was 37.7 hours, which
is slightly higher than historical reports. In addition, a single
case report of a patient with recurrent ovarian cancer and
chronic renal insufficiency who worsened with the use of
both cisplatin and later, carboplatin, in conjunction with
cyclophosphamide, confirmed this finding. At the time of
treatment with paclitaxel, 157mg/m2 (a 10% dose reduction
from the authors’ usual dose of 175mg/m2) over 3 hours
(cycles repeated every 3 weeks), the patient’s creatinine clear-
ance was 20mL/min.3 During the third cycle of therapy, the
patient was administered G-3H-paclitaxel. In this single
patient, the disposition half-life was 29 hours, about 50%
longer than in patients with normal renal function. In addi-
tion, the authors reported a “surprisingly high” plasma AUC
(area under the curve) of about 26. The clearance of paclitaxel

was primarily fecal, with only 1.58% of paclitaxel excreted
unchanged in the urine at 24 hours. The pharmacokinetic
parameters of Cremphor were similar to historical controls.
Despite these changes in pharmacokinetic parameters 
of paclitaxel in this patient with renal insufficiency, no sig-
nificant toxicity aside from severe fatigue occurred, and she
was able to attain a partial response to therapy. Thus, the
authors recommended that paclitaxel could be safely admin-
istered in patients with renal insufficiency, with a 10% dose
reduction.

Gemcitabine

The CALGB has also performed a Phase I and pharmacoki-
netic study in 43 patients with hepatic or renal dysfunction
evaluating gemcitabine (CALGB 9565).4 Broadly, the schema
was similar to the paclitaxel study, but with cohorts defined
differently. The first two escalation cohorts were in patients
with hepatic dysfunction. Cohort I included patients with
AST that was more than 2¥ ULN, but with normal bilirubin
and creatinine, whereas in cohort II patients had a total biliru-
bin between 1.6 and 7.0, and AST. In cohort III, patients could
potentially have a serum creatinine between 1.6 and 5.0, but
required normal liver function tests. In fact, all the patients
in cohort III had a relatively mild to moderate renal dysfunc-
tion, with serum creatinine between 1.6 and 3.2.

Gemcitabine was administered intravenously over 30
minutes on days 1, 8, and 15, with cycles repeated every 28
days. The starting dose in each cohort was 800mg/m2. In
cohort I, the initial 3 patients tolerated therapy well, with no
DLT, and at 950mg/m2, 1 of the 4 patients enrolled had DLT,
and elevation in AST. However, because of results in the con-
currently enrolled cohort II, the dose escalation was halted.
In cohort II, however, DLT was reported in 3 of 8 patients
treated with 800mg/m2 of gemcitabine, and in 8 of 10 patients
who received 950mg/m2 of gemcitabine. Seven of these DLT
were elevations in the bilirubin, and another was a rise in the
serum transaminases. Two DLT were grade 3 diarrhea, and 1
patient experienced angina. In the patients with renal insuf-
ficiency who were enrolled in cohort III, 3 of 9 patients who
were treated at the initial dose level of gemcitabine experi-
enced DLT, including 2 with a severe rash and 1 with hepatic
transaminase elevation. Doses were then decreased to 
650mg/m2, at which level only 1 of 6 patients had a DLT.

Pharmacokinetic studies were performed in 36 of the
patients. The concentrations of gemcitabine and its inactive
metabolite 2¢,2¢-difluorodeoxyuridine (dFdU) were not signifi-
cantly different among the cohorts and doses evaluated.

Again, an important conclusion from these investigators
is that there is much heterogeneity among patients with
organ dysfunction, and that all patients must be considered
individually. The results of this study demonstrate that, in
patients with hepatic insufficiency as manifested by a total
bilirubin between 1.5 and 7.0 or an AST greater than 2¥ ULN,
gemcitabine can be safely administered at a dose of 800mg/m2

when it is infused over 30 minutes, weekly for 3 consecutive
weeks, with cycles repeated every 4 weeks. In patients with
renal insufficiency, as determined by a serum creatinine
between 1.6 and 3.2, although the data, as derived from this
study, suggest that gemcitabine can be delivered safely on the
same schedule at a dose of 650mg/m2, and despite the fact
that there was no clear difference in pharmacokinetics in
patients with renal insufficiency, the authors concluded that
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no dose of gemcitabine could be safely recommended because
of the variability in toxicities.

Fludarabine

There is little information available regarding the adminis-
tration of other nucleoside analogues. Martell et al. performed
a retrospective analysis regarding the toxicity of fludarabine
in chronic lymphocytic leukemia. They reported that the
renal insufficiency, as determined by an estimated creatinine
clearance less than 80mL/min, was associated with an in-
creased incidence of toxicity, particularly anemia. However,
given the nature of the study, no recommendation was made
regarding dose modification of fludarabine in patients with
renal insufficiency.5

Campothecins

Irinotecan

Irinotecan has now been well characterized to be metabolized
by the liver and may serve as one of the early models of 
pharmacogenomics in oncology. Initially, Wasserman et al.
reported life-threatening neutropenia and diarrhea in two
patients with Gilbert’s syndrome who were treated with
irinotecan.6 This finding was provocative because patients
with Gilbert’s syndrome present with asymptomatic un-
conjugated hyperbilirubinemia as a result of deficiency in
UGT1A1. This result was further highlighted by Gupta et al.7

In patients treated on a dose-escalation study of irinotecan,
the glucuronidation of irinotecan’s active metabolite, SN-38,
was inversely correlated with higher biliary concentration.
Thus, patients with impaired glucuronidation suffered from
greater diarrhea. It has subsequently been reported that
patients with Gilbert’s syndrome may also suffer from a
higher incidence of diarrhea than other patients.8 The enzyme
UGT1A1 was subsequently targeted as the putative gene that
most affected the metabolism of irinotecan, and in particu-
lar, the presence of the 7/7 genotype has been demonstrated
to result in an impaired glucuronidation, and therefore, the
greater toxicity of irinotecan.

In an attempt to formalize recommendations regarding
the administration of irinotecan in patients with hepatic 
dysfunction, Raymond et al. categorized 33 patients into four
groups: I, total bilirubin within the range of normal; II, total
bilirubin 1.1–1.5¥ ULN; III, total bilirubin 1.51–3.0 ¥ ULN;
IV, total bilirubin 3.01¥ ULN, or greater. Patients were then
treated with irinotecan every 3 weeks.9 In the first two
cohorts, the standard dose (350mg/m2) of irinotecan was well
tolerated. In patients with moderate hepatic dysfunction in
cohort III, the initial dose of 175mg/m2 every 3 weeks was
well tolerated. However at the next planned dose, 240mg/m2,
three of the six patients treated experienced DLT, including
grade 4 diarrhea in two patients, and one with grade 4 
neutropenia. Thus, an intermediate dose of 200mg/m2 was
explored, with DLT in only one (grade 4 neutropenia) in five
patients. In addition, in cohort IV, three patients were treated
with 100mg/m2, with no dose-limiting toxicity, but all these
patients had a rapid decline in performance status, and no
dose escalation was performed.

Pharmacokinetic studies were also performed in this
study, and demonstrated that in all the groups with bilirubin
elevation, the clearances of irinotecan diminished and the
AUC of its active metabolite, SN-38, increased. Indeed, the

irinotecan clearance was inversely correlated with the level
of bilirubin, but plateaued at 40 mmol/L of bilirubin. The
clearance of irinotecan was also correlated with the alkaline
phosphatase and g Glutamyl Transferase (GGTP), but not
AST, ALT, albumin, or prothrombin time. Very little of the
irinotecan (15%) and SN-38 (less than 0.3%) was excreted
renally, and this finding was similar in all the cohorts.

Based upon these results, the authors recommended that
no modification in the dose of irinotecan, when administered
every 3 weeks, was necessary for patients with a total biliru-
bin less than 1.5¥ ULN. For patients with a total bilirubin
1.5–3.0¥ ULN, the recommended dose of irinotecan is 
200mg/m2. However, too limited data were available to make
a recommendation for therapy in patients with a total biliru-
bin of more than 3¥ ULN.

The CALGB has also performed a dose-escalation study
in patients with hepatic or renal dysfunction.10 Liver dys-
function, as defined by AST, of more than 2¥ ULN (cohort I) 
or direct bilirubin 1.6–7.0mg/dL (cohort II) was evaluated.
Cohort III was composed of patients with renal insufficiency
as defined by a serum creatinine of 1.6 to 5.0mg/dL. A fourth
cohort (IV) included patients who had received prior pelvic
radiation. As with prior CALGB studies, doses were escalated
individually in separate cohorts.

Given the heterogeneous population of patients, the
authors did not make any recommendations regarding the
dosage of irinotecan in these diverse populations of patients
with organ dysfunction, either measured by laboratory
studies or potential, as indicated by prior pelvic radiation.
Taken together, the data demonstrate that patients with renal
insufficiency, as defined by an elevated bilirubin, should
receive, at best, attenuated doses of irinotecan.

Topotecan

Investigators from the Johns Hopkins University have per-
formed dose-escalation studies of topotecan in patients with
hepatic or renal insufficiency. In the former study, 14 patients
with hepatic dysfunction, as defined by a total bilirubin
greater than 1.2mg/dL, and 7 patients with normal hepatic
function, were treated with topotecan intravenously for 5
days, with cycles repeated every 21 days.11 In both groups, the
standard dose of topotecan, 1.5mg/m2 daily, was well toler-
ated, with similar pharmacokinetic results, and no changes
in the dose of topotecan administered was deemed necessary
to compensate for hepatic dysfunction. Moreover, no con-
comitant increase in renal elimination was noted.

In the companion to this study, O’Reilly et al. treated 28
patients with renal insufficiency and 14 with normal renal
function (creatinine clearance 60mL/min or greater, as
defined by 24-hour urine collection) with the daily ¥ five
schedule of topotecan.12 The patients with renal insufficiency
were divided into three separate cohorts (by creatinine clear-
ances of 40–59, 20–39, and less than 20mL/min, respectively),
which were dose escalated individually. In this study, differ-
ent MTDs were ultimately determined for patients who were
heavily and minimally pretreated. Patients with mild renal
impairment (creatinine clearance, 40–59mL/min) were pri-
marily heavily pretreated but were able to receive the stan-
dard dose of topotecan. However, patients with moderate
renal insufficiency (creatinine clearance, 20–39mL/min) were
able to receive significantly lower doses of topotecan. In
patients who were heavily pretreated were recommended to
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receive 0.5mg/m2, but those who were minimally pretreated
were able to tolerate 0.75mg/m2. These investigators were
unable to recommend any dose of topotecan for patients with
severe renal dysfunction, as both patients enrolled on this
study experienced dose-limiting thrombocytopenia at the
initial dose of 0.5mg/m2.

The toxicities that were reported in this study were
similar to those reported in patients with normal renal func-
tion, mainly myelosuppression. With renal impairment, the
clearance of topotecan was clearly diminished, with a direct
association with creatinine clearance. Interestingly, the 
pharmacokinetic studies also demonstrated a second peak of
topotecan, suggesting the possibility of enterohepatic circu-
lation, although the authors’ companion study in hepatic dys-
function did not report a major impact of hepatic metabolism
upon topotecan disposition.

Platinums: Oxaliplatin

The platinums comprise a pharmacologically interesting
family of agents. It is well known that one of the primary 
toxicities of cisplatin is nephrotoxicity, which can be ame-
liorated by hyperhydration and forced diuresis. As noted
earlier in this chapter, the second-generation platinum car-
boplatin can be safely dosed in a fashion to accommodate
renal insufficiency. The third-generation platinum oxali-
platin, a DACH platinum, has been approved for use in colo-
rectal cancer and has been demonstrated to have antitumor
activity in other malignancies, including breast and prostate
cancer. In Phase I and II studies, the appropriate dose of oxali-
platin has been determined to be 85mg/m2 every 14 days, or
130mg/m2 every 3 weeks. The impact of hepatic and renal
dysfunction on the toxicity and pharmacokinetics of oxali-
platin have been evaluated in several Phase I studies.

In a dose-escalation study, 37 patients with various
advanced solid malignancies were enrolled.13 Twelve patients
had normal renal function, defined as a creatinine clearance
of 60 or more mL/min, and all were treated at 130mg/m2

every 3 weeks. Patients with renal insufficiency were
assigned cohorts (B, 40–59mL/min; C, 20–39mL/min; D, less
than 20mL/min) based upon the level of their renal function,
and then dose escalation was performed within each cohort.
Ten patients with “mild” insufficiency in cohort B could be
escalated from 105 to 130mg/m2 without any occurrence of
severe toxicities. In cohort C, 14 patients were treated at
doses that were successfully increased from 80 to 105 to 
130mg/m2. At the usual dose of 130mg/m2, 3 patients 
experienced severe, non-dose-limiting thrombocytopenia. No
other severe toxicities were reported. With repeated dosing in
this cohort, 2 patients did experience a worsening of serum
creatinine, but both cases were attributed to progressive
disease and obstructive uropathy. Only 1 patient with severe
renal impairment (cohort D) was treated. He experienced a
nonneutropenic urosepsis with the first dose (60mg/m2) of
therapy, and was withdrawn from the study. Although the
systemic platinum exposure increased with worsening renal
insufficiency, there was no significant difference in the toxic-
ity profile of oxaliplatin in the different cohorts of patients
treated on this protocol. Thus, the authors recommended 
that oxaliplatin could be administered at the full dose of 
130mg/m2 every 3 weeks in patients with a creatinine clear-
ance of 20mL/min or greater.

The same group of investigators performed a similar study
in patients with liver dysfunction.14 Forty-three patients 
were treated in the report, 11 of whom had normal hepatic
function. Liver dysfunction was defined as mildly impaired
[cohort B: normal bilirubin; serum glutamic-oxaloacetic
transaminase (SGOT), less than 2.5¥ ULN; alkaline phos-
phatase, less than 5¥ ULN], moderately impaired (cohort C:
total bilirubin less than 3; SGOT, less than 2.5¥ ULN; alka-
line phosphatase, less than 5¥ ULN), and severely impaired
(cohort D: total bilirubin of 3, but any level of SGOT or alka-
line phosphatase). One patient who had a prior orthotopic
liver transplant (cohort E) was also treated. Doses were esca-
lated from 60mg/m2 to the full dose of 130mg/m2, if possi-
ble. The dose of oxaliplatin was successfully escalated to the
full dose in cohorts A, B, and C. In these groups, only one
DLT occurred, with grade 3 neurotoxicity in one of seven
patients in cohort C treated with 80mg/m2. Seven patients
with severe liver dysfunction were enrolled in this study,
with no DLT at 60 or 80mg/m2. In addition, no DLT was
noted in the single patient who had a prior liver transplant
and was treated with 60mg/m2 of oxaliplatin. Pharmacoki-
netic studies were performed on 15 of the patients who were
enrolled in this study. They demonstrated a decrease in the
clearance of ultrafilterable platinum with increasing hepatic
dysfunction, as indicated by total bilirubin and alkaline phos-
phatase, with the patients in cohort C having a clearance of
35% less than the patients with normal hepatic function.
This finding was not accompanied by any difference in toxic-
ity, however. Thus, the authors of this study recommended
that the full dose of oxaliplatin can be administered to
patients with moderate hepatic dysfunction, as defined by a
total bilirubin of 3.0, SGOT 2.5¥ ULN, and alkaline phos-
phatase of 5.0¥ ULN or less.

Antifolates

The fluoropyrimidines have long been available as an impor-
tant component of therapy for gastrointestinal malignancies
and breast cancers. Because of the broad spectrum of activity
of these agents and the schedule-dependent nature of anti-
tumor activity, fluoropyrimidines are an area of extensive
investigation and development, in particular, the oral fluo-
ropyrimidines. Although 5-fluorouracil (5-FU) has been 
available for more than 40 years, limited information is 
available regarding the dosing of 5-FU in patients with organ
dysfunction.

5-Fluorouracil

In patients with renal or hepatic dysfunction, Fleming et al.
have performed a dose-escalation study of infusional (weekly
24-hour infusion) 5-FU from 1,000 to 18,000 to 2,600mg/m2,
admixed with 500mg/m2 leucovorin.15 Patients were divided
into three groups: Cohort I was composed of 16 patients with
renal insufficiency as defined by a serum creatinine of 1.5 to
3.0mg/dL. Cohorts II and III included patients with a total
bilirubin of greater than 1.5 to less than 5.0mg/dL, and 
5.0mg/dL or greater, respectively. In all the cohorts, the
typical doses of 5-FU (2,600mg/m2 over 24 hours) and leu-
covorin (500mg/m2 over 24 hours) were safely attainable. The
dose-limiting toxicities that were encountered were the
expected ones of fatigue, diarrhea, anemia, and thrombocy-
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topenia. The pharmacokinetic results for 5-FU were similar
to those reported by others evaluating a 24-hour infusion of
the drug, with no clear evidence of any relationship between
5-FU clearance and either bilirubin or creatinine. However,
the authors pointed out that given the pharmacokinetic dif-
ferences between bolus and infusional 5-FU, it cannot be
assumed that bolus 5-FU can be administered safely to
patients with hepatic or renal insufficiency. This recommen-
dation has been buttressed by some of the findings from
studies with the oral fluoropyrimidines, which may act more
like multiple “mini-boluses” of 5-FU, rather than a continu-
ous infusion of 5-FU.

Supporting this concern were the results of a retrospec-
tive analysis of a pair of studies in patients with metastatic
colorectal cancer who were randomly assigned to receive
either capecitabine or 5-FU/leucovorin by IV bolus according
to the Mayo clinic schedule.16 A total of 1,207 patients were
enrolled in the study and 605 were randomly assigned to
receive 5-FU/leucovorin. Patients and their toxicities were
analyzed according to calculated creatinine clearance (by the
Cockroft–Gault formula). Of the patients who received 5-
FU/leucovorin, the incidence of any grade 3 or 4 toxicity was
higher among the patients with moderate renal insufficiency
(creatinine clearance, 30–50mL/min) than in patients with
mild renal insufficiency (51–80mL/min) or normal renal
function, at 51%, 35%, and 31% of patients, respectively. The
primary difference was in the occurrence of severe stomatitis
26%, compared to 16% and 11%. The difference in the 
toxicities were reflected in the fact that 30% of patients 
with moderate renal insufficiency withdrew from therapy
because of toxicity, compared to 14% of patients with mild
renal dysfunction, and 10% of patients with normal renal
function.

Capecitabine

The only oral fluoropyrimidine that has been approved by the
U.S. Food and Drug Administration (FDA) for use in the
United States is capecitabine. It is also the member of this
class that has been most extensively evaluated in the setting
of organ dysfunction.

Poole et al. performed a study in 27 patients, all of whom
were given the standard dose of capecitabine, 1,250mg/m2

twice daily for 14 days, with cycles repeated every 3 weeks.17

Six (group A) had normal renal function, as defined by a 
creatinine clearance of greater than 80mL/min. The other
patients were divided into mild impairment (group B, 8
patients; creatinine clearance, 51–80mL/min), moderate
impairment (group C, 6 patients; creatinine clearance, 30–
50mL/min), and severe impairment (group D, 4 patients; 
creatinine clearance, less than 30mL/min).

In this study, there was no significant impact of creati-
nine clearance upon the systemic exposure to capecitabine in
any of the groups. In contrast, patients with moderate and
severe renal insufficiency (creatinine clearance, 50mL/min or
less) had lower day 14 AUC of the metabolite 5¢-DFCR and
higher levels of 5¢-DFUR and FBAL. The AUC of 5-FU was
elevated only in patients in group D. The half-life and Cmax

of these agents were generally similar among the groups.
However, all four of the patients with severe renal insuffi-
ciency experienced toxicity, including one patient who died
(sepsis) and another who discontinued therapy as a result of

toxicity. Patients with mild and moderate renal insufficiency
had toxicity profiles similar to those of patients with normal
renal function.

As a result of these findings, the investigators recom-
mended that capecitabine could safely be administered to
patients with mild renal insufficiency (creatinine clearance of
50mL/min or greater) at the full dose but should not be pre-
scribed to patients with severe renal dysfunction. Although
patients with moderate renal insufficiency (creatinine clear-
ance, 30–50mL/min) did not experience any greater toxicity
than patients within other cohorts, based on the pharmaco-
kinetic studies, the authors recommended the administration
of capecitabine with an initial dose reduction of 25%, which
should result in a system exposure similar to that in patients
without renal dysfunction.

Bolstering these data were the results of a retrospective
analysis of a pair of studies in patients with metastatic colo-
rectal cancer who were randomly assigned to receive either
capecitabine or 5-FU/leucovorin by IV bolus.15 A total of 1,207
patients were enrolled in the study and 603 were randomly
assigned to receive capecitabine. Patients and their toxicities
were analyzed according to calculated creatinine clearance
(by the Cockroft–Gault formula). About 10% of patients 
who received capecitabine had moderate renal insufficiency
(creatinine clearance, 30–50mL/min), and 5 patients had
severe insufficiency. The patients who had moderate renal
insufficiency experienced more severe toxicities (54%), espe-
cially hand-foot syndrome (25.4%), than those with mild
renal impairment (41% and 18.3%) or normal renal function
(36% and 12.3%). This difference resulted in a more frequent
incidence of dose reduction of capecitabine in patients with
moderate renal insufficiency (44% of patients, compared to
32% and 33%), and a greater likelihood of withdrawing from
therapy because of toxicity, especially diarrhea. However, the
objective response rates were similar among these subgroups
of patients.

The pharmacokinetics of capecitabine have also been
explored in 16 patients with hepatic dysfunction that resulted
from liver metastases and compared to results in patients
with normal hepatic function.18 Hepatic dysfunction was
graded by serum total bilirubin, transaminases, and alkaline
phosphatase in a unique scale, and the patients in this study
were determined to have had “mild-to-moderate hepatic 
dysfunction.” Patients were treated with a single dose of
capecitabine at a dose of 1,255mg/m2. The patients with
hepatic dysfunction attained higher plasma concentrations of
capecitabine, 5¢-DFUR, and 5-FU but lower levels of 5¢-DFCR.
Similarly, the Cmax and AUC of capecitabine, 5¢-DFUR, and 
5-FU were lower, but higher with 5¢-DFCR in patients 
with hepatic dysfunction. Despite the differences that were
detected, none were found to be statistically significant, and
overall results were similar to the results for patients with
normal hepatic function. There did not appear to be any com-
pensatory changes in the urinary excretion of capecitabine 
or its metabolites. No significant differences in the toxicity
profiles in the two groups were noted, although this was 
a single-dose study of capecitabine. As a result of these 
findings, Twelves et al. recommended that, in patients with
mild and moderate hepatic insufficiency, capecitabine can 
be cautiously administered at full doses. However, no com-
ment can be made regarding patients with severe hepatic 
dysfunction.
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S-1

S-1 is another oral fluoropryimidine that is composed of 
a combination of tegafur, a prodrug of 5-fluorouracil, with 
a drug that inhibits dihydropyrimidine dehydrogenase (5-
chloro-2,4-dihydroxypyridine, CDHP) and another that
reduces gastrointestinal toxicity (potassium oxonate) in a 1 :
0.4 :1 ratio. Based on the findings from an animal model of
induced renal failure that suggested that the clearance of both
5-FU and CDHP were correlated with the degree of renal
failure, Ikeda et al. treated four patients with unresectable
gastric cancer and renal insufficiency with S-1.19 Three of the
patients had a relatively mild renal insufficiency, with a cre-
atinine clearance greater than 50mL/min, and were treated
with 20mg/m2/day of S-1, half the usual dose. The fourth
patient, with a creatinine clearance of 36mL/min, received
one-third the usual dose of S-1. In the patients with minimal
renal insufficiency (creatinine clearance, 75mL/min or
greater) demonstrated no differences in single- and multiple-
dose pharmacokinetics of any of the drugs in S-1. However,
in the two patients with mild and moderate renal insuffi-
ciency, there was a notably longer half-life of both 5-FU and
CDHP with multiple-dose administrations when compared to
a single dose. Despite these findings, no serious toxicities
were reported in any patient when receiving S-1 with these
dose modifications. Based on these findings, the authors
suggest that S-1 may be administered to patients with renal
insufficiency, but only with close monitoring, and no specific
dosing recommendations could be made.

5-FU/Eniluracil

An important limitation to the administration of oral 5-FU
as a single agent appears to be its metabolism by dihydropy-
rimidine dehydrogenase (DPD). Eniluracil is an inhibitor of
DPD, which may then allow the administration of oral 5-FU
by increasing the latter’s bioavailability. The combination has
been evaluated in patients with metastatic colorectal cancer.
O’Donnell et al. have also performed a study of this combi-
nation in 17 patients with refractory solid tumors.20 Nine
patients had renal insufficiency (creatinine clearance, less
than 50mL/min), and the others were considered to have
“normal” renal function (group A). Treatment was divided
into a test period and treatment period. Based on the phar-
macokinetic results from the test period, patients with renal
insufficiency were then subsequently treated with the 
eniluracil/5-FU. The patients in group A received eniluracil
50mg on days 1 to 7 and 5-FU 20mg/m2 on days 1 to 5. The
clearance of 5-FU and eniluracil decreased with worsening
renal function. However, there did not appear to be an
increase in toxicity in the patients with renal impairment,
suggesting that the test dose strategy was successful, but
would be necessary for eniluracil/5-FU.

Pemetrexed (MTA, LY231514)

Pemetrexed disodium is a new multitargeted antifolate that
inhibits thymidylate synthase, dihydrofolate reductase, and
glycinamide ribonucleotide formyl transferase. It has demon-
strated notable antitumor activity in combination with cis-
platin in mesothelioma and promising antitumor activity 
in other solid tumors. Takimoto et al. performed a dose-
escalation study in 29 patients with renal insufficiency.21

Renal function was determined by technetium 99m-DPTA
glomerular filtration rates. Cohort 1B included patients 
with creatinine clearance of 60 to 79mL/min; cohort 2, 
40–59mL/min; cohort 3, 20–39mL/min; and cohort 4, 
19mL/min, or less. Eighteen patients with normal renal func-
tion were also treated (cohort 1A). In cohort 1B, myelosup-
pressive DLT were found with pemetrexed in 3 of 5 patients
who were treated with a higher than standard dose of 
pemetrexed (600mg/m2). At the standard dose of 500mg/m2,
pemetrexed was well tolerated. Patients with creatinine clear-
ance of 40 to 59mL/min were also able to receive the stan-
dard dose of pemetrexed. No patients were enrolled in cohort
3, but 1 patient with severe renal insufficiency died with
febrile neutropenia, and no further accrual was performed in
either arm. In this study, the clearance of pemetrexed was
strongly correlated with glomerular filtration rate (GFR).
Based on these results, the investigators recommended that,
with vitamin B12 and folic acid supplementation, the standard
dose of pemetrexed, 500mg/m2 every 21 days, could be
administered to patients with mild renal dysfunction, as
defined by a creatinine clearance of greater than 40mL/min.

Raltitrexed

Thymidylate synthase (TS) has proven to be a fruitful target
in the therapy of many different tumors, including colorectal
cancers. Raltitrexed is a synthetic TS inhibitor that can be
administered intravenously once every 3 weeks. An impor-
tant limitation of raltitrexed is that it cannot be administered
to patients with significant effusions. Because of these con-
siderations, raltitrexed has undergone limited evaluation 
in patients with renal insufficiency.22 Judson et al. treated 
8 patients with renal insufficiency (creatinine clearance, 
25–65mL/min) and 8 with “normal” renal function with 
ralitrexed at 3mg/m2 every 21 days. The tl/2g and AUC of
raltitrexed were significantly greater in the patients with
renal insufficiency. The clearance of raltitrexed was clearly
related to creatinine clearance. Given these findings, and that
the doses of raltitrexed were similar in the two groups, it is
not surprising that the patients with renal insufficiency had
substantially more toxicity, with 6 patients requiring hospi-
talization (compared to 2 of the patients with normal renal
function). Based on these results, Judson et al. recommended
that if raltitrexed is being administered to patients with a cre-
atinine clearance of 25 to 65mL/min, the dose be decreased
by 50%, and the interval between treatments be increased to
4 weeks, rather than the usual 3 weeks. Moreover, they rec-
ommended that raltitrexed not be administered to patients
with severe renal insufficiency, as indicated by a creatinine
clearance less than 25mL/min.

Anthracyclines

Anthracyclines were among the first agents to have demon-
strated a clear propensity to have greater toxicity in patients
who had organ dysfunction, in particular, hepatic insuffi-
ciency. As a result, some of the first evidence-based recom-
mendations were with doxorubicin.

Adriamycin

Benjamin et al. performed a pharmacologic study of adri-
amycin 60mg/m2 every 3 weeks in 96 patients with a variety
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of malignancies.23 Eight of the patients had hepatic insuffi-
ciency, and these patients experienced significantly more tox-
icity than the patients with normal hepatic function. For
example, all 8 had severe pancytopenia, 3 had severe mucosi-
tis, and 3 died (37.5%). In five patients with hepatic insuffi-
ciency, the plasma levels of adriamycin and its metabolites
were four to five times as great as those for patients with
normal hepatic function, with significantly delayed excre-
tion. By comparison, the 79 patients with normal hepatic
function experienced less toxicity with no cases of severe
mucositis and 3 drug-related deaths (3.8%). As the result of
these experiences, 9 further patients with abnormal liver
function studies, as defined by bilirubin, were treated with a
lower dose of adriamycin. Patients with a bilirubin of 1.2 to
3.0mg/dL received a 50% reduction in the dose of adriamycin
(30mg/m2), and those with a bilirubin of greater than 
3.0mg/dL received adriamycin with a 75% dose reduction 
(15mg/m2). After receiving adriamycin with these dose mod-
ifications, the toxicity profile of adriamycin in these patients
was similar to that in patients with normal hepatic function.
An additional patient with severe renal insufficiency (serum
creatinine, 9.0mg/dL) received a full dose of adriamycin, with
only mild toxicity reported. This result likely reflected the
fact that the urinary excretion of adriamycin was “limited.”
Based on these results, these dose modifications for patients
with hyperbilirubinemia have been employed for adriamycin.

However, in some contrast to these results, Brenner et al.
treated 64 patients with acute nonlymphocytic leukemia
with adriamycin and cytosine arabinoside.24 Hepatic function
was determined by bromsulphalein (BSP) retention, a func-
tional test. The standard dose of adriamycin in this study was
30mg/m2 for 3 consecutive days. This dose was administered
to 28 patients with normal hepatic function (group I) and 26
patients with mild hepatic dysfunction by BSP retention
(greater than 5% over 45 minutes). In the other 10 patients,
who had an elevated BSP retention, adriamycin was delivered
at a 50% to 67% dose reduction (10–15mg/m2/day). In groups
I and II, which were treated with similar doses of adriamycin,
there was no significant difference in acute toxicity, as
defined by mucositis, patient outcomes, or in pharmacoki-
netic profiles. The patients in group III, receiving a lower dose
of adriamycin because of hepatic insufficiency, had perhaps
less toxicity, but were found to have a significantly lower drug
exposure, and possibly shorter survivals, than the patients
treated at the higher doses. The authors believe that, based
on these results, perhaps the recommendations from 
Benjamin et al. require further validation before widespread
application.

Epirubicin

Epirubicin is a derivative of adriamycin that may have some-
what less cardiotoxicity at equipotent doses. As a derivative
of adriamycin, several studies have evaluated the adminis-
tration of epirubicin in patients with hepatic insufficiency,
believing that a dose reduction may be necessary for such
patients. These expectations have indeed been borne out by
the study results.

Camaggi et al. performed a study with epirubicin in 22
patients with previously treated advanced solid tumors.25 Half
the patients, who had normal hepatic and renal function,
received 90mg/m2 epirubicin intravenously, and were used as

controls. Five patients had an elevated serum creatinine,
which suggested renal insufficiency, and 6 patients had abnor-
mal liver function studies as a result of hepatic metastases.
All except 1 (with normal bilirubin, but other elevated
transaminases and alkaline phosphatase) of these patients
received 35.7mg/m2 epirubicin. The patients with hepatic
insufficiency demonstrated a decrease in the plasma clear-
ance and increase in the area under the curve, but similar half-
life of epirubicin. The patient with a liver function study
abnormality who received the full dose of epirubicin had
higher epirubicin and epidoxorubicinol levels than those
patients who had normal liver function. Based on these find-
ings, in conjunction with previously reported results with the
parent compound doxorubicin, the authors suggested that a
50% dose reduction of epirubicin be considered for patients
with liver metastases, even in the absence of overt hepatic
dysfunction. However, they also recommended that further
studies be conducted to refine the recommendations, given
the small number of patients evaluated in this study. With
regard to the patients with renal insufficiency, who received
a lower dose of epirubicin, the pharmacokinetic parameters
of epirubicin were similar to those in patients without renal
insufficiency; this confirms the finding that renal excretion
is a minor pathway of elimination for epirubicin. Thus, the
authors concluded that epirubicin may be administered with-
out dose modification in patients with renal dysfunction.

Furthering the studies of epirubicin and hepatic function,
Twelves et al. evaluated the drug in 52 women with advanced
breast cancer.26 These patients were divided into three 
populations. The first group comprised women with normal
hepatic function, and they were treated with varying doses of
epirubicin (12.5–120mg/m2) every 3 weeks. Twenty-two
patients in group 2 had elevated AST, but normal bilirubin,
and 8 patients in group 3 had elevations in both AST and
bilirubin. Most of the women in these groups received epiru-
bicin 25mg/m2 weekly. The authors found that the patients
in groups 2 and 3 had decreased epirubicin clearance and a
prolonged terminal half-life of epirubicin compared to the
patients in group 1 (normal hepatic biochemistry studies).
The strongest correlation was between AST elevation and
clearance.

Based on these findings, this group then attempted to
derive a more specific dose modification plan in women with
breast cancer.27 Again, group 1 included 15 patients with
normal liver biochemistry studies (AST less than 2¥ ULN and
bilirubin less than 2.0 mmol/L) served as the controls, receiv-
ing various doses of epirubicin (25–120mg/m2) to define a
“high” and “low” AUC (2,400mg/mL/h and 1,600mg/mL/h,
respectively) that would correspond to epirubicin doses of 90
and 60mg/m2, respectively. The formula that was derived was
dose = AUC ¥ [87.5 - (34.2 ¥ log10AST)]. Group 2 consisted of
16 patients with abnormal liver function who were treated
with epirubicin 25mg/m2 to confirm the results in this pop-
ulation. In this population, the clearance of epirubicin was
again correlated with the log10 of AST.

A third group then included 41 women with abnormal
liver function who were prospectively treated with epirubicin
that was dosed according to the AST, targeted to attain either
the “high” AUC in 25 patients or “low” AUC in the other
16. Finally, the fourth group of patients was composed of 
25 patients with hepatic metastases and abnormal hepatic
transaminases who were treated with epirubicin 25mg/m2
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weekly. In the last two groups of patients, epirubicin therapy
was well tolerated. However, the median survival in these
patients with hepatic dysfunction and breast cancer was only
14 weeks. Ten of the 38 evaluable patients had a partial
response to therapy, and all had some improvement in their
liver biochemistries, including two who had an initial wors-
ening of these studies.

As a result of these findings, the authors concluded that
the epirubicin could be dosed safely according to a target
AUC, with the actual dose dependent on the pretreatment
AST. Doing so appears to decrease the pharmacokinetic vari-
ability of the administered epirubicin in comparison to the
patients treated with a fixed dose regardless of hepatic func-
tion. However, the potential benefits of these recommenda-
tions await confirmation by a randomized study.

Etoposide

Similar to the anthracyclines, etoposide is an inhibitor of
topoisomerase II. Its administration has also been explored in
several studies in patients with hepatic and renal insuffi-
ciency. In the mid-1980s, the initial reports were made by
D’Incalci and Arbuck, respectively. In the first report, 
D’Incalci et al. treated 15 patients with hepatic insufficiency,
as defined by a total bilirubin greater than 1.2, GGTP greater
than 28, or alkaline phosphatase greater than 170, and com-
pared pharmacokinetic results to a control population of 18
patients.28 Both groups of patients received varying doses and
schedules of etoposide, sometimes in combination with other
drugs. Overall, the pharmacokinetic results in the two popu-
lations were similar, but with somewhat more interpatient
variability in the patients with hepatic dysfunction.

Arbuck et al. observed eight patients with hepatic insuf-
ficiency (total bilirubin, greater than 1.0, including six values
greater than 3.0) with etoposide.29 As in the prior study, these
patients often also received other chemotherapy drugs, and
on varying schedules. Very little (less than 3%) of the etopo-
side was excreted in the bile, but much of the clearance of
etoposide was unaccountable. Etoposide clearance in patients
with hepatic insufficiency appeared to be similar to historic
control patients with normal renal function.

More recently, Hande et al. treated 11 patients with
obstructive jaundice and total bilirubin greater than 
2.0mg/dL, comparing the results to 23 control patients with
normal hepatic function (including bilirubin less than 
1.4mg/dL).30 Again, patients received varying doses of etopo-
side (100–800mg/m2), many in combination with other drugs.
There was no significant difference in the pharmacokinetic
profiles and urinary excretion in the two populations. Thus,
the authors recommended that dose modifications are not
necessary for patients with obstructive jaundice or hepatic
dysfunction, if they have normal renal function.

However, Stewart et al. reported some interesting findings
that, although consistent with the others, also raise interest-
ing questions.31 They treated 21 patients with etoposide 
100mg/m2 intravenously over 1 hour on days 1, 3, and 5, with
cisplatin 70mg/m2 IV on day 1. Fourteen patients had liver
metastases, but only 6 patients had a total bilirubin greater
than 1, including 4 with a total bilirubin greater than 2, 4
with ascites, and 6 had a creatinine clearance less than 
70mL/min. The authors specifically reported on the results
in the patients with hepatic dysfunction. They found that the

clearance of total etoposide was similar in patients with
hepatic dysfunction, hepatic metastases, ascites, and normal
hepatic function. The clearance of unbound etoposide was
significantly lower, resulting in a higher AUC in the patients
with hyperbilirubinemia than in the other patients. Toxicity
was not reported, so it is unclear if this increase in the expo-
sure to unbound etoposide has any clinical impact. Overall,
these data suggest that perhaps the dose of etoposide should
be decreased in patients with an elevated bilirubin. This
finding requires confirmation, and was not explored in the
other studies.

Taken together, the burden of the data suggests that in
patients with hepatic dysfunction, etoposide can probably be
administered safely without dose modification. However, the
study reported by Stewart et al. certainly indicates that
caution must continue to be used when administering etopo-
side in patients with hepatic insufficiency.

Less information is available regarding the administration
of etoposide in patients with renal insufficiency. D’Incalci
also treated eight patients with normal hepatic function, but
impaired renal function, as defined by a serum creatinine
greater than 1.5 or creatinine clearance less than 60mL/min.27

Five of these patients had renal dysfunction from cisplatin. In
this small group of patients, 2% to 23% of the dose was recov-
ered in the urine, which was less than in the control group of
18 patients (40%) with normal organ function. In addition,
the plasma clearance and half-life of etoposide were signifi-
cantly less in the patients with renal dysfunction than the
control patients. Arbuck also treated nine patients with renal
insufficiency (creatinine clearance less than 70mL/min, but
only three less than 50mL/min).28 Although the pharmaco-
kinetic findings in the patients with renal insufficiency were
similar to those in the patients with hepatic dysfunction, 
creatinine clearance was found to be the strongest predictor
of etoposide clearance. Thus, the results from these limited
studies suggest that etoposide clearance is correlated with
creatinine clearance, and both sets of authors suggested that
the dose of etoposide be decreased in patients with renal
insufficiency.

Targeted Therapy

Imatinib Mesylate (Gleevec, STI 571)

Imatinib was the first oral “targeted therapy” to be approved
for use in the United States. It is metabolized in the liver,
which suggests that its toxicity profile may be altered in
patients who have hepatic insufficiency. However, two
reports, each composed of two patients, suggested that despite
the hepatic metabolism of the drug, imatinib can be given
safely to patients with gastrointestinal stromal tumors and
hepatic dysfunction, as deteremined by bilirubin and hepatic
transaminases, with no clear worsening of drug toxicity.32,33

The administration of imatinib in patients with organ
dysfunction has been explored more formally through the
National Cancer Institute Cancer Therapy Evaluation
Program (NCI CTEP) in a pair of studies that have been
reported in preliminary form. Ramanathan et al. reported on
the administration of imatinib in patients with hepatic dys-
function, primarily the result of liver metastases, or 15
patients with normal liver function.34 The severity of hepatic
dysfunction was defined by total bilirubin and SGOT, in ref-

1 7 2 8 chapter 98



erence to laboratory normals. Thus, the mild hepatic dys-
function cohort included patients with total bilirubin less
than 1.5¥ ULN, or SGOT above normal. Moderate dysfunc-
tion encompassed patients with a total bilirubin 1.5–3.0¥
ULN, but any SGOT, whereas severe hepatic dysfunction
included patients with a total bilirubin 3–10¥ ULN, and any
SGOT. At the time of the abstract presentation, 13, 9, and 12
patients had been enrolled in the study, with only 1 DLT
(vomiting/diarrhea in 1 patient in the mild hepatic dysfunc-
tion cohort at 400mg daily). Generally, therapy was well tol-
erated, and the toxicity profile was similar to that reported in
gastrointestinal stromal tumors, including nausea/vomiting,
edema/weight gain, fatigue, and elevation in liver function
studies. Preliminary evaluation of the pharmacokinetic
studies that have been performed demonstrated a large inter-
patient variability, but also with a 50% increase in steady-
state levels of imatinib in the patients with hepatic
dysfunction compared to the normal patients. However, as
the dose escalation was continuing, no specific recommen-
dations have yet been made.

For the same consortium, Remick et al. reported on a
similar study in patients with renal dysfunction.35 Again,
four cohorts of patients underwent parallel dose escalations.
These cohorts were patients with normal renal function and
patients with mild (creatinine clearance between 40 and 
59mL/min), moderate (20–39mL/min), or severe (less than 
20mL/min) renal dysfunction. At the time of the report,
therapy had been well tolerated, with patients again having
typical toxicities for imatinib. The clearance of imatinib
declined with creatinine clearance, and appeared to be
inversely correlated with plasma alpha-1-acid glycoprotein.
However, in patients with mild and moderate renal insuffi-
ciency, the toxicity profile did not appear to be significantly
different than for patients with normal renal function. Only
one DLT was reported (nausea/vomiting) in a patient with
moderate renal dysfunction who received imatinib at 200mg
daily. Dose escalation was continuing in this study as well,
and again, no specific dose recommendations were made for
patients with renal insufficiency.

Gefitinib (Iressa, ZD 1839)

Another in the new generation of targeted therapy is gefitinib,
which inhibits the tyrosine kinase of epidermal growth factor
receptors and has demonstrated antitumor activity, with sug-
gested symptomatic benefit in patients with non-small cell
lung cancer. Twelves et al. evaluated the role of hepatic insuf-
ficiency in patients who were treated with gefitinib at the
standard dose of 250mg daily.36 Hepatic insufficiency was
defined by serum aspartate aminotransferase and total biliru-
bin. Forty-one patients were treated in this study, including
18 with normal hepatic function, 16 with moderate hepatic
insufficiency, and 7 with severe hepatic dysfunction. No sig-
nificant differences in systemic exposure, as defined by AUC
and Cmax, or toxicities were noted among the groups.

Vincristine

Although the vinca alkaloids have been used as antineoplas-
tic therapy for several decades, limited information is avail-
able regarding the administration of these microtubule
inhibitors in patients with organ dysfunction. Van den Berg

et al. reported on a series of 39 patients who received vin-
cristine at various doses, usually in combinations with other
drugs.37 Fifteen patients had elevated alkaline phosphatase, 3
of whom had elevated bilirubin, and 7 also had elevated
GGTP. In these patients, the half-life and AUC of vincristine
were elevated. With the limitations of this study, no recom-
mendations regarding dosing of vincristine in patients with
elevated alkaline phosphatase and likely, impaired hepatic
function.

Renal Dysfunction

Our knowledge of the elimination of drugs remains incom-
plete, which makes dose modifications for end-organ dys-
function difficult (Tables 98.1, 98.2). The narrow therapeutic
index of antineoplastic drugs makes a solid understanding of
drug metabolism critical when administering chemotherapy
in patients with renal dysfunction. In this section, we 
review the available evidenced-based recommendations for
chemotherapy administration in renal dysfunction to serve as
a reference for treatment decision making.

Disease-Specific Trials in Renal Dysfunction

Few disease-specific studies exist in the literature addressing
the role of chemotherapy in patients with renal dysfunction.
The majority of the trials have been performed in genitouri-
nary cancer, as renal insufficiency is commonly observed in
this patient population. Transitional cell carcinoma of the
urinary bladder is a moderately chemosensitive tumor with
published response rates of 60% to 70% and complete
responses in 20% to 30% using cisplatin-based chemother-
apy.38–40 Almost half the patients presenting with advanced
bladder malignancies have compromised clinical status 
due to advanced age, comorbidities, and renal dysfunction,
making the delivery of full-dose cisplatin-based chemother-
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TABLE 98.1. Chemotherapeutic agents metabolized or excreted 
by the kidneys.

Azathioprine
Busulfan
Bleomycin
Capecitabine
Carboplatin
Cisplatin
Cytarabine
Dacarbazine
Etoposide
Fludarabine
Hydroxyurea
Ifosfamide
Melphalan
Methotrexate
Mitomycin C
Oxaliplatin
Pentostatin
Streptozocin
Temozolomide
Topotecan



apy difficult if not dangerous. This issue has thus led to
several initiatives exploring systemic chemotherapy in the
presence of renal dysfunction and perhaps representing geni-
tourinary (GU) malignancies, giving us the most extensive
body of literature in a disease-specific setting.

Paclitaxel, primarily metabolized by the liver, has been
evaluated in several studies of patients with renal insuffi-
ciency.41 Dreicer et al. treated six chemotherapy-naïve bladder
cancer patients with renal insufficiency defined by median
serum creatinine of 2.25mg/dL (range, 1.6–3.2), with pacli-
taxel 175–250mg/m2 over 24 hours every 21 days.42 Four of
the patients had a documented partial response while another
had stabilization of disease. Three of the patients had experi-
enced neutropenia with an associated fever, and 2 had severe
neurotoxicity. This toxicity profile is similar to that reported
with paclitaxel when used as a single agent in patients with
normal renal function.

Dimopoulos et al. treated a similar group of 11 patients
with docetaxel 100mg/m2 every 21 days, with G-CSF
support.43 Five of the patients had an objective response and
3 had stable disease. Three of the responding patients nor-

malized their renal function after relief of ureteral obstruc-
tion. The median survival in these patients was 11 months.
The regimen was considered to be safe. Five patients experi-
enced severe neutropenia, including two episodes of neu-
tropenic fever; no other severe toxicities were reported.

Having exhibited activity with acceptable toxicity in
patients with mild renal insufficiency, taxanes were then
studied in combination with carboplatin, adjusting for renal
function. Bekele et al. reported a case of a patient with
metastatic transitional cell carcinoma and chronic renal
insufficiency (baseline serum creatinine, of 6.6mg/dL) sec-
ondary to poststreptococcal glomerulonephritis.44 The pa-
tient was treated with carboplatin (AUC = 5) and paclitaxel
135mg/m2 every 3 weeks. This chemotherapy combination
induced a partial regression of disease and was well tolerated.
The patient experienced grade 2 anemia, grade 1 neuropathy,
did not require hemodialysis, and died 17 months later with
progressive disease.

Vaughn et al. reported a Phase I/II study of carboplatin and
paclitaxel in 33 patients with a median creatinine clearance
of 52mL/min (range, 24–100). Sixteen patients were accrued
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TABLE 98.2. Recommendations by trial for patients with renal dysfunction.

Complete Partial
Renal Relative response response

Author Year N function Chemotherapy risk (RR) (CR) (PR) Grade 3/4 toxicity

Dreicer42 1996 9 2.25 (1.9–3.2) Taxol 24-h 56% — 5 Leukopenia, neutropenia
CIV

Vaughn45 1998 17 1.1 (0.7–2.7) Carbo 50% Neutropenia, neuropathy
AUC 6

Cr Cl, 52 Taxol
(24–110) 225mg/m2

Dimopoulos43 1998 11 2.6 Docetaxel — 5 Neutropenia
100mg/m2

Small47 2000 29 Cr Cl, 61 Carbo 20.7% — 6 Neutropenia, anemia, pain,
(36–125) AUC 5 thrombocytopenia, cardiac, 

Taxol pulmonary, neurologic, GI,
200mg/m2 metabolic, infection, renal

Llado51 2000 16 5 > 55 Carbo 43.7% 1 6 Anemia, neutropenia,
AUC 4.5 thrombocytopenia

7, 30–55 Gem
4 < 30 1,000mg/m2

Shannon52 2001 17 Cr Cl, 56 Carbo 58.8% 3 7 Neutropenia, anemia,
(34–90) AUC 5 thrombocytopenia

Gem
1,000mg/m2

Vaughn46 2002 42 1.7 Taxol 24.3% 3 6 Neutropenia
(1.5–3) 225mg/m2

Carbo
AUC 6

Ricci56 2002 38 1.3 Gem 39.5% 2 13 Neutropenia, anemia
(0.6–2.6) 1,000mg/m2

Cr Cl Epirubicin Thrombocytopenia
<60–30 70mg/m2

Nogué- 2003 41 Cr Cl Carbo 56.1% 6 17 Neutropenia, anemia
Aliguer55 <60–22 AUC 5

Cr Cl Gem Thrombocytopenia
>60–19 1,000mg/m2

R, renal dysfunction; H, hepatic dysfunction; ULN, upper limit of laboratory normals; CrCl, creatinine clearance, as measured by mL/min; PCr, serum creatinine,
as measured by mg/dL; Tbili, total bilirubin, as measured by mg/dL; AST, aspartate serum transaminase; AUC, area under the curve; CrCl, creatinine clearance.

Source: Standard recommendations derived from Drugs Facts and Comparisons 2004, 58th edition. St. Louis: Facts & Comparisons, 2004.



in Phase I and administered carboplatin AUC 6 and paclitaxel
150 to 225mg/m2 IV over 3 hours.45 Subsequently, 17 pa-
tients were treated with carboplatin AUC 6 and paclitaxel 
225mg/m2 IV over 3 hours. Although responses were
observed at all dose levels, an objective response rate of 50%
was documented in this Phase II setting.

Drawing from this experience, the Eastern Cooperative
Oncology Group carried out a Phase II study (E2896) of 
carboplatin and paclitaxel in 42 patients with advanced
urothelial cancer and renal dysfunction.46 A serum creatinine
between 1.6 and 4.0mg/dL was required for study entry. Nine
of the 37 evaluable patients had an objective response
(24.3%); 3 complete responses were observed. The median
survival was 7.1 months and the median progression-free sur-
vival 3.0 months. The toxicity profile of the combination in
this study was typical for the regimen, with severe neutrope-
nia observed in 60% and anemia in 18% of the 40 evaluable
patients. Severe neurotoxicity was reported in 35% and
nausea/vomiting in 10% of the patients. Of note, 4 patients
died on therapy; 1 with neutropenic sepsis, 1 with gastroin-
testinal bleeding in the setting of grade 4 thrombocytopenia,
1 with pulmonary embolism, and 1 of an unknown cause. The
authors concluded that the combination of carboplatin and
paclitaxel could be administered safely to patients with renal
insufficiency and should be subjected to further evaluation as
an optimal therapeutic option.

The Southwest Oncology Group (SWOG) replicated this
study, treating 29 patients with a median creatinine clearance
of 61mL/min with carboplatin at AUC 5 and paclitaxel 
200mg/m2 every 21 days.47 Six partial responses with an
overall response rate of 20.7% were observed. Toxicity was
primarily hematologic, with 38% experiencing grade 4 neu-
tropenia. Neurologic toxicity was observed in 16 patients;
grade 1 in 4, grade 2 in 5; grade 3 in 6; and grade 4 in 1 patient.
Although the regimen was deemed to be well tolerated, the
response proportion in this study was considerably lower than
prior studies.

Single-agent gemcitabine has been shown to have 
activity and excellent tolerance in patients with transitional
cell carcinoma.48,49 Gemcitabine in combination with cis-
platin has been shown to have equivalent activity compared
to methotrexate, vinblastine, doxorubicin, and cisplatin
(MVAC) in advanced urothelial cancer.50 Llado et al. treated
16 patients with renal insufficiency, substituting carboplatin
AUC 4.5 in combination with gemcitabine 1,000mg/m2 with
an overall response rate of 43.7%. One patient had a complete
response while 6 had partial responses.51 Toxicity was pri-
marily hematologic. The combined regimen with carboplatin
(AUC = 5, on day 1) and gemcitabine (1,000mg/m2 over 30
minutes on days 1 and 8), repeated every 21 days, has been
studied by several investigators. Shannon et al. administered
this combination to 17 patients with poor prognostic factors;
13 of these patients had a creatinine clearance less than 
60mL/min.52 Overall, 10 patients had an objective response
(58.8%). The median survival was 10.5 months and the
median time to progression 4.6 months. As expected, the
primary toxicity was myelosuppression; 12 patients (70%)
experienced severe neutropenia without neutropenic fever, 8
(47%) had thrombocytopenia, and 3 (18%) had anemia. Severe
nonhematologic toxicity was relatively uncommon, with 2
patients experiencing nausea/vomiting and 1 mucositis. It
was concluded that this combination was active, with accept-

able toxicity. Carles et al. treated 17 patients with median 
creatinine clearance of 45mL/min (range, 20–55mL/min)
using the same regimen.53,54 An objective response of 56% was
observed; the median survival was 10 months. Overall, this
schedule of carboplatin/gemcitabine was tolerated well;
severe neutropenia occurred in 4 patients (23.5%) and throm-
bocytopenia and anemia in 18% each. The authors concluded
that this combination is active in patients with renal insuffi-
ciency and had similar antitumor efficacy as observed in
patients with normal renal function.

The largest series of patients treated with this schedule of
carboplatin and gemcitabine was reported by Nogue-Aliguer
et al.55 Twenty-two of the 41 patients in this series had renal
insufficiency as defined by a creatinine clearance between 30
and 60mL/min. The remainder of the patients were consid-
ered to be poor candidates for cisplatin-based chemotherapy
because of age or performance status. The results mirrored
those from the reports from Shannon and Carles, with a
response rate of 56.1%, median survival of 10.1 months, and
median progression-free survival of 7.2 months. Unfortu-
nately, the results for the patients with renal insufficiency
were not reported separately from the poor performance
status patients. The toxicity profile was again similar to the
previous reports. Severe myelosuppression was the primary
toxicity, with neutropenia in 63% of patients (including 3
episodes of neutropenic fever), anemia in 54%, and thrombo-
cytopenia in 32%. Twenty percent of patients had severe
asthenia and 7% severe nausea/vomiting. One patient had an
increase in serum creatinine.

Seeking to avoid the use of any platinums in patients who
may be poor candidates for such therapy, Ricci et al. investi-
gated a combination of epirubicin and gemcitabine.56 Epiru-
bicin was administered on day 1 at a dose of 70mg/m2 and
gemcitabine 1,000mg/m2 on days 1 and 8, with cycles every
21 days. Thirty of the 38 patients enrolled had a creatinine
clearance of less than 60mL/min. Fifteen of the patients
(39.5%) had an objective response. The median survival was
8.0 months, with a 1-year survival of 38% and median 
progression-free survival of 4.8 months. The combination was
well tolerated, with severe neutropenia in 22% of all cycles,
and 2 episodes of neutropenic fever. Severe anemia occurred
in 11% of cycles, and thrombocytopenia in 7% of cycles; no
severe nonhematologic toxicities were noted. The authors
concluded that this regimen could have potential utility for
patients with advanced urothelial carcinoma who are consid-
ered to be suboptimal candidates for platinum-based therapy,
including those with renal insufficiency.

Taken together, these series of studies suggest that
taxanes, platinums, gemcitabine, and epirubicin may be
administered safely in patients with mild renal insufficiency
without compromising antitumor activity or increased toxic-
ity, alone or in combination.

Chemotherapy and Hemodialysis

With the improvement in hemodialysis techniques and sup-
portive care, the prognosis of patients with chronic renal
failure has improved. The improvement in survival in turn,
has led to the increased number of hemodialysis patients with
development of various types of cancers.57 Many chemother-
apeutic agents are dependent on renal excretion, and the role
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of chemotherapy in adult patients who require hemodialysis
has rarely been reported.

The impact of chemotherapy in adult patients who
require hemodialysis has rarely been reported, and specific
recommendations cannot be made for most agents. The lit-
erature reveals only case reports and small series. The largest
of these series was performed in lung cancer. Watanabe et al.
treated five patients with increasing doses of cisplatin on 
day 1, and etoposide on days 1, 3, and 5.58 Hemodialysis was
performed within an hour after completion of chemotherapy.
Two patients were treated with an intrapatient dose escala-
tion to determine the toxicity of the regimen in these
patients. Full doses of cisplatin (80mg/m2) and etoposide (100
mg/m2) could be administered in the other three patients.
Four of the patients had partial responses, two of two in small
cell and two of three in non-small cell lung cancer. The 
toxicity profile was similar to other series of patients 
with normal renal function. All the patients had severe 
grade 3/4 anemia and neutropenia. Two each had severe
thrombocytopenia and nausea/vomiting. The pharmacoki-
netic results in this study were similar to those from patients
with normal renal function, although the free platinum 
was somewhat higher in the patients on hemodialysis. 
These findings suggest that full doses of cisplatin and 
etoposide could be administered safely to patients requiring
hemodialysis.

Two case reports have also been published suggesting the
safety of paclitaxel in patients requiring hemodialysis. One
woman with ovarian cancer was treated with escalating doses
of paclitaxel, from 175 to 300mg/m2 over 3 hours, on non-
dialysis days. Pharmacokinetic studies were performed, 
and demonstrated nonlinear pharmacokinetics with the high
doses, similar to other studies. Paclitaxel could not be dia-
lyzed. Similar results were reported in an iatrogenically
anephric child requiring hemodialysis who received 
paclitaxel at 250 and 350mg/m2 over 24 hours. The peak 
concentration and systemic exposure of paclitaxel was
similar to historically reported values in children. Again,
paclitaxel could not be detected in the dialysate. Taken
together, these results suggest that paclitaxel can be 
safely administered in full doses to patients requiring
hemodialysis.

There also have been two cases of the use of gemcitabine
in patients requiring hemodialysis. An 81-year-old man with
metastatic pancreatic adenocarcinoma received gemcitabine
650mg/m2 on days 1, 8, and 15 every 28 days. Hemodialysis
was performed 5.5 hours after completion of the infusion. 
No significant toxicities were reported. The Cmax, AUC, and
clearance of gemcitabine were similar to prior reports of gem-
citabine in patients without renal dysfunction. However, the
metabolite dFdU did not decrease until dialysis started.
However, upon the initiation of dialysis, the dFdU levels
decreased by 46%. Kiani et al.59 reported a 64-year-old man
with locally advanced pancreatic cancer who received 
gemcitabine 1,000mg/m2 on days 1 and 10 every 28 days.
Hemodialysis was performed 24 hours after completion of the
chemotherapy. Again, the pharmacokinetics of gemcitabine
were similar to those for patients with normal renal function.
The half-life of dFdU was prolonged, but without apparent
clinical consequence. These reports also suggest that gem-
citabine may also be administered at the full doses to patients
who are undergoing hemodialysis.

Cisplatin and Paclitaxel

Most of the cases reports using carboplatin and paclitaxel
combinations in dialysis patients have been patients with
gynecologic malignancies. A high proportion of the carbo-
platin administered remains free in plasma. Because the
major route of elimination of carboplatin is through glomeru-
lar filtration and tubular secretion, it has high dialysis effi-
cacy. By contrast, the majority of cisplatin is rapidly protein
bound, and renal excretion accounts for a minority of the
elimination of free platinum.60 Thus, due to its predictable
kinetics, similar efficacy, and limited toxicity, carboplatin is
usually preferable to cisplatin in patients with gynecologic
malignancies on hemodialysis.

The carboplatin AUC observed in a hemodialysis patients
is not only dependent on the dose and GFR but also on the
interval between the drug administration and hemodialysis.
Kurata et al. compared the AUC of carboplatin followed by
hemodialysis 1 and 2 hours after administration.61 Although
the predicted AUC was 9.6mg/min/mL after administration
of carboplatin at the dose of 240mg/m2, the observed AUC
was 3.1mg/min/mL for 1 hour and 5.1mg/min/mL for 2 hours
after the dose. Niikura et al. reported three cases of long-term
dialysis patients with gynecologic malignancies. They chose
the dose of 200mg/m2 for the initial administration of 
carboplatin with expectation of an AUC of 4mg/min/mL
during hemodialysis 2 hours after administration based on
pharmacokinetic data.62 Severe or prolonged thrombocytope-
nia during chemotherapy in two of three patients was
observed, and thus the authors suggest that a dose of 
200mg/m2 may be too high in these patients. Clinically com-
plete remission was observed in a patient receiving a carbo-
platin dose of 100mg/m2 in this series. Similarly, a case report
by Chatelut et al. noted a complete response in an advanced
ovarian cancer patient on hemodialysis with carboplatin at
the dose of 100 to 150mg/m2.63 The authors thus recommend
100 to 150mg/m2 of carboplatin as an appropriate dose for
patients undergoing hemodialysis in spite of a low AUC
achieved pharmacokinetically. Patients on long-term
hemodialysis may have an abnormal bone marrow function
and therefore, the dose of carboplatin may need to be reduced
in spite of reported pharmacokinetic data.

Watanabe et al. reported a case of stage III ovarian cancer
treated with carboplatin/paclitaxel combination chemother-
apy after debulking surgery.64 Paclitaxel was administered at
150mg/m2 and carboplatin at AUC 5, according to the Calvert
formula. Chemotherapy was given on nondialysis days and an
acceptable degree of thrombocytopenia and neutropenia was
noted. The patient had a complete response after five cycles
and remained disease free for 8 months after completion of the
therapy. The authors suggest administering chemotherapy at
least 16 hours before the scheduled hemodialysis.

Furuya et al. reported a case of a dialysis patient with
metastatic urothelial carcinoma treated with a combination
of carboplatin dosed at AUC of 5mg/min/mL, calculated
according to the Calvert formula, and a full dose of paclitaxel,
175mg/m2.65 The patient was able to tolerate four courses of
chemotherapy with minimal toxicity (grade 3 neutropenia
and grade 1 thrombocytopenia) while achieving a 20% tumor
regression.

Paclitaxel is extensively metabolized by the liver and
secreted in bile, with less than 10% extracted by the
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kidneys.66,67 Paclitaxel is not eliminated by hemodialysis; no
dose adjustment has been required based on renal failure
alone.68 Tomita et al. collected dialysate samples 30min after
the start of hemodialysis for measurement of paclitaxel con-
centration, but none was identified.69

Cisplatin and Etoposide

Several small case series have been reported with use of atten-
uated doses of cisplatin in hemodialysis patients. Tomita 
et al. reported a case of a recurrent ovarian cancer patient
undergoing hemodialysis treated with cisplatin and pacli-
taxel.69 At a dose of cisplatin 30mg/m2 and paclitaxel 
150mg/m2, a 42% tumor size reduction was noted after two
cycles; however, grade IV neutropenia and grade 3 thrombo-
cytopenia were noted. Similar case studies have been reported
with use of cisplatin in hemodialysis patients in testicular
cancer, bladder cancer, gastric cancer, and lung cancer.70–73

Kamizuru et al. reported a pharmacokinetic study in a
hemodialysis patient with stage IIIA seminoma treated with
cisplatin at 7mg/m2 on days 1, 3, and 5, 14mg/m2 cisplatin
on days 2 and 4, with etoposide 70mg/m2 on days 1 to 5.70

They noticed a high degree of myelosuppression and thus 
had to attenuate their chemotherapy doses of cisplatin to 
14mg/m2 on days 1, 3, and 5 and etoposide to 35mg/m2 on
days 1 to 5 for the next three cycles. The AUC of free cis-
platin found on pharmacokinetic study was 6.82mg/h/min in 
the first course, and 4.07 mg/h/min in the second course. The 
AUC of etoposide was 241.9 mg/h/mL in the first course 
and 216.9mg/h/mL in the second course. A complete response
was achieved, and the patient did not have any recurrence 
for 5 years. The authors concluded that the cisplatin and
etoposide could be given to the patients receiving hemodial-
ysis, and suggested the use of lower doses to prevent side
effects.

Obana et al. reported three cases of small cell lung cancer
patients with underlying renal failure treated with carbo-
platin and etoposide.73 Hemodialysis was used in two of three
cases. Two of the three patients had a partial response and
there was improvement in quality of life in the third. The
need for selection of suitable chemotherapy regimens, their
optimal dose, and the timing of hemodialysis was raised by
the authors. A recent case series by Watanabe et al., was pub-
lished in the British Journal of Cancer.58 They reported a dose-
escalation study of cisplatin and etoposide for hemodialysis
patients with lung cancer. A starting dose of cisplatin at 
40mg/m2 on day 1, and etoposide at 50mg/m2 on days 1, 3,
and 5, was escalated course by course and patient by patient
by monitoring toxicity and pharmacokinetic data. In their
series of five patients they were able to give the full dose of
cisplatin at 80mg/m2 on day 1 and 100mg/m2 etoposide on
days 1, 3, and 5. Pharmacokinetic data were comparable to
those from the patients with normal renal function except for
uncleared free platinum in renal insufficiency patients. All
patients in their series developed anemia, neutropenia, and
prolonged thrombocytopenia. The authors concluded that, in
this small number of patients, further studies in larger patient
populations are warranted, even though dose escalation
showed that full-dose chemotherapy administration in
hemodialysis patients was possible.

Hepatic Dysfunction

Evaluating Hepatic Function

One of the primary difficulties in the evaluation of the appro-
priate role and dose of chemotherapy in patients with hepatic
dysfunction is determining an appropriate definition of
hepatic insufficiency. The liver is an organ with multiple
functions, and as one of the largest organs in the body, one
with great reserve. Different medical disciplines have evalu-
ated hepatic function differently, based on biochemical func-
tion (synthetic or metabolic), or more grossly, as with the
Childs’ classification. Similarly, there is no agreement on
what constitutes hepatic dysfunction in regard to pharma-
cology. Even within a relatively uniform and consistent group
of investigators, such as the Cancer and Leukemia Group B
Pharmacology and Experimental Therapy group, the defini-
tion of hepatic dysfunction used in protocols has evolved.

Some studies have based the definition of hepatic insuffi-
ciency upon function studies. Most protocols have defined
laboratory values, some based upon synthetic function, and
others related to metabolism, or the transaminases.

Disease-Specific Trials in End-
Organ Dysfunction, Primarily 
Hepatocellular Carcinoma

As with renal dysfunction, few disease-specific studies have
been conducted for patients with hepatic dysfunction 
(Table 98.3). The studies that have been reported are primar-
ily with anthracyclines, which require dose modification in
the setting of hepatic insufficiency, in patients with hepato-
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TABLE 98.3. Chemotherapeutic agents metabolized or excreted by
the liver.

Capecitabine
Chlorambucil
Cyclophosphamide
Dacarbazine
Daunorubicin
Docetaxel
Doxorubicin
Epirubicin
Etoposide
Fluorouracil
Gefitinib
Hydroxyurea
Idarubicin
Imatinib
Irinotecan
Lomustine
Methotrexate
Mitomycin C
Mitoxantrone
Paclitaxel
Vinblastine
Vincristine
Vinorelbine



cellular cancer (HCC). This disease often occurs in the setting
of cirrhosis, and the dysfunction is often not a specific reflec-
tion of the malignancy.

Chan et al.74 treated 7 patients with hepatocellular carci-
noma, three of whom had biopsy-proven cirrhosis, but normal
LFTs with various doses of doxorubicin (10–45mg/m2) and
methyl CCNU. The pharmacokinetic results in these
patients were compared to the results in 10 patients with

other malignancies who received the same combination. The
results were similar in the two populations, suggesting 
that cirrhosis does not inherently change the clearance of 
doxorubicin.

Similarly, Johnson et al.75 evaluated 30 consecutive
patients with hepatocellular cancer who were treated with
doxorubicin, 60mg/m2. Sixteen of the patients had hyper-
bilirubinemia, defined by a total bilirubin greater than 1.7.
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TABLE 98.4. Recommendations for dose modifications in hepatic or renal dysfunction, based on clinical data, compared with “Standard
Recommendations.”

Recommendations for modification 
Agent Standard recommendations for dose modifications based on clinical studies

Capecitabine R: CrCl 30–50: 25% reduced R: CrCl 30–50: 25% reduced
Carboplatin R: Area under the curve (AUC) R: AUC
Docetaxel H: Transaminase >1.5 ¥ ULN, and alkaline H: No recommendations

phosphatase >2.5 ¥ ULN: do not administer
Doxorubicin H: Tbili 1.2–3.0: 50% reduced H: Tbili 1.2–3.0: 50% reduced

Tbili >3.0–5.0: 75% reduced
Tbili >3.0: 75% reduced
Tbili >5: Do not administer
R: CrCl <10: 25% reduced

Epirubicin H: Tbili 1.2–3.0: 50% reduced H: 50% reduced
Tbili >3.0–5.0: 75% reduced Maybe, AUC guided
AST 2–4 ¥ ULN: 50% reduced
AST >4 ¥ ULN: 75% reduced

Etoposide H: Tbili 1.5–3.0: 50% reduced H: None needed
Tbili >3.0: 75% reduced
R: CrCl 10–50: 25% reduced R: No recommendations possible
CrCl <10: 50% reduced

Fluorouracil R: No recommendations R: PCr 1.5–3.0: 100% if 24-h infusion
H: Tbili 3.0–5.0: 50% reduced H: 100%, if 24-h infusion
Tbili >5.0: Do not administer

Gefitinib No recommendations H: No changes necessary
Gemcitabine H: “with caution” H: TBili 1.5–7.0; AST >2x

ULN: 800mg/m2 IV over 30min
days 1, 8, 15 q 28d

R: “with caution” R: PCr 1.6–5.0: 650mg/m2 IV
Over 30min days 1, 8, 15 q 28d

Imatinib No recommendations H: Studies ongoing, no
recommendations

R: Studies ongoing, no
recommendations

Irinotecan H: Tbili >2: “use lower doses” H: Tbili 1.5–3.0 ¥ ULN: 200mg/m2

IV over 90min, q 21d
Oxaliplatin H: No recommendations made H: Tbili <3, AST <2.6 ¥ ULN,

AP <5 ¥ ULN: 100% of dose
R: “Severe”: “with caution” R: CrCl >20: 100% of dose

Paclitaxel H: “with caution” H: Incomplete AST: 50mg/m2

IV over 24h q 21d
Tbili >1.5: 50–75mg/m2 IV over 

24h q 21d
R: No recommendations R: 10% dose reduction

Pemetrexed No recommendations R: CrCl >40: 500mg/m2 IV q 21d
Raltitrexed No recommendations in U.S. R: CrCl 25–65: 50% dose reduction
Topotecan H: No recommendations H: Tbili >1.2 ¥ ULN: 100% of dose

R: CrCl 20–39: 50% reduced R: CrCl 20–39: 0.5–0.75 mg/m2/d
CrCl <20: Do not administer ¥ 5, q 21d

Vinblastine H: Tbili >3.0: 50% reduced No recommendations
Vincristine H: Tbili >3.0: 50% reduced H: No recommendations possible
Vinorelbine H: Tbili 2.1–3.0: 50% reduced No recommendations

Tbili >3.0: 75% reduced

R, renal dysfunction; H, hepatic dysfunction; ULN, upper limit of laboratory normals; CrCl, creatinine clearance, as measured by mL/min; PCr, serum creatinine,
as measured by mg/dL; Tbili, total bilirubin, as measured by mg/dL; AST, aspartate serum transaminase.



These patients had a greater AUC but similar terminal half-
life as those with normal hepatic function. The antitumor
efficacy was similar (2/11 evaluable patients) in each group.
The patients with hyperbilirubinemia were significantly
more likely to have leukopenia on day 7, however.

Subsequent explorations have involved liposomal formu-
lations of anthracyclines. Hong et al.76 reported a single case
of a patient with inoperable hepatocellular cancer, and severe
hepatic dysfunction, as indicated by an abnormally increased
indocyanine green clearance (ICG) study: 30mg/m2 of pegy-
lated liposomal doxorubicin was given every 3 to 4 weeks.
The patient tolerated therapy well, with grade 2 stomatitis
and grade 2 and 3 leukopenia, and he was able to receive
therapy for eight cycles, with an initial partial response. The
pharmacokinetic studies were compared to results from eight
patients with normal hepatic function and found that the
volume of distribution and clearance of doxorubicin were
higher, and AUC lower, in this patient. Based on this result,
the authors then performed a Phase II study with this drug
and dose in this population. Forty patients with hepatocellu-
lar cancer were enrolled; they were required to have a total
bilirubin of 3.0mg/dL or less. The overall response rate was
10%, with a median survival of 3.0 months. The toxicity was
acceptable, with severe neutropenia in 9% of cycles and
stomatitis in 7% of cycles. The results from the pharmaco-
kinetic studies were variable, with no clear correlation to tox-
icity. Hepatic function as determined by ICG studies also did
not correlate with pharmacokinetic or toxicity results. Com-
pared to the results from a Phase I study, the results from this
study again suggested a lower initial concentration of doxo-
rubicin, larger volume of distribution, and more rapid clear-
ance of doxorubicin in these patients with hepatocellular 
carcinoma.

Daniele et al.77 planned a dose-escalation study of liposo-
mal daunorubicin in patients with hepatocellular carcinoma
and cirrhosis. However, because of the toxicity encountered
in this study, dose deescalation, from 80 to 60 to 40mg/m2

every 21 days, occurred. Indeed, even at the lowest level, three
of the four patients encountered dose-limiting toxicity. No
objective responses were noted. The primary toxicity in this
study, however, was elevations in bilirubin and other hepatic
biochemical studies. This study was ultimately also discon-
tinued in part because of the finding of significant uptake of
the liposomes in the “normal” liver parenchyma. Specific 
recommendations based on the previous discussion are pre-
sented in Table 98.4.

References

1. Venook AP, Egorin MJ, Rosner GL, et al. Phase I and pharmaco-
kinetic trial of paclitaxel in patients with hepatic dysfunction:
Cancer and Leukemia Group B 9264. J Clin Oncol 1998;
16(5):1811–1819.

2. Conley BA, Zaharski D, Kearns CM, et al. Paclitaxel (P) 
pharmacokinetic (PK)/pharmacodynamic (PD) relationships in
patients (pts) with renal dysfunction (RD). Proc Am Soc Clin
Oncol 1997;16:223A.

3. Gelderblom H, Verweij J, Brouwer E, et al. Disposition of 
[G-3H] paclitaxel and cremophor EL in a patient with severely
impaired renal function. Drug Metab Dispos 1999;27(11):
1300–1305.

4. Venook AP, Egorin MJ, Rosner GL, et al. Phase I and pharmaco-
kinetic trial of gemcitabine in patients with hepatic or renal 

dysfunction: Cancer and Leukemia Group B 9565. J Clin Oncol
2000;18(14):2780–2787.

5. Martell RE, Peterson BL, Cohen HJ, et al. Analysis of age, 
estimated creatinine clearance and pretreatment hematologic
parameters as predictors of fludarabine toxicity in patients
treated for chronic lymphocytic leukemia: a CALGB (9011) 
coordinated intergroup study. Cancer Chemother Pharmacol
2002;50:37–45.

6. Wasserman E, Myara A, Lokiec F, et al. Severe CPT-11 toxicity
in patients with Gilbert’s syndrome: two case reports. Ann
Oncol 1987;8:1049–1051.

7. Gupta E, Lestingi TM, Mick R, et al. Metabolic fate of irinote-
can in humans: correlation of glucuronidation with diarrhoea.
Cancer Res 1994;54:3723–3725.

8. Van Groeningen CJ, Van der Vijgh WJF, Baars JJ, et al. Altered
pharmacokinetics and metabolism of CPT-11 in liver dysfunc-
tion: a need for guidelines. Clin Cancer Res 2000;6(4):1342–1346.

9. Raymond E, Boige V, Faivre S, et al. Dosage adjustment and phar-
macokinetic profile of irinotecan in cancer patients with hepatic
dysfunction. J Clin Oncol 2002;20(21):4304–4312.

10. Venook AP, Enders Klein C, Fleming G, et al. A Phase I and 
pharmacokinetic study of irinotecan in patients with hepatic or
renal dysfunction or with prior pelvic radiation: CALGB 9863.
Ann Oncol 2003;14(12):1783–1790.

11. O’Reilly S, Rowinsky EK, Slichenmyer W, et al. Phase I and
pharmacologic studies of topotecan in patients with impaired
hepatic function. J Natl Cancer Inst 1996;88:817–824.

12. O’Reilly S, Rowinsky EK, Slichenmyer W, et al. Phase I and phar-
macologic study of topotecan in patients with impaired renal
function. J Clin Oncol 1996;14(12):3062–3073.

13. Takimoto C, Remick SC, Sharma S, et al. Dose-escalating and
pharmacological study of oxaliplatin in adult patients with
impaired renal function: a National Cancer Institute Organ 
Dysfunction Working Group Study. J Clin Oncol 2003;
21(14):2664–2672.

14. Doroshow JH, Synold T, Longmate J, et al. Phase I pharmacoki-
netic (PK) trial of oxaliplatin (OX) in solid tumor patients (Pts)
with varying degrees of liver dysfunction (LD). Proc Am Soc Clin
Oncol 2001;22 (abstract 449).

15. Fleming GF, Schilsky RL, Schumm LP, et al. Phase I and 
pharmacokinetic study of 24-hour infusion of 5-fluorouracil 
in patients with organ dysfunction. Ann Oncol 2003;14(7):
1142–1147.

16. Cassidy J, Twelves C, Van Cutsem E, et al. First-line oral
capecitabine in metastatic colorectal cancer: a favorable safety
profile compared with intravenous 5-fluorouracil/leucovorin.
Ann Oncol 2003;13: 566–575.

17. Poole C, Gardiner J, Twelves C, et al. Effect of renal impairment
on the pharmacokinetics and tolerability of capecitabine
(Xeloda) in cancer patients. Cancer Chemother Pharmacol
2002;49:225–234.

18. Twelves C, Glynne-Jones R, Cassidy J, et al. Effect of hepatic
dysfunction due to liver metastases on the pharmacokinetics of
capecitabine and its metabolites. Clin Cancer Res 1999;
5(7):1696–1702.

19. Ikeda M, Furukawa H, Imamura H, et al. Pharmacokinetic study
of S-1, a novel oral fluorouracil antitumor agent in animal model
and in patients with impaired renal function. Cancer Chemother
Pharmacol 2002;50:25–32.

20. O’Donnell A, Punt CJA, Judson I, et al. A study to evaluate the
pharmacokinetics of oral 5-fluorouracil and eniluracil after con-
current administration to patients with refractory solid tumors
and varying degrees of renal impairment (FUMA1005). Cancer
Chemother Pharmacol 2003;51:58–66.

21. Takimoto CH, Forero L, Baker SD, et al. Phase I & pharmaco-
kinetic study of LY231514 (pemetrexed disodium, MTA) in renal
dysfunction patients (pts). Ann Oncol 2002;13(suppl 5):12
(abstract 41PD).

chemotherapy  in  patients  with organ dysfunction 1 7 3 5



22. Judson I, Maughan T, Beale P, et al. Effects of impaired renal
function on the pharmacokinetics of raltitrexed (Tomudex
ZD1694). Br J Cancer 1998;78(9):1188–1193.

23. Benjamin RS, Wiernik PH, Bachur NR. Adriamycin chemother-
apy—efficacy, safety, and pharmacologic basis of an intermittent
single high-dosage schedule. Cancer (Phila) 1974;33(1):19–27.

24. Brenner DE, Wiernik PH, Wesley M, et al. Acute doxorubicin
toxicity. Relationship to pretreatment liver function, response,
and pharmacokinetics in patients with acute nonlymphocytic
leukemia. Cancer (Phila) 1984;53(5):1042–1048.

25. Camaggi CM, Strocchi E, Tamassia V, et al. Pharmacokinetic
studies of 4’-epi-doxorubicin in cancer patients with normal and
impaired renal function and with hepatic metastases. Cancer
Treat Rep 1982;66:1819–1824.

26. Twelves CJ, Dobbs NA, Michael Y, et al. Clinical pharmacoki-
netics of epirubicin: the importance of liver biochemistry tests.
Br J Cancer 1992;66:765–769.

27. Dobbs NA, Twelves CJ, Gregory W, et al. Epirubicin in patients
with liver dysfunction: development and evaluation of a novel
dose modification scheme. Eur J Cancer 2003;39:580–586.

28. D’Incalci M, Rossi C, Zucchetti M, et al. Pharmacokinetics of
etoposide in patients with abnormal renal and hepatic function.
Cancer Res 1986;46:2566–2571.

29. Arbuck SG, Douglass H, Crom WR, et al. Etoposide pharmaco-
kinetics in patients with normal and abnormal organ functions.
J Clin Oncol 1986;4(11):1690–1695.

30. Hande KR, Wolff SN, Greco FA, et al. Etoposide kinetics in
patients with obstructive jaundice. J Clin Oncol 1990;8(6):
1101–1108.

31. Stewart CF, Arbuck SG, Fleming RA, et al. Changes in the clear-
ance of total and unbound etoposide in patients with liver dys-
function. J Clin Oncol 1990;8(11):1874–1879.

32. Bauer S, Hagen V, Pielken HJ, et al. Imatinib mesylate therapy
in patients with gastrointestinal stromal tumors and impaired
liver function. Anticancer Drugs 2002;13(8):847–849.

33. DePas T, Danesi R, Catania C, et al. Imatinib administration in
two patients with liver metastases from GIST and severe jaun-
dice. Br J Cancer 2003;89:1403–1404.

34. Ramanathan RK, Remick SC, Mulkerin D, et al. P-5331: a phase
I pharmacokinetic (PK) study of STI571 in patients (pts) with
advanced malignancies and varying degrees of liver dysfunction
(LD). Proc Am Soc Clin Oncol 2003; (abstract 502).

35. Remick SC, Ramanathan RK, Mulkerin D, et al. P-5340: a phase
I pharmacokinetic (PK) study of STI571 in patients (pts) with
advanced malignancies and varying degrees of renal dysfunction.
Proc Am Soc Clin Oncol 2003;22 (abstract 503).

36. Twelves C, White J, Harris A, et al. The pharmacokinetics 
and tolerability of ZD 1839 in hepatically impaired patients 
with solid tumors. Ann Oncol 2002;13(suppl 5):27 (abstract 
96P).

37. Van den Berg HW, Desai ZR, Wilson R, et al. The pharmacoki-
netics of vincristine in man: reduced drug clearance associated
with raised serum alkaline phosphatase and dose-limited elim-
ination. Cancer Chemother Pharmacol 1982;8:215–219.

38. Sternberg CN, Yagoda A, Scher HI, et al. Preliminary results of
M-VAC (methotrexate, vinblastine, doxorubicin and cisplatin)
for transitional cell carcinoma of the urothelium. J Urol
1985;133(3):403–407.

39. Sternberg CN, Yagoda A, Scher HI, et al. Methotrexate, vin-
blastine, doxorubicin, and cisplatin for advanced transitional
cell carcinoma of the urothelium. Efficacy and patterns of
response and relapse. Cancer (Phila) 1989;64(12):2448–2458.

40. Sternberg CN, De Mulder PH, Schornagel JH, et al. Randomized
phase III trial of high-dose-intensity methotrexate, vinblastine,
doxorubicin, and cisplatin (MVAC) chemotherapy and recombi-
nant human granulocyte colony-stimulating factor versus
classic MVAC in advanced urothelial tract tumors: European
Organization for Research and Treatment of Cancer Protocol
No. 30924. J Clin Oncol 2001;19(10):2638–2646.

41. Roth BJ, Dreicer R, Einhorn LH, et al. Significant activity of
paclitaxel in advanced transitional-cell carcinoma of the 
urothelium: a phase II trial of the Eastern Cooperative Oncology
Group. J Clin Oncol 1994;12(11):2264–2270.

42. Dreicer R, Gustin DM, See WA, et al. Paclitaxel in advanced
urothelial carcinoma: its role in patients with renal insufficiency
and as salvage therapy. J Urol 1996;156(5):1606–1608.

43. Dimopoulos MA, Deliveliotis C, Moulopoulos LA, et al. Treat-
ment of patients with metastatic urothelial carcinoma and
impaired renal function with single-agent docetaxel. Urology
1998;52(1):56–60.

44. Bekele L, Vidal Vazquez M, et al. Systemic chemotherapy in
patients with renal failure. Am J Clin Oncol 2001;24(4):382–384.

45. Vaughn DJ, Malkowicz SB, Zoltick B, et al. Paclitaxel plus car-
boplatin in advanced carcinoma of the urothelium: an active and
tolerable outpatient regimen. J Clin Oncol 1998;16(1):255–260.

46. Vaughn DJ, Manola J, Dreicer R, et al. Phase II study of 
paclitaxel plus carboplatin in patients with advanced carcinoma
of the urothelium and renal dysfunction (E2896): a Trial of 
the Eastern Cooperative Oncology Group. Cancer 2002;95(5):
1022–1027.

47. Small EJ, Lew D, Redman BG, et al. Southwest Oncology Group
Study of paclitaxel and carboplatin for advanced transitional-cell
carcinoma: the importance of survival as a clinical trial end
point. J Clin Oncol 2000;18(13):2537–2544.

48. Stadler WM, Kuzel T, Roth B, et al. A phase II study of 
single-agent gemcitabine in previously untreated patients 
with metastatic urothelial cancer. J Clin Oncol 1997;15(11):
3394–3398.

49. Lorusso V, Pollera CF, Antimi M, et al. A phase II study of 
gemcitabine in patients with transitional cell carcinoma of 
the urinary tract previously treated with platinum. Italian Co-
Operative Group on Bladder Cancer. Eur J Cancer 1998;34(8):
1208–1212.

50. von der Maase H, Hansen SW, Roberts JT, et al. Gemcitabine
and cisplatin versus methotrexate, vinblastine, doxorubicin, and
cisplatin in advanced or metastatic bladder cancer: results of a
large, randomized, multinational, multicenter, phase III Study. 
J Clin Oncol 2000;18(17):3068–3077.

51. Llado A, Bellmunt J, Kaiser G, et al. A dose finding study of car-
boplatin with fixed doses of gemcitabine in “unfit” patients with
advanced bladder cancer. ASCO 2000;19:344a (abstract 1354).

52. Shannon C, Crombie C, Brooks A, et al. Carboplatin and gem-
citabine in metastatic transitional cell carcinoma of the urothe-
lium: effective treatment of patients with poor prognostic 
features. Ann Oncol 2001;12(7):947–952.

53. Carles J, Nogue M, Domenech M, et al. Carboplatin-gemcitabine
treatment of patients with transitional cell carcinoma of the
bladder and impaired renal function. Oncology 2000;59(1):24–27.

54. Carles J, Nogue M. Gemcitabine/carboplatin in advanced
urothelial cancer. Semin Oncol 2001;28(3 suppl 10):19–24.

55. Nogue-Aliguer M, Carles J, Arrivi A, et al. Gemcitabine and 
carboplatin in advanced transitional cell carcinoma of the
urinary tract: an alternative therapy. Cancer (Phila) 2003;97(9):
2180–2186.

56. Ricci S, Galli L, Chioni A, et al. Gemcitabine plus epirubicin 
in patients with advanced urothelial carcinoma who are not 
eligible for platinum-based regimens. Cancer (Phila) 2002;95(7):
1444–1450.

57. Maisonneuve P, Agodoa L, Gellert R, et al. Cancer in patients
on dialysis for end-stage renal disease: an international collabo-
rative study. Lancet 1999;354:93–99.

58. Watanabe R, Takiguchi Y, Moriya T, et al. Feasibility of combi-
nation chemotherapy with cisplatin and etoposide for hemodial-
ysis patients with lung cancer. Br J Cancer 2003;88:25–30.

59. Kiani A, Kohne CH, Franz T, et al. Pharmacokinetics of gemc-
itabine in a patient with end-stage renal disease: effective clear-
ance of its main metabolite by standard hemodialysis treatment.
Cancer Chemother Pharmacol 2003;51(3):266–270.

1 7 3 6 chapter 98



60. Motzer RJ, Niedzwiecki D, Isaacs M, et al. Carboplatin-based
chemotherapy with pharmacokinetic analysis for patients with
hemodialysis-dependent renal insufficiency. Cancer Chemother
Pharmacol 1990;27:234–238.

61. Kurata H, Yoshiya N, Ikarashi H, et al. Pharmacokinetics of 
carboplatin in a patient undergoing hemodialysis. Jpn J Cancer
Chemother 1994;21:547–550.

62. Niikura H, Koizumi T, Ito K, et al. Carboplatin-based
chemotherapy in patients with gynecological malignancies on
long-term dialysis. Anti-Cancer Drugs 2003;14:735–738.

63. Chatelut E, Rostaing L, Gualano V, et al. Pharmacokinetics 
of carboplatin in a patient suffering from advanced ovarian 
carcinoma with hemodialysis-dependent renal insufficiency.
Nephron 1994;66:157–161.

64. Watanabe M, Aoki Y, Tomita M, et al. Paclitaxel and carboplatin
combination chemotherapy in a hemodialysis patient with
advanced ovarian cancer. Gynecol Oncol 2002;84(2):335–338.

65. Furuya Y, Takihana Y, Araki I, et al. Pharmacokinetics of pacli-
taxel and carboplatin in a hemodialysis patient with metastatic
urothelial carcinoma—a case report (Japanese). Gan To Kagaku
Ryoho 2003;7:1017–1020.

66. Weirnik PH, Schwartz ELLL, Strauman JJ, et al. Phase I clinical
and pharmacokinetic study of taxol. Cancer Res 1987;47:
2486–2493.

67. Longnecker SM, Donehower RC, Cates AE, et al. High perfor-
mance liquid chromatographic assay for taxol in human plasma
and urine pharmacokinetics in a phase I trial. Cancer Treat Rep
1987;71:53–59.

68. Woo MH, Greggornik D, Shearer PD, et al. Pharmacokinetics of
paclitaxel in an anephric patient. Cancer Chemother Pharmacol
1999;43:92–96.

69. Tomita M, Kurata H, Aoki Y, et al. Pharmacokinetics of 
paclitaxel and cisplatin in a hemodialysis patient with 

recurrent ovarian cancer. Anti-Cancer Drugs 2001;12:485–
487.

70. Kamizuru M, Iwata H, Terada T, et al. Chemotherapy in
hemodialysis patient with metastatic testicular cancer; phar-
macokinetics of etoposide and cisplatin. Nippon Hinyokika
Gakkai Zasshi 2000;91:599–603.

71. Tokunaga J, Kikukawa H, Nishi K, et al. Pharmacokinetics 
of cisplatin and methotrexate in a patient suffering from
advanced ureteral tumor accompanied by chronic renal 
failure, undergoing combined hemodialysis and systemic 
M-VAC chemotherapy. Gan To Kagaku Ryoho 2000;27:2079–
2085.

72. Cho H, Imada T, Masudo K, et al. Combined 5-FU and 
CDDP in a gastric cancer patient undergoing hemodialysis-
pharmacokinetics of 5-FU and CDDP. Gan To Kagaku Ryoho
2000;27:2135–2138

73. Obana T, Tanio Y, Takenaka M, et al. Chemotherapy for small-
cell lung cancer (SCLC) patients with renal failure. Gan To
Kagaku Ryoho 2002;29:435–438.

74. Chan KK, Chlebowski RT, Tong M, et al. Clinical Pharmacoki-
netics of Adriamycin in Hepatoma Patients with Cirrhosis.
Cancer Res 1980;40:1263–1268.

75. Johnson PJ, Dobbs N, Kalayci C, et al. Clinical efficacy and 
toxicity of standard dose Adriamycin in hyperbilirubinemic
patients with hepatocellular carcinoma—relation to liver tests
and pharmacokinetic parameters. Br J Cancer 1992;65:751–755.

76. Hong R-L, Tseng Y-L, Chang F-H. Pegylated liposomal doxoru-
bicin in treating a case of advanced hepatocellular carcinoma
with severe hepatic dysfunction and pharmacokinetic study.
Ann Oncol 2000;22:349–353.

77. Daniele B, De Vivo R, Perrone F, et al. Phase I Clinical Trial of
Liposomal Daunorubicin in Hepatocellular Carcinoma Compli-
cating Liver Cirrhosis. Anticancer Research. 2000;20:1249–1252.

chemotherapy  in  patients  with organ dysfunction 1 7 3 7



1 7 3 8

Management of the
Pregnant Cancer Patient

Deepjot Singh and Paula Silverman

ne in every 1,000 pregnant women will be diagnosed
with cancer.1 Despite this fact, the level of evidence-
based medicine2 available in the field of cancer during

pregnancy is low. Randomized controlled trials in this area do
not exist. Instead, retrospective collections of patients treated
with varying treatment regimens and strategies, collected
case reports, studies based on events, such as the Japanese
atomic bomb experience, and, for rare malignancies, isolated
case reports generally constitute the medical literature on
pregnancy and cancer. Nonetheless, this chapter may guide
oncologists facing patients in this relatively uncommon, but
serious position. We discuss the use of the major diagnostic
and treatment modalities in oncology during pregnancy:
surgery, diagnostic imaging and therapeutic radiation, and
antineoplastic agents. Therapeutic strategies for malignancies
seen most frequently during pregnancy are addressed: these
include breast cancer, cancer of the uterine cervix, Hodgkin’s
disease, and non-Hodgkin’s lymphoma. Medical management
of symptoms of malignancy and its treatment that are unique
to the pregnant patient are discussed.

Cancer is the second leading cause of death in women
between the ages of 20 and 39, following closely behind acci-
dents.3 The most frequent cancer deaths in this age group are
cancers of the breast, lung, colon, and rectum, leukemia, and
nervous system cancers. Because of differences between inci-
dence and mortality, the malignancies seen most often in 
conjunction with pregnancy are lymphoma, leukemia,
melanoma, and cancers of the breast, cervix, ovary, thyroid,
and colon.1 Evidence does not support an increased incidence
of cancer during pregnancy. The coincidence of pregnancy and
cancer does not influence the biology of cancer, nor does it
worsen the prognosis of cancer, except when it delays diag-
nosis or alters therapy. No firm data exist supporting a greater
likelihood of a previously treated cancer relapsing during
pregnancy. Cancer itself rarely affects the fetus, with only 
rare reports of placental metastases or fetal malignancy.4 The
impact on mother and fetus may, however, be profound. Diag-
nostic and therapeutic interventions that are selected may
affect the fetus and may even include terminating the preg-
nancy. Delays in diagnosis or alterations in treatment based
on the coincidence of cancer and pregnancy may affect mater-
nal outcome.

The optimal management of a cancer associated with
pregnancy requires cooperation and collaboration with a 
multidisciplinary team that may include obstetricians, 
gynecologists, medical and radiation oncologists, surgeons,
neonatologists, psychologists, nurses, and social workers. 

It demands intensive interaction between the patient and 
her care team, and increases the burden of education of the
patient and her family members. Ideally, a desired pregnancy
will continue without fetal injury or interruption, with deliv-
ery of a normal infant at term. Ideally, the mother will
receive optimal cancer treatment without delay. Balancing
these ideals and making reasonable compromises constitute
the crux of medical decision making when cancer is diag-
nosed during pregnancy.

The management of malignancy in the pregnant woman
depends on factors including the type of cancer, its stage,
maternal and fetal prognosis, and the week of gestation.5 The
need for therapy may be deemed “relative” or “absolute”
depending on the urgency of treatment with regard to mater-
nal well-being. Figure 99.1 illustrates one author’s overview
of potential therapeutic choices.5 With some malignancies
(e.g., low-grade lymphoma), treatment may be delayed until
week 24 of gestation or longer, when early cesarean section
or cancer therapy can be more safely performed. In other cases
(e.g., acute leukemia), delay will endanger the mother’s life.
Diagnosis early in pregnancy of a life-threatening malignancy
requires consideration of therapeutic abortion and careful
assessment of treatment-related risks to the fetus. Diagnosis
in late trimesters may allow treatment during pregnancy with
less fetal risk.

Use of Specific Treatment Modalities in
Pregnant Patients

Surgery During Pregnancy

Surgical interventions and procedures may be indicated 
for cancer diagnosis, staging, or treatment. For the most 
part, uncomplicated surgery or anesthetic procedures do not
increase the risk of an adverse pregnancy outcome.

Although primarily nononcologic, the largest report and
analysis of surgical and anesthetic risk to pregnancy is from
the Swedish Birth Registry.6 The authors found increases 
in perinatal morbidity associated with nonobstetric surgery
during pregnancy. The significant adverse outcomes were low
birth weight and increased early infant mortality. The authors
concluded that the morbidity was most likely attributable 
to the disease prompting surgery, rather than the adverse
effects of surgery or anesthesia. An updated report by the
same group7 linked three Swedish healthcare registries and
reviewed outcomes after surgery during pregnancy. They
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found that offspring of mothers who had undergone surgery
in the first trimester had increased neural tube defects (6
versus expected number, 2.5). The significance of this finding
is greater because five of the six mothers with affected off-
spring had surgery during the fourth or fifth week of gesta-
tion, the period of neural tube formation. However, the
association between neural tube defects and maternal surgery
during the period of neural tube formation was thought by
the authors to be unclear and hypothetical.

Based on these findings, Sylvester et al.8 used the Atlanta
Birth Defects Registry to do a population-based case control
study that evaluated whether general anesthesia exposure
during the first trimester of pregnancy is associated with
increased central nervous system defects (Table 99.1). They

found a strong association between exposure and the combi-
nation of hydrocephalus and eye defects. The limitation of
this study is the self-reporting of anesthesia exposure, which
is subject to recall bias.

Laparotomy during pregnancy has become safer in recent
years. In 1987, Kort et al.9 reported a fetal death rate of 3.8%
after major intraabdominal or extraabdominal surgery, with
no postoperative fetal deaths after 60 laparotomies. This
result was comparable to a fetal death rate of 2% in pregnancy
controls not undergoing surgery, and superior to studies from
the 1960s and 1970s, where the fetal wastage after surgery
was four to six times higher.10 However, in Kort’s study, pre-
mature deliveries were 21.8% after major surgery, twice the
rate seen in controls.9 Another series, reported by Duncan and 
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FIGURE 99.1. Potential treatment options during
different stages of pregnancy. For Oduncu et al.,5 the
distinction between the terms absolute and relative
treatment indication refers to the therapeutic neces-
sity with regards to the mother’s well-being. (From
Oduncu et al.,5 by permission of Journal of Cancer
Research and Clinical Oncology.)

TABLE 99.1. Association between multiple central nervous system defects and first-trimester
exposure to general anesthesia: Atlanta Birth Defects Case-Control Study, 1968–1990.

Exposed number 95% confidence
N (%) Odds ratio interval (CI)

Mothers of control infants 2,846 32 (1.1) 1.0 Reference
Mothers of infants with central 204 7 (3.4) 2.9 1.2, 6.8
nervous system defects

Neural tube defects 70 0 (0.0) 0.0 0.0, 4.0
Microcephaly 41 0 (0.0) 0.0 0.0, 7.0
Hydrocephalus

All 70 7 (10.0) 9.6 3.8, 24.6
Eye defects 8 3 (37.5) 39.6 7.5, 209.2
Cataracts 2 2 (100.0) Infinity 1,329, infinity

Source: From Sylvester et al.,8 by permission of American Journal of Public Health.



colleagues in 1986,11 compared 2,565 pregnant women who
underwent surgery with pregnant controls who did not. No
increase in congenital anomalies was observed. The greatest
risk of spontaneous preterm birth or pregnancy occurred 
with intraabdominal surgery, especially in the presence of
infection.

Laparoscopy is a safe surgical option during pregnancy. It
has been used for the exploration and treatment of adnexal
masses, cholecystectomy, and appendectomy. Reedy et al.12

used the Swedish Birth Registry to study the impact of
laparoscopy on pregnancy. They compared the outcomes 
of more than 2 million pregnancies, of whom 2,181 had
laparoscopy and 1,522 had laparotomy. Nearly all the laparo-
scopic procedures were in the first trimester, whereas the
laparotomies were evenly distributed throughout, with fewer
in weeks 32 to 40. The authors found an increased risk of 
low birth weight infants, preterm delivery, and fetal growth
retardation in the operative group compared to pregnancies
without surgery. However, there was no increased risk when
laparoscopy was compared with laparotomy.

Fine-needle aspiration, core needle, or excisional biopsy
under local anesthesia pose essentially no risk to the fetus.5,13

Modified radical mastectomies have been performed during
pregnancy without fetal compromise or preterm labor.14

Mastectomy with axillary dissection is considered the treat-
ment of choice for operable breast cancer in the pregnant
woman.14,15 Breast reconstruction should be delayed until
after delivery.

Antineoplastic Agents During Pregnancy

Drug metabolism is altered by several mechanisms during
pregnancy.4,16 Delayed gastric emptying during late pregnancy
may alter the rate of oral drug absorption. Plasma volume
increases by approximately 50%, allowing a greater space for
drug dilution. Plasma unbound drug concentration is altered
as albumin concentration decreases and plasma protein levels
increase. Both the hepatic drug metabolism and glomerular
filtration rate increase during pregnancy. It is unknown
whether the amniotic fluid acts as a functional third space.
These changes may alter the narrow therapeutic window of
cancer chemotherapy and potentially have an impact on its
efficacy.

Before the thalidomide disaster of the early 1960s, the pla-
centa was believed to be an effective barrier, protecting the
fetus from drugs given to the mother.17 Placental transfer is
now understood to depend on maternal metabolism, protein
binding and storage, molecular size, electrical charge, and
lipid solubility.18 Many antineoplastic agents share properties
that permit placental transfer. Because of immaturity of the
fetal metabolic and excretory processes, drugs that do cross
the placenta may cause severe toxicity in the fetus.

A brief review of fetal development18 underscores the
potential effects of chemotherapy on the fetus. The first 
phase of gestation is preimplantation, occurring in the first 2
weeks following conception. Administration of chemother-
apy during this time period may cause spontaneous abortion.
All major organs and organ systems are formed during the
period of organogenesis in the second to eighth week of ges-
tation (first trimester). Most congenital malformations caused
by drugs occur because of injury during this critical period.
Although the development of many organ systems is com-

pleted during this period, the nervous system, eye, respira-
tory, and hematopoietic systems continue to develop
throughout gestation. These systems may continue to be sus-
ceptible to damage from antineoplastic agents. The final
phase of fetal development is characterized by growth and
maturation of tissues, beginning with the third month of
pregnancy. Growth retardation and low birth weight are the
major effects of insults from drugs or disease during this
period.

A birth defect is defined as a major deviation from normal
morphology or function that is congenital in origin. Birth
defects are common, and 3% of children born in the United
States have a birth defect.18 A teratogen is any agent that acts
during embryonic or fetal development to produce a perma-
nent alteration of form or function. Only 10% of malforma-
tions identified at birth are caused by teratogens.

The U.S. Food and Drug Administration (FDA) developed
a rating system to provide guidance to drug use during preg-
nancy. In this system, drugs are divided into five categories
depending on the fetal risk demonstrated in animal or human
studies. A summary of these categories is provided in Table
99.2. Most antineoplastic drugs are classified as category D,
drugs that have fetal risk, but benefit is thought to outweigh
these risks. Updates to the FDA ratings are somewhat slow,
and information that is more current may be obtained through
online services, such as reprotox (http://reprotox.org).

Much of the medical literature on chemotherapy during
pregnancy consists of retrospective series of patients with
varying diseases treated with different multidrug regimens at
times throughout pregnancy. Only limited information exists
on outcomes of children exposed to chemotherapy in utero.
For example, one of the larger series is that of Aviles et al.19

The authors reported a series from Mexico, examining the
growth and development of 43 children of mothers treated
with chemotherapy during pregnancy. The mothers had
hematologic malignancies and were treated with a variety 
of antineoplastic agents. Drug exposure for the leukemia
patients included combinations of vincristine, prednisone,
doxorubicin, 6-mercaptopurine, methotrexate, cyclophos-
phamide, busulfan, and cytosine arabinoside. Lymphoma
patients were given cyclophosphamide, doxorubicin, vin-
cristine, and prednisone (CHOP), or CHOP with bleomycin,
some with the addition of etoposide and methotrexate.
Hodgkin’s disease patients were given mechlorethamine
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TABLE 99.2. U.S. Food and Drug Administration (FDA)
classification of therapeutic agents based on fetal risk.

Category A Drugs have shown no fetal risks in controlled studies
in humans

Category B Drugs do not show fetal risks in animal studies but
human studies do not exist; or adverse effects have
been demonstrated in animals but not in well-
controlled human studies

Category C No adequate animal or human studies, or there are
adverse fetal effects in animal studies but no
available human data

Category D Fetal risk present, but benefits are thought to
outweigh these risks

Category X Drugs for which the proven fetal risks clearly
outweigh any benefits

Source: From Briggs et al.,15 by permission of Lippincott, Wilkins & Williams,
2002.



(nitrogen mustard), vincristine, prednisone, and procarbazine
(MOPP), or doxorubicin, bleomycin, vinblastine, and dacar-
bazine (ABVD) or a combination of both. Nineteen of the 43
mothers received treatment during the first trimester. Chil-
dren were examined from ages 3 to 19 for physical, neuro-
logic, psychologic, hematologic, and immune functions and
cytogenetics. All children were found to be normal, leading
the authors to conclude that chemotherapy during pregnancy,
including the first trimester, is safe. In another report,
Reynoso and colleagues reported the effects of intrapartum
combination chemotherapy for acute leukemia in seven chil-
dren.20 The drugs used included vincristine, cytarabine, pred-
nisone, cyclophosphamide, 6-thioguanine, and daunorubicin.
With a follow-up interval ranging from 1 to 17 years, growth
and development were reported as normal. No evidence of
malignancy was found in any of the seven children.

Other authors do not concur with Aviles or Reynoso, 
and chemotherapy is generally avoided during the first
trimester of pregnancy to reduce the risk of fetal loss and 
teratogenesis. In a retrospective review of 217 pregnant
women treated with a variety of systemic therapies, there
were 2 spontaneous abortions, 1 stillbirth, and 3 infants born
with congenital anomalies. The majority of complications
occurred when the chemotherapy was administered during
the first trimester.21 During the second or third trimester,
there does not appear to be an increased risk of teratogenesis.
However, there is a risk of central nervous system or other
major organ toxicity and intrauterine growth retardation, and
the potential for premature labor.22 The timing of chemother-
apy given late in pregnancy should be coordinated to avoid
delivery during the nadir in the mother’s blood count. This
practice reduces the fetal risk of myelosuppression with 
resultant infectious complications or hemorrhage from
thrombocytopenia.

Specific Antineoplastic Agents in Pregnancy

CYCLOPHOSPHAMIDE AND OTHER ALKYLATING AGENTS

The alkylating agents, such as busulfan, chlorambucil,
cyclophosphamide, and nitrogen mustard, show a rate of 
fetal malformation of approximately 13% with first-trimester
exposure, compared with 4% with exposure in the later
trimesters.16 Cyclophosphamide may inflict a chemical insult
on developing fetal tissues, resulting in cell death and heri-
table DNA alterations in surviving cells.18 Anomalies of the
extremities, including absent toes and fingers, palatal grooves
and other facial abnormalities, microcephaly, and hernias
have been attributed to cyclophosphamide exposure in early
pregnancy.23 Later in pregnancy, the drug is without signifi-
cant reported fetal abnormalities and can therefore be given
during the second and third trimester.15,18 Growth retardation
has been reported with cyclophosphamide late in pregnancy.24

The use of busulfan in pregnancy has been linked to a variety
of fetal abnormalities.15 The use of chlorambucil during preg-
nancy has been associated with both normal and abnormal
outcomes.15

METHOTREXATE AND OTHER ANTIMETABOLITES

Methotrexate is a folic acid antagonist; exposure to this drug
during pregnancy is associated with fetal loss and a distinct
pattern of fetal abnormalities. The principal features of the

abnormalities include growth restriction, failure of calva-
rial ossification, craniosynostosis, hypoplastic supraorbital
ridges, micrognathia, and external ear and severe limb abnor-
malities.18 Methotrexate crosses the placenta15and has been
found in cord serum and fetal red cells. Inhibition of dihy-
drofolate reductase in fetal tissues is thought to be respon-
sible for methotrexate-induced embryopathy.25 Feldcamp and
Carey stress that in cases of inadvertent methotrexate expo-
sure during unanticipated pregnancy, it is important to define
the period of drug exposure and the dose to avoid an unnec-
essary recommendation for abortion of a potentially healthy
fetus.26 The critical period of exposure to this drug appears to
be weeks 6 through 8 from conception, with a teratogenic
dose probably above 10 mg per week.26

Other antimetabolites, such as 5-fluoruracil and cytosine
arabinoside are less frequently associated with malforma-
tions.16 Although hydroxyurea is teratogenic in animals, no
fetal abnormalities have been observed in 13 human preg-
nancies that resulted in live infants when the drug was used
to treat maternal disease.15

DOXORUBICIN AND OTHER ANTITUMOR ANTIBIOTICS

Bleomycin, doxorubicin, dactinomycin, and daunorubicin
infrequently cause fetal abnormalities. Doxorubicin has 
been used in breast cancer patients during second and third
trimesters with infrequent adverse outcome.14,27 A number of
reports support the use of anthracycline-based chemotherapy
in pregnancy, but patients should be informed that long-term
follow-up data on large numbers of children exposed to
chemotherapy in utero are not available.28 No reports have
linked bleomycin use with congenital defects in humans.15 In
six pregnancies, dactinomycin was administered in the
second and third trimesters with delivery of normal infants.15

OTHER CHEMOTHERAPEUTIC AGENTS

Cisplatin use has been reported infrequently in pregnancy,
but no fetal abnormalities have been identified.15 Vinca alka-
loids (vincristine, vinorelbine, and vinblastine) have been
associated with fetal abnormalities, spontaneous abortions,
and low birth weight.15 Asparaginase use during pregnancy is
limited, but it has been reported in combination with other
agents.15 In six cases of exposure during the second trimester,
no fetal abnormalities were noted.15 Two infants did suffer
drug-induced bone marrow suppression.

The safety of the taxanes in pregnancy is unknown. The
use of paclitaxel and docetaxel during pregnancy is limited to
isolated case reports and case series.29–31 In rats, the use of
paclitaxel in early pregnancy has been associated with cra-
niofacial malformations, diaphragmatic hernias, and kidney
and cardiovascular defects.29 The taxanes have been used
mainly as part of combination chemotherapy regimens in the
treatment of breast cancer and gynecologic cancers. Gaducci
et al.32 used sequential epirubicin with paclitaxel from the
14th to 32nd weeks of gestation with no reported side effects
in the patients or the fetus and normal development and
growth at 36 months of follow-up. De Santis et al.30 reported
the use of docetaxel in the treatment of metastatic breast
cancer in a pregnant patient during the second trimester. No
adverse effects were noted in either the patient or the infant.
Sood et al.29 used cisplatin and paclitaxel in the case of a preg-
nant woman with advanced ovarian epithelial cancer with
resultant maternal neutropenia. Similarly, Méndez et al.31
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reported the use of combined paclitaxel and carboplatin in a
woman with Stage IIIc ovarian cancer without any adverse
effects on the infant.

Immunomodulating Agents

INTERFERON ALPHA

Interferon alpha is a family of similar subtypes of
immunomodulating human proteins and glycoproteins. Inter-
feron alpha does not appear to transfer across the placenta to
the fetus. There are reports describing the use of interferon
alpha in all phases of pregnancy without adverse fetal
outcome.15 This agent is not thought to pose a significant risk
when used during pregnancy. Interferon alpha is a class C
agent.

THALIDOMIDE

The evidence implicating thalidomide as a teratogen is over-
whelming. In pregnant women, exposure to even a single
dose, from the 20th to the 35th day after conception, produced
a unique syndrome characterized principally by deformities
of the arms, legs and face, often with other more widespread
abnormalities.17

Thalidomide was unavailable until recently, when 
applications for it were found in the immunomodulation 
of patients with neoplastic and immunologic diseases.33,34

Thalidomide has shown activity in the treatment of multiple
myeloma and other lymphoproliferative and myeloprolif-
erative disorders, malignant melanoma, glioblastoma 
multiforme, and renal cell carcinoma. Thalidomide is 
contraindicated throughout pregnancy. Its use is additionally
prohibited by the manufacturer in women of childbearing age
who are not using two reliable methods of contraception for
1 month before starting therapy, during therapy, and 1 month
after stopping therapy.35 Special precautions are taken in
labeling and distribution to be sure no women of childbear-
ing potential are exposed to thalidomide.36

MONOCLONAL ANTIBODIES

Limited information exists regarding the use of monoclonal
antibodies, such as trastuzumab or rituximab in malignancy
associated with pregnancy. However, immunoglobulins
appear safe and several are indicated for conditions occurring
in pregnancy.15 Intramuscular immunoglobulin is recom-
mended for postexposure prophylaxis for hepatitis A and
measles.37 Intravenous immunoglobulin is indicated in 
pregnancy for common variable immunodeficiency and in
autoimmune diseases, such as immune thrombocytopenia
and alloimmune diseases, such as severe Rh immunization.38

Immunoglobulin crosses the human placenta if the gesta-
tional age is greater than 32 weeks.

Trastuzumab is a recombinant DNA-derived humanized
monoclonal antibody that selectively binds to the extracellu-
lar domain of the human epidermal growth factor receptor 2
protein, HER2. Trastuzumab has proven efficacy in HER-2-
overexpressing metastatic breast cancer both as a single 
agent and in combination with chemotherapeutic agents.39

Trastuzumab is classified as a category B drug, having shown
no adverse effects when tested in monkeys during preg-
nancy.40 However, the HER2 protein expression is high in
many embryonic tissues in early gestation.41 Placental trans-
fer of trastuzumab has been observed in monkeys.40 There are
no adequate or well-controlled studies in pregnant women.

Rituximab is a genetically engineered chimeric murine/
human antibody directed against the CD20 antigen found on
the surface of normal and malignant B lymphocytes.42 Ritux-
imab is indicated for the treatment of patients with CD20-
positive, B-cell non-Hodgkin’s lymphoma, and is used as a
single agent and in conjunction with chemotherapy. Ritux-
imab has efficacy in both indolent and aggressive lymphomas.
Recent studies have demonstrated efficacy in a variety of
other B-cell-mediated disorders.43 Rituximab is classified as a
category C drug because animal studies in pregnancy have not
been performed.42 It is not known whether rituximab can
cause fetal harm when administered to a pregnant woman or
whether it can affect reproductive capacity. A concern is that
because human immunoglobulin is known to pass the pla-
cental barrier, rituximab could potentially cause fetal B-cell
depletion.

HORMONAL AGENTS

Tamoxifen is a selective estrogen receptor-modulating agent
that acts primarily as an antiestrogen but has some estrogenic
properties. There are limited data pertaining to human fetal
exposure. In a reported case in which tamoxifen was inad-
vertently used in all three trimesters, the fetus was born with
a syndrome of ambiguous genitalia.15,21 Because of its long
half-life, women should be informed that a pregnancy occur-
ring within 8 weeks of stopping the drug could expose the
fetus to tamoxifen.

Other hormonal agents primarily used to treat breast
cancer include gonadotropin-releasing hormone agonists, 
aromatase inhibitors (e.g., letrozole, anastrazole, and ex-
emestane), and progestins, primarily megestrol acetate. The
gonadotropin-releasing hormone agonist leuprolide may the-
oretically cause spontaneous abortions because it suppresses
endometrial proliferation. Its manufacturer maintains a reg-
istry of inadvertent human exposures during pregnancy and,
with more than 100 cases reported, has found no congenital
defects attributable to the drug.15 However, the numbers of
cases are too few to draw conclusions regarding safety or 
risk. Aromatase inhibitors are recommended only for post-
menopausal women, as they act by preventing the peripheral
conversion of circulating androgens to estrogen. No infor-
mation is available regarding their use in pregnancy. All 
progestins have had an FDA-mandated deletion of 
pregnancy-related indications because of a possible associa-
tion with congenital abnormalities.15 Cases of ambiguous
genitalia have been reported to the FDA, and a paired analy-
sis of first-trimester fetal exposure has shown an increase in
cardiovascular defects and hypospadias.15

Prednisone and other corticosteroids are widely used in
treatment regimens for leukemia, lymphoma, and Hodgkin’s
disease. They appear to pose only small risks to the fetus, but
may increase the incidence of orofacial clefts.15 The risk is
greatest in the first trimester.

Ionizing Radiation and Diagnostic Imaging
During Pregnancy

Ionizing radiation techniques are used during pregnancy both
for diagnosis and staging of cancer and as a treatment modal-
ity. Ionizing radiation refers to waves or particles of sufficient
energy to break chemical bonds, such as those in DNA, or
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create free radicals that can cause tissue damage. The poten-
tial harmful effects on a fetus from ionizing radiation expo-
sure are (1) cell death, affecting embryogenesis, (2) growth
restriction, (3) congenital malformation, (4) carcinogenesis, (5)
microcephaly and neonatal mental retardation, and (6) steril-
ity.44 Much of the pertinent research has been performed in
animals. Human data have been obtained largely from studies
of atomic bomb survivors from Hiroshima and Nagasaki.

Significant radiation exposure during preimplantation,
the period in human development corresponding to the first
9 or 10 days after conception, results in prenatal death.45

Preimplantation is the most sensitive time with respect to
fetal death from radiation. Mouse and rat studies constitute
the bulk of evidence for prenatal or neonatal death caused by
ionizing radiation.46,47 The consequences of radiation of the
fetus during the period of major organogenesis may include
teratogenic effects on various organs, as shown in many
experimental animal studies.45 In humans, effects on the
central nervous system are the best documented. Japanese
atomic bomb survivors irradiated in utero show an increased
risk of microcephaly and severe mental retardation with high
prenatal exposure. The risk is greatest at 8 to 15 weeks of ges-
tation, with even very low doses causing a slight increase in
the risk of mental retardation. As shown in Figure 99.2, this
risk is probably a nonthreshold linear function of dose, with
the risk of severe mental retardation being as low as 4% for
10cGy and as high as 60% 150cGy.44,48 After 16 weeks, the
risk is less, and there is no proven risk between 0 to 8 weeks
or after 25 weeks. Fortunately, 10cGy is many times higher
than exposure seen from diagnostic radiation.

It is controversial whether there is an association between
in utero diagnostic radiation exposure and an increased 
risk of childhood cancers. Some investigators have found an
increased risk of leukemia and other cancers; others have
not.18 A major positive study used concordance data on twins
exposed to diagnostic X-rays in utero; this led to a finding by
the National Research Council Committee on Biological
Effects of Ionizing Radiation to conclude that there is an asso-

ciation, with the estimated risk per unit absorbed dose to be
about 200 to 250 excess cancer deaths per 10,000 person-Gy
in the first 10 years of life.49 Animal studies suggest that there
are late-occurring cancers following prenatal exposure, but
long-term studies of atomic bomb survivors are not avail-
able.44 Retardation of growth has also been shown over a
broad range of gestational ages in animal models and in
humans.49

Diagnostic Imaging

How then, do the doses of radiation delivered during a single
exam or series of diagnostic X-rays compare with those doses
that increase the risk of the effects discussed previously?
Which of our diagnostic procedures involves exposure to ion-
izing radiation? Imaging modalities, including ultrasound,
magnetic resonance imaging (MRI), and X-rays, are all used
as adjuncts to the diagnosis and staging of cancer in preg-
nancy. Most diagnostic imaging procedures, even those
involving X-rays, are associated with little or no known fetal
risks. Fetal anomalies, growth restriction, or abortions are not
increased with radiation exposure of less than 5cGy, which
is above the range of exposure for diagnostic procedures.50 The
estimated fetal exposure from common radiologic procedures
that involve ionizing radiation is summarized in Table 99.3.
The uterus should be shielded for nonpelvic procedures
during pregnancy.

Nuclear studies are performed by tagging a chemical
agent with a radioisotope for tests, such as pulmonary venti-
lation-perfusion, thyroid, and bone scans. Bone scans that use
technetium (99 mTc) result in a fetal exposure of less than 
0.5cGy.51 One of the more common nuclear medicine studies
performed during pregnancy is the ventilation-perfusion scan
for suspected pulmonary embolism. Both intravenous 99 mTc
and inhaled xenon gas are used. Nonetheless, in total, the
fetal exposure is approximately 0.05cGy.51 Radioactive iodine
readily crosses the placenta and can adversely affect the fetal
thyroid, especially after 10 to 12 weeks of gestation. If a diag-
nostic scan of the thyroid is essential, 123I or 99 mTc should be
used instead of 131I.51

Ultrasound uses sound waves and is not a form of ioniz-
ing radiation. Ultrasound appears to present minimal or no
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FIGURE 99.2. Effects of ionizing radiation on severe mental retar-
dation in fetuses exposed at various gestational ages to the atomic
bomb in Hiroshima and Nagasaki (1Gy = 100rad). The bar lines rep-
resent 90%. (From Sacher and King,38 by permission of Obstetrical
& Gynecological Survey.)

TABLE 99.3. Estimated fetal exposure from common radiologic
procedures.

Procedure Fetal exposure (cGy)

Chest X-ray (two views) 0.00002–0.00007
Abdominal film (single view) 0.1
Intravenous pyelogram ≥1a

Hip film (single view) 0.2
Mammography 0.007–0.02
Barium enema or small bowel series 2–4
CT scan of head or chest <1
CT scan of abdomen and lumbar spine 3.5
CT pelvimetry 0.25

CT, computed tomography.
a Exposure depends on number of films.

Source: Adapted from Committee on Obstetric Practice, American College of
Obstetricians and Gynecologists. Guidelines for Diagnostic Imaging During
Pregnancy. Washington, DC: Copyright Clearance Center, 1995:158.



risks to the fetus,50 and there are no contraindications to
ultrasound procedures during pregnancy.51 MRI employs
magnets that alter the energy state of hydrogen protons to
create diagnostic images. No documented adverse effects to
the fetus have been reported. MRI has been proven useful 
for evaluation of maternal pelvic masses.51 Noncontrasted
MRI can be used for detection of liver metastases in several
malignancies. However, it is thought that there are insuf-
ficient data on fetal safety during the first trimester of 
pregnancy.52

There are no known adverse effects to the fetus from use
of either ionic or nonionic intravenous contrast media used
in computerized tomography.53 Iodinated contrast agents have
not been studied in pregnant women. Gadolinium-based con-
trast medium used for MRI is not recommended for use
during pregnancy. Gadolinium crosses the placenta, is filtered
through the fetal kidneys, and then reingested through the
amniotic fluid.53

Therapeutic Radiation

Experience is greatest with therapeutic radiation used to treat
cervical cancer, breast cancer, and Hodgkin’s disease. Alter-
natives to radiation therapy during pregnancy should always
be sought, recalling that fetal radiation doses above 10cGy
increase the risk of malformations and nervous system
damage during organogenesis. Options include delaying treat-
ment until after fetal maturity to allow safer delivery, abor-
tion, or alternative treatment that may include surgery or
chemotherapy. If no alternatives exist that do not compro-
mise maternal prognosis, radiation therapy may be used
during pregnancy. The risk falls if treatment is delayed until
fetal maturity passes the period of organogenesis (through
week 8 of development). Risk to the developing nervous
system appears to extend through the early and midfetal
stages of development.

Radiation therapy for cancer generally uses a man-made
source of ionizing radiation, including the linear accelerator,
radioisotope, cyclotron, or nuclear reactor. Whatever the
source of ionizing radiation, the pathway to both cellular
damage and treatment effectiveness is through ionization of
matter. The effects of cellular damage vary from none, when
damage is repaired, to mutagenesis, carcinogenesis, or cell
death. The benefits of radiation therapy are always balanced
against the risk of ionization of normal tissues. These con-
cerns also exist when the developing fetus is considered. The
period of fetal development during which the conceptus is
radiated, the dosage of ionizing radiation received, and the
type of radiation given modify the risk.

Medical physicists must perform a fetal dose estimate
before initiation of radiation therapy. Dose is estimated 
to the fundus, pubic symphysis, and umbilicus.54 Dose
measurements are repeated following modification of the
treatment plan or application of appropriate shielding. Modi-
fications of standard treatment plans to reduce fetal dose
include using the smallest field possible, and minimizing the
lead blocking and eliminating wedges used for field shaping
as these increase radiation scatter. Collimating the field as
close to the patient as possible, selecting photon energy
between 4 and 10MV, directing field angles away from the
pelvis, and minimizing the use of and field size of portal films
all decrease the fetal dose.47 Additional techniques include

shielding by placing heavy lead barriers above and below the
abdomen and pelvis. Several designs have been published;
each allows fetal dose reduction as well as patient and thera-
pist safety.

Management and Outcome of Specific
Malignancies During Pregnancy

Breast Cancer

Breast cancer is the second most common cancer in pregnant,
lactating, or postpartum women, with an incidence of 1 in
3,000 pregnancies. The median age at diagnosis is between 32
and 38 years.55 The incidence of pregnancy-associated breast
cancer is projected to increase as more women choose to delay
childbearing into their forties, a reflection of the increased
incidence of breast cancer with advancing age.56 One study
suggested a genetic predisposition to pregnancy-associated
breast cancer, as the authors found that 80% of these patients
had allelic deletion and loss of heterozygosity at the hered-
itary BRCA2 locus compared with 20% of patients with 
sporadic breast cancer.57

During pregnancy, marked lobuloalveolar growth in the
breast results in engorgement and hypertrophy. The resultant
dense, multinodular consistency of breast tissue makes clini-
cal palpation of masses or thickening difficult, resulting in
diagnostic delays.58 Although 70% to 80% of breast biopsies
performed in pregnant women reveal a benign diagnosis, all
palpable masses persisting for 2 to 4 weeks warrant evalua-
tion by biopsy.58 Diagnostic mammography with abdominal
shielding can be performed with minimal risk to the fetus,
although the test’s sensitivity is reduced by the higher density,
water content, and loss of contrasting fat in breasts of preg-
nant or lactating women. Breast sonography is a safe, rapid,
and accurate method of differentiating cystic from solid
masses during pregnancy.59 Gupta60 demonstrated that fine-
needle aspiration is highly accurate in the diagnosis of breast
lesions in pregnant women. Core-biopsies have rarely resulted
in milk-fistula formation.61 Although breast biopsies can be
safely performed during pregnancy, the increased breast vas-
cularity at this time may increase risk of hemorrhage.62

Retrospective series have shown that breast cancers
detected during pregnancy are larger and have a greater like-
lihood of nodal involvement than those diagnosed in non-
pregnant women. Fifty-six percent of pregnant women have
positive axillary lymph nodes compared with 38% to 54%
positive nodes in their nonpregnant counterparts.27 Between
25% and 33% of pregnancy-associated breast cancer is estro-
gen- and progesterone-receptor positive.63–65 Overexpression
of the human epidermal growth factor receptor, HER2/neu,
was seen in 58% of breast cancers in pregnancy compared to
16% in a nonpregnant control group. Higher rates of the
markers associated with rapidly proliferating breast cancers,
Ki-67 and p53, have been seen in breast cancers associated
with pregnancy.63

Reported case series have shown that survival in pregnant
women is not improved by abortion, and therefore, this is not
routinely recommended.65 Approximately 60% of pregnancy-
associated breast cancer is diagnosed in stage I or II (early
stage) and should be approached with curative intent. Modi-
fied radical mastectomy with axillary lymph node dissection
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can be performed with minimal risk to the developing fetus
during any trimester of pregnancy.63

Radiation therapy to the breast is a standard part of breast-
conserving therapy. Chest wall radiation is indicated post-
mastectomy for patients with large tumors, positive margins,
or extensive lymph node involvement. Breast-conserving
treatment during pregnancy has been considered contraindi-
cated because mastectomy is equally curative and does not
pose a risk to the fetus through radiation therapy.47,66

However, exceptions to this contraindication exist when radi-
ation therapy can be delayed until after the fetus is delivered.
Although delaying radiation raises concern for compromising
local control, it is important to remember that a delay of up
to 6 months during adjuvant chemotherapy has been found
to be associated with maintained disease control.67 In fact,
there was a similar disease-free and overall survival when
breast-conserving therapy and mastectomy were compared in
early-stage breast cancer diagnosed during pregnancy.68

When breast radiation is needed during pregnancy, infor-
mation to estimate dose received by a fetus from tangential
breast irradiation is provided by Mazonakis et al.69 Using
anthropomorphic phantoms, they found that a treatment
course delivering 50Gy to the breast gave an estimated con-
ceptus dose in the first trimester of 2.1 to 7.6cGy. During the
second and third trimesters, the estimated dose increases to
2.2 to 24.6cGy and 2.2 to 58.6cGy, respectively. These esti-
mates do not include shielding of the uterus, which would
further reduce conceptus dose. The authors suggest that deliv-
ered doses would, in many cases, be below the threshold doses
that cause adverse effects in the middle fetal period.

Most women with pregnancy-associated breast cancer are
candidates for systemic adjuvant chemotherapy, during or
after the completion of the pregnancy. If chemotherapy is
indicated, it may be delivered preoperatively (neoadjuvant) to
more optimally treat the mother for locally advanced disease
or to delay exposure to the fetus to the risk of surgery, anes-
thesia, and/or radiation. Methotrexate is contraindicated in
all stages of pregnancy because of its abortifacient effects, 
teratogenic potential, and delayed elimination from seques-
tered spaces.22 Chemotherapy is inadvisable during the first
trimester of pregnancy until fetal organogenesis is complete,
as there is a substantial risk of fetal loss and teratogenesis. In
a retrospective review of 217 pregnant women (14 with breast
cancer), treated with a variety of systemic therapies, there
were two spontaneous abortions, one stillborn, and three
infants born with congenital anomalies. The majority of com-
plications occurred when the chemotherapy was adminis-
tered during the first trimester.21 During the second or third
trimester, there does not appear to be an increased risk of ter-
atogenesis. However, there is a risk of central nervous system
or other major organ toxicity and intrauterine growth retar-
dation, and the potential for premature labor is present.22

The combination of doxorubicin, cyclophosphamide, and
5-flurouracil has been evaluated in one prospective trial of 
24 women with pregnancy-associated breast cancer at M.D.
Anderson Medical Center.14 Patients were treated in their
second and third trimesters with 5-fluorouracil (100mg/m2),
doxorubicin (50mg/m2 continuous infusion over 72 hours),
and cyclophosphamide (500mg/m2) given every 3 weeks for 
a median of four cycles. No maternal or fetal deaths were
observed. Three patients had preterm labor and 1 patient had
severe preeclampsia requiring early delivery. The only com-

plication attributable to chemotherapy occurred after preterm
delivery of an infant 2 days after the last chemotherapy dose.
The infant had transient leukopenia without infectious 
complications.

The doxorubicin and cyclophosphamide (AC) combina-
tion regimen for 12 weeks is comparable in efficacy to 6
months of CMF (cyclophosphamide, methotrexate, and fluo-
rouracil). The shorter duration and absence of methotrexate
in the regimen makes AC safer in the treatment of the preg-
nant breast cancer patient. Standard doses of AC should be
adequate, because this combination is not influenced by dis-
tribution into a third space (i.e., ascites, pleural or amniotic
fluid).

Women with breast cancer in pregnancy have the same
survival as nonpregnant women with breast cancer.63 In a
comparison of 56 pregnant patients and 166 nonpregnant con-
trols, there was no statistically significant difference in sur-
vival.70 The pregnant patients had a 5-year survival rate of
82% when lymph nodes were negative and 47% when posi-
tive. However, patients with pregnancy-associated breast
cancer had more advanced disease at diagnosis.70 Other series
have shown similar results. Patients with breast cancer diag-
nosed during pregnancy may do more poorly because they
present with more advanced disease.

Cervical Cancer

Invasive carcinoma of the cervix is the most frequent cancer
associated with pregnancy in the United States. It occurs in
approximately 1 in 2,200 pregnancies,1 with an average age 
at diagnosis of 32 years. This rate may be falling because of
improved screening leading to treatment of noninvasive
lesions. Maternal prognosis in cervical cancer is not altered
by pregnancy, but the fetus may suffer morbidity or mortal-
ity from treatment.71 Early diagnosis of cervical cancer in
pregnant women is three times more likely than in their non-
pregnant counterparts because of the frequent and detailed
gynecologic examinations that are a part of routine prenatal
care.72 The majority of women with early cervical cancer are
asymptomatic, although a few may report vaginal bleeding,
discharge, or pain.73

Approximately 5% of all Papanicolaou (Pap) smears are
abnormal,74 usually representing cervical dysplasia. The cyto-
pathologist should be notified that the Pap smear is from a
pregnant patient because physiologic changes of pregnancy
may alter the pathologist’s interpretation.73 Pregnant women
with an abnormal Pap test should undergo colposcopy with
punch biopsies to exclude invasive carcinoma.73,74 Conization
is performed to rule out invasion when the colposcopic biopsy
shows microinvasive disease or if the procedure is unsatis-
factory.75,76 Conization is safest early in pregnancy. In a minor-
ity of patients (3% to 6%), this procedure may be associated
with significant bleeding, infection, pregnancy loss, and
preterm birth. Patients diagnosed with low- or high-grade dys-
plasia, carcinoma in situ, or microinvasive squamous carci-
noma (up to 3mm in depth) can be followed to term and
allowed to deliver vaginally.77 Reevaluation and treatment are
done at 6 weeks postpartum.

When invasive cervical cancer is diagnosed in the 
pregnant patient, staging procedures are modified to mini-
mize radiation exposure to the developing fetus. Magnetic
resonance imaging is a safe and noninvasive modality to
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assess tumor extent, volume, and to monitor response to
therapy.78

The prognosis of early-stage cervical cancer appears
similar in pregnant women and nonpregnant controls.71 Tra-
ditionally, if the diagnosis is made before 20 weeks of 
gestation, immediate radical hysterectomy with pelvic and
paraaortic lymphadenectomy is advised to avoid delay in
treatment. For women with stage Ia or Ib cancer diagnosed
after 20 weeks of gestation, several small series have shown
that a delay in therapy of up to 17 weeks to achieve fetal lung
maturity is reasonable.79 In a retrospective series of 27 preg-
nant women with stage Ia or Ib cervical cancer, 8 patients
waited for fetal lung maturity before delivery (mean diagno-
sis to treatment interval, 144 days). Fetal outcome was good
in this group, and all women were disease free 2 years fol-
lowing treatment.80 No randomized trials have evaluated the
benefits of vaginal delivery versus cesarean section in preg-
nant women with cervical cancer. Jones et al.81 reported a
poorer 5-year cumulative survival with vaginal delivery in
comparison with cesarean section (55% versus 75%). In addi-
tion, rare recurrences of the cancer at the episiotomy site have
been reported following vaginal delivery.77 For these reasons,
cesarean section is the preferred mode of delivery in pregnant
women with cervical cancer.82

For stage IIb or higher-stage cervical cancer, treatment is
limited to radiation therapy. When the fetus is viable, deliv-
ery should be performed before the initiation of therapy. If 
the fetus is not considered viable, external-beam radiation
therapy can be started before delivery. Patients will abort 20
to 24 days after the start of the radiation therapy, after a mean
dose of 34 to 40Gy.79

Hodgkin’s Disease and Non-Hodgkin’s Lymphoma

The mean age of patients with Hodgkin’s disease (HD) is 27
years, whereas that of those with non-Hodgkin’s lymphoma
(NHL) is 42 years. The incidence of pregnancy-associated
lymphoma, both HD and NHL, is similar and ranges from 1
in 1,000 to 1 in 6,000. Most of the patients are diagnosed at
stages II to IV, and on average at 22 weeks of gestation.83,84 In
a series of 48 women with HD, the median age was 26 years,
which is similar to other series.83–85 When matched with non-
pregnant controls, there was no significant difference in the
clinical presentation of HD.85 Most pregnant patients present
without B symptoms.83–85

Several studies have suggested that neither HD nor preg-
nancy has an independent impact on either condition.84,86–88

Barry et al.86 evaluated 347 women with HD and found that
the survival curves were similar in pregnant and nonpregnant
women. There was no difference in survival between patients
who underwent a therapeutic abortion and those who did
not.86 Lishner et al. obtained similar results85 when cause-
specific survival was compared in 33 pregnant women and 67
case-matched controls. No significant effect of age or stage 
at diagnosis on maternal or pregnancy outcome was seen.
Infants did not have a higher risk of premature birth or
intrauterine growth retardation. At 25 years of follow-up,
70% of patients were alive. Anselmo et al.88 also reported that
women with HD safely carry their pregnancy to term, giving
birth to healthy children.

Most pregnancy-associated NHLs have an aggressive his-
tologic subtype and present with advanced-stage disease.89–91

In a retrospective review of 96 women with pregnancy-asso-
ciated NHL, 60% of the patients presented with stage III/IV
disease.92 An unusually high incidence of breast, uterine, cer-
vical, and ovarian involvement is seen and has been attrib-
uted to changes in hormones and/or increased blood flow to
these organs during pregnancy.90 Some series report a stable
course of the NHL in women while pregnant, followed 
by rapid progression postpartum.89,91 Others report a similar
response to treatment, failure of treatment, and rate of pro-
gression in pregnant and nonpregnant patients. NHL has been
reported by some to affect the pregnancy adversely by causing
maternal death.90 Others conclude that NHL does not 
have an effect on premature birth, spontaneous abortion, or
malformations.91

Chemotherapy should be avoided when possible during
the first trimester. The standard treatment for newly diag-
nosed HD is ABVD (doxorubicin, bleomycin, vinblastine, and
dacarbazine) and for diffuse large B-cell lymphoma is 
CHOP (cyclophosphamide, doxorubicin, vincristine, and
prednisone).93,94 Treatment of HD and NHL during pregnancy
carries risks, but as discussed next, retrospective series sub-
stantiate the safety and efficacy of its use.

In reviews of chemotherapy during pregnancy, the inci-
dence of fetal malformations after exposure during the first
trimester was about 15%.22,95 This risk was greatest with
alkylating agents and antimetabolites (such as methotrexate)
and lowest with vinblastine (1 of 14 first-trimester treated
patients). The risk of fetal malformations decreased to 1.3%
when chemotherapy was administered during the second or
third trimester, which is similar to the 3.1% risk seen in the
general population.

In one series of 14 women with HD treated with MOPP
and ABVD (5 in the first trimester), all had full-term preg-
nancy without any congenital anomalies, and 11 remained in
complete remission at 3 to 17+ years follow-up.96 Another 18
women with NHL in the same series received CHOP (9 in the
first trimester). No congenital malformations were noted on
successful delivery at 35 to 40 weeks.

In a review of 24 pregnant women receiving chemother-
apy for HD, Ebert et al.21 reported multiple fetal anomalies 
in some but not all of the infants exposed to MOPP
(mechlorethamine, vincristine, procarbazine, and prednisone),
ABVD, or cyclophosphamide with radiation in utero. In
another series, 43 children exposed to chemotherapy during
pregnancy were compared to a group of 25 case-control chil-
dren. Fourteen of the pregnant women with HD received
MOPP and/or ABVD (5 during the first trimester). At the time
of evaluation, all 43 children, ranging in age from 3 to 19 years,
were developmentally normal.19 Sutcliffe97 treated three
women with stage II nodular sclerosing HD with ABVD
chemotherapy during the second and third trimester with
normal fetal outcome in all, at 1+, 5+, and 7+ years follow-up.

In a series of 16 pregnant women with HD treated at the
M.D. Anderson Cancer Center,98 2 patients received involved-
field radiation to the neck (3,500cGy), 3 patients received
extended-field radiation to the neck or mediastinum 
(4,000cGy), and the remaining 11 patients received full
mantle irradiation (4,000cGy). Four to five half-value layers
of lead maximized uterine shielding. It was estimated that the
fetal dose was 140 to 550cGy with 6MV photons and 10–13.6
cGy for cobalt 60. All offspring were reported as being phys-
ically and mentally normal with a 10-year-survival of 83%.
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A number of authors have suggested treatment guidelines
for pregnancy-associated lymphoma.44,91,92,99 Patients with 
HD presenting in the first trimester with B symptoms, bulky
disease, advanced stage, or rapid progression require therapy.
Therapeutic abortion should be recommended to enable 
treatment. If the patient desires to continue the pregnancy
and is willing to accept the risks of therapy to the fetus and
to herself, single-agent vinblastine can be used until disease
progression or the second trimester. ABV in the first
trimester, followed by ABVD in the second and third
trimester, is given if combination chemotherapy is needed. If
possible, patients presenting in their second or third trimester
should be observed and treatment delayed until postpartum.
If treatment is necessary, ABVD is given. Patients with clin-
ical stage IA lymphocyte predominant disease or progression 
on chemotherapy may be offered mantle radiotherapy with
extensive abdominal blocking.

Women with low-grade/indolent lymphomas, relatively
normal complete blood counts, and without impending organ
compromise may be safely observed until delivery or disease
progression. In the aggressive histologic subtypes of NHL,
treatment with CHOP should be instituted promptly. Suc-
cessful treatment of Burkitt’s lymphoma requires high-dose
methotrexate. Patients presenting with this disease in the
first trimester should have a therapeutic abortion.92

Symptom Management During 
Cancer Treatment

A great concern to patients, families, and the care team is
which drugs can be used during pregnancy for symptom
control. Pain management and control of nausea are as impor-
tant in the pregnant as the nonpregnant patient. Physicians
may need to manage anxiety or depression in young women
with a newly diagnosed cancer. Bracken and Holford100 per-
formed a case-control study of deliveries with (n = 1,427) and
without (n = 3,001) congenital malformations in Connecticut
between 1974 and 1976. They examined prescription drug 
use in each trimester for cases and controls. Three classes of
agents were found associated with congenital malformations
when used in the first trimester of pregnancy: narcotic anal-
gesics, tranquilizers, and antidepressants. Antiemetics were
not associated with congenital malformations in their study.
Recent retrospective and prospective studies have shown that
a newer class of antidepressants, that is, the selective sero-
tonin reuptake inhibitors, may be safer than the antidepres-
sants studied previously.15 Table 99.4 lists many of the drugs
commonly used for symptom control in cancer, along with
their FDA risk classification.15

Dolasetron and ondansetron, selective serotonin subtype
3 receptor antagonists used in the treatment of chemother-
apy-associated nausea and vomiting, are considered class B
agents by the FDA. Neither causes fetal harm in rats or
rabbits, but only ondansetron has been studied in pregnant
women.15 Prochlorperazine readily crosses the placenta and
has been used to treat nausea and vomiting in pregnancy. It
is considered safe for this indication when used occasionally
and in low doses.15

Acetaminophen is routinely used during all stages of preg-
nancy for pain relief and to control fever.15,18 Pregnant women
also frequently use salicylates. There is a theoretical risk of

prostaglandin inhibitors, such as aspirin, causing premature
closure of the ductus arteriosus, resulting in cardiovascular
abnormalities. However, no adverse fetal outcomes have been
reported after exposure to low-dose aspirin.15 Ibuprofen and
other nonsteroidal antiinflammatory drugs (NSAIDs) are
without apparent teratogenicity, but may have reversible fetal
effects when used in the third trimester.15 NSAIDs cause
decreased urine output and reduced amniotic fluid volume
after prolonged usage.101 Meperidine and morphine are not
associated with fetal abnormalities,17 nor are codeine,
propoxyphene, oxycodone, or hydrocodone.100 Maternal
addiction to narcotics with subsequent neonatal narcotic
withdrawal syndrome has been well described.15

Depression may be controlled with selective serotonin
reuptake inhibitors, such as fluoxetine and sertraline. Fluox-
etine does not have teratogenic effects and may be used in
pregnancy. Sertraline is also an option, has a shorter half-life,
and may be preferred over fluoxetine.15 The effects of the anx-
iolytic benzodiazepines, including diazepam and lorazepam,
on the human embryo and fetus are controversial. A number
of studies have reported an association with congenital
defects while other studies have not.15 The risk, if present,
appears to be low. Neonatal withdrawal has followed contin-
uous use of diazepam during pregnancy, and a dose-related
sedation of the infant is apparent if the drug is used close to
delivery.15

Fatigue is a common symptom during chemotherapy and
may be exacerbated by anemia. Epoetin alpha, recombinant
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TABLE 99.4. Drugs used in symptom management by
pharmacologic type and FDA fetal risk category.

Anesthetics Lidocaine (B)
Antihistamines Chlorpheniramine (B)

Cyproheptadine (B)
Diphenhydramine (B)
Meclizine (B)
Promethazine (C)

Analgesics and antipyretics Acetaminophen (B)
Phenacetin (B)

Antidepressants Amitriptyline (C)
Amoxapine (C)
Bupropion (B)
Citalopram (C)
Desipramine (D)
Doxepin (C)
Fluoxetine (C)
Imipramine (D)
Mirtazapine (C)
Nortriptyline (D)

Narcotic analgesics (D) NSAIDs Aspirin (D)
Celecoxib (D)
Diflunisal (D)
Ibuprofen (D)
Ketoprofen (D)
Antiemetics
Dimenhydrinate (B)
Dolasetron (B)
Droperidol (C)
Doxylamine (A)
Meclizine (B)
Granisetron (B)
Metoclopramide (B)
Ordansetron (B)
Prochlroperazine (C)

Source: From Briggs et al.,15 by permission of Lippincott, Wilkins & Williams,
2002.



human erythropoietin, is indicated for chemotherapy-associ-
ated anemia. The drug has been studied in pregnant patients
with renal disease and other disorders and does not appear to
present a major risk to the fetus.15 It should be recalled,
however, that mild anemia is physiologic during pregnancy
and that iron deficiency is common. The latter should be cor-
rected before epoetin alpha is added.

Conclusion

The coincidence of pregnancy and cancer poses challenges 
for caregivers, patients, and families. The survival of two
patients, the mother and the fetus, is at risk. Randomized
controlled trials are not available to guide practice. Even more
than in other areas of oncology, the patient’s personal values
and religion may play a role in choosing the appropriate
course of treatment. All options, including delaying treat-
ment or abortion to allow immediate treatment, must be
carefully considered. Patients must be given the best esti-
mates of risks to mother and fetus for each possible treatment
strategy.

In general, diagnostic imaging to accomplish anatomic
staging does not increase fetal risk and may aid in appropri-
ate maternal risk assessment. Therefore, staging should not
be neglected in the pregnant patient. Radiation therapy can
be used as a treatment modality, either when treatment plan-
ning is carefully performed to minimize fetal risk, or when
sacrifice of the fetus is anticipated. Fetal doses of ionizing
radiation less than 5cGy do not appear to cause fetal injury,
whereas more than 10cGy exposure in early pregnancy is ter-
atogenic. Chemotherapy during the first trimester of preg-
nancy poses the greatest risk of fetal loss and birth defects.
Risks decrease thereafter, depending on the specific drugs
employed and the timing during the pregnancy. During the
third trimester, chemotherapy is associated with fetal growth
restriction, whereas peripartum chemotherapy poses a risk for
myelosuppression in the newborn. Supportive care needs
should not be ignored during pregnancy, and analgesics, anti-
depressants, and antiemetics can and should be used.
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Survivorship Research:
Past, Present, and Future

Julia H. Rowland

Origins of Cancer Survivorship Research

In 1884, an official ceremony was held and the cornerstone
laid for an ornate and turreted building in New York City that
would for many years house the first cancer treatment center
in the country. The site, located on the upper west side of
Central Park, then a virtual wilderness area on the larger
island of Manhattan, was selected because the belief at the
time was that cancer was contagious. The rounded design 
of the towers, where patient beds were to be located, was
intended to discourage the risk of germs, which were thought
to lurk in corners. Named The New York Cancer Hospital,
this institution would later be moved in 1948 to its current
east side location where it was, until 1960, called the Memo-
rial Hospital for Cancer and Allied Diseases. The history of
this leading center for cancer care and research, known today
as the Memorial Sloan-Kettering Cancer Center, a sprawling
multisite enterprise, is illustrative of where we have come in
viewing cancer.1

At the turn of the 20th century, cancer was largely incur-
able, poorly understood, and associated with treatments that
were often as dire as the disease itself. By midcentury, with
the advent of anesthesia, antibiotics, and the introduction 
of multimodal cancer therapies, the number of individuals
living longer (beyond 5 years) with cancer had slowly
increased. However, it was not until the latter part of the
1900s that the nationally estimated 5-year cancer prevalence
figures (prevalence being defined as the number of people
alive at a given point in time with a history of cancer) reached
50%. From an evidence perspective, this event, which
occurred between 1974 and 1976,2 might in hindsight be 
considered a turning point in what would soon become the
field of cancer survivorship. Arguably, without substantial
numbers of survivors, issues of “survivorship” would never
have become of interest; the focus of research would have
remained, as it had in the past, largely on trying simply to
enable an individual to become a survivor, not what the
future of that person’s life might be like.

The first glimpse at this new world came from pediatric
oncology where, seemingly overnight, a death sentence was
being converted into long-term cure. This point is well illus-
trated in the steady upward curve in pediatric cancer survival
rates from 1950 to 1998 depicted in Figure 100.1. Introduc-
tion in the late 1960s of therapies to prevent central nervous
system relapse in survivors of childhood lymphoblastic
leukemia (ALL) was among several key treatment changes
that would lead to a revised perspective on this disease (Figure

100.2). Because ALL is the most common form of childhood
cancer, accounting today for approximately 30% of cancer
cases diagnosed in children before the age of 14,3 the impact
of this breakthrough produced a dramatic shift in 5-year sur-
vival rates for pediatric cancer as a whole. It also spawned the
first generation of articles calling for attention by the medical
community to issues that went beyond merely curing a child
to those affecting his or her quality of life after treatment.4–6

This same process was slower to evolve in the adult cancer
arena.

Development of Survivorship Researcher and
Assessment Tools

Others, and most notably Jimmie Holland,7,8 have written 
in detail about the confluence of both medical and societal
factors that led to the recognition of the field of psychosocial
oncology. Three elements essential to the growth of the field
were the change within the medical community toward dis-
closing a cancer diagnosis, training of a cadre of researchers
to address posttreatment issues related to quality of life
(QOL), and development of assessment tools to measure 
and describe the survivorship experience. Of these, the move-
ment toward disclosing a cancer diagnosis was the most 
critical.

Throughout most of the 1960s, the practice in the United
States was not to tell patients their diagnosis, “never tellers”
constituting an estimated 90% of physicians surveyed in a
report by Oken.9 A report published by Novack and col-
leagues revealed that this policy reversed in the course of a
brief 10 years. By 1977, 97% of physicians stated that they
told patients they had cancer at the time of diagnosis.10 This
change in practice was important because it opened the door
for researchers to approach and ask patients directly about
their understanding of their illness and its impact on their
lives. The shift in candor about a cancer diagnosis was con-
sequent to growing attention in the United States to patients’
rights, particularly in the health arena. However, physicians’
willingness to adopt this practice was also a reflection of the
greater optimism about survival prospects for those diagnosed
with cancer. It should be noted that sharing the diagnosis is
not a universal practice. In many countries around the world,
including several industrialized nations, physicians still 
hide this information, sometimes at the request of family
members.11–13 In Third World countries, where access to cura-
tive therapies is more limited and hence prognosis is grim,
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protecting patients from learning their diagnosis is considered
more humane.14 Even in many European countries, cancer
still carries a significant social stigma. As part of its year-long
study of cancer survivorship in the United States, the Presi-
dent’s Cancer Panel held a meeting in Lisbon, Portugal, in
May 2003. The purpose of this meeting was “to learn about
the health services and survivorship activities in diverse
European nations and health systems that might benefit sur-
vivors in this country”.15 The Panel found that the term sur-
vivor was rarely used, and in some countries no linguistic
equivalent existed. It was common for European survivors,
the testimony from many of whom is included in transcripts
and the final report from this meeting,15 to feel they could not
publicly reveal their cancer history, or discuss their illness
experience, even with family. In contrast to the situation in
the United States, few prominent Europeans have disclosed
their status as cancer survivors.

Early pioneers in the field of psychosocial oncology often
came from mental health or nursing backgrounds. Few,

however, had formal training in psycho-oncology, as dedi-
cated educational programs in this field did not appear until
the late 1970s and early 1980s.7,16 Today, a number of the
National Cancer Institute (NCI)-designated clinical and com-
prehensive cancer centers offer 2- to 3-year training programs
for MDs and PhDs who wish to specialize in this area of
research or care. Many also provide access to courses in 
psychosocial aspects of cancer research to a diversity of
healthcare professionals. It also is increasingly common to
see position openings for psychosocial oncology specialists
announced on association-based online listserves, such as
that supported by the American Psychological Association’s
Division 38 Health Psychology forum.

Paralleling the expertise of the early researchers, the tools
used for QOL assessment of survivors’ outcomes were drawn
initially from the psychiatric or mental health field. Exam-
ples of frequently used instruments included the Hopkin’s
Symptom Checklist (better known to many as the SCL-90),17

the Profile of Mood States,18 and the Center for Epidemiologic
Studies Depression Scale (CES-D).19 It quickly became appar-
ent that these measures were not well suited to the cancer
survivor population, which, although experiencing distress,
generally did not report symptoms at psychiatric or patho-
logic levels. At the same time, teasing apart symptoms that
might be caused by the effects of treatment (e.g., fatigue/lack
of energy, sleep disruption, problems concentrating) from
signs of emotional distress created a challenge to score inter-
pretation.20–22 Further, many of the experiences of those
treated were poorly captured by the questions asked in these
tools. Frustration with the limits of these more-generic 
tools resulted in the birth of cancer-specific measurements,
an enterprise that, although starting slowly, burgeoned in 
the 1980s to produce many of the QOL measures, or at 
least their sophisticated variants, most commonly used
today.23–26

Role of Advocacy in the Growth of the Field

Defining the Domain

The shift in focus and language to recognition of people with
a history of cancer as “survivors” and their health and social
outcomes as constituting “survivorship research” has its own
history. In 1985, a young pediatrician working for the Public
Health Service, Fitzhugh Mullan, wrote about his experience
of living with cancer in a short piece for the New England
Journal of Medicine. He referred to his journey as the
“Seasons of Survival” and in his text first gave name to issues
of survivorship.27 In October 1986, he and an intrepid group
of about two dozen fellow survivors, cancer healthcare
providers and advocates, met in Albuquerque, New Mexico,
and established the National Coalition for Cancer Survivor-
ship (NCCS).28 The standard medical definition of a survivor
at the time of that gathering, and the only definition com-
monly applied, held that only those individuals who
remained disease free for a minimum of 5 years could be
labeled as survivors. At the founding NCCS meeting, the
group declared that a person should be viewed as, and was
entitled to call himself or herself, a survivor, “from the
moment of diagnosis and for the balance of his or her life,
regardless of the ultimate cause of death.”
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FIGURE 100.1. Remarkable past progress: childhood cancer mor-
tality, 1950–1998.

FIGURE 100.2. Remarkable past progress: childhood acute lym-
phoblastic anemia (ALL) survival rates, 1960–1997.



The group’s argument for advancing this new definition
was that it was only by endorsing such thinking that sur-
vivors would be able to significantly alter the prevailing
medical culture. Specifically, they sought to encourage the
cancer practitioner community to move away from its more
narrow focus on starting treatment as quickly as possible to
one that recognized that a person’s unique needs, desires, and
ultimate health and life outcomes must be acknowledged in
this process. Ideally this would start on day 1, after diagno-
sis. Although controversial at the time, and certainly not 
uniformly embraced even today, this broader definition of a
cancer survivor has taken hold, at least in the United States.
In a search of Pub Med from 1981 to 1985, the 5-year period
before the founding of the NCCS, 28 research articles (among
humans, published in English), were identified using the
terms cancer survivorship. Using the same approach to
examine the “hits” in 5-year increments since then yielded
the following: 1986–1990, 1,700 citations; 1991–1995, 8,417;
1996–2000, 10,574; 2001 to current (with 16 months still
remaining to come during this 5-year period), 7,673. Although
many of the citations identified would not be classified by
many as addressing issues related to living with or beyond
cancer (i.e., many still focus on survival, not survivorship),
the numbers speak for themselves. On the public side, since
1987 the first Sunday in June has been celebrated as National
Cancer Survivors’ Day. Many of the large cancer centers in
major cities now hold their own “Cancer Survivors Day” cel-
ebrations, often in association with special presentations by
survivors, scientists, and advocates. The most significant evi-
dence that the field of cancer survivorship had finally come
into its own was the creation of an Office of Cancer Sur-
vivorship within the world’s premier cancer research center,
the U.S. National Cancer Institute.

A Brief History of the Office of
Cancer Survivorship

Had NCCS members decided to stop at endorsing a new def-
inition of survivor, it is not clear how rapidly the broader field
of survivorship research might have progressed. Fortunately,
they were not content to merely draw attention to the needs
of those living with a history of cancer. NCCS members
began to advocate for specific resources to further identify and
address these needs. In anticipation of what would become
the first NCCS Congress, held in Washington, D.C., in
November 1995, the Coalition sought the input of scores 
of researchers, clinicians, and survivors on what questions
remained unanswered, who should be charged with address-
ing these, and how best were we going to achieve optimal
cancer care for all. Response to this inquiry was combined in
a white paper entitled Imperatives for Quality Cancer Care:
Access, Advocacy, Action & Accountability. In spring 1996,
Ellen Stovall, Executive Director for NCCS, gave a copy 
of this document to the director of the NCI, Dr. Richard
Klausner. After reading this paper, Dr. Klausner called for the
creation of the Office of Cancer Survivorship (OCS).

Formally inaugurated at a ceremony held in the Rose
Garden of the White House in October 1996, the OCS was
established in recognition of the growing population of cancer
survivors and their unique and poorly understood needs.29

The overall mission of the office is to enhance the length and
quality of survival of all those diagnosed with cancer. The

OCS achieves this by serving as a focus for the support and
direction of research that will lead to a clearer understanding
of, and the ultimate prevention of, or reduction in, the adverse
psychosocial, physical, and economic outcomes of cancer and
its treatment. Survivorship research is seen as encompassing
the medical, functional, and health-related QOL of children
and adults diagnosed with cancer, as well as that of their fam-
ilies. It also includes within its domain issues related to
healthcare delivery, access, and follow-up care as they relate
to survivors. Because considerable work had been done in elu-
cidating the needs and care of those newly diagnosed and in
active treatment, particular emphasis in creating the OCS
was placed on developing and supporting research that
addresses the health and well-being of individuals who are
posttreatment or in remission. The OCS also has as its
purview a commitment to educating healthcare providers, as
well as survivors themselves, about issues and practices crit-
ical to their patients (or in the case of survivors, their own)
optimal well-being. Finally, the OCS works to foster and
promote the training of the next generation of survivorship
researchers and clinicians.

In 2001, members of the OCS, the NCI Director’s 
Consumer Liaison Group, and a number of community
researchers and advocates independently suggested that NCI
leadership consider advancing cancer survivorship as an area
for special focus along with other previously identified topics
such as Genes and the Environment, Cancer Imaging,
Research on Tobacco and Tobacco-Related Cancers, and
Cancer Communications. This recommendation met with
approval and elevated Cancer Survivorship to special status
in NCI’s Fiscal Year 2004 and 2005 budgets31,32 (pp 88–93 and
66–71, respectively). Successful adoption of cancer survivor-
ship as an extraordinary opportunity for investment by the
NCI was in significant measure due to the specific interces-
sion of Dr. Andrew von Eschenbach. Dr. von Eschenbach’s
appointment as NCI Director by the President of the United
States brought to the Institute in February 2002, for the first
time, a cancer survivor as its director. Throughout his lead-
ership, Dr. von Eschenbach has been outspoken about his
own cancer experience as a three-time survivor and an unflag-
ging champion for survivorship research.

The breadth of attention to cancer survivorship as an area
of public health interest is reflected in a number of recent
events at the national level. These events include the release
in 2002 by the Institute of Medicine’s National Cancer Policy
Board of its report Childhood Cancer Survivorship: Improv-
ing Care and Quality of Life (the adult cancer companion for
which is expected to appear in late 2005)32; the decision by
the President’s Cancer Panel to pursue cancer survivorship as
a theme for its planned hearings in 2003 and 2004, the report
from which activities, Living Beyond Cancer: Finding a New
Balance, was released at the annual meetings of the Ameri-
can Society of Clinical Oncology held in New Orleans in June
200433; and the publication in April 2004 of A National
Action Plan for Cancer Survivorship: Advancing Public
Health Strategies by the Centers for Disease Control and 
Prevention (CDC) and the Lance Armstrong Foundation.34

The latter two initiatives bear the important contribution of
Lance Armstrong. Lance, seven-time winner of the world’s most
grueling bicycle race, the Tour de France, an accomplishment
achieved after his diagnosis with and treatment for metasta-
tic testicular cancer, was nominated in 2002 by President
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Bush to serve as one of three members of the President’s
Cancer Panel. The foundation that bears his name under-
wrote the CDC effort to produce the National Action Plan
document. During this same period, 2002–2004, five separate
bills were introduced in Congress that included language
identifying cancer survivorship as an area warranting more
attention and funds from the U.S. Department of Health and
Human Services (DHHS); one of these would have formally
authorized the office by an act of Congress. None of these
bills ultimately became law. However, the fact that they were
put forward (with others of similar intent likely to follow) is
strong evidence that the nation acknowledges that it is not
enough for our scientists to find a cure for cancer; we must
also, as a country, ensure the quality of the lives of those
treated. In the Congressional appropriations document for
2003 (Senate Report 107-216; Department of Labor, Health
and Human Services, and Education, and Related Agencies
Appropriation Bill), members of the Senate wrote “. . . More
must be done to improve the understanding of the growing
cancer survivorship population, including determinations of
the physiological and psychological late effects, prevalence of
secondary cancers, as well as further development of effective
survivorship interventions. The Committee supports an
aggressive expansion of the NCI Office of Cancer Survivor-
ship activities . . .”.

Function of Survivorship Research in Cancer
Control and Care

The world of cancer survivorship research has expanded far
beyond that originally envisioned. In the early 1970s, the
function of such research was largely limited to describing the
“terrain” of survival. By the early 1980s, researchers sought
not simply to elucidate the impact of cancer on the lives of
individuals and their families but to use this information to
develop interventions to help survivors cope better with their
illness.35,36 In the case of pediatrics, the findings from sur-
vivorship research were being used to refine cancer therapies
so as to reduce their associated morbidity without diminish-
ing the gains achieved in reduced mortality.37 As we race into
the new millennium, this vision, along with the approach 
to as well as application of survivorship research, has vastly
expanded and come to encompass the entire cancer control
continuum (Figure 100.3). Originally occupying just one part
of the continuum, cancer survivorship research and care now
have the potential to address and affect issues along the entire
continuum. For example, with more young survivors
expected to live full or lengthened lifetimes, they need to be
counseled to reduce the risk of (primary prevention) and
screened for (secondary prevention) other unrelated malig-
nancies for which they would be at risk across the course of
life/normal aging.38

Clinically, the primary function of survivorship research
is fivefold. Information about survivors is critical if we are to
help patients make decisions now about treatment options
that will affect their future; understand the action of and
tailor therapies to maximize cure while minimizing adverse
treatment-related effects; develop and disseminate evidence-
based interventions that reduce cancer morbidity as well as
mortality and facilitate adaptation among cancer survivors;
improve quality of care and control costs; and equip the next
generation of physicians, nurses, and other healthcare profes-

sionals to provide not just the science but also the art of com-
prehensive cancer medicine.

The New Generation of Survivors: 
Who are They?

Profile of the Current Survivor Population

“The new population of survivors hanging in there can be found
everywhere . . . in offices and factories, on bicycles and cruise ships,
on tennis courts and beaches, and in bowling alleys. You see them in
all ages, shapes, sizes, colors, usually unremarkable in their appear-
ance, sometimes remarkable for the way they learn to live with dis-
abilities.” (Natalie Davis Spingarn,39 p. 69)

In 1982, Natalie Davis Spingarn became one of a feisty
vanguard of cancer survivors, and vocal patient advocates, 
to publish a book about their encounter with cancer. Her
volume, titled Hanging in There, Living Well on Borrowed
Time,39 chronicled her experience of being diagnosed as a
young woman (under age 50) and living long term with
metastatic breast cancer. A journalist and investigative
reporter by training, Natalie provided information often hard
for fellow cancer travelers to find and encouraged them to
become active participants in their care, a quite provocative
message for those more comfortable operating in the pater-
nalistic model of care of the times. In 1999 she published 
an update of this journey in a book titled The New Cancer
Survivors: Living with Grace, Fighting with Spirit.40 In this
second volume she describes what she recognized as a new
and emerging generation of survivors who come from all
walks of life, seek an equal or at a minimum a partnership
role in their health-related decision making and care, and
expect to be treated as whole persons, not as a particular
disease (cancer) or body site (breast patient).

The main driver behind interest in issues of cancer sur-
vivorship is necessarily the growing population of survivors.
Cancer survival in the United States has risen steadily over
the past three decades for all cancers combined. When Nixon
declared “the war” on cancer in 1971, there were only 
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FIGURE 100.3. Aspects of cancer survivorship interventions.



3 million survivors. Today, there are approximately 22.4
million cancer survivors worldwide; an estimated 9.8 million
of these live in the United States alone, representing between
3% and 4% of the population (Figure 100.4).41 In the absence
of other competing causes of death, current figures indicate
that for adults diagnosed during 1995 to 2000, 64% could
expect to be alive in 5 years; this is up from 50% estimated
for those diagnosed during 1974 to 1976. The relative 5-year
survival rate for those diagnosed as children (less than 19
years of age) is even higher. Of children diagnosed with cancer
between 1974 and 1976, while 80% survived beyond 1 year,
little more than half (56%) were still alive 5 years later. Today,
79% of childhood cancer survivors will be alive at 5 years,
and the 10 year survival is approaching 75%. If these trends
in survival continue, we may reasonably expect to reach the
2010 Healthy People goal of 70% 5-year survival for all those
diagnosed with cancer.

Of the 9.8 million survivors in the United States, an
impressive 14% were diagnosed 20 or more years ago (Figure
100.5). More women than men are survivors. The higher 
proportion of men who are within 5 years of diagnosis is 

consistent with the larger number of males versus females
diagnosed annually with cancer. At the other end of the sur-
vivorship continuum, more women survive longer than men
due to the higher proportion found to have more readily
detected and treatable cancers (e.g., breast, gynecologic), the
fact that fewer women (n = 80,660) than men (n = 93,110)
develop lung cancer or die of it (females, 68,510 versus males,
91,930) annually,3 and the generally lower all-cause mortality
rate among women versus men in this country.

Of the prevalent cancer population, the largest con-
stituent group comprises breast cancer survivors (22%), fol-
lowed by survivors of prostate cancer (17%), colorectal cancer
(11%), and gynecologic cancer (10%) (Figure 100.6). Conso-
nant with the fact that cancer is a disease associated with
aging [median age of cancer patients at diagnosis based on
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FIGURE 100.6. Estimated number of persons alive in the United
States diagnosed with cancer by site. Starting clockwise from 12:00
position: female breast (22%), prostate (17%), colorectal (11%), gyne-
cologic (10%), other genitourinary (GU, bladder and testis) (7%),
hematologic [Hodgkin’s Disease (HD), non-Hodgkin’s lymphoma
(NHL), leukemia) (7%), melanoma (6%), lung (4%), and other (16%).
U.S. Estimated Prevalence counts were estimated by applying U.S.
populations to SEER 9 for All Races, White, and Black, SEER 11 for
Asian/Pacific Islander, and SEER 11 (excluding Hawaii and Detroit
for Hispanic) Limited Duration Prevalence proportions. Populations
from January 2001 were based on the average of the July 2000 and
July 2001 population estimates from the U.S. Bureau of Census.
(Source: November 2003 submission.)



SEER (Surveillance, Epidemiology, and End Results) 12 data
from 1997 to 2001 was 67 years; an estimated 56.8% of new
cancers are diagnosed in patients 65 and older],42 the major-
ity (61%) of our survivors are aged 65 or older, while 33% are
between ages 40 and 64, 5% are aged from 20 to 39 years, and
fewer than 1% are 19 or younger. It is currently estimated
that one of every six persons over the age of 65 is living with
a history of cancer. Although it is unknown what impact the
use of chemopreventive agents such as tamoxifen will have
on the larger figures for breast cancer incidence, as past and
future advances in cancer detection, treatment, and care
diffuse into clinical practice, the number of survivors can 
be expected to increase. Fewer deaths from cardiovascular
disease and the aging of the population will contribute to this
trend.

Projected Population of the Future

Realization that the world’s population is aging is sobering.43

In 2011, the first members of the baby boomer generation
(those born between 1946 and 1964) will turn 65. It is 
estimated that by the year 2030 one in five individuals 
will be age 65 or older and 40% will be from minority 
groups. At the same time, it is recognized that older cancer
patients tend to be in poorer health (34% versus 10% of 
the general population), often have two or more chronic
medical conditions (16% versus 4%), report functional 
limitations (nearly 70% versus less than 30%), and experience
more limitations in activities of daily living (ADL) or instru-
mental ADL (17% versus 3%).44 Given these figures, it is 
clear that planning for the care and ongoing health of our
aging population, many of whom will become cancer sur-
vivors, constitutes a critical public health challenge for the
future.43

The OCS includes family or caregivers as “secondary”
survivors in its definition of survivors. This concept reflects
the growing appreciation of the critical role they play in 
a loved one’s or family member’s illness. The American
Cancer Society (ACS) in its Facts and Figures publication
for 1996 estimated that three of every four families would
have an affected family member. Recent data on caregiving
in America suggest that 21% of those over the age of 18
provide unpaid care for an adult 18 and older. The second
most common reason for a recipient to need care, after 
old age, is cancer.45 Data obtained from cancer survivors 
identified by the National Health Interview Survey in 1992
indicated that approximately 24% of adult cancer survivors
(1.3 million) had a child 18 years of age or younger living in
the home.46 To date, relatively little is known about the
impact of living with someone who has cancer on other
family members in general; even less is known about cancer’s
impact on the current or future health behaviors and well-
being of younger and potentially highly vulnerable family
members.

With advances in our understanding of genomics and 
proteomics and the application of novel delivery systems,
many project that future antineoplastic therapies will be
more targeted to cancer cells and less toxic to normal tissue, 
resulting in significant reductions in treatment-associated
morbidity. This is not to say cancer therapy will be entirely
benign, as few pharmacological treatments are ever entirely
without side effects. Monitoring for the novel, potentially
subtle, and late-appearing or unexpected effects of newer

approaches to cure represents a challenge to future
researchers. Of equal importance will be our ability to assess
the impact of delivery of these molecularly targeted treat-
ments. Many agents will be administered orally, shifting the
responsibility for delivery and monitoring away from the
medical team and to the patient. Appreciating the obstacles
faced by patients and families to understand and adhere to
regimens will be critical if we are to understand not just drug
effectiveness but also survivors’ QOL and health-related 
outcomes.

Domains of Survivorship Research:
Multidimensionality

In the early era of research on the psychosocial and physical
impact of cancer, the common practice was to use global (e.g.,
Karnofsky) or summary scores representing overall function
across a range of activities of daily living activities (e.g., FLIC,
functional living index-cancer; LASA, linear analog self
assessment). Perhaps unique to cancer QOL studies (as
opposed to those for other chronic illnesses) is their history
of emphasis on the importance of patient-based outcomes.
What was quickly apparent in instrument selection and
development was the need for patient (versus physician)-
based measures.47–49 The few clinician-rated scales still com-
monly in use represent measures to assess patient status for
clinical trials (e.g., ECOG, Easterm Collaborative Oncology
Group, status) or were designed for use when a patient might
be too sick to complete a self-assessment, e.g., the Spitzer
Quality of Life Index.50

As clinicians began looking more closely at patient-
focused outcomes and more behavioral scientists joined the
field of inquiry, four primary areas of QOL impact emerged:
physical (symptoms), functional (capacity to engage in activ-
ities of daily living), emotional (mood/affective and cognitive
status), and social (role functioning and/or support, financial
burden). Examples of early scales with these four domains
include the Quality of Life Index51 and the Sickness Impact
Profile.52 These four domains remain at the core of contem-
porary scales.

An early challenge for the field was the need to develop
and test cancer-specific tools. As already noted, initial studies
of mental health outcomes for survivors relied heavily on the
use of instruments borrowed from the psychiatric arena, for
example, the Hopkins Symptom Checklist (SCL-90) and the
Profile of Mood States (POMS). Even when studies became
more sophisticated and expanded to include such domains 
as sexual functioning, the available measures (e.g., Derogatis
Sexual Functioning Inventory) were often poorly designed to
assess cancer patients’ functioning or unique areas or types of
dysfunction. It is of note that the recent interest in examin-
ing benefit finding among survivors led clinical researchers to
reflexively go back to the psychiatric literature for tools (e.g.,
posttraumatic stress scale, civilian version; posttraumatic
growth inventory) before realizing that they would need 
to develop measures better suited to capturing the cancer
experience.

The most recent generation of cancer-specific measures is
designed to assess domains of well-being that represent newer
foci of attention. These measures include, for example, 
items or scales to assess fatigue, cognitive dysfunction, and
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menopausal or hot flash symptoms, as well as bowel and 
urologic status in colorectal, select gynecologic, and prostate
cancer survivors. (See the Cancer Outcomes Measurement
Working group-generated publication for an excellent 
review of current measurement tools.53) The two newest areas
of attention in measurement development are long-term 
survivorship scales54–56 and measures of postcancer health
behaviors.57–60 Curiously, although fear of recurrence is 
probably the single most common concern of those living
with a history of cancer, efforts to create instruments
designed specifically to measure this domain have 
languished.61–63

There has been considerable debate as to whether current
measures assess QOL or simply health-related quality of life
(HRQOL).64,65 Many argue that individual QOL is intangible
and almost impossible to meaningfully measure. Although
the majority of survivorship researchers today use the terms
QOL and HRQOL interchangeably, when pressed most agree
that our common assessment tools are most accurate in 
providing (and often specifically designed to generate or elicit)
information on survivors’ perception of their health-related
quality of life than QOL per se. One of the more recently
appreciated challenges to the field of QOL assessment 
among cancer survivors is interpreting the impact cancer 
has over time in individuals’ lives. Cancer researchers are
(re)learning what others have reported for decades,66 that
humans are incredibly adaptable and, given time and support,
can adapt to considerable limitations. The manifestation of
this resilience is seen in what researchers now refer to 
as “response shift” in subjects’ report of functioning and 
well-being when measured over time.67 In this paradigm,
respondents, as they accommodate to a loss or disability, 
are less likely to report being upset by it, even though the
impairment may continue to cause the same level of, and
sometimes greater, disability over time. Trying to make sense
of this phenomenon while teasing out what health-promot-
ing interventions may or may not be most helpful for sur-
vivors’ recovery has become a respected field of inquiry in
itself.

Trends in Survivorship Research

Past

The historical research on survivorship has been well
reviewed by others.35,36 General themes have evolved over
time. In the early era of survivorship research, most studies
focused on the psychological impact of cancer or the 
delineation of specific sequelae of treatment (e.g., impact of
stomas, lymphedema, amputation).68,69 As the number of 
survivors grew and length of survival increased, attention
expanded to include examination of the social (interpersonal,
family, work, school) and sexual well-being of survivors.6,70–72

By the mid-1980s, researchers, responding to the observation
by many survivors that they continued to reexperience
aspects of the events associated with their diagnosis and treat-
ment, began to conceptualize cancer as a “traumatic event.”
A new wave of studies sought to determine the extent to
which cancer produced symptoms of posttraumatic stress dis-
order (PTSD).73,74 In pursuing this path, investigators began to
hear from survivors, particularly in studies that contained

qualitative analyses or open-ended formats, that cancer also
caused them to recognize the positive aspects of their lives.
The consequence of this observation is that a current trend
in research is to examine the role of benefit finding in pro-
moting and/or mediating and moderating survivorship 
outcomes.75–77

Since the establishment of psychosocial oncology as a
field of its own in the early 1970s, clinical researchers have
actively sought to take what they learned in their surveys 
and apply it to interventions that would reduce cancer’s toll
on survivors and their families. Relatively little of this
research, however, was designed exclusively to meet the
needs of those posttreatment.78,79 This picture is slowly
changing.

Present

Since 2000, the NCI’s Office of Cancer Survivorship has con-
ducted annual analyses of the number and types of grants in
the area of cancer survivorship funded across the National
Institutes of Health. (These data are updated and posted
yearly online.80) Included in this analysis are grants that
examine the health or behavior of individuals after treatment
for cancer or that of their family members. Excluded from this
review are studies that consider patients solely during active
treatment or early posttreatment (less than 2 months follow-
up) or survivors with recurrent or advanced disease. When the
OCS was originally established in 1996, only 24 National
Institutes of Health (NIH) grants could be identified that 
met these narrower criteria. In the philosophy of “build it and
they will come,” the NCI’s commitment to this area of
science, with the creation of the OCS, appears to have been
successful.

Judging by the numbers, the research community is
slowly being enticed to advance its expertise to tackle issues
further along the cancer control continuum. In fiscal year
2003 (encompassing October 2002 through September 2003),
the period for which most complete data exist, a total of 179
grants were identified as addressing survivorship issues. Of
these, 154 (86%) were funded through the NCI. The remain-
der were supported by the National Institute for Nursing
Research (n = 14), National Institutes of Mental Health 
(n = 5), National Institute on Aging (n = 4), and the National
Institute of Dental and Craniofacial Research (n = 2). That
many grants end up at institutes other than the NCI reflects
the fact that many of the issues faced by survivors (e.g.,
depression, aging, family challenges, pain syndromes) are not
always unique to cancer. In keeping with past patterns, the
majority of studies supported were descriptive or analytic in
nature (54%). However, 42% of the funded research projects
contained an intervention component designed to improve
the psychosocial well-being, physical status, and/or health
behaviors of survivors and/or their family members. 
This latter figure is important as it denotes the transition 
that is occurring in the research arena away from mere 
identification of problems (discovery) to the development and
testing of interventions designed to reduce posttreatment
morbidity and mortality (development). Most of the studies
continue to be unique to or include samples of breast cancer
survivors (n = 79, 44%), who, for a variety of reasons, have
historically been the focus of the majority of the psychoso-
cial research conducted in cancer.81 Other leading cancer sites
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represented in this work include hematologic, prostate, and
colorectal.

A clear testament to the success of the NCI’s efforts 
to grow in survivorship research, and the readiness of the
research community to pursue questions in this area, is
reflected in the response to its request for applications (RFA)
for studies addressing long-term cancer survivorship (defined
as studies among cancer survivors diagnosed 5 or more years
ago). In 1997 the OCS presented its first such RFA (CA 
97-018), which attracted 79 applications. In 2003, the RFA
was reissued (CA 04-003). A total of 125 applications were
received in response to this second call. Of the 125 grants
received, 50 (40%) were from investigators new to the field
of cancer survivorship research.

One of the reasons that the NCI reissued the Long-Term
Survivors RFA was that without this impetus few investiga-
tors appeared willing to take on the additional challenges 
of studying individuals years posttreatment. A review of the
research portfolio conducted before the RFA reissuance
revealed that only 27 of 126 grants analyzed were studying
survivors 5 or more years postdiagnosis; 21 of these were
developed in response to the initial RFA. Critical barriers 
to long-term survivorship research include finding this 
population, obtaining access to them, including nego-
tiating the many hurdles consequent to the recently 
implemented Health Insurance Portability and Account-
ability Act (HIPAA) regulations, developing tools that 
measure outcomes of relevance to the long-term survivorship
experience, identifying appropriate control or comparison
groups, and coordinating a team invested in addressing these
issues.

Future

Staff at the American Cancer Society took advantage of the
opportunity to poll investigators engaged in behavioral, psy-
chosocial, and policy research in cancer about their 
current interests and expectations for future research foci
when compiling a directory of these individuals in 1997 and
again when they updated the directory for release in 2002.82

Addressing psychosocial issues and treatment and outcomes
remained key interest areas over time, a finding not alto-
gether surprising given the target survey participants.
However, two important areas for future research emerged in
this report: the need to address special populations, a future
direction voiced by members of all five of the disciplines rep-
resented (behavioral scientist, epidemiologist, nurse, physi-
cian, psychologist), and growing attention to health education
and communication. Interesting in this study was the low
endorsement of interest in survivorship research. Less than
10% said they were engaged in this type of research in 1997
(7.3%), and only 1.5% in 2002. However, in 2002, 11.7%
thought it was going to be an important area of research in
the future.

Ongoing analysis of the NIH-wide survivorship portfolio
highlights a number of areas where our knowledge is lacking.
Two of these areas echo themes identified for future target-
ing by Nehl and colleagues82: (1) the exploration of outcomes
for our diverse population of survivors, specifically those from
ethnoculturally diverse backgrounds, those from low-income
or low educational backgrounds, rural survivors, elderly 
survivors, and survivors from common cancer sites under-

represented in the literature (lung, colorectal, gynecologic,
hematologic)83; and (2) effective communication about 
survivorship-related issues. To these, four more areas are
added, including (3) research on the impact of cancer on the
family or caregiver; (4) studies addressing the economic
impact of cancer on survivors and survivorship; (5) assess-
ment of the nature, delivery, and outcomes of follow-up care
to survivors; and (6) measurement tool development, includ-
ing that which would enable us to compare survivors with
those without a cancer history while also controlling for other
comorbid illness states.

As the field of survivorship research has matured, change
has occurred not only in the focus of the research being 
conducted but also in how and by whom this research is being
carried out. The typical published cancer survivorship study
has evolved from a largely descriptive outcome report based
on a small single institution sample84,85 to one involving 
multidisciplinary teams accruing large cohorts and applying
complex outcome and intervention assessments.86,87 A
concrete measure of the growing sophistication of this 
body of research is the expectation by standing members of
study sections (peer review groups) to see power analyses,
detailed rationales for measurement choices, adequate 
representation by appropriate diverse scientific experts, 
and demonstrated sensitivity to the unique needs and 
experience of the target survivor group in grants submitted
for review, with general impatience with studies that 
appear to “rediscover” what is already documented. 
Table 100.1 provides an overview of some of these trends over
time.

Looking to the future, it is expected that a healthy balance
needs to be maintained between the identification of prob-
lematic long-term and late effects of cancer and our ability 
to address these. The roughly 60%/40% split in current 
NIH-funded research between studies aimed at identify-
ing problem areas and those designed to develop and test 
interventions that reduce the negative effects of cancer 
is probably a reasonable balance. With respect to the 
intervention arena, two new trends are of note. It is increas-
ingly apparent that to be successful this research must (a)
attempt to explain the biopsychosocial interaction between
what is being delivered and its impact on health outcomes88,89

and (b) control or account for the costs associated with its
delivery.90 Although psychoneuroimmunology (PNI) research
in cancer is by no means new,91–93 attention to mind–body
links is expanding as researchers seek to explain what is going
on inside the proverbial “black box,” in particular, in the
context of psychosocial interventions that might mediate or
moderate the impact of these trials on cancer recurrence or
survival. Further, although drug interventions are relatively
low cost, most psychosocial or behavioral interventions are
labor intensive and hence more expensive to deliver. Despite
this, there is good evidence to suggest they can reduce
medical costs.94 In recognition of this, investigators are
working hard to design interventions that can be either self-
administered,90,95 delivered readily by available healthcare
staff with minimal training,96 and/or, the newest piece in
these models, made available online.97,98 This last point is
critical if we are to have any hope of taking into the broader
community interventions that hold the promise of signifi-
cantly reducing the burden of cancer on individuals and
society.
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Challenges for the Future

Looking to the future, investigators face a number of chal-
lenges in advancing cancer survivorship research.99 These
challenges can be seen as falling into three broad categories:
(1) identifying the most salient topics for study, (2) creating
or enhancing the resources necessary to conduct the research,
and (3) developing ways to make use of what is discovered.

Discovery

One of the greatest challenges to engaging in survivorship
research is keeping up with the rapid pace of change in cancer
treatments and care, as is particularly well illustrated in 
the context of breast cancer. In the past 10 years we have 
seen the uptake into standard practice of the use of sentinel
node biopsies (replacing axillary node dissections), neoadju-
vant (presurgical administration of) chemotherapy for large
tumors, dose-intense and dense regimens of adjuvant
chemotherapy with their greater attendant exposure to
growth factors, testing for Her2 and consideration of her-
ceptin, autologous tissue implants (over saline or silicone
implants) for breast reconstruction, and aromatase inhibitors

in the adjuvant setting, as well as a shift away from use of
stem cell transplant as a treatment option. Each of these alter-
ations in practice has implications for QOL outcomes for
women treated. For example, elimination for many women
of the need for axillary node dissection may result in far fewer
women developing lymphedema as a consequence of their
breast cancer therapy.100,101 Nevertheless, greater exposure to
more-intense chemotherapy regimens will likely increase the
number of women at risk for persistent problems with pain
(related to the accompanying use of growth factors)102 and
memory problems (or chemo brain).103 Meanwhile, continued
changes in the healthcare delivery system are transforming
significantly the availability of and access to resources that
have been shown to buffer the adverse effects of care (e.g.,
access to social support, information and education, and reha-
bilitation services). In an effort to control rising medical costs
and respond to diminished insurance reimbursements, many
hospitals and medical centers have sought to decrease the
number of patient hospitalizations and length of stay, elimi-
nate or downsize the types of support services as well as the
number of social workers in their systems, and shift the deliv-
ery of oncology care largely to the outpatient setting.104,105

Third-party payers in turn have placed constraints on
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TABLE 100.1. Trends in cancer survivorship research design.

Past Present Future

Target Generally small convenience Moderate to large samples; often Mix of large (e.g., cohort, population-based) 
samples samples, often single institution multiinstitutional; some clinical trials and moderate size; largely multiinstitutional;

based and mainly white, middle and population- or registry-based; greater representation of more diverse cancer 
class, and middle age; largely increasing diversity of survivor groups sites and previously neglected populations 
breast cancer, or mixed, some by age and site (especially prostate, (e.g., by ethnic/income/geographic/age 
colorectal, gynecologic; also Hodgkin’s disease, other gynecologic); groups); more use of clinical trials samples
pediatric, but largely leukemia still limited ethnocultural, income, and

geographic diversity; more focus on
family/caregivers

Team Physicians, nurses, and some Multidisciplinary teams; behavioral Truly multidisciplinary teams; attention to
mental health professionals scientists leading in many areas; nurses addition of basic scientists and

with strong role as well; increasing role psychoneuroimmunology (PNI) 
of advocates/survivors in research researchers to understand mind–body
design implications and impact of research 

findings for recurrence/survival, risk, and 
treatments; customary role for advocates/
survivors in research

Basic Descriptive; limited interventions; Increase in hypothesis- and model- Sophisticated model building and hypothesis
design often atheoretical and exploratory driven designs; complex testing; emphasis on building on prior studies,

in nature; almost exclusively multicomponent interventions including research to take interventions to 
cross-sectional designs growing; replication studies appearing; different audiences, settings, deliverers; 

longitudinal studies increasing intervention designs incorporating biologic 
markers and/or economic and health
services endpoints or outcomes; longitudinal/
cohort research

Topic Focus almost exclusively on HRQOL instrument development; shift HRQOL development for long-term survivors
documenting dysfunction: to evaluate both benefits and deficits of (including comparison to other chronic 
distress, disability, impairment; illness; modeling of risk for poor illness groups and controlling for comorbid 
a few coping studies; limited outcomes; examining role of caregivers conditions); identifying/describing late, as 
risk modeling in survivor outcomes and vice versa; yet unknown effects of cancer and novel 

growing attention to treatment effects problems associated with newer treatments 
and focused attention to specific and risk for these; targeting and tailoring 
problems, e.g., sexual dysfunction, interventions to survivors; identifying who 
fatigue, cognitive impairment; may need what delivered by whom and 
beginning attention to health after when in the course of care; establishing the 
treatment unique human and economic burden of 

cancer (versus other chronic illnesses); health
promotion, follow-up care studies

HRQOL, health-related quality of life.



patients’ ability to use specialized providers and/or services.
Combined, these changes in the delivery of cancer care have
put enormous pressure on cancer survivors and their family
members or caregivers to be more self-sufficient or in some
cases to do without the support or services they might wish
to have in facilitating optimal recovery.106 This burden 
is borne disproportionately by minority and underserved
members of our society.107 Curiously, while research consis-
tently shows that providing education and support is impor-
tant for survivors’ capacity to cope with cancer, access to this
help is diminishing.

The implication of these changes for researchers is that
what may have been critically important for one cohort of
survivors may be less relevant to the next generation of indi-
viduals treated. For example, body image was a major focus
of research in early studies of breast cancer outcomes when
mastectomy was the treatment of choice.68 Today, most
women have a choice (often involving several options) in how
to treat the breast and deal with the cosmetic impact of breast
cancer. As a consequence, body image disruption is less
salient as either an outcome or research issue. Of more
concern is how breast cancer treatment may alter sexual 
function and/or menopausal symptoms, given that more than
50% of women diagnosed now receive some form of adjuvant
chemotherapy or hormonal therapy.108 Increasingly,
researchers are finding themselves caught between the need
to identify emerging chronic or late effects of newer therapies
and chronicling and addressing the long-term effects of older
ones. This dilemma can become problematic if, at review, sci-
entific peers around the table cannot see the relevance of
long-term outcomes studies (given this picture), or when
forced to make a choice about limited funding dollars, opt to
support studies about current therapies only.

Some of the more recently identified “hot” areas of
symptom research include a focus on memory problems,
fatigue, weight gain, long-term cardiac health, osteoporosis,
and persistent pain syndromes (associated with exposure to
taxanes and/or use of growth factors). Interest in all these con-
cerns has occurred in direct response to survivors’ accounts 
of specific problems with these conditions (e.g., memory 
problems, fatigue, weight gain, pain), or clinicians’ concerns
about known potential toxicities of treatment (e.g., second
malignancies, cardiac dysfunction, osteoporosis). As already
observed, the recent advances in modern computer and labo-
ratory technology and the associated explosion of discovery in
the molecular sciences lend hope that future therapies can be
designed to have fewer adverse effects on healthy tissue. Nev-
ertheless, listening carefully to patients’ experience of these
new approaches is critical if we are to identify and evaluate in
future generations of survivors the impact of cancer on health.

On a larger scale, with so many individuals living longer
following a diagnosis of cancer, growing attention is being
given to researching the efficacy of more generic interven-
tions in improving the future health of survivors, not merely
in diminishing their current symptoms. There is a growing
movement in particular to develop interventions that include
elements with the potential to be generalized to other non-
cancer conditions. Two good examples of this are the work
being done by Antoni and colleagues in the area of stress
management109,110 and that of Courneya and colleagues on
delivery of physical activity interventions.111,112 With the baby
boomers fast entering the years of greatest cancer risk, under-

standing the role of comorbidities on cancer outcomes and
care is critical to both evaluating and reducing the burden of
cancer.43,44,113,114 At the same time, a pressing need continues
for us to understand the enormous and growing divide
between survival—and necessarily the survivorship experi-
ence—of our communities of color, low income, low educa-
tion, and rural status, versus the Caucasian and Asian
survivor populations about whom we have the most data.83,115

Development

To accomplish any of this work will take some very specific
resources and infrastructure or capacity building. First is
access to relevant study samples. A continuing challenge for
many researchers is identifying and reaching long-term 
survivors, in particular those diagnosed more than 5 years
earlier.116 Tumor registries can help,117 but loss to follow-up
is common. Clinical trials groups, an obvious place to partner
to obtain long-term follow-up data, also often lose track 
of their participants over time.118 The introduction of new
federal privacy laws (Health Insurance Portability and
Accountability Act, or HIPAA), by requiring individual
consent for the conduct of specific studies and data sharing,
has made access to survivors and their medical records even
more cumbersome. This problem is not unique to the United
States.119 Establishment of the NCI-supported Childhood
Cancer Survivor Study cohort currently provides a rich
resource for survivorship information generated from its
ascertained sample of roughly 14,000 survivors of childhood
cancer diagnosed between 1978 and 1986 and the companion
sample of more than 3,800 siblings.120 To date, no such repos-
itory exists for survivors of adult cancer.

A second critical need is a steady flow of researchers.
Despite the fact that the field of psycho-oncology (or psy-
chosocial oncology), and the more-specific area of posttreat-
ment survivorship research, has grown steadily in the past
two decades, the number of researchers devoted to this
science is still very limited. Further, there continue to be only
a handful of training centers across the country devoted 
to the education and support of the next generation of
researchers invested in survivorship research. With the recent
creation of the American Society of Psychosocial Oncology
(APOS), now independent from the older International
Psycho-Oncology Society, there is hope that this picture may
change. Further, the advances in computer technology, use of
self-training programs for credit, and online access to a world
of expertise may help close this gap in investigator resources.
In this regard, APOS and the American Society of Clinical
Oncology are pioneering efforts to promote the pursuit of con-
tinuing education by members in this and related symptom
management and assessment domains.121,122 Further, col-
leagues around the world are beginning to develop programs
that promise to ensure a future cadre of talented clinicians
and researchers.123,124

A third area of necessary development is on the provider
side. Some in the pediatric oncology community have been
heard to lament that fewer physicians are choosing to pursue
careers in this specialty, assuming (incorrectly) that with sur-
vival figures already so high, few challenges or opportunities
remain to make breakthroughs in this field. Adult oncology,
by contrast, continues to offer diverse challenges; one of these
being to better understand the long-term and late conse-
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quences of treatment as a way to improve cancer diagnosis,
treatment, and care. Inadequate support for young physicians
to engage in research remains a barrier to ensuring more
oncologists will seek to expand their expertise in the sur-
vivorship arena. In a 2002 review of professional education
and training in cancer survivorship commissioned by the
National Cancer Policy Board (NCPB), Roger Winn found that
although oncology textbooks were beginning to incorporate
pieces about this aspect of care (in particular, the incidence
and pathophysiology of chronic or late effects), often the
material was fragmented and provided few guidelines for eval-
uation and care. There were, however, notable exceptions to
this, including the Harris et al. volume Diseases of the Breast,
and the monograph produced for the benefit of its members
by the American Association of Family Practitioners on
Cancer Survivors.

The picture in nursing appears to be quite different.
Nurses were among the leaders in pioneering psychosocial
research and QOL instrument development in cancer.51,54–56 In
a review also commissioned in 2002 by the NCPB, Betty
Ferrell and Rose Virani found that all the major nursing text-
books of oncology nursing had sections or information on
cancer survivorship and addressing late and long-term effects
of disease. The Oncology Nursing Society has had a Special
Interest Group in this area for several years.

Engaging the entire medical community (including
nurses, primary care physicians, mental health professionals,
and rehabilitation specialists) is necessary to ensure that we
ask the right questions in survivorship research and use the
best approaches to conduct this science. All this activity will
require fiscal resources. Already there has been a rapid growth
in the number of federal dollars being expended on survivor-
ship research. This amount of money remains small, never-
theless, when compared to that being invested in cancer
biology, detection, and treatment. In 2003, the OCS supported
$17 million in grant-related research; NCI-wide investment
in survivorship research, broadly defined to include studies
among individuals across the survivorship continuum from
diagnosis to end of life, was estimated at $160 million, less
than 4% of the NCI budget for that year. Further, the end of
the doubling of the NIH budget with FY 2004 and expected
spending limits projected for the near future threaten to make
competition for this still-nascent area of research a critical
source of challenge.

On the positive side, a number of additional funders com-
mitted to supporting research on survivors’ outcomes have
appeared on the scene; these include the Lance Armstrong
Foundation, the Avon Foundation, the Susan G. Komen Foun-
dation, and the California Breast Cancer Research Program.
Recently reframed as constituting a public health issue,34

cancer survivorship is also beginning to appear on the agenda
of the Center for Disease Control and Prevention. In addition,
as noted earlier, Congress has put forward a number of bills
in the past 2 years indicating their intention that the NIH in
general and NCI in particular continue to invest in this
science. The creation of the Office of Cancer Survivorship 
at the NCI provided a critical infrastructure and platform
from which to oversee, track, and direct cancer survivorship
research at the Federal level. Its existence within the NCI
serves as a reminder of the importance of this aspect of the
cancer control continuum both across NCI and nationally.
Staff from the CDC, National Association of American

Cancer Registries, ACS, NCI, and American College of Sur-
geons recently put forward recommendations for elements of
the framework necessary to move cancer control forward in
the next 20 years.125 Similarly, members of NCI’s Division of
Cancer Control and Population Sciences have outlined where
we need to go in the future to advance quality of cancer care
across the continuum.126

Delivery

The final challenge faced is how best to disseminate and use
the information gleaned from the growing body of cancer sur-
vivorship research. To date, this process has been painstak-
ingly slow, in particular in the adult oncology arena.
Delivering on what we already know represents, both histor-
ically127 and at the present time, the least developed area of
cancer survivorship research and constitutes one of the most
significant challenges for the future.128–130 This problem is
well illustrated in a recent publication of the Institute of Med-
icine (IOM) entitled Meeting the Psychosocial Needs of
Women with Breast Cancer.131 In this volume, the multiple
authors provide a wealth of evidence indicating that we
already understand the kinds of problems faced by women
treated for this disease, the handful of risk factors that
increase risk for poor QOL, and the types of interventions that
may help improve women’s outcomes. Translating this into
practice remains the biggest hurdle. This need includes edu-
cating healthcare providers about the psychosocial and behav-
ioral effects of cancer and training them to incorporate
psychosocial concerns into standard treatment planning and
posttreatment monitoring, as well as designing and funding
healthcare delivery systems that support this activity.128 It is
of note that, even in the nation’s comprehensive cancer
centers, programs for survivors who have completed their
cancer therapy remain limited.132 In addition, in many of
these centers, researchers engaged in survivorship research
are not routinely connected with the clinics or care centers.

These same kinds of struggles play out differently in the
area of childhood cancer. In pediatrics, attention to the “total
child” and his or her family is simply part of standard care.133

Further, most pediatric care, whether in the cancer or non-
cancer setting, is designed around promoting normal devel-
opment and preventing or minimizing risk of disease.
Pediatric oncologists, perhaps because of the dramatic
advances made in curing childhood cancers, have been at the
forefront of efforts to tailor therapies to reduce morbidity
without compromising cure. For example, once trials began
to show that use of central nervous system prophylaxis dra-
matically altered the survival for children with ALL in the
late 1960s and early 1970s, clinicians quickly turned their
attention to finding less-toxic ways to provide this coverage
that would eliminate the need for or reduce the dose of cranial
radiation to which children would be exposed.37 Equivalent
evidence for this approach in adult oncology is harder to iden-
tify. The movement away from more-radical excisions to
greater tissue-sparing approaches to surgery, as seen in breast
and colorectal cancer, are good examples of efforts to modify
treatment to improve QOL without adversely affecting 
cure. These surgical oncology examples notwithstanding, the
general trend in adult oncology remains heavily focused on
delivering more, not less, treatment, even if the length of time
over which these therapies are administered is shrinking.
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More recently, both the pediatric and adult oncology
communities have engaged in efforts to decide how best to
follow themselves, or engage the larger adult healthcare deliv-
ery system to care for, the growing population of young and
maturing adults previously treated as children.134,135 The Chil-
dren’s Oncology Group (COG) has taken a leadership role in
shaping this effort. In spring 2004 COG publicly released the
first set of comprehensive, long-term follow-up guidelines.136

Unique to this document is its attention to the long-term and
late sequelae of curative therapies. Unlike currently available
guidelines for adult survivors who are posttreatment (e.g., as
developed by ASCO, American Society of Clinical Oncology,
and NCCN, National Comprehensive Cancer Network) that
focus exclusively on cancer surveillance, the childhood
cancer follow-up guidelines are constructed around identifi-
cation and management of risk-based, exposure-related prob-
lems that may be screened for and potentially addressed after
treatment. Largely unknown is how nononcology profession-
als view and care for the survivors in their patient popula-
tion.137 What evidence we have suggests that many survivors
are not receiving care that might be expected for peers
without a cancer history.38,59,138,139 In this regard, data from
two NCI-led SEER-based research studies on hematologic
(non-Hodgkin’s lymphoma, NHL) and selected solid tumor
(breast, colorectal, prostate, gynecologic) survivors’ experi-
ence of posttreatment care that will be available starting in
2005 should be informative.

A final criterion for the success of what one might call
the cancer survivorship research enterprise is whether it is
having an impact on the outcomes of present and future sur-
vivors and/or their families and caregivers. This aspect of 
survivorship research is as yet the least developed of all.
Benchmarks for success exist in other realms of cancer
control. For example, one can track the reduction in smoking
rates to assess prevention efforts, the uptake of screening
modalities (e.g., mammography, colonoscopy) by the appro-
priate populations to monitor inroads in promoting early
detection, and survival curves to determine global cancer
control. However, it is not clear what the markers of success
are for improved survivorship (not to be confused with sur-
vival) outcomes.140 Should this be return to school for chil-
dren? Return to work for younger adults? Self-reported QOL
compared to the general population for cohorts of survivors?
Decrease in medical care use among survivors receiving a sup-
portive intervention? If we have learned anything from sur-
vivors it is that being disease free does not mean being free
of your disease. It is not enough to cure or enable individuals
to live long term with a chronic illness without attending to
what they are being returned. Because so many cancer sur-
vivors are older and present with a history of other comorbid
conditions and experience, determining and alleviating what
may be the unique burden of cancer is an area that remains
to be fully addressed.44,113,114,141 At a minimum, we need to be
able to provide more than an estimate of the number of indi-
viduals who are living beyond a diagnosis of cancer. Finding
ways to quantify how those individuals are faring in the main,
and where they are on the cancer trajectory (i.e., recently 
diagnosed, in active treatment, posttreatment, living with 
or dying of progressive disease) is critical, particularly if we
are to establish benchmarks against which to measure our
progress. Efforts to do this are under way in Europe142 and here
in the United States.143,144

In summary, the evidence is clear that cancer survivor-
ship, once merely a nascent field, is fast entering its adoles-
cence, its pace of maturation driven by the progress made in
controlling the many diseases we call cancer. Although still
modest for most cancers, the body of research identifying the
long-term and late effects of illness, as detailed in Chapter
101 by Aziz in this volume, is growing rapidly. At the same
time, investment in the study of interventions to eliminate
or reduce adverse cancer- or treatment-related outcomes is
increasing. The cancer advocacy community has matured and
provides an invaluable resource for ensuring continued atten-
tion to survivorship issues.145–147 However, it is becoming
apparent daily that improvements in cancer survivors’ out-
comes will likely be affected most by what happens to our
healthcare delivery system in the years to come. We already
know a great deal about what harms or helps those diagnosed
and treated for cancer; delivering on the promise of care that
conforms to that knowledge should be our most significant
overarching goal for the foreseeable future.
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Late Effects of Cancer
Treatments

Noreen M. Aziz

Background and Significance

With continued advances in strategies to detect cancer early
and treat it effectively, along with the aging of the population,
the number of individuals living years beyond a cancer diag-
nosis can be expected to continue to increase. Statistical
trends show that, in the absence of other competing causes
of death, 64% of adults diagnosed with cancer today can
expect to be alive in 5 years.1–4 Relative 5-year survival rates
for those diagnosed as children (age less than 19 years) are
even higher, with almost 79% of childhood cancer survivors
estimated to be alive at 5 years and 75% at 10 years.5

Survival from cancer has seen dramatic improvements
over the past three decades, mainly as a result of advances in
early detection, therapeutic strategies, and the widespread use
of combined modality therapy (surgery, chemotherapy, and
radiotherapy).6–10 Medical and sociocultural factors such as
psychosocial and behavioral interventions, active screening
behaviors, and healthier lifestyles may also play an integral
role in the length and quality of that survival.11

Although beneficial and often lifesaving against the diag-
nosed malignancy, most therapeutic modalities for cancer are
associated with a spectrum of late complications ranging
from minor and treatable to serious or, occasionally, poten-
tially lethal.2,6,12–15 While living for extended periods of time
beyond their initial diagnosis, many cancer survivors often
face various chronic and late physical and psychosocial seque-
lae of their disease or its treatment. Additionally, as the
number of survivors and their length of survival expand, long-
term health issues specific to cancer survival are also fast
emerging as a public health concern. Questions of particular
importance to cancer survivors include surveillance for the
adverse sequelae, or late and long-term effects, of treatment;
the development of new (second) cancers; and recurrence of
their original cancer. One-fourth of late deaths occurring
among survivors of childhood cancer during the extended sur-
vivorship period, when the chances of primary disease recur-
rence are negligible, can be attributed to a treatment-related
effect such as a second cancer or cardiac dysfunction.16

The most frequently observed medical sequelae among 
pediatric cancer survivors include endocrine complications,
growth hormone deficiency, primary hypothyroidism, and
primary ovarian failure. Also included within the rubric of
late effects are second cancers arising as a result of genetic
predisposition (e.g., familial cancer syndromes) or the muta-
genic effects of therapy. These factors may act independently
or synergistically. Synergistic effects of mutagenic agents

such as cigarette smoke or toxins such as alcohol are largely
unknown.2,6,12

Thus, there is today a greater recognition of symptoms
that persist after the completion of treatment and which arise
years after primary therapy. Both acute organ toxicities such
as radiation pneumonitis and chronic toxicities such as con-
gestive cardiac failure, neurocognitive deficits, infertility, and
second malignancies are being described as the price of cure
or prolonged survival.2,6,12 The study of late effects, originally
within the realm of pediatric cancer, is now germane to
cancer survivors at all ages because concerns may continue
to surface throughout the life cycle.2,6 These concerns under-
score the need to follow up and screen survivors of cancer for
toxicities such as those mentioned and also to develop and
provide effective interventions that carry the potential to
prevent or ameliorate adverse outcomes.

The goal of survivorship research is to focus on the health
and life of a person with a history of cancer beyond the acute
diagnosis and treatment phase. Survivorship research seeks to
examine the causes of, and to prevent and control the adverse
effects associated with, cancer and its treatment and to opti-
mize the physiologic, psychosocial, and functional outcomes
for cancer survivors and their families. A hallmark of sur-
vivorship research is its emphasis on understanding the 
integration/interaction of multidisciplinary domains.

This chapter presents definitional issues relevant to
cancer survivorship; examines late effects of cancer treatment
among survivors of pediatric and adult cancer; and articulates
gaps in knowledge and emerging research priorities in cancer
survivorship research relevant to late effects of cancer treat-
ment. It draws heavily from pediatric cancer survivorship
research because a paucity of data continue to exist for
medical late effects of treatment for survivors of cancer diag-
nosed as adults. Research on late effects of cancer treatment
began in the realm of pediatric cancer and continues to yield
important insights for the impact of cancer therapies among
those diagnosed as adults.

Definitional Issues

Fitzhugh Mullan, a physician diagnosed with and treated for
cancer himself, first described cancer survivorship as a
concept.17 Definitional issues for cancer survivorship encom-
pass three related aspects:2,6 (1) Who is a cancer survivor?
Philosophically, anyone who has been diagnosed with cancer
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is a survivor, from the time of diagnosis to the end of life.(1)

Caregivers and family members are also included within this
definition as secondary survivors. (2) What is cancer sur-
vivorship? Mullan described the survivorship experience as
similar to the seasons of the year. Mullan recognized three
seasons or phases of survival: acute (extending from diagno-
sis to the completion of initial treatment, encompassing
issues dominated by treatment and its side effects); extended
(beginning with the completion of initial treatment for the
primary disease, remission of disease, or both, dominated 
by watchful waiting, regular follow-up examinations, and,
perhaps, intermittent therapy); and permanent survival (not
a single moment; evolves from extended disease-free survival
when the likelihood of recurrence is sufficiently low). An
understanding of these phases of survival is important for
facilitating an optimal transition into and management of
survivorship. (3) What is cancer survivorship research?
Cancer survivorship research seeks to identify, examine,
prevent, and control adverse cancer diagnosis and treatment-
related outcomes (such as late effects of treatment, second
cancers, and quality of life); to provide a knowledge base
regarding optimal follow-up care and surveillance of cancer
survivors; and to optimize health after cancer treatment.2,6

Other important definitions include those for long-term
cancer survivorship and late versus long-term effects of
cancer treatment. Generally, long-term cancer survivors are
defined as those individuals who are 5 or more years beyond
the diagnosis of their primary disease and embody the concept
of permanent survival described by Mullan. Late effects refer
specifically to unrecognized toxicities that are absent or sub-
clinical at the end of therapy and become manifest later with
the unmasking of hitherto unseen injury caused by any of the
following factors: developmental processes; the failure of
compensatory mechanisms with the passage of time; or organ
senescence. Long-term effects refer to any side effects or com-
plications of treatment for which a cancer patient must com-
pensate; also known as persistent effects, they begin during
treatment and continue beyond the end of treatment. Late
effects, in contrast, appear months to years after the comple-
tion of treatment. Some researchers classify cognitive prob-
lems, fatigue, lymphedema, and peripheral neuropathy as
long-term effects while others classify them as late effects.18–21

This chapter focuses largely on the physiologic or medical
long-term and late effects of cancer treatment. Physiologic
sequelae of cancer treatment can also be further classified as
follows:

a. System-specific (e.g., organ damage, failure, or premature
aging, immunosuppression or issues related to compro-
mised immune systems, and endocrine damage);

b. Second malignant neoplasms (such as an increased risk of
recurrent malignancy, increased risk of a certain cancer
associated with the primary malignancy, and/or increased
risk of secondary malignancies associated with cytotoxic
or radiologic cancer therapies (this topic is not covered in
detail in this chapter as it is reviewed comprehensively
elsewhere in this book); and

c. Functional changes such as lymphedema, incontinence,
pain syndromes, neuropathies, fatigue; cosmetic changes

such as amputations, ostomies, and skin/hair alterations;
and comorbidities such as osteoporosis, arthritis, and
hypertension.

Late and Long-Term Effects of Cancer and Its
Treatment: Overview and Generalizations

Consequent to the phenomenal success in treating cancer
effectively and detecting it early, we are faced today with an
increasing population of individuals who, although cancer
free for many years, have issues and concerns regarding the
persistent (chronic) and the late (delayed) effects of cancer
therapies on their health, longevity, and quality of life. The
long-term impact of cancer and its treatment can include
premature mortality and long-term morbidity. The two most
frequent causes of premature mortality in disease-free cancer
survivors are (1) cardiac disease and (2) second malignant neo-
plasms.22,23 The subject of late effects among children treated
for cancer has been the topic of numerous reviews.21,24–28 To
varying degrees, it has been shown that disease- or treatment-
specific subgroups of long-term survivors are at risk of devel-
oping adverse outcomes. These adverse consequences of
cancer treatment include early death, second neoplasms,
organ dysfunction (e.g., cardiac, pulmonary, gonadal), reduced
growth and development, decreased fertility, impaired intel-
lectual function, difficulties obtaining employment and
insurance, and a decreased quality of life. This chapter sum-
marizes selected aspects of the spectrum of outcomes relat-
ing to the late effects of therapy among individuals (adults,
children, and adolescents) treated for cancer.

Generalizations About Late Effects

Several generalizations can be made.2,6,29 It is now possible to
anticipate certain types of late effects on the basis of specific
therapies to which the survivor was exposed, the age of the
survivor at the time of treatment, combinations of treatment
modalities used, and the dosage administered. There are 
differences in susceptibility between pediatric and adult
patients. Generally, chemotherapy results in acute toxicities
that can persist whereas radiation leads to sequelae that are
not apparent immediately and surface after a latent period.
Combinations of chemotherapy and radiation therapy are
more often associated with late effects in the survivorship
period.2,6,29

Toxicities related to chemotherapy, especially those of an
acute but possibly persistent nature, may be related to pro-
liferation kinetics of individual cell populations as these
drugs are usually cell cycle dependent. Thus, organs or tissues
most susceptible are those with high cell proliferation
(turnover) rates such as the skin (epidermis), bone marrow,
gastrointestinal mucosa, liver, and testes. Theoretically, the
least susceptible organs and tissues are those that replicate
very slowly or not at all and include muscle cells, neurons,
and the connective tissue.2,6,29

Issues Unique to Certain Cancer Sites

Late effects have been studied in greater depth for certain
cancer sites. The examination of late effects for childhood
cancers such as acute lymphoblastic leukemia, Hodgkin’s
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disease, and brain tumors have provided the foundation for
this area of research. A body of knowledge on late effects of
radiation and/or chemotherapy is subsequently being devel-
oped for adult sites such as breast cancer. For example, recent
studies have evaluated and reported on the development of
neurocognitive deficits after chemotherapy for breast cancer,
a late effect that was initially observed among survivors 
of childhood cancer receiving cranial irradiation and/or
chemotherapy. Late effects of bone marrow transplant have
been studied for both adult and childhood cancer survivors,
as have sequelae associated with particular chemotherapeu-
tic regimens such as those for Hodgkin’s disease or breast
cancer.

Chemotherapeutic drugs for which late effects have been
reported most frequently include adriamycin, bleomycin, 
vincristine, methotrexate, cytoxan, and many others (Table
101.1).

The side effects of radiotherapy, both alone and in con-
junction with chemotherapy, have been reported fairly com-
prehensively for most childhood cancer sites associated with
good survival rates. It is important to bear in mind that most
cancer treatment regimens consist of chemotherapy in 
conjunction with surgery and/or radiation, and multidrug
chemotherapeutic regimens are the rule rather the exception.
As such, the risk of late effects must always be considered in
light of all other treatment modalities to which the patient
has been exposed.

Special Considerations of Primary Diagnosis and
Treatment in Childhood

Cancer therapy may interfere with development in terms of
physical and musculoskeletal growth, neurocognitive/intel-
lectual growth, and pubertal development. These effects may
be most notable during the adolescent growth spurt, even
though they occur during the childhood period. These specific
sequelae are covered in greater detail in the chapter by Bhatia
et al. (see Chapter 102) and are not discussed here. A brief
classification follows.

a. Alterations in physical growth
i. Linear growth effects30–32

ii. Impact of early puberty on growth33,34

iii. Hypoplasia35

b. Alterations in intellectual development36–39

c. Altered pubertal development40

d. Obesity41–43

Special Considerations of Primary Diagnosis and
Treatment During Adulthood

Some late effects of chemotherapy may assume special impor-
tance depending on the adult patient’s age at the time of diag-
nosis and treatment. Diagnosis and treatment during the
young adult or reproductive years may call for a special cog-
nizance of the importance of maintaining reproductive func-
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TABLE 101.1. Possible late effects of radiotherapy and chemotherapy.

Late effects/sequelae of Chemotherapeutic drugs 
Organ system Late effects/sequelae of radiotherapy chemotherapy responsible

Bone and soft tissues Short stature; atrophy, fibrosis, osteonecrosis Avascular necrosis Steroids
Cardiovascular Pericardial effusion; pericarditis; CAD Cardiomyopathy; CHF Anthracylines

Cyclophosphamide
Pulmonary Pulmonary fibrosis; decreased lung volumes Pulmonary fibrosis; interstitial Bleomycin, BCNU

pneumonitis Methotrexate, adriamycin
Central nervous Neuropsychologic deficits, structural Neuropsychologic deficits, Methotrexate

system (CNS) changes, hemorrhage structural changes
Hemiplegia; seizure

Peripheral nervous Peripheral neuropathy; Cisplatin, vinca alkaloids
system hearing loss

Hematologic Cytopenia, myelodysplasia Myelodyplastic syndromes Alkylating agents 
Renal Decreased creatinine clearance Decreased creatinine Cisplatin

clearance Methotrexate
Hypertension Increased creatinine Nitrosoureas

Renal filtration
Delayed renal filtration

Genitourinary Bladder fibrosis, contractures Bladder fibrosis; hemorrhagic Cyclophosphamide
cystitis

Gastrointestinal Malabsorption; stricture; abnormal LFT Abnormal LFT; hepatic Methotrexate, BCNU
fibrosis; cirrhosis

Pituitary Growth hormone deficiency; pituitary 
deficiency

Thyroid Hypothyroidism; nodules
Gonadal Men: risk of sterility, Leydig cell Men: sterility Alkylating agents

dysfunction.
Women: ovarian failure, early Women: sterility, premature Procarbazine

menopause menopause
Dental/oral health Poor enamel and root formation; dry

mouth
Opthalmologic Cataracts; retinopathy Cataracts Steroids

CAD, coronary artery disease; CCF, congestive cardiac failure; LFT, liver function tests; BCNU, carmustine.

Source: Data from Ganz (1998, 2001)12,13 and Aziz (2002, 2003).2,6



tion and the prevention of second cancers. These are also key
issues for children whose cancers are diagnosed during 
childhood.

Cancer patients diagnosed and treated during middle age
may need specific attention to sequelae such as premature
menopause, issues relating to sexuality and intimacy, pros
and cons of using estrogen replacement therapy (ERT), pre-
vention of neurocognitive, cardiac, and other sequelae of
chemotherapy, and the prevention of coronary artery disease
and osteoporosis. It has been reported that sexual dysfunction
persists after breast cancer treatment, despite recovery in
other domains, and includes vaginal discomfort, hot flashes,
and alterations in bioavailable testosterone, luteinizing
hormone, and sex hormone-binding globulin.44 Menopausal
symptoms such as hot flashes, vaginal dryness, and stress
urinary incontinence are very common in breast cancer sur-
vivors and cannot be managed with standard estrogen replace-
ment therapy.45 The normal life expectancy of survivors of
early-stage cancers during these years of life underscores the
need to address their long-term health and quality of life
issues.

Although older patients (65 years and over) bear a dispro-
portionate burden of cancer, advancing age is associated with
increased vulnerability to other age-related health problems
and concurrent ailments such as diabetes, chronic obstruc-
tive pulmonary disease, heart disease, arthritis, and/or hyper-
tension. Any of these could potentially affect treatment
choice, prognosis, and survival. Hence, cancer treatment deci-
sions may need to be made in the context of the older 
individual’s preexisting health problems (comorbidities).
Measures that can help evaluate the existence, nature, and
severity of comorbidities among older cancer patients in a
reliable manner are needed. Currently, there is little infor-
mation on how comorbid age-related conditions influence
treatment decisions, the subsequent course of the disease, the
way that already-compromised older cancer patients tolerate
the stress of cancer and its treatment, and how concomitant
comorbid conditions are managed.46

Review of Late and Long-Term Effects by
Organ System or Tissues Affected(2)

System-Specific Physiologic Sequelae(3)

Cardiac Sequelae

The heart may be damaged by both therapeutic irradiation
and chemotherapeutic agents commonly used in the treat-
ment for cancer. Several types of damage have been reported,
including pericardial, myocardial, and vascular. Cardiac
damage is most pronounced after treatment with the anthra-
cycline drugs doxorubicin and daunorubicin, used widely in
the treatment of most childhood cancers and adjuvant
chemotherapy for breast and many other adult cancers. An
additive effect has also been reported when anthracyclines are

used in conjunction with cyclophosphamide and radiation
therapy. Anthracyclines cause myocardial cell death, leading
to a diminished number of myocytes and compensatory
hypertrophy of residual myocytes.47 Major clinical manifes-
tations include reduced cardiac function, arrhythmia, and
heart failure. Chronic cardiotoxicity usually manifests itself
as cardiomyopathy, pericarditis, and congestive heart failure.

Cardiac injury that becomes clinically manifest during 
or shortly after completion of chemotherapy may progress,
stabilize, or improve after the first year of treatment. This
improvement may either be of a transient nature or last for a
considerable length of time. There is also evidence of a con-
tinuum of injury that will manifest itself throughout the lives
of these patients.48 From a risk factor perspective, patients
who exhibit reduced cardiac function within 6 months of
completing chemotherapy are at increased risk for the devel-
opment of late cardiac failure.49 However, a significant inci-
dence of late cardiac decompensation manifested by cardiac
failure or lethal arrhythmia occurring 10 to 20 years after the
administration of these drugs has also been reported.50

In a recent study of Hodgkin’s disease (HD) survivors,
investigators reported finding cardiac abnormalities in the
majority of the participants.51 This is an important finding
especially because the sample consisted of individuals who
did not manifest symptomatic heart disease at screening and
described their health as “good.” Manifestations of cardiac
abnormalities included (a) restrictive cardiomyopathy (sug-
gested by reduced average left ventricular dimension and
mass without increased left ventricular wall thickness); (b)
significant valvular defects; (c) conduction defects; (d) com-
plete heart block; (e) autonomic dysfunction (suggested by a
monotonous heart rate in 57%); (f) persistent tachycardia; and
(g) blunted hemodynamic responses to exercise. The peak
oxygen uptake (VO2max) during exercise, a predictor of mor-
tality in heart failure, was significantly reduced (less than 
20mL/kg/m2) in 30% of survivors and was correlated with
increasing fatigue, increasing shortness of breath, and a
decreasing physical component score on the SF-36. Given the
presence of these clinically significant cardiovascular abnor-
malities, investigators recommend serial, comprehensive
cardiac screening of HD survivors who fit the profile of having
received mediastinial irradiation at a young age.

Congestive cardiomyopathy is directly related to the total
dose of the agent administered; the higher the dose, the
greater the chance of cardiotoxicity. Subclinical abnormali-
ties have also been noted at lower doses. The anthracyclines
doxorubicin and daunorubicin are well-known causes of car-
diomyopathy that can occur many years after completion of
therapy. The incidence of anthracycline-induced cardiomy-
opathy, which is dose dependent, may exceed 30% among
patients receiving cumulative doses in excess of 600mg/m2.
A cumulative dose of anthracyclines greater than 300mg/m2

has been associated with an 11-fold-increased risk of clinical
heart failure, compared with a cumulative dose of less than
300mg/m2, the estimated risk of clinical heart failure increas-
ing with time from exposure and approaching 5% after 15
years.

A reduced incidence and severity of cardiac abnormalities
was reported in a study of 120 long-term survivors of acute
lymphoblastic leukemia (ALL) who had been treated with
lower anthracycline doses (90–270mg/m2), compared with
previous reports in which subjects had received moderate
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anthracycline doses (300–550mg/m2).52,53 Twenty-three
percent of the patients were found to have cardiac abnormal-
ities, 21% had increased end-systolic stress, and only 2% had
reduced contractility. The cumulative anthracycline dose
within the 90 to 270mg/m2 range did not relate to cardiac
abnormalities. The authors concluded that there may be no
safe anthracycline dose to completely avoid late cardiotoxic-
ity. A recent review of 30 published studies in childhood
cancer survivors found that the frequency of clinically
detected anthracycline cardiac heart failure ranged from 0%
to 16%.54 In an analysis of reported studies, the type of
anthracycline (e.g., doxorubicin) and the maximum dose
given in a 1-week period (e.g., more than 45mg/m2) was found
to explain a large portion of the variation in the reported fre-
quency of anthracycline-induced cardiac heart failure.

Cyclophosphamide has been associated with the develop-
ment of congestive cardiomyopathy, especially when admin-
istered at the high doses used in transplant regimens. Cardiac
toxicity may occur at lower doses when mediastinal radiation
is combined with the chemotherapeutic drugs mentioned
above. Late onset of congestive heart failure has been reported
during pregnancy, rapid growth, or after the initiation of vig-
orous exercise programs in adults previously treated for
cancer during childhood or young adulthood as a result of
increased afterload and the impact of the additional stress of
such events on marginal cardiac reserves. Initial improve-
ment in cardiac function after completion of therapy appears
to result, at least in part, from compensatory changes. Com-
pensation may diminish in the presence of stressors such as
those mentioned earlier and myocardial depressants such as
alcohol.

The incidence of subclinical anthracycline myocardial
damage has been the subject of considerable interest. Stein-
herz et al. found 23% of 201 patients who had received a
median cumulative dose of doxorubicin of 450mg/m2 had
echocardiographic abnormalities at a median of 7 years after
therapy.55 In a group of survivors of childhood cancer who
received a median doxorubicin dose of 334mg/m2, it was
found that progressive elevation of afterload or depression of
left ventricular contractility was present in approximately
75% of patients.47 A recent review of the literature on 
subclinical cardiotoxicity among children treated with an
anthracycline found that the reported frequency of subclini-
cal cardiotoxicity varied considerably across the 25 studies
reviewed (frequency ranging from 0% to 57%).56 Because of
marked differences in the definition of outcomes for subclin-
ical cardiotoxicity and the heterogeneity of the patient popu-
lations investigated, it is difficult to accurately evaluate the
potential long-term outcomes within anthracycline-exposed
patient populations or the potential impact of the subclinical
findings.

Effects of radiation on the heart may be profound, and
include valvular damage, pericardial thickening, and
ischemic heart disease. Patients with radiation-related
cardiac damage have a markedly increased relative risk of
both angina and myocardial infarction [relative risk (RR),
2.56] years after mediastinal radiation for Hodgkin’s disease
in adult patients, whereas the risk of cardiac death is 3.1.57

This risk was greatest among patients receiving more than 
30Gy of mantle irradiation and those treated before 20 to 21
years of age. Blocking the heart reduced the risk of cardiac
death due to causes other than myocardial infarction.58

In general, among anthracycline-exposed patients, the risk
of cardiotoxicity can be increased by mediastinal radiation,59

uncontrolled hypertension,60,61 underlying cardiac abnor-
malities,62 exposure to nonanthracycline chemothera-
peutic agents (especially cyclophosphamide, dactinomycin,
mitomycin C, dacarbazine, vincristine, bleomycin, and
methotrexate),63,64 female gender,65 younger age,66 and elec-
trolyte imbalances such as hypokalaemia and hypomagne-
saemia.67 Previous reports have suggested that
doxorubicin-induced cardiotoxicity can be prevented by con-
tinuous infusion of the drug.68 However, Lipshultz et al. com-
pared cardiac outcomes in children receiving either bolus or
continuous infusion of doxorubicin, and reported that con-
tinuous doxorubicin infusion over 48 hours for childhood
leukemia did not offer a cardioprotective advantage over
bolus infusion.69 Both regimens were associated with pro-
gressive subclinical cardiotoxicity, thus suggesting that there
is no benefit from continuous infusion of anthracyclines.

Chronic cardiotoxicity associated with radiation alone
most commonly involves pericardial effusions or constrictive
pericarditis, sometimes in association with pancarditis.
Although a dose of 40Gy of total heart irradiation appears to
be the usual threshold, pericarditis has been reported after 
as little as 15Gy, even in the absence of radiomimetic
chemotherapy.70,71 Symptomatic pericarditis, which usually
develops 10 to 30 years after irradiation, is found in 2% to
10% of patients.72 Subclinical pericardial and myocardial
damage, as well as valvular thickening, may be common in
this population.73,74 Coronary artery disease has been reported
after radiation to the mediastinum, although mortality rates
have not been significantly higher in patients who receive
mediastinal radiation than in the general population.58

Given the known acute and long-term cardiac complica-
tions of therapy, prevention of cardiotoxicity is a focus of
active investigation. Several attempts have been made to
minimize the cardiotoxicity of anthracyclines, such as the
use of liposomal-formulated anthracyclines, less-cardiotoxic
analogues, and the additional administration of cardioprotec-
tive agents. The advantages of these approaches are still con-
troversial, but there are ongoing clinical trials to evaluate the
long-term effects. Certain analogues of doxorubicin and
daunorubicin, with decreased cardiotoxicity but equivalent
antitumour activity, are being explored. Agents such as dexra-
zoxane, which are able to remove iron from anthracyclines,
have been investigated as cardioprotectants. Clinical trials of
dexrazoxane have been conducted in children, with encour-
aging evidence of short-term cardioprotection75; however, the
long-term avoidance of cardiotoxicity with the use of this
agent has yet to be sufficiently determined. The most recent
study by Lipshultz et al. reported that dexrazoxane prevents
or reduces cardiac injury, as reflected by elevations in tro-
ponin T, that is associated with the use of doxorubicin for
childhood ALL without compromising the antileukemic effi-
cacy of doxorubicin. Longer follow-up will be necessary to
determine the influence of dexrazoxane on echocardiographic
findings at four years and on event-free survival.76

Another key emerging issue is the interaction of taxanes
with doxorubicin. Epirubicin–taxane combinations are active
in treating metastatic breast cancer, and ongoing research is
focusing on combining anthracyclines with taxanes in an
effort to continue to improve outcomes following adjuvant
therapy.77 Clinically significant drug interactions have been
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reported to occur when paclitaxel is administered with dox-
orubicin, cisplatin, or anticonvulsants (phenytoin, carba-
mazepine, and phenobarbital), and pharmacodynamic
interactions have been reported to occur with these agents
that are sequence- or schedule dependent.78 Because the
taxanes undergo hepatic oxidation via the cytochrome P-450
system, pharmacokinetic interactions from enzyme induc-
tion or inhibition can also occur. A higher than expected
myelotoxicity has been reported. However, there is no
enhanced doxorubicinol formation in human myocardium, a
finding consistent with the cardiac safety of the regimen.79

Investigators have suggested that doxorubicin and epirubicin
should be administered 24 hours before paclitaxel and the
cumulative anthracycline dose be limited to 360mg/m2,
thereby preventing the enhanced toxicities caused by
sequence- and schedule-dependent interactions between
anthracyclines and paclitaxel.78 Conversely, they also suggest
that paclitaxel should be administered at least 24 hours before
cisplatin to avoid a decrease in clearance and increase in
myelosuppression. With concurrent anticonvulsant therapy,
cytochrome P-450 enzyme induction results in decreased
paclitaxel plasma steady-state concentrations, possibly re-
quiring an increased dose of paclitaxel. A number of other
drug interactions have been reported in preliminary studies
for which clinical significance has yet to be established.78

The human epidermal growth factor receptor (HER) 2 is
overexpressed in approximately 20% to 25% of human breast
cancers and is an independent adverse prognostic factor. Tar-
geted therapy directed against this receptor has been devel-
oped in the form of a humanized monoclonal antibody,
trastuzumab. Unexpectedly, cardiac toxicity has developed 
in some patients treated with trastuzumab, and this has a
higher incidence in those treated in combination with an
anthracycline.80,81 Both clinical and in vitro data suggest 
that cardiomyocyte HER2/erbB2 is uniquely susceptible to
trastuzumab.82 Tratuzumab has shown activity as a single
agent in metastatic breast cancer both before chemotherapy
and in heavily pretreated patients, and its use in combination
with an anthracycline or paclitaxel results in a significant
improvement in survival, time to progression, and response.80

The HER2 status of a tumor is a critical determinant of
response to trastuzumab-based treatment; those expressing
HER2 at the highest level on immunohistochemistry, 3+,
derive more benefit from treatment with trastuzumab than
those with overexpression at the 2+ level. Interactions
between the estrogen receptor and HER2 pathway has stim-
ulated interest in using trastuzumab in combination with
endocrine therapy. Current clinical trials are investigating the
role of this agent in the adjuvant setting.

Neurocognitive Sequelae

Long-term survivors of cancer may be at risk of neurocogni-
tive and neuropsychologic sequelae. Among survivors of
childhood leukemia, neurocognitive late effects represent one
of the more intensively studied topics. Adverse outcomes 
are generally associated with whole-brain radiation and/or
therapy with high-dose systemic or intrathecal methotrexate
or cytarabine.83–85 High-risk characteristics, including higher
dose of central nervous system (CNS) radiation, younger age
at treatment, and female sex, have been well documented.
Results from studies of neurocognitive outcomes are directly

responsible for the marked reduction (particularly in younger
children) in the use of cranial radiation, which is currently
reserved for treatment of very high risk subgroups or patients
with CNS involvement.86

A spectrum of clinical syndromes may occur, including
radionecrosis, necrotizing leukoencephalopathy, mineralizing
microangiopathy and dystropic calcification, cerebellar scle-
rosis, and spinal cord dysfunction.87 Leukoencephalopathy
has been primarily associated with methotrexate-induced
injury of white matter. However, cranial radiation may play
an additive role through the disruption of the blood–brain
barrier, thus allowing greater exposure of the brain to sys-
temic therapy.

Although abnormalities have been detected by diagnostic
imaging studies, the abnormalities observed have not been
well demonstrated to correlate with clinical findings and neu-
rocognitive status.88,89 Chemotherapy- or radiation-induced
destruction in normal white matter partially explains intel-
lectual and academic achievement deficits.90 Evidence sug-
gests that direct effects of chemotherapy and radiation on
intracranial endothelial cells and brain white matter as well
as immunologic mechanisms could be involved in the patho-
genesis of central nervous system damage.

Neurocognitive deficits, as a general rule, usually become
evident within several years following CNS radiation and
tend to be progressive in nature. Leukemia survivors treated
at a younger age (i.e., less than 6 years of age) may experience
significant declines in intelligence quotient (IQ) scores.91

However, reductions in IQ scores are typically not global, but
rather reflect specific areas of impairment, such as attention
and other nonverbal cognitive processing skills.92 Affected
children may experience information-processing deficits,
resulting in academic difficulties. These children are partic-
ularly prone to problems with receptive and expressive lan-
guage, attention span, and visual and perceptual motor skills,
most often manifested in academic difficulties in the areas of
reading, language, and mathematics. Accordingly, children
treated with CNS radiation or systemic or intrathecal therapy
with the potential to cause neurocognitive deficits should
receive close monitoring of academic performance. Referral
for neuropsychologic evaluation with appropriate interven-
tion strategies, such as modifications in curriculum, speech
and language therapy, or social skills training, implemented
in a program tailored for the individual needs and deficits of
the survivor should be taken into consideration.93 Assessment
of educational needs and subsequent educational attainment
have found that survivors of childhood leukemia are signifi-
cantly more likely to require special educational assistance,
but have a high likelihood of successfully completing high
school.37,94 However, when compared with siblings, survivors
of leukemia and non-Hodgkin’s lymphoma (NHL) are at
greater risk of not completing high school. As would be antic-
ipated from the results of neurocognitive studies, it has been
shown that survivors, particularly those under 6 years of age
at treatment, who received cranial radiation and/or intrathe-
cal chemotherapy were significantly more likely to require
special education services and least likely to complete a
formal education.86,95,96

Progressive dementia and dysfunction have been reported
in some long-term cancer survivors as a result of whole-brain
radiation with or without chemotherapy, and occur most
often in brain tumor patients and patients with small cell
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lung cancer who have received prophylactic therapy. Neu-
ropsychologic abnormalities have also been reported after
CNS prophylaxis utilizing whole-brain radiation for leukemia
in childhood survivors. In fact, cognitive changes in children
began to be recognized as treatments for childhood cancer,
especially ALL, became increasingly effective. These obser-
vations have resulted in changes in treatment protocols for
childhood ALL.97,98

Several recent studies have reported cognitive dysfunc-
tion in women treated with adjuvant therapy for breast
cancer.99,100 In one study,101 investigators compared the neu-
ropsychologic performance of long-term survivors of breast
cancer and lymphoma treated with standard-dose chemother-
apy who carried the epsilon 4 allele of the apolipoprotein E
(APOE) gene to those who carry other APOE alleles. Survivors
with at least one epsilon 4 allele scored significantly lower in
the visual memory (P less than 0.03) and the spatial ability (P
less than 0.05) domains and tended to score lower in the psy-
chomotor functioning (P less than 0.08) domain as compared
to survivors who did not carry an epsilon 4 allele. No group
differences were found on depression, anxiety, or fatigue. 
The results of this study provide preliminary support for 
the hypothesis that the epsilon 4 allele of APOE may be a
potential genetic marker for increased vulnerability to
chemotherapy-induced cognitive decline.

Although cranial irradiation is the most frequently iden-
tified causal factor in both adults and children, current work
in adults indicates that cognitive problems may also occur
with surgery, chemotherapy, and biologic response modi-
fiers.102–104 These findings need to be validated in prospective
studies along with the interaction between treatment with
chemotherapeutic agents, menopausal status, and hormonal
treatments. Emotional distress also has been related to 
cognitive issues in studies of patients beginning cancer 
treatment.

Patients have attributed problems in cognition to fatigue,
and others have reported problems with concentration, short-
term memory, problem-solving, and concerns about “chemo-
brain” or “mental pause.”105 Comparisons across studies are
difficult because of different batteries of neuropsychologic
tests used, and differences among patient samples by diagno-
sis, age, gender, or type of treatment received, and, finally,
inconsistency in the timing of measures in relation to treat-
ment landmarks. Despite these methodologic issues, studies
have shown impairments in verbal information processing,
complex information processing, concentration, and visual
memory.106–109

Current studies indicate that cognitive deficits are often
subtle but are observed consistently in a proportion of pa-
tients, may be durable, and can be disabling.110 Deficits have
been observed in a range of cognitive functions. Although
underlying mechanisms are unknown, preliminary studies
suggest a genetic predisposition. Cognitive impairment may
be accompanied by changes in the brain detectable by neu-
roimaging. Priorities for future research include (1) large-scale
clinical studies that use both a longitudinal design and con-
current evaluation of patients with cancer who do not receive
chemotherapy—such studies should address the probability
and magnitude of cognitive deficits, factors that predict them,
and underlying mechanisms; (2) exploration of discrepancies
between subjective reports of cognitive dysfunction and the
objective results of cognitive testing; (3) studies of cognitive

function in patients receiving treatment for diseases other
than breast cancer, and in both men and women, to address
the hypothesis that underlying mechanisms relate to changes
in serum levels of sex hormones and/or to chemotherapy-
induced menopause; (4) development of interventions to alle-
viate these problems; and (5) development of animal models
and the use of imaging techniques to address mechanisms
that might cause cognitive impairment.

Endocrinologic Sequelae

THYROID

Radiation exposure to the head and neck is a known risk
factor for subsequent abnormalities of the thyroid. Among
survivors of Hodgkin’s disease and, to a lesser extent,
leukemia survivors, abnormalities of the thyroid gland,
including hypothyroidism, hyperthyroidism, and thyroid neo-
plasms, have been reported to occur at rates significantly
higher than found in the general population.111–114 Hypothy-
roidism is the most common nonmalignant late effect involv-
ing the thyroid gland. Following radiation doses above 15Gy,
laboratory evidence of primary hypothyroidism is evident in
40% to 90% of patients with Hodgkin’s disease, NHL, or head
and neck malignancies.113,115,116 In a recent analysis of 1,791 5-
year survivors of pediatric Hodgkin’s disease (median age at
follow-up, 30 years), Sklar et al. reported the occurrence of at
least one thyroid abnormality in 34% of subjects.114 The risk
of hypothyroidism was increased 17 fold compared with
sibling control subjects, with increasing dose of radiation,
older age at diagnosis of Hodgkin’s disease, and female sex as
significant independent predictors of an increased risk. The
actuarial risk of hypothyroidism for subjects treated with 
45Gy or more was 50% at 20 years following diagnosis of
their Hodgkin’s disease. Hyperthyroidism was reported to
occur in only 5%.

HORMONES AFFECTING GROWTH

Poor linear growth and short adult stature are common com-
plications after successful treatment of childhood cancers.117

The adverse effect of CNS radiation on adult final height
among childhood leukemia patients has been well docu-
mented, with final heights below the fifth percentile occur-
ring in 10% to 15% of survivors.43,118,119 The effects of cranial
radiation appear to be related to age and gender, with children
younger than 5 years at the time of therapy and female
patients being more susceptible. The precise mechanisms by
which cranial radiation induces short stature are not clear.
Disturbances in growth hormone production have not been
found to correlate well with observed growth patterns in
these patients.31,120 The phenomenon of early onset of puberty
in girls receiving cranial radiation may also play some role in
the reduction of final height.33,121 In childhood leukemia sur-
vivors not treated with cranial radiation, there are conflicting
results regarding the impact of chemotherapy on final
height.122

HORMONAL RATIONALE FOR OBESITY

An increased prevalence of obesity has been reported among
survivors of childhood ALL.123–125 Craig et al. investigated the
relationship between cranial irradiation received during treat-
ment for childhood leukemia and obesity.126 Two hundred
thirteen (86 boys and 127 girls) irradiated patients and 85 (37
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boys and 48 girls) nonirradiated patients were enrolled. For
cranially irradiated patients, an increase in the body mass
index (BMI) Z score at the final height was associated with
female sex and lower radiation dose but not with age at diag-
nosis. Severe obesity, defined as a BMI Z score greater than 3
at final height, was only present in girls who received 18 to
20Gy irradiation at a prevalence of 8%. Both male and female
nonirradiated patients had raised BMI Z scores at latest
follow-up, and there was no association with age at diagno-
sis. The authors concluded that these data demonstrated a
sexually dimorphic and dose-dependent effect of cranial irra-
diation on BMI. In a recent analysis from the Childhood
Cancer Survivor Study, Oeffinger et al. compared the distrib-
ution of BMI of 1,765 adult survivors of childhood ALL with
that of 2,565 adult siblings of childhood cancer survivors.127

Survivors were significantly more likely to be overweight
(BMI, 25–30) or obese (BMI, 30 or more). Risk factors for
obesity were cranial radiation, female gender, and age from 0
to 4 years at diagnosis of leukemia. Girls diagnosed under the
age of 4 years who received a cranial radiation dose greater
than 20Gy were found to have a 3·8-fold-increased risk of
obesity.

GONADAL DYSFUNCTION

Treatment-related gonadal dysfunction has been well docu-
mented in both men and women following childhood 
malignancies.128 However, survivors of leukemia and T-cell
non-Hodgkin’s lymphoma treated with modern conventional
therapy are at a relatively low risk of infertility and delayed
or impaired puberty. Treatment-related gonadal failure or dys-
function, expressed as amenorrhea or azoospermia, can lead
to infertility in both male and female cancer survivors, and
may have its onset during therapy.129 Infertility can be tran-
sient, especially in men, and may recover over time after
therapy. Reversibility is dependent on the dose of gonadal
radiation or alkylating agents. Ovarian function is unlikely to
recover long after the immediate treatment period because
long-term amenorrhea commonly results from loss of ova.
Cryopreservation of sperm before treatment is an option 
for men,130 but limited means are available to preserve ova 
or protect against treatment-related ovarian failure for
women.131–133 A successful live birth after orthotopic auto-
transplantation of cryopreserved ovarian tissue has been
recently reported.134–137 A reasonable body of research on
topics relating to the long-term gonadal effects of radiation
and chemotherapy exists138–161 and provides a basis for coun-
seling patients and parents of the anticipated outcomes on
pubertal development and fertility. For greater detail on this
topic, please see Chapter 90.

Among survivors of adult cancer, the risk of premature
onset of menopause in women treated with chemotherapeu-
tic agents such as alkylating agents and procarbazine or with
abdominal radiation therapy is age related, with women older
than age 30 at the time of treatment having the greatest 
risk of treatment-induced amenorrhea and menopause, and
sharply increased rates with chemotherapy around the age of
40 years. Tamoxifen has not been associated with the devel-
opment of amenorrhea so far.162 Cyclophosphamide at doses
of 5g/m2 is likely to cause amenorrhea in women over 40,
whereas many adolescents will continue to menstruate even
after more than 20g/m2.163 Although young women may not
become amenorrheic after cytotoxic therapy, the risk of early

menopause is significant. Female disease-free survivors of
cancer diagnosed at ages 13 to 19 who were menstruating at
age 21 were at fourfold-higher risk of menopause compared
to controls.140

FERTILITY AND PREGNANCY OUTCOMES

Fertility The fertility of survivors of childhood cancer,
evaluated in the aggregate, is impaired. In one study, the
adjusted relative fertility of survivors compared with that of
their siblings was 0.85 [95% confidence interval (CI), 0.78,
0.92]. The adjusted relative fertility of male survivors (0.76;
95% CI, 0.68, 0.86) was slightly lower than that of female sur-
vivors (0.93; 95% CI, 0.83, 1.04). The most significant differ-
ences in the relative fertility rates were demonstrated in male
survivors who had been treated with alkylating agents with
or without infradiaphragmatic irradiation.164

Fertility can be impaired by factors other than the absence
of sperm and ova. Conception requires delivery of sperm to
the uterine cervix and patency of the fallopian tubes for fer-
tilization to occur and appropriate conditions in the uterus
for implantation. Retrograde ejaculation occurs with a signif-
icant frequency in men who undergo bilateral retroperitoneal
lymph node dissection. Uterine structure may be affected 
by abdominal irradiation. Uterine length was significantly
reduced in 10 women with ovarian failure who had been
treated with whole-abdomen irradiation. Endometrial thick-
ness did not increase in response to hormone replacement
therapy in 3 women who underwent weekly ultrasound
examination. No flow was detectable with Doppler ultra-
sound through either uterine artery of 5 women and through
one uterine artery in 3 additional women.165,166 Similarly, 4 of
8 women who received 1,440cGy total-body irradiation had
reduced uterine volume and undetectable uterine artery blood
flow.167 These data are pertinent when considering the feasi-
bility of assisted reproduction for these survivors.

Pregnancy Most chemotherapeutic agents are muta-
genic, with the potential to cause germ cell chromosomal
injury. Possible results of such injury include an increase in
the frequency of genetic diseases and congenital anomalies in
the offspring of successfully treated childhood and adolescent
cancer patients. Several early studies of the offspring of
patients treated for diverse types of childhood cancer identi-
fied no effect of previous treatment on pregnancy outcome
and no increase in the frequency of congenital anomalies in
the offspring.168–170 However, a study of offspring of patients
treated for Wilm’s tumor demonstrated that the birth weight
of children born to women who had received abdominal irra-
diation was significantly lower than that of children born to
women who had not received such irradiation,171 a finding
that was confirmed in several subsequent studies.172–174 The
abnormalities of uterine structure and blood flow reported
after abdominal irradiation might explain this clinical
finding.

Prior studies of offspring of childhood cancer survivors
were limited by the size of the population of offspring and 
the number of former patients who had been exposed to
mutagenic therapy. Several recent studies that attempted 
to address some of these limitations did not identify an
increased frequency of major congenital malformations,175–180

genetic disease, or childhood cancer181,182 in the offspring of
former pediatric cancer patients, including those conceived
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after bone marrow transplantation.183 However, there are data
suggesting a deficit of males in the offspring of the partners
of male survivors in the Childhood Cancer Survivor Study
cohort,184 as well as an effect of prior treatment with doxoru-
bicin or daunorubicin on the percentage of offspring with a
birth weight less than 2,500g born to female survivors in the
Childhood Cancer Survivor Study who were treated with
pelvic irradiation.185

Pulmonary Sequelae

The acute effects of chemotherapy on the lungs may be lethal,
may subside over time, may progress insidiously to a level of
clinical pulmonary dysfunction, or may be manifested by
abnormal pulmonary function tests. Classically, high doses of
bleomycin have been associated with pulmonary toxicity.
However, drugs such as alkylating agents, methotrexate, and
nitrosoureas may also lead to pulmonary fibrosis, especially
when combined with radiation therapy. Radiation is thus an
important contributor to pulmonary sequelae of chemother-
apy.186 Alkylating agents can injure the lung parenchyma,
cause restrictive lung disease by inhibiting chest wall growth,
and lead to thin anteroposterior chest diameters even 7 years
after completion of therapy. Bleomycin may cause pulmonary
insufficiency and interstitial pneumonitis.187

Pulmonary fibrosis can cause late death in the survivor-
ship period. Among children treated for brain tumors with
high doses of nitrosurea and radiotherapy, 35% died of 
pulmonary fibrosis, 12% within 3 years and 24% after a
symptom-free period of 7 to 12 years.188 The risk for overt
decompensation continues for at least 1 year after cessation
of therapy and can be precipitated by infection or exposure to
intraoperative oxygen. In terms of long-term outcomes, a
recent study noted that 22% of Hodgkin’s disease patients
with normal pulmonary function tests at the end of therapy
(three cycles each of mechlorethamine (nitrogen mustard),
vincristine, procarbazine, prednisone (MOPP) and adriamycin
(doxovubicin), bleomycin, vinblastic, dacarbazine (ABVD) 
or two cycles of each plus 2,550cGy of involved-field 
radiotherapy) developed abnormalities with follow-up of 1 to
7 years.

The long-term outcome of pulmonary toxicity is deter-
mined by factors such as the severity of the acute injury, the
degree of tissue repair, and the level of compensation possi-
ble. Pulmonary dysfunction is usually subclinical and may be
manifested by subconscious avoidance of exercise owing to
symptoms. Premature respiratory insufficiency, especially
with exertion, may also become evident with aging. Recent
aggressive lung cancer treatment regimens consisting of
surgery, radiation, and chemotherapy may well put patients
at high risk for decreased pulmonary function and respiratory
symptoms.

Genitourinary Tract

Several drugs such as cisplatin, methotrexate, and nitro-
soureas have been associated with both acute and chronic tox-
icities such as glomerular and tubular injury.189 Glomerular
injury may recover over time whereas tubular injury gener-
ally persists. Hemodialysis to counteract the effects of
chronic renal toxicity may be warranted for some patients.
Ifosfamide may cause Fanconi’s syndrome with glycosuria,
phosphaturia, and aminoaciduria, and may affect glomerular

filtration. Hypophosphatemia may result in slow growth with
possible bone deformity if untreated.

Radiation therapy may cause tubular damage and hyper-
tension as a result of renal artery stenosis, especially in doses
greater than 20Gy, especially among children.190 Radiation
and chemotherapy may act synergistically, the dysfunction
occurring with only 10 to 15Gy.

The bladder is particularly susceptible to certain cyto-
toxic agents. Acrolein, a metabolic by-product of cyclophos-
phamide and ifosfamide, may cause hemorrhagic cystitis,
fibrosis, and occasionally diminished bladder volume. An
increased risk of developing bladder cancer also exists. Radi-
ation may lead to bladder fibrosis, diminished capacity, and
decreased contractility, the severity proportional to dose and
area irradiated. The resultant scarring may diminish urethral
and ureteric function.

Gastrointestinal/Hepatic

There are few studies describing long-term effects to this
system, either due to underdetection or to a longer latency
period than for other organs. Hepatic effects may result 
from the deleterious effects of many chemotherapeutic 
agents and radiotherapy. Transfusions may increase the risk
of viral hepatitis. Hepatitis C has also been identified in
increasing numbers of survivors, 119 of 2,620 tested. Of 
these patients, 24 of 56 who agreed to participate in a longi-
tudinal study underwent liver biopsy. Chronic hepatitis was
noted in 83%, fibrosis in 67%, and cirrhosis in 13%. Fibrosis
and adhesions are known to occur after radiotherapy to the
bowel.

Compromised Immune System

Hematologic and immunologic impairments can occur after
either chemotherapy or radiation and are usually acute in
nature. They are temporally related to the cancer treatment.
Occasionally, persistent cytopenias may persist after pelvic
radiation or in patients who have received extensive therapy
with alkylating agents. Alkylating agents may cause
myelodysplastic syndrome or leukemia as a late sequela.
Immunologic impairment is seen as a long-term problem in
Hodgkin’s disease, relating to both the underlying disease and
the treatments used. Hodgkin’s disease patients are also at
risk for serious bacterial infections if they have undergone
splenectomy.

Peripheral Neuropathies

These effects are particularly common after taxol, vincristine,
and cisplatin. However, despite the frequent use of such
chemotherapeutic agents, few studies have characterized the
nature and course of neuropathies associated with these drug
regimens or dose levels.191,192 Peripheral neuropathy may or
may not resolve over time, and potential residual deficits are
possible. Clinical manifestations include numbness and tin-
gling in the hands and feet years after completion of cancer
treatment.

Second Malignant Neoplasms and Recurrence

Second malignant neoplasms occur as result of an increased
risk of second primary cancers associated with (a) the primary
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malignancy or (b) the iatrogenic effect of certain cancer 
therapies.193–196 Examples include the development of breast
cancer after Hodgkin’s disease, ovarian cancer after primary
breast cancer, and cancers associated with the HNPCC gene.
Survivors of childhood cancer have an 8% to 10% risk of
developing a second malignant neoplasm within 20 years of
the primary diagnosis197,198; this is attributable to the muta-
genic risk of both radiotherapy and chemotherapy.199–213 This
increased risk may be further potentiated in patients with
genetic predispositions to malignancy.214–220 The risk of sec-
ondary malignancy induced by cytotoxic agents is related to
the cumulative dose of drug or radiotherapy (dose depen-
dence). The risk of malignancy with normal aging results
from the risk of cumulative cellular mutations. Compound-
ing the normal aging process by exposure to mutagenic cyto-
toxic therapies results in an increased risk of secondary
malignancy, particularly after radiotherapy, alkylating agents,
and podophyllotoxins. Commonly cited secondary malignan-
cies include (a) leukemia after alkylating agents and
podophyllotoxins221; (b) solid tumors such as breast, bone, and
thyroid cancer in the radiation fields in patients treated with
radiotherapy222; (c) bladder cancer after cyclophosphamide; (d)
a higher risk of contralateral breast cancer after primary
breast cancer; and (e) ovarian cancer after breast cancer. Please
refer to Chapter 111 for a detailed discussion of this signifi-
cant issue.

Ancillary Sequelae

Lymphedema

Lymphedema can occur as a persistent or late effect of surgery
and/or radiation treatment, and has been reported most com-
monly after breast cancer treatment, incidence rates ranging
between 6% and 30%.223 Lymphedema can occur in anyone
with lymph node damage or obstruction to lymphatic
drainage. Women undergoing axillary lymph node dissection
and high-dose radiotherapy to the axilla for breast cancer are
regarded as the highest risk group. Clinically, lymphedema
symptoms may range from a feeling of fullness or heaviness
in the affected limb to massive swelling and major functional
impairment. Recommendations from the American Cancer
Society conference on lymphedema in 1998 emphasize the
need for additional research on prevention, monitoring, early
intervention, and long-term treatment. Treatments suggested
encompass multiple treatment modalities including skin
care, massage, bandaging for compression, and exercise. Inter-
mittent compression pumps were recommended only when
used as an adjunct to manual approaches within a multidis-
ciplinary treatment program, and routine use of medications
such as diuretics, prophylactic antibiotics, bioflavinoids, and
benzopyrones was discouraged in the absence of additional
research. The impact of sentinel node biopsy in lieu of exten-
sive axillary node dissection procedures for breast cancer on
the incidence of lymphedema is not known at this time. A
recent review by Erickson et al. found that arm edema was a
common complication of breast cancer therapy, particularly
when axillary dissection and axillary radiation therapy were
used, and could result in substantial functional impairment
and psychologic morbidity.224 The authors note that although
recommendations for “preventive” measures (e.g., avoidance
of trauma) are anecdotally available, these measures have not
been well studied. They found that nonpharmacologic treat-

ments, such as massage and exercise, have been shown to be
effective therapies for lymphedema, but the effect of phar-
macologic interventions remains uncertain.

Fatigue

Fatigue has been reported as persistent side effect of treat-
ment in many studies.225–228 This is especially true among
patients who have undergone bone marrow transplant.229

Treatment-related fatigue may be associated with various
factors such as anemia, infection, changes in hormonal levels,
lack of physical activity, cytokine release, and sleep disor-
ders.230 The impact of exercise interventions on fatigue is a
promising area of research. Fatigue is an important influence
on quality of life for both the patient and the family and needs
to be managed effectively.

Sexuality and Intimacy

Sexuality encompasses a spectrum of issues ranging from how
one feels about one’s body to the actual ability to function as
a sexual being and has been reported as a persistent effect of
treatment. In a recent study on breast, colon, lung, and
prostate cancer survivors, issues related to sexual functioning
were among the most persistent and severe problems
reported. Preexisting sexual dysfunction may also be exacer-
bated by cancer and its treatment.231 Please refer to Chapter
90 for further details.

Surgical and Radiation-Induced Toxicities

Surgical effects include increased risk of infections and phys-
iologic comprise associated with nephrectomy (lifestyle
changes to prevent trauma to remaining kidney), splenectomy
(increased risk for sepsis resulting from encapsulated bacte-
ria), and limb amputation.

Radiation therapy may especially exert effects on the
musculoskeletal system and soft tissues among children and
young adults, causing injury to the growth plates of long
bones and muscle atrophy, osteonecrosis, and fractures.2,5

Short stature can occur as a result of direct bone injury or
pituitary radiation and resultant growth hormone deficiency.
Chronic pain, the result of scarring and fibrosis in soft tissues
surrounding the joints and large peripheral nerves, is a par-
ticularly distressing problem among patients who have
received moderately high doses of radiation. Soft tissue sar-
comas, skin cancers at previously irradiated sites, and preg-
nancy loss due to decreased uterine capacity in young girls
after abdominal radiation are also possible.

Cancer Survivors, Healthcare Utilization, and
Comorbid Conditions

Cancer survivors are high healthcare utilizers affecting dis-
tinct healthcare domains.232,233 Data clearly show that cancer
survivors are at greater risk for developing secondary cancers,
late effects of cancer treatment, and chronic comorbid condi-
tions. Exposures leading to these risks include cancer 
treatment, genetic predisposition and/or common lifestyle
factors.234–236 Although the threat of progressive or recurrent
disease is at the forefront of health concerns for a cancer sur-
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vivor, increased morbidity and decreased functional status
and disability that result from cancer, its treatment, or health-
related sequelae also are significant concerns. The impact of
chronic comorbid conditions on cancer and its treatment is
heightened more so among those diagnosed as adults and
those who are elderly at the time of diagnosis.

Presented next is a brief overview of some factors poten-
tiating the risk for chronic comorbid conditions among cancer
survivors. A brief discussion of the major comorbid illnesses
observed among survivors is also presented.

Metabolic Syndrome-Associated Diseases: Obesity,
Diabetes, and Cardiovascular Disease

Obesity is a well-established risk factor for cancers of the
breast (postmenopausal), colon, kidney (renal cell), esophagus
(adenocarcinoma), and endometrium; thus, a large proportion
of cancer patients are overweight or obese at the time of diag-
nosis.237,238 Additional weight gain also can occur during or
after active cancer treatment, an occurrence that has been 
frequently documented among individuals with breast
cancer, but recently has been reported among testicular and
gastrointestinal cancer patients as well.239,240 Given data that
obesity is associated with cancer recurrence in both breast
and prostate cancer, and reduced quality of life among 
survivors, there is compelling evidence to support weight
control efforts in this population.14,15,241 Also, gradual weight
loss has proven benefits in controlling hypertension, hyper-
insulinemia, pain, and dyslipidemia and in improving 
levels of physical functioning, conditions that reportedly are
significant problems in the survivor population.14,15,21,242

Accordingly, the ACS Recommendations for Cancer Sur-
vivors list the “achievement of a healthy weight” as a primary
goal.14

Obesity represents one of several metabolic disorders that
are frequently manifest among cancer survivors, disorders
that are grouped under the umbrella of “the metabolic syn-
drome” and include diabetes and cardiovascular disease
(CVD). Insulin resistance is the underlying event associated
with the metabolic syndrome, and either insulin resistance,
co-occurring hyperinsulinemia, or diabetes have been re-
ported as health concerns among cancer survivors.243–245 As
Brown and colleagues observed,234 diabetes may play a signif-
icant role in the increased number of noncancer-related
deaths among survivors; however, its role in progressive
cancer is still speculative.

Although there is one study that suggests that older breast
cancer patients derive a cardioprotective benefit from their
diagnosis and/or associated treatments (most likely tamox-
ifen),246 most reports indicate that CVD is a major health issue
among survivors, evidenced by mortality data that show that
half of noncancer-related deaths are attributed to CVD.10 Risk
is especially high among men with prostate cancer who
receive hormone ablation therapy, as well as patients who
receive adriamycin and radiation treatment to fields sur-
rounding the heart.247 Although more research is needed to
explore the potential benefits of lifestyle interventions specif-
ically within survivor populations, the promotion of a healthy
weight via a low saturated fat diet with ample amounts of
fruits and vegetables and moderate levels of physical activity
is recommended.14,15

Osteoporosis

Osteoporosis and osteopenia are prevalent conditions in the
general population, especially among women. Despite epi-
demiologic findings that increased bone density and low 
fracture risk are associated with increased risk for breast
cancer,248–256 clinical studies suggest that osteoporosis is still
a prevalent health problem among survivors.257–260 Data of
Twiss et al.258 indicate that 80% of older breast cancer
patients have T-scores less than -1 and thus have clinically
confirmed osteopenia at the time of their initial appointment.
Other cancer populations, such as premenopausal breast and
prostate cancer patients, may possess good skeletal integrity
at the onset of their disease, but are at risk of developing
osteopenia that may ensue with treatment-induced ovarian
failure or androgen ablation.

Decreased Functional Status

Previous studies indicate that functional status is lowest
immediately after treatment and tends to improve over time;
however, the presence of pain and co-occurring diseases may
affect this relationship.261 In the older cancer survivor, regard-
less of duration following diagnosis, the presence of comor-
bidity, rather than the history of cancer per se, correlates with
impaired functional status.262 Cancer survivors have almost a
twofold increase in having at least one functional limitation;
however, in the presence of another comorbid condition, 
the odds ratio increases to 5.06 (95% CI, 4.47–5.72).263 These
findings have been confirmed by other studies in diverse pop-
ulations of cancer survivors.264–266 A cost analysis by Chirikos
et al.266 indicates that “the economic consequence of func-
tional impairment exacts an enormous toll each year on
cancer survivors, their families and the American economy
at large.”

Grading of Late Effects

The assessment and reporting of toxicity, based on the toxi-
city criteria system, plays a central role in oncology. Grading
of late effects can provide valuable information for systemat-
ically monitoring the development and/or progression of late
effects.267 Although multiple systems have been developed for
grading the adverse effects(4) of cancer treatment, there is, to
date, no universally accepted grading system.3 In contrast to
the progress made in standardizing acute effects, the use of
multiple late effects grading systems by different groups
hinders the comparability of clinical trials, impedes the devel-
opment of toxicity interventions, and encumbers the proper
recognition and reporting of late effects. The wide adoption
of a standardized criteria system can facilitate comparisons
between institutions and across clinical trials.
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attributed to treatment.

Some adverse events are clinical changes or health problems
unrelated to the cancer diagnosis or its treatment.

A definitive assignment of attribution cannot always be rendered
at the time of grading.



Multiple systems have been developed and have evolved
substantially since being first introduced more than 20 years
ago.268 Garre et al. developed a set of criteria to grade late
effects by degree of toxicity as follows: grade 0 (no late effect),
grade 1 (asymptomatic changes not requiring any corrective
measures, and not influencing general physical activity),
grade 2 (moderate symptomatic changes interfering with
activity), grade 3 (severe symptomatic changes that require
major corrective measures and strict and prolonged surveil-
lance), and grade 4 (life-threatening sequelae).269 The SPOG
(Swiss Pediatric Oncology Group) grading system has not
been validated so far. It also ranges from 0 to 4: grade 0, no
late effect; grade 1, asymptomatic patient requiring no
therapy; grade 2, asymptomatic patient, requires continuous
therapy, continuous medical follow-up, or symptomatic late
effects resulting in reduced school, job, or psychosocial
adjustment while remaining fully independent; grade 3, phys-
ical or mental sequelae not likely to be improved by therapy
but able to work partially; and grade 4, severely handicapped,
unable to work independently).270

The National Cancer Institute Common Toxicity 
Criteria (CTC) system was first developed in 1983. The 
most recent version, CTCAE v3.0 (Common Terminology
Criteria for Adverse Events version 3.0) represents the 
first comprehensive, multimodality grading system for
reporting both acute and late effects of cancer treatment. This
new version requires changes in two areas: (1) application 
of adverse event criteria (e.g., new guidelines regarding 
late effects, surgical and pediatric effects, and issues relevant
to the impact of multimodal therapies); and (2) reporting 
of the duration of an effect. This instrument carries the
potential to facilitate the standardized reporting of adverse
events and a comparison of outcomes between trials and
institutions.

It is important to be aware that tools for grading late
effects of cancer treatment are available, to validate them in
larger populations, and to examine their utility in survivors
of adult cancers. Oncologists, primary care physicians, and
ancillary providers should be educated and trained to effec-
tively monitor, evaluate, and optimize the health and well-
being of a patient who has been treated for cancer. Additional
research is needed to provide adequate knowledge about
symptoms that persist following cancer treatment or those
that arise as late effects, especially among survivors diagnosed
as adults. Prospective studies that collect data on late effects
will provide much needed information regarding the tempo-
ral sequence and timing of symptoms related to cancer treat-
ment. It may be clinically relevant to differentiate between
onset of symptoms during treatment, immediately posttreat-
ment, or months later. Continued, systematic follow-up of
survivors will result in information about the full spectrum
of damage caused by cytotoxic and/or radiation therapy and
possible interventions that may mitigate these adverse
effects. We also need to examine the role of comorbidities on
the risk for, and development of, late effects of cancer treat-
ment among, especially, adult cancer survivors. Practice
guidelines for follow-up care of cancer survivors and evalua-
tion and management of late effects need to be developed so
that effects can be mitigated when possible. Clearly, survivors
can benefit from guidelines established for the primary 
prevention of secondary cancers as well as continued 
surveillance.271,272

Follow-Up Care for Late and 
Long-Term Effects

Optimal follow-up of survivors includes both ongoing moni-
toring and assessment of persistent and late effects of cancer
treatment and the successful introduction of appropriate
interventions to ameliorate these sequelae. The achievement
of this goal is challenging, and inherent in that challenge is
the recognition of the importance of preventing premature
mortality from the disease and/or its treatment and the pre-
vention or early detection of both the physiologic and psy-
chologic sources of morbidity. The prevention of late effects,
second cancers, and recurrences of the primary disease
requires watchful follow up and optimal utilization of early
detection screening techniques. Physical symptom manage-
ment is as important in survivorship as it is during treatment,
and effective symptom management during treatment may
prevent or lessen lasting effects.

Regular monitoring of health status after cancer treat-
ment is recommended, because this should (1) permit the
timely diagnosis and treatment of long-term complications of
cancer treatment; (2) provide the opportunity to institute pre-
ventive strategies such as diet modification, tobacco cessa-
tion, and other lifestyle changes; (3) facilitate screening for,
and early detection of, a second cancer; (4) timely diagnosis
and treatment of recurrent cancer; and (5) the detection of
functional or physical or psychologic disability.

There has been no consensus on overall recommendations
for routine follow-up after cancer therapy for all cancer sur-
vivors. A recent review by Kattlove and Winn can help guide
oncologists in providing quality continuing care for their
patients—care that spans a broad spectrum of medical areas
ranging from surveillance to genetic susceptibility.273 Health
promotion is a key concern of patients once acute manage-
ment of their disease is complete. Increasingly, cancer sur-
vivors are looking to their oncology care providers for counsel
and guidance with respect to lifestyle change that will
improve their prospects of a healthier life and possibly a
longer one as well. Although complete data regarding lifestyle
change among cancer survivors have yet to be determined,
and there remains an unmet need for behavioral interventions
with proven efficacy in various cancer populations,274 the
oncologist can nonetheless make use of extant data to inform
practice and also should be attentive to new developments in
the field.

Follow-up care and monitoring for late effects is usually
done more systematically and rigorously for survivors of
childhood cancer while they continue to be part of the
program or clinic where they were treated. The monitoring
of adult cancer sites for the development of late effects, par-
ticularly outside the oncology practice, is neither thorough
nor systematic. It is important that survivors of both adult
and childhood cancers be monitored for the late and long-
term effects or treatment, as discussed in preceding sections,
at regular intervals.

It is now recognized that cancer survivors may experience
various late physical and psychologic sequelae of treatment
and that many healthcare providers may be unaware of actual
or potential survivor problems.275 Until recently, there were
no clearly defined, easily accessible risk-based guidelines for
cancer survivor follow-up care. Such clinical practice guide-
lines can serve as a guide for doctors, outline appropriate
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methods of treatment and care, and address specific clinical
situations (disease-oriented) or use of approved medical prod-
ucts, procedures, or tests (modality-oriented). In response to
this growing mandate, the Children’s Oncology Group has
now developed and published its guidelines for long-term
follow-up for Survivors of Childhood, Adolescent, and Young
Adult Cancers.275 These risk-based, exposure-related clinical
practice guidelines are intended to promote earlier detection
of and intervention for complications that may potentially
arise as a result of treatment for pediatric malignancies, and
are both evidence based (utilizing established associations
between therapeutic exposures and late effects to identify
high-risk categories) and grounded in the collective clinical
experience of experts (matching the magnitude of risk with
the intensity of screening recommendations). Importantly,
they are intended for use beginning 2 or more years follow-
ing the completion of cancer therapy and are not intended to
provide guidance for follow-up of the survivor’s primary
disease.

Of great significance to survivors of adult cancer, using
the best available evidence, the American Society of Clinical
Oncology (ASCO) expert panels have also identified and
developed practice recommendations for posttreatment
follow-up of specific cancer sites (breast and colorectal;
source: www.asco.org). In addition, ASCO has also created an
expert panel tasked with the development of follow-up care
guidelines geared toward the prevention or early detection of
late effects among survivors diagnosed and treated as adults.

To facilitate optimal follow-up during the posttreatment
phase, the patient’s age at diagnosis, side effects of treatment
reported or observed during treatment, calculated cumulative
doses of drugs or radiation, and an overview of late effects
most likely for a given patient given the treatment history
should be summarized and kept on file. A copy of this
summary should be provided to the patient or to the parent
of a child who has undergone treatment for cancer. The
importance of conveying this detailed treatment history to
primary care providers should be clearly communicated, espe-
cially if follow-up will occur in the primary/family care
setting. Finally, screening tests that may help detect subclin-
ical effects that could become clinically relevant in the future
should be listed.

Recommendations for regular, ongoing follow-up of
cancer survivors are summarized in Table 101.2. For the pre-
vention or early detection of second malignant neoplasms
occurring as a late effect of treatment, providers should
remain ever vigilant for the possibility. A detailed history and
physical examination is always appropriate, in conjunction
with screening at age-appropriate intervals or as outlined by
consensus panel recommendations.

Physicians, caregivers, and the family must be able to hear
and observe what the patient is trying to communicate,
reduce fear and anxiety, counter feelings of isolation, correct
misconceptions, and obtain appropriate symptom relief. Prac-
titioners inheriting care for child or adult survivors need to
understand the effects of cytotoxic therapies on the growing
child or the adult at varying stages/ages of life and be knowl-
edgeable about interventions that may mitigate the effects of
these treatments.

Patient education should guide lifestyle and choices for
follow-up care, promote adaptation to the disease or relevant
sequelae, and help the patient reach an optimal level of well-

ness and functioning, both physical and psychologic, within
the context of the disease and treatment effects.

Research Implications of Long-Term and Late
Effects of Cancer

Cancer survivorship research continues to provide us with a
growing body of evidence regarding the unique and uncharted
consequences of cancer and its treatment among those diag-
nosed with this disease. It is becoming an acknowledged fact
that most cancer treatment options available and in use today
will affect the future health and life of those diagnosed with
this disease. Adverse cancer treatment-related sequelae thus
carry the potential to contribute to the ongoing burden of
illness, health care costs, and decreased length and quality of
survival.

Data and results from ongoing survivorship studies,
examining outcomes among both adult and pediatric cancer
survivors, are continuing to demonstrate that (a) there may
be long latencies for potentially life-threatening late effects
(e.g., cardiac failure secondary to the cardiotoxic effects of
cancer treatment); (b) both late and chronic toxicities (e.g.,
fatigue, sexual dysfunction, cognitive impairment, neu-
ropathies) are persistent, worsen over time, and carry signifi-
cant potential to adversely affect the health and well being of
survivors; (c) early interventions may hold the promise of
reducing adverse outcomes; and (d) there may be a continued
need for extended follow-up of survivors to prevent, detect
early, control, or manage adverse sequelae of cancer or its
treatment.

Among childhood cancer survivors, residual endocrine
disorders have been shown to be as high as 40%.276 A recent
study found the cumulative frequency of congestive heart
failure to be 17.4% at 20 years after diagnosis277, (5) and that
risk factors such as female gender, higher cumulative dox-
orubicin doses, and lung and left abdominal irradiation
increased the likelihood of heart failure in this population,
variables that may affect practice in terms of initial cancer
treatment, recommendations for posttreatment follow-up
care, and interventions (behavioral, medical, or pharmaco-
logic) to decrease future risk. Others have reported that there
may be an increased risk of fetal malposition and premature
labor among girls who received flank radiation therapy as part
of their treatment for Wilm’s tumor, and, among their off-
spring, an elevated risk for low birth weight, premature birth
(less than 36 weeks gestation), and congenital malformations.
These risks carry distinct implications for the obstetrical
management of female survivors of Wilm’s tumor.278 Finally,
data continue to show that survivors of acute lymphoblastic
leukemia are at significant risk of being overweight or obese
when compared to sibling controls.125 Because premature
coronary artery disease has been reported in this population,
these findings underscore the importance of lifestyle and
health promotion interventions.

Studies have also begun to demonstrate the deleterious
impact of cancer treatment among those diagnosed with this
disease as adults. Even after adjustment for age, baseline func-
tional health status, and multiple covariates, long-term breast
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TABLE 101.2. Follow-up care and surveillance for late effects.

Follow-up visit Content of clinic visit Suggested evaluative procedures and ancillary actions

Chemotherapy treatment 1. Review complete treatment history Develop late effect risk profile
cessation visit 2. Calculate cumulative dosages of drugs Summarize all information in previous column

3. Document regimen(s) administered Provide copy to patient (or parent if minor child)
4. Radiation ports, dosage, machine Instruct that this summary should be provided to primary
5. Document patient age at diagnosis/ care or other healthcare providers

treatment Keep copy of summary in patient chart
6. Side effects during treatment
7. Identify likely late effects
8. Baseline “grading” of late effects (Garre 

or SPOG)
General measures at every visit 1. Detailed history Evaluate symptomatology, patient reports of issues

2. Complete physical examination Review any intercurrent illnesses
3. Review systems Evaluate for disease recurrence, second neoplasms
4. Meds, maintenance, prophylactic Systematic evaluation of long-term (persistent) and late 

antibiotics effects (see specific measures)
5. Education: GPA, school performance Grade long-term and late effects: Garre or SPOG criteria
6. Employment history CBC; urinalysis; other tests depending on exposure 
7. Menstrual status/cycle history and late effect risk profile
8. Libido, sexual activity
9. Pregnancy and outcome

Specific measures to evaluate Growth: includes issues such as short Monitor growth (growth curve); sitting height, parental 
late effects stature, scoliosis, hypoplasia heights, nutritional status/diet, evaluate scoliosis, bone 

Relevance differs by: age, growth hormone assays, thyroid function, 
1. Age at diagnosis/treatment endocrinologist consult; orthopedic consult
2. Specific drugs, regimens Cardiac EKG, echo, afterload reduction, cardiologist consult
3. Combinations of treatment Counsel against isometric exercises if high risk, advise 

modalities ob/gyn risk of cardiac failure in pregnancy
4. Dosages administered Neurocognitive History and exam
5. Expected toxicities (based on Communicate: school, family, special education

mechanics of action of Compensatory remediation techniques
cytotoxic drugs (cell-cycle- Neuropsychology consult; CT or MRI; CSF; basic myelin 
dependent; proliferation protein
kinetics) Written instructions, appointment cards

6. Exceptions occur to the Neuropathy History/exam: neurologic exam, sensory changes 
theoretical assumption that hands/feet, paresthesias, bladder, gait, vision, muscle 
least susceptible organs/tissues strength
are those that replicate slowly Neurologist consult
or not at all (vinca, Gonadal toxicity History for primary vs. secondary dysfunction, gonadal 
methotrexate, adriamycin) function (menstrual cycle, pubertal development/delay, 

libido); hormone therapy; interventions (bromocriptine)
7. Combinations of radiation/ Premature menopause: hormone replacement unless 

chemotherapy more often contraindicated; DXA scans for osteoporosis; calcium
associated with late effects Endocrinologist consult

Reproductive technologies
Pulmonary Chest X-ray; pulmonary function tests; pulmonologist 

consultation
Urinary Urinalysis; BUN/creatinine; urologist if hematuria
Thyroid Annual TSH; thyroid hormone replacement; endocrinologist 
Weight history Evaluate dietary intake (food diary)/physical activity

Nutritionist and/or endocrinologist consult
Lymphedema History/exam: swelling, sensations of heaviness/fullness
Fatigue Rule out hypothyroidism; anemia, cardiac/pulmonary 

sequelae; evaluate sleep habits
Evaluate physical fitness and activity levels
Regular physical activity unless contraindicated

Surgical toxicity Antibiotic prophylaxis (splenectomy)
Gastrointestinal/hepatic Liver function, hepatitis screen, gastroenterologist consult

Screening for second malignant Screening guidelines differ by age Follow guidelines for age-appropriate cancer screening 
neoplasms (mammogram, Pap smear, FOBT/flexible sigmoidoscopy)

Oncologist consult Mammogram at age 30 if history of mantle radiation for
Hodgkins

Screen for associated cancers in HNPCC family syndrome
Screen for ovarian cancer if history of breast cancer and

BRCAI II.
Assess/manage comorbidities Osteoporosis; heart disease; arthritis, etc. History/exam; be cognizant of risk; appropriate consult

Evaluations are suggestions only. Relevance will differ by treatment history and late effect risk profile.

Source: Data from Aziz (2002, 2003).2,6



cancer survivors are more likely to experience persistent sig-
nificant declines in physical health status when compared to
cancer-free controls, with younger or socially isolated sur-
vivors faring worse than those middle-aged or older in both
physical and psychosocial dimensions.279 These findings have
been substantiated by another recent study where breast
cancer survivors were found to be at significantly higher risk
of physical declines in health status compared to age-matched
controls.280

Outcomes of cancer and its treatment may be even more
complex among medically underserved or ethnoculturally
diverse populations. It has been reported that African-
American survivors experience poorer functional health and
consistently higher levels of comorbidities, decreased physi-
cal functioning, and general health vulnerability after cancer
diagnosis and treatment compared to age-matched Caucasian
patients.281 From an economic standpoint, survivors working
at the time of diagnosis may experience a significant reduc-
tion in annual market earnings,(6) the adverse economic
impact being worse among survivors with the greatest
declines in health status.282 Long reported as a late effect
among pediatric survivors, the adverse neurocognitive impact
of cancer treatment is now increasingly reported as a poten-
tially devastating outcome among adult survivors. Breast
and lymphoma survivors exposed to systemic chemotherapy
are at increased risk for neurocognitive deficits affecting
memory, concentration, and attention. Diffuse white and gray
matter changes have been reported in magnetic resonance
imaging studies, and early data indicate that APOEe4 may be
a potential genetic marker for risk.283,284 Sexual dysfunction
continues to be a persistent finding among both men and
women years after cancer treatment.285,286 Finally, the extent
to which women’s daily living is affected by lymphedema 
is not recognized routinely by healthcare providers even
today.287

There are promising findings from intervention studies
among both adult and childhood cancer survivors. Daily con-
sumption of aspirin may result in a significant reduction in
relative risk of death from breast cancer.(7) Dexrazoxane
(DEXRA or Zinecard) administered during active treatment
may prevent or reduce acute cardiac injury associated with
doxorubicin therapy.288,289 Methylphenidate (Ritalin) may
provide at least a short-term benefit in childhood cancer sur-
vivors who experience clinically significant learning prob-
lems and deficits in attention and memory.290

Home-based educational interventions can help to
improve cancer knowledge, self-efficacy (coping), and aware-
ness of resources among both white and African-American
breast cancer survivors.291

Self-reported depression burden may significantly influ-
ence the severity and number of side effects experienced by
breast cancer survivors, and self-help interventions may
reduce fatigue, pain, and nausea burden in women with breast
cancer.292 Last but not least, cognitive-behavioral stress man-
agement interventions may successfully reduce the preva-
lence of moderate depression and increase generalized
optimism and positive reframing, lending support to the

importance of examining positive responses to traumatic
events.293

Thus, research that examines the effects of cancer and its
treatment among individuals diagnosed with the disease and
their family members is critical if we are to help patients
make decisions about treatment options that could affect
their future. Cancer survivorship research carries the poten-
tial to enable providers of care to tailor therapies to maximize
cure while minimizing adverse treatment-related effects. The
development and dissemination of evidence-based interven-
tions may help us to reduce cancer morbidity as well as 
mortality and facilitate adaptation among cancer survivors.
Finally, knowledge gained from survivorship research could
help improve quality of care, control costs, and equip the next
generation of physicians, nurses, and other healthcare profes-
sionals to provide not just the science but also the art of com-
prehensive cancer medicine.

Conclusions

A large and growing community of cancer survivors is one of
the major achievements of cancer research during the past
three decades. Both length and quality of survival are impor-
tant endpoints. Many cancer survivors are at risk for, and
develop, physiologic late effects of cancer treatment that may
lead to premature mortality and morbidity. As in the past
when treatments were modified to decrease the chance of
developing toxicities among survivors of childhood cancer,
the goal of future research and treatment should also be 
to evaluate late effects systematically and further modify 
toxicities without diminishing cures. Interventions and 
treatments that can ameliorate or manage effectively both
persistent and late physical effects of treatment should be
developed and promoted for use in this population. Oncolo-
gists, primary care physicians, and ancillary providers should
be educated and trained to effectively monitor, evaluate, and
optimize the health and well-being of a patient who has been
treated for cancer.

Additional research is needed to provide adequate knowl-
edge about symptoms that persist following cancer treatment
or those that arise as late effects. Prospective studies that
collect data on late effects prospectively are needed as most
of the literature on late effects is derived from cross-sectional
studies in which it is not clear if the symptom began during
treatment or immediately after treatment. Continued, sys-
tematic follow-up of survivors will provide information about
the full spectrum of damage caused by cytotoxic or radiation
therapy and possible interventions that may mitigate the
effects. Interventions, therapeutic or lifestyle, that can treat
or ameliorate these late effects need to be developed. Practice
guidelines for follow-up care of cancer survivors and evalua-
tion and management of late effects need to be developed so
that effects can be mitigated when possible.

Our knowledge about the late effects of cancer treatment,
in large part, comes from studies conducted among survivors
of pediatric cancer. We need to explore further the impact
cancer treatment on late effects in survivors diagnosed as
adults. We also need to examine the role of comorbidities on
the risk for, and development of, late effects of cancer treat-
ment among these adult cancer survivors.
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(6)Compared to age-matched cancer free controls.
(7)Holmes MA. Personal communication.



Although there has been considerable research on the late
outcomes among survivors of cancer, future research must be
directed toward identification of risks associated with more-
recent treatment regimens, as well as the very late occurring
outcomes resulting from treatment protocols utilized three or
more decades ago. As treatment- and patient-related factors
impact the subsequent risk of late-occurring adverse out-
comes, clear delineation of those survivors who are at high
risk of specific adverse outcomes is essential for the rational
design of follow-up guidelines, prevention, and intervention
strategies.

Each person with cancer has unique needs based on the
extent of the disease, effects of treatment, prior health, func-
tional level, coping skills, support systems, and many other
influences. This complexity requires an interdisciplinary
approach by all health professionals that is organized, sys-
tematic, and geared toward the provision of high-quality care.
This ambience may facilitate the adaptation of cancer sur-
vivors to temporary or permanent sequelae of the disease and
its treatment.
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ore than 12,000 children and adolescents younger
than 20 years are diagnosed with cancer each year
in the United States.1 With the use of risk-based

therapies, the overall 5-year survival rate is approaching 80%,
resulting in a growing population of childhood cancer sur-
vivors.1 In 1997, there were an estimated 270,000 survivors
of childhood cancer; over two-thirds of these were older than
20 years of age.2 This figure translates into 1 in 810 individ-
uals under the age of 20 and 1 in 640 individuals between the
ages of 20 and 39 years having successfully survived child-
hood cancer (see Chapter 62).

Unlike an adult, the growing child tolerates the acute side
effects of therapy relatively well. However, the use of cancer
therapy at an early age can produce complications that may
not become apparent until years later as the child matures.
The resulting complications are related to the specific therapy
employed and the age of the child at the time the therapy was
administered. A late effect is defined as a late-occurring or
chronic outcome—either physical or psychologic—that per-
sists or develops beyond 5 years from the diagnosis of cancer.
These late effects include complications such as cognitive
impairment, cardiopulmonary compromise, endocrine dys-
function, renal impairment, chronic hepatitis, and subse-
quent malignancies. As many as two-thirds of survivors
experience at least one late effect as a result of treatment for
cancer during childhood.3–7 Therefore, ongoing evaluation of
childhood cancer survivors is an essential component of
follow-up. This chapter discusses the long-term complica-
tions that can occur among pediatric patients treated for
cancer, along with recommendations for follow-up. Table
102.1 summarizes the data on the magnitude of risk and asso-
ciated risk factors for select long-term outcomes.

Neurocognitive Sequelae

Neurocognitive sequelae of treatment for childhood cancer
occur as a consequence of radiation to the whole brain and/or
therapy with high-dose methotrexate, cytarabine, and/or

intrathecal methotrexate. Children with a history of brain
tumors, acute lymphoblastic leukemia (ALL), or non-
Hodgkin’s lymphoma (NHL) are most likely to be affected.
Risk factors include increasing radiation dose, young age at
the time of treatment, therapy with both cranial radiation 
and systemic or intrathecal chemotherapy, and female sex.8

Severe deficits are most frequently noted in children with
brain tumors, especially those who were treated with radia-
tion therapy, and in children who were less than 5 years of
age at the time of treatment.9

Neurocognitive deficits usually become evident within 1
to 2 years following radiation and are progressive in nature.10

Affected children may experience information-processing
deficits, resulting in academic difficulties. These children are
particularly prone to problems with receptive and expressive
language, attention span, and visual and perceptual motor
skills. They most often experience academic difficulties in
the areas of reading, language, and mathematics. Children in
the younger age groups and those treated for brain tumors
may experience significant drops in intelligence quotient (IQ)
scores, with irradiation- or chemotherapy-induced destruc-
tion in normal white matter partially explaining intellectual
and academic achievement deficits.9,11–13

Cardiovascular Function

Chronic cardiotoxicity usually manifests itself as cardiomy-
opathy, pericarditis, and congestive heart failure. The anthra-
cyclines are well-known causes of cardiomyopathy.14–17 The
incidence of cardiomyopathy is dose dependent and may
exceed 30% among patients who received cumulative doses
of anthracyclines in excess of 600mg/m2 (daunorubicin/dox-
orubicin equivalent).18 With a total dose of 500 to 600mg/m2,
the incidence is 11%, falling to less than 1% for cumulative
doses less than 500mg/m2.19 These data have formed the basis
for the use of a threshold of 500mg/m2 as the cumulative dose
for cardiotoxicity. However, Kremer et al.20 reported that a
cumulative dose of anthracyclines greater than 300mg/m2
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was associated with an increased risk of clinical heart failure
(relative risk, 11.8) compared with a cumulative dose lower
than 300mg/m2. Thus, a lower cumulative dose of anthra-
cyclines may place children at increased risk for cardiac 
compromise.20

Cardiomyopathy can occur many years after completion
of therapy, and the onset may be spontaneous or coincide
with exertion or pregnancy. Risk factors known to be associ-
ated with anthracycline-related cardiac toxicity include medi-
astinal radiation;21 uncontrolled hypertension;17,18 exposure
to other chemotherapeutic agents, especially cyclophos-
phamide,18 dactinomycin,22 mitomycin,18 decarbazine,23 vin-
cristine, bleomycin, and methotrexate;24 female sex;25

younger age;17,26,27 and electrolyte imbalance such as
hypokalemia and hypomagnesemia.16

Chronic cardiac toxicity associated with radiation alone
most commonly manifests as pericardial effusions or con-
strictive pericarditis, sometimes in association with pancar-
ditis. Although 4,000cGy of total heart radiation dose appears
to be the usual threshold, pericarditis has been reported after
as little as 1,500cGy, even in the absence of radiomimetic
chemotherapy.28,29 Symptomatic pericarditis, which usually
develops 10 to 30 months after radiation, is found in 2% to
10% of patients.28–30 Subclinical pericardial and myocardial
damage as well as valvular thickening may be common in this
population,31,32 and symptomatic pericarditis may first appear
as late as 45 years after therapy.33,34 Coronary artery disease
has been reported following radiation to the mediastinum.35

Prevention of cardiotoxicity is a primary focus of investi-
gation. Liposomal anthracyclines are being explored to reduce
cardiotoxicity. The anthracyclines chelate iron, and the
anthracycline–iron complex catalyzes the formation of
extremely hydroxyl radicals. Agents such as dexrazoxane that
are able to remove iron from the anthracyclines have been
investigated as cardioprotectants. Clinical trials of dexrazox-
ane have been conducted in children, with encouraging 
evidence of short-term cardioprotection.36,37 The long-term
avoidance of cardiotoxicity with the use of this agent needs

to be determined.38 Smaller doses and reduced port sizes of
radiation therapy may also help in decreasing the incidence
of carditis.

Pulmonary Function

Radiation-induced restrictive lung disease is seen in patients
who received whole-lung radiation at a dose of 1,100 to 
1,400cGy and results primarily from a proportionate inter-
ference with the growth of both the lung and the chest
wall.39–41 Children under 3 years of age at time of therapy
appear to be more susceptible to chronic toxicity. Obstructive
changes are also reported after conventional radiation therapy
and have been reported after 1,000cGy total-body irradiation
for hematopoietic cell transplant (HCT).42 A cohort of 12,390
childhood cancer survivors participating in the Childhood
Cancer Survivor Study (CCSS)43 had a statistically signifi-
cantly increased risk of lung fibrosis, recurrent pneumonia,
chronic cough, pleurisy, use of supplemental oxygen, abnor-
mal chest wall, exercise-induced shortness of breath, bron-
chitis, recurrent sinus infection, and tonsillitis when
compared with sibling controls.44 Statistically significant
associations were identified for lung fibrosis and chest radia-
tion, and for supplemental oxygen use and chest radiation,
BCNU (carmustine), bleomycin, busulfan, CCNU (lomus-
tine), and cyclophosphamide. Chest radiation was associated
with a 3.5% cumulative incidence of lung fibrosis at 20 years
after diagnosis.

Several chemotherapeutic agents have been associated
with pulmonary disease in long-term survivors. Bleomycin
toxicity is the prototype for chemotherapy-related lung
injury. The chronic lung toxicity is dose dependent above a
threshold cumulative dose of 400 units/m2 and is exacerbated
by previous or concurrent radiation therapy,45 cyclophos-
phamide,46 or subsequent oxygen therapy.47 At doses exceed-
ing 400 units/m2, 10% of the patients experience fibrosis, and
35% to 55% suffer severe symptoms in the face of combina-
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TABLE 102.1. Clinical characteristics and risk factors for select long-term sequelae after treatment for childhood cancer.

Long-term sequelae Cumulative probability Risk factors

Congestive heart failure 4%–17% at 20 years (risk increasing • Higher cumulative dose of anthracyclines
with increasing therapeutic exposures) • Female sex

• Younger age at exposure to anthracyclines
• Black race
• Presence of trisomy 21
• Radiation therapy involving the heart
• Exposure to cyclophosphamide, ifosfamide, or amsacrine

Myocardial infarction 21% at 20–25 years • Radiation therapy to the mediastinum
• Dose >30Gy
• Increasing time since irradiation
• Younger age at irradiation (<20 years)
• Hypertension/hypercholesterolemia/DM/smoking/obesity

Ischemic stroke 12% at 15 years (among patients • Radiation therapy to the head and neck
exposed to neck radiation) • Younger age at irradiation (<20 years)

• Hypertension/hypercholesterolemia/DM/smoking
Subsequent malignant neoplasms 3% at 20 years • HD, soft tissue sarcoma, hereditary retinoblastoma

• Younger age at exposure to therapeutic agents
• Female sex
• Radiation therapy
• Exposure to alkylating agents or topoisomerase
• II inhibitors

DM, diabetes mellitus; HD, Hodgkin’s disease.



tions of other injuries.48 Other chemotherapeutic agents asso-
ciated with chronic lung injury include BCNU,49 busulfan,
and CCNU.

Symptoms of pulmonary dysfunction include chronic
cough or dyspnea, and close evaluation should be performed
during yearly follow-up. All patients must be educated about
the risks of smoking. The best possible approach to chronic
pulmonary toxicity of anticancer therapy is preventive and
includes the following: careful monitoring of pulmonary
function and chest radiographs before and during bleomycin
and radiation; respecting cumulative dose restrictions on
bleomycin administration; and limiting radiation dosage and
port sizes.

Endocrine Function

Thyroid

Hypothyroidism is the most common nonmalignant late
effect involving this gland and is almost always caused by
radiation of the head and neck for a nonthyroid malignancy.
Laboratory evidence of primary hypothyroidism is evident in
40% to 90% of patients receiving radiation doses in excess of
1,500cGy.50–52 The actuarial risk of clinical hypothyroidism
for subjects treated with 4,500Gy or more is 50% at 20 years
from diagnosis. Childhood brain tumor survivors were 
compared with siblings as part of the CCSS study, and were
found to be at a 14.3-fold-increased risk of developing
hypothyroidisms.53 Risk factors associated with the develop-
ment of hypothyroidism include increasing dose of radiation
(higher risk associated with conventionally fractionated
radiotherapy as compared with hyperfractionated radiother-
apy), thyroidectomy, use of iodide-containing contrast mate-
rial as in lymphangiography, older age at irradiation, and
female gender.54,55

Hyperthyroidism has been reported in up to 5% of the 
survivors of Hodgkin’s disease (HD) and is associated with
radiation doses exceeding 3,500cGy.54 Thyroid nodules are
observed among patients exposed to radiation. Female gender
and radiation doses exceeding 2,500cGy have been identified
as risk factors.54 The actuarial risk of female survivors of HD
developing a thyroid nodule is 20% at 20 years from diagno-
sis. Patients with HD receiving radiation to the thyroid gland
have been reported to be at an 18-fold-increased risk of devel-
oping thyroid cancer when compared with the general 
population.

Growth

Poor linear growth and short adult stature are common 
complications following successful treatment for childhood
cancer.56 Although in some children catch-up growth may
occur, short stature may be permanent or even progressive.
Severe growth retardation, defined as a standing height below
the fifth percentile, has been observed in as many as 30% to
35% of survivors of childhood brain tumors57–59 and 10% to
15% of patients treated for leukemia.60,61 Whole-brain irradi-
ation has been identified as the principal cause of short
stature.60 Compared with siblings, childhood brain tumor sur-
vivors participating in the CCSS study were at a 277.8-fold-

increased risk of developing growth hormone deficiency.53

The effects of cranial irradiation appear to be related to age
and sex, with children younger than 5 years at time of therapy
and girls being more susceptible to the radiation effect.62–64

The effects of radiation are also dose dependent, with doses
exceeding 3,000cGy associated with growth retardation in
50% of the patients.58,59 The mechanism by which cranial
irradiation induces short stature is not clear. Growth
hormone deficiency and early onset of puberty in girls may
contribute to loss of final height.65 Direct inhibition of verte-
bral growth by spinal irradiation often contributes to short
stature.

Body Mass Index

An increased prevalence of obesity has been reported among
survivors of childhood ALL, with the prevalence increasing
with increasing dose of cranial radiation. In a study conducted
by Sklar et al.,66 the percentage of subjects who were over-
weight at attainment of final height was 10.5%, 40%, and
38% for subjects treated with no cranial radiation, 18Gy of
cranial radiation, and 24Gy of cranial radiation, respectively.
This study documented that children with ALL given cranial
radiation develop increases in their body mass index early 
on during their treatment and remain at significant risk for
becoming overweight as young adults. A recent report has
shown that the age-and race-adjusted odds ratio (OR) for being
obese in ALL survivors treated with cranial radiation doses of
20Gy or more in comparison with siblings was 2.6 for females
and 1.9 for males.67 Furthermore, the OR for obesity was
greatest among girls diagnosed at 0 to 4 years of age and
treated with radiation doses of 20Gy or more. Thus, this
study clearly demonstrated in a large cohort of ALL survivors
that 20Gy or more is associated with an increased prevalence
of obesity, especially in females treated at a young age. It is
therefore important for healthcare professionals to recognize
this risk and to address it in the long-term follow-up of the
survivors.

Gonadal Function

Males

Male survivors of childhood cancer may experience germ 
cell depletion and abnormalities of gonadal endocrine func-
tion. These abnormalities may be secondary to radiation,
chemotherapy, or surgery, with the effects of therapy varying
depending on age at treatment. In patients who receive tes-
ticular radiation doses of 400 to 600cGy, azoospermia may
persist for 3 to 5 years, and at doses above 600cGy, germinal
loss with resulting increases in follicle-stimulating hormone
(FSH) and decreases in testicular volume usually appears 
to be irreversible.68,69 Prepubertal testicular germ cells also
appear to be radiosensitive, although tubular damage may be
difficult to assess until the patient has progressed through
puberty. Radiation therapy at doses of 2,000cGy or higher is
also toxic to Leydig cells, with resulting inadequate produc-
tion of testosterone.70

Chemotherapy can also interfere with testicular function.
Alkylating agents decrease spermatogenesis in long-term sur-
vivors of cancer. The effects of cyclophosphamide and chlo-
rambucil are dose dependent but are reversible in up to 70%
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of patients after several years.71 Among pubertal boys treated
for HD with six cycles of mechlorethamine, vincristine, 
prednisone, and procarbazine (MOPP), azoospermia is 
found in 80% to 100%, and is reversible in only 20% of
cases.72 After adriamycin, bleomycin, vinblastine, and dacar-
bazine (ABVD), the incidence of azoospermia was 36%, with
100% recovery.73 The effect of MOPP on Leydig cell function
appears to be age related, with normal pubertal progression
after therapy for patients treated before the onset of puberty,
gynecomastia with low testosterone and increased luteiniz-
ing hormone (LH) in patients treated during adolescence, and
compensated Leydig cell failure without gynecomastia in
adults.71

Females

Radiation therapy effects on the ovary are both age- and 
dose dependent. Amenorrhea develops in only 68% of prepu-
bescent girls treated with higher doses of radiation
(1,200–1,500cGy).74 Spinal irradiation for the treatment of
ALL and brain tumors appears to result in clinically signifi-
cant ovarian damage in some young women, although the
majority of these women go on to experience normal puberty
and menarche, generally at a slightly older age. Girls treated
with whole abdominal and/or pelvic irradiation for HD or
Wilm’s tumor or other solid tumors are at a high risk of
ovarian failure. Patients who receive HCT with total-body
irradiation, both single-dose and fractionated, are at a high
risk of developing permanent ovarian failure. Almost all
patients who undergo HCT after the age of 10 years will
develop premature ovarian failure, whereas only 50% of girls
transplanted before the age of 10 years will.75

Ovarian failure has also been observed after chemo-
therapy, in particular, with alkylating agents. Toxicity is,
again, dose- and age dependent. Only 30% of women and girls
younger than 35 years of age at exposure to MOPP chemother-
apy develop temporary amenorrhea, with irreversible ovarian
failure seen in a small minority.76 Females who receive high-
dose, myeloablative therapy with alkylating agents in the
context of allogeneic or autologous HCT are at high risk of
developing ovarian failure.76

Pregnancy Outcomes of Childhood
Cancer Survivors

Radiation therapy and many of the chemotherapeutic agents
used in the treatment of childhood cancer could potentially
be mutagenic and have an adverse effect on the health of the
offspring of the survivors. Green et al.77 evaluated the health
of the offspring of partners of male childhood cancer survivors
participating in the CCSS and demonstrated that the propor-
tion of pregnancies of the partners of male survivors that
ended with a liveborn infant was significantly lower than 
for the partners of male siblings of the survivors who served
as controls. This study of male survivors did not identify
adverse pregnancy outcomes for the partners of male sur-
vivors treated with most chemotherapeutic agents. A similar
study focusing on offspring of the female survivors failed to
identify adverse pregnancy outcomes for female survivors
treated with most chemotherapeutic agents. The offspring of
women who received pelvic irradiation were at risk for low
birth weight.78

Second Malignant Neoplasms

Several studies following large cohorts of childhood cancer
survivors have reported a threefold- to sixfold-increased risk
of a second cancer, when compared with the general popula-
tion, and this risk continues to increase as the cohort ages79–83

(Figure 102.1; see Chapter 111).

Late Mortality Among Childhood 
Cancer Survivors

Several investigators have shown a 10-fold excess in overall
mortality among 5-year childhood cancer survivors when
compared with the general population.84,85 The excess mor-
tality was due to death from primary cancer, second cancer,
cardiotoxicity, and noncancer death.

Psychosocial Issues of Childhood 
Cancer Survivors

There is a large body of scientific literature addressing the
subject of psychosocial outcomes for childhood cancer sur-
vivors. Findings are varied in part as a result of differing def-
initions for psychosocial outcomes among the studies. For
example, in some studies the outcomes are defined in terms
of psychologic health (e.g., depression, anxiety, posttraumatic
stress, posttraumatic growth, and somatization). In other
studies, the outcomes are defined in terms of social health
(e.g., employment, education, and marriage). In addition,
many pediatric cancer survivorship studies focusing on 
psychosocial outcomes are limited because of small sample
size and/or lack of a comparison group. Many of the studies
are from the health-related quality of life (HRQOL) literature
because assessment of psychosocial outcomes is often
included as part of a global HRQOL assessment. Notwith-
standing these differences in definitions of study outcomes
and study designs, the scientific literature concerning psycho-
social outcomes in childhood cancer survivors is summarized
in the following sections.
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FIGURE 102.1. Cumulative incidence of subsequent malignant
neoplasms after extended follow-up of Hodgkin’s disease in child-
hood. (Adapted from Bhatia et al.,81 by permissions of Journal of Clin-
ical Oncology.)



Psychologic Health

An emerging body of literature indicates that childhood
cancer survivors are experiencing good psychologic health
years after completion of their cancer treatment. One of the
earliest studies, done by Teta et al.,86 assessed the prevalence
of major depression in 450 long-term childhood cancer sur-
vivors and found no difference in depression between sur-
vivors, their siblings, and general population norms. Elkin et
al.,87 using a standardized self-report measure (the Symptom
Checklist-90-Revised or SCL-90-R), assessed psychologic
functioning in adolescent and young adult survivors who
attended a long-term follow-up clinic for pediatric cancer sur-
vivors at a single institution. Results of this study indicated
that the study population was significantly psychologically
healthier than age- and gender-matched norms for the general
population based on SCL-90 scores. For the small percentage
of survivors who displayed some psychologic symptoms,
three factors were associated with an increased risk of mal-
adjustment: older patient age at follow-up, greater number 
of relapses, and presence of severe functional impairment
(defined as requiring frequent assistance with activities of
daily living). The findings from these earlier studies were con-
firmed in a recently reported study by Zebrack et al.88 on psy-
chological outcomes in survivors of childhood leukemia and
lymphoma, using data from the Childhood Cancer Survivor
Study (CCSS).

Systematic literature reviews of the smaller studies pub-
lished on this topic have also reported psychological well-
being following treatment for childhood cancer; however,
there are subgroups of survivors who may be at risk for poorer
psychosocial health outcomes.89–94 The largest and most
recent of these studies to date was reported by Hudson et al.,95

who analyzed data from the 9,535 adult survivors in the CCSS
cohort compared with a randomly selected cohort of the sur-
vivors’ siblings (n = 2,916). When compared with siblings, sur-
vivors in this study were significantly more likely to report
adverse general health and moderate to severe impairment 
in mental health across all diagnostic groups. However,
although general health was reported to be very good, with
only 10.9 percent reporting fair or poor health, specific
adverse effects were relatively common, as reflected by 43.6%
of the cohort reporting impairment in one or more of the
health domains evaluated in the study. Specifically, three

diagnostic groups (survivors of Hodgkin’s disease, sarcomas,
or bone tumors) were found to be at increased risk for con-
tinued cancer-related anxiety.95 Furthermore, the authors
emphasize that these three diagnoses are more common in
the adolescent age group. Because adolescence is the devel-
opmental period during which abstract thinking develops,
adolescents diagnosed with cancer may have a better under-
standing of the meaning of their diagnosis and the risks of
treatment. The findings of this study confirmed the results of
earlier studies96–98 (Table 102.2). Thus, these studies suggest
that there are certain at-risk groups of survivors who may be
experiencing negative psychosocial sequelae and therefore
may benefit from targeted psychosocial support interventions
during long-term follow-up care.

The childhood cancer survivorship literature also suggests
that use of a posttraumatic stress model is helpful in eluci-
dating the long-term psychosocial sequelae for certain sub-
sets of childhood cancer survivors99–102 (Table 102.3). Family
members, friends, and caregivers are also affected by the sur-
vivorship experience and are therefore included in the defin-
ition of survivorship.2 It is, therefore, not surprising that there
are reports of family members being affected by posttraumatic
stress disorder (PTSD). Kazak et al.94 did not find an increased
prevalence of PTSD in a cohort of 133 childhood leukemia
survivors when compared with a control group, but did find
more PTSD symptoms in their mothers and fathers. Barakat
et al.93 found that past perceived life threat and family social
support resources contributed to PTSD symptoms in both
parents and survivors. All these studies suggest that the
childhood cancer experience is complex and extends beyond
the survivor, even years after the completion of therapy.

Social Health

Review of the childhood cancer survivorship literature indi-
cates that overall this population is doing well in terms of
social and emotional adjustment. Differences in educational
needs, behavioral adjustment, employment status, and 
marriage rate for certain populations of childhood cancer 
survivors do occur. A recent longitudinal study of the social
functioning of childhood cancer survivors 2 years following
completion of therapy was conducted by Reiter-Purtill et al.103

Children who completed cancer treatment were compared
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TABLE 102.2. Summary of additional studies demonstrating adverse psychologic outcomes in childhood cancer survivors.

Sample
Study size Primary disease Comparison group Adverse outcomes Risk factors

Zeltzer et al.96 500 ALL, treated on Siblings Depression, tension, Females, minorities, unemployed
CCG protocols anger, and confusion

Mulhern et al.97 183 Any pediatric Normative data from Deficits in social Presence of functional impairments, older
malignancy the general population competence and age at evaluation, treatment with cranial 

behavioral irradiation, residence in a single-parent 
abnormalities household

Glover et al.98 555 Leukemia Siblings Mood disturbance Females, nonwhite males, females with a
special education history, high school 
dropouts with a special education history, 
age younger than 12.5 years of age at
diagnosis, survivors with negative 
perceptions of current health

ALL, acute lymphoblastic leukemia; CCG, Children’s Cancer Group.



with children who were not chronically ill. The children’s
self-reports, as well as peer and teacher assessments of social
functioning, were obtained while children were on therapy
and then 2 years following completion of therapy. Findings of
this study indicated minimal impact on the social function-
ing of the majority of childhood cancer survivors, but certain
subpopulations were found to be vulnerable. Specifically,
children who underwent high-intensity treatment were per-
ceived by their peers as more “prosocial and less aggressive,”
although they had fewer nominations as “best friends.” The
authors hypothesized that this group of survivors may be less
assertive about making and/or maintaining friendships or
that their less-aggressive behavior may be due to fatigue. A
study by Spirito et al.104 reported similar findings when they
compared 56 children (aged 5–12 years) to healthy controls
using questionnaires assessing social adjustment, including
the Self-Perception Profile. In this study, the only reported dif-
ference was of greater feelings of isolation in the childhood
cancer survivors compared with the controls.

Conversely, reports of lower social competence were
demonstrated by Mulhern et al.105 In a cohort of survivors 
(n = 183) 2 or more years off-therapy, social competence and
behavioral adjustment were assessed using a standardized
questionnaire (The Child Behavior Checklist). Functional
(but not cosmetic) impairments were found to increase the
risk for academic and adjustment problems. Other risk factors
for social and emotional problems included: older age at
assessment (correlated with time since diagnosis and time
since completion of therapy), treatment with cranial irradia-
tion, and living in a single-parent household. Similarly, a

study by Pendley et al.106 found that adolescent survivors who
had been off treatment for longer periods of time reported
more social anxiety as well as more-negative body image and
lower self-worth.

Educational attainment as an outcome of social health has
also been assessed in the leukemia survivor study107 and in
the CCSS108,109 (Table 102.4). The findings from these studies
indicate that survivors are more likely to use special educa-
tional services, but overall are just as likely to graduate from
high school when compared with their siblings.

Multiple studies have assessed the vocational status of
childhood cancer survivors. One of the earliest studies assess-
ing occupational status was completed by Meadows et al.110

The cohort of survivors demonstrated no differences in edu-
cational achievement or occupational status by diagnostic
group, age at diagnosis, or treatment received. Nicholson et
al.111 compared osteosarcoma and Ewing sarcoma survivors
with sibling controls and found that employment status 
and annual income were similar in the two groups despite 
the physical impairments following limb amputation for
many of the sarcoma survivors. Hays et al.112 reported similar
employment findings in more than 200 childhood cancer sur-
vivors. Specifically, the employment status of the survivors
was similar to individually matched controls. There were,
however, findings of employment discrimination for entry
into the military for survivors during the initial years fol-
lowing completion of therapy. The authors concluded that
childhood cancer survivors who were treated in the era
between 1945 and 1975 had few economic sequelae that
extended beyond the first decades after treatment.
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TABLE 102.3. Studies supporting the posttraumatic stress model in childhood cancer survivors.

Percent with posttraumatic 
Study Sample size Age range stress symptoms or disorder Risk factors

Stuber et al.99 64 7–19 years 13% Symptoms of increased anxiety and reexperiencing traumatic 
incidents, which persisted many years after the end of 
treatment without evidence of decrement over time

Hobbie et al.101 78 18–40 years 20.5% Anxiety and other psychologic distress
Meeske et al.102 51 18–37 years 20% Poorer QOL (as measured by the SF-36), increased psychologic 

distress

QOL, quality of life; SF-36, Short Form-36.

TABLE 102.4. Childhood Cancer Survivor Study (CCSS) studies assessing educational attainment as an outcome measure for social health.

Sample Primary Comparison Educational
Study size disease group outcome assessed Findings Risk factors

Mitby 12,000 Any pediatric 3,000 siblings Use of special 23% of survivors Diagnosis <6 years of age; brain 
et al.108 malignancy education services compared with 8% of tumor, leukemia, and HD 

siblings used special survivors; treatment variables of
education services use of IT MTX and CXRT (with a 

positive dose–response relationship 
found)

Nagarajan 694 Osteosarcoma Age at diagnosis Graduation from No differences found More than 12 years/amputation
et al.109 or Ewing’s (£12 years high school or between the different group was less likely to graduate

sarcoma compared with college age or surgery groups. from high school and college
>12 years), type compared with siblings, but there
of surgery were still high rates of reports of
(amputation vs. graduation from high school in the
limb-sparing), and survivors group (93%) and for those
2,667 siblings survivors older than 25 years of 

age, and 50% reported being a 
college graduate

HD, Hodgkin disease; IT MTX, intrathecal methotrexate; CXRT, cranial irradiation.



The literature regarding employment outcome for child-
hood cancer survivors yields mixed conclusions. For example,
a study by Novakovic et al.113 found that although nearly 90
survivors of Ewing’s sarcoma did not differ in educational
achievement, they were less likely to be employed full time
when compared with sibling controls. Conversely, Evans 
and Radford114 assessed educational achievement and employ-
ment in a small group of survivors and found that survivors
were significantly less likely to complete higher education
than their siblings, but had similar rates of employment and
were earning similar salaries. The differences in the findings
may represent the small sample sizes in the various studies.

Marital status has also been assessed as a measure of
social well-being for survivors of childhood cancer. In one 
of the earlier studies, Makipernaa115 interviewed 94 survivors
of solid tumors diagnosed between 1960 and 1976. When the
survivor population was compared with the general Finnish
population, fewer female survivors were married. Green 
et al.116 found that the percentages of married male and 
female survivors were both significantly lower than the U.S.
population norms. Byrne et al.117 studied a much larger 
population of childhood cancer survivors and found that both
male and female survivors were less likely to be married
when compared with a sibling control group. The study also
demonstrated that survivors of central nervous system 
(CNS) malignancies accounted for the majority of unmarried
survivors, with the males in this diagnostic group having 
the greatest relative risk. The findings of these two earlier
studies were also confirmed more recently in a large CCSS
cohort. Rauck et al.118 described the marital status of more
than 10,000 childhood cancer survivors within the CCSS
cohort and compared them to the U.S. population according
to age-specific groups. Compared with the U.S. population,
childhood cancer survivors, particularly females and Cau-
casians, were less likely to have ever been married. CNS
tumor survivors as a subgroup, and particularly males within
this group, were less likely to have ever been married and
were more likely to divorce or separate when compared 
with childhood cancer survivors who had other diagnoses, 
as well as with the general U.S. population. Felder-Puig 
et al.119 also found a lower incidence of marriage in survivors
of bone cancer. Interestingly, survivors in this study reported
staying home longer after reaching adulthood than did 
the control group of a similar age. The investigators postu-
lated that the survivors would, therefore, postpone marriage
for a longer time than their peers. A study by Gray et al.120

yields further insight regarding interpersonal relationships 
in survivors of childhood cancer. In this study, survivors
reported higher intimacy motivation, but were more likely 
to express dissatisfaction with important relationships, 
when compared with a peer group. Nonetheless, despite 
differences in marriage rates, studies support the fact 
that, overall, survivors of pediatric malignancies are doing
well in terms of psychosocial functioning and that only
certain subgroups are at greatest risk for adverse psychosocial
sequelae.

Special Populations

Two special populations of survivors (childhood acute lym-
phoblastic leukemia and brain tumors) warrant special atten-
tion due to their increased risk for adverse psychosocial

outcomes as a result of previous CNS treatment: Acute lym-
phoblastic leukemia (ALL) is the most commonly diagnosed
pediatric malignancy, with an annual incidence of 3,250 chil-
dren and adolescents diagnosed each year in the United States
and a survival rate of approximately 85%.1 Brain tumors are
the second most commonly diagnosed pediatric malignancy,
and the most common solid neoplasm. Approximately 2,200
children and adolescents under 20 years of age are diagnosed
within the United States each year. The overall survival 
rate is approximately 68%.1 Thus, there are rapidly growing
numbers of survivors treated for both of the most commonly
diagnosed pediatric malignancies.

Acute Lymphoblastic Leukemia Survivors

Improvement in the survival rates for ALL in the 1980s and
1990s has resulted in the emergence of studies focused on the
neuropsychologic consequences in this population. Brown 
et al.121 followed a small cohort of ALL survivors who received
prophylactic chemotherapy to the CNS. Survivors, when
compared with their siblings, showed impairment in right
hemispheric simultaneous processing when evaluated at 
the off-therapy time point. These differences were not found
while the patient was actively undergoing treatment for ALL,
a finding that illustrates the importance of continued long-
term neuropsychologic evaluation for this group of survivors,
as deficits may not be evident on initial assessments.
Cetingul et al.122 studied a small sample of 5-year Turkish sur-
vivors of childhood ALL and compared them to their siblings.
In this study, total IQ scores of survivors were significantly
lower than the sibling control group, although small numbers
limit the conclusions drawn from this study. Kingma et al.123

also studied academic performance in a small sample of
Dutch ALL survivors who were treated with cranial irradia-
tion (18 or 25Gy) and intrathecal methotrexate as CNS 
prophylaxis, and compared them to siblings. Survivors were
more likely to be placed in special education programs than
were siblings, although there was no effect of sex or irradia-
tion dose. The investigators concluded that cranial irradiation
and chemotherapy administered at a young age were associ-
ated with poorer academic career outcomes for survivors.
Haupt et al.107 completed a large multicenter retrospective
trial of adult survivors of childhood ALL with sibling con-
trols, assessing practical, easily understandable educational
outcomes that included “enrollment in special programs,
grades during high school, graduation from high school,
college admission, and college graduation.”107 Similar to the
findings of smaller studies, ALL survivors in this study were
more likely to enter special education or learning-disabled
programs when compared with siblings. Higher doses of
cranial irradiation (24Gy versus 18Gy versus none) and
young age (less than 6 years of age) at diagnosis were found
to be the most important predictors for poor educational out-
comes, defined as a lesser likelihood of entering college.

It should also be noted that craniospinal irradiation, 
used in early treatment regimens for ALL to prevent CNS
leukemia, resulted in neurodevelopmental delays in children.
In the early 1980s, Robison et al.124 and Moss et al.125 demon-
strated that prophylactic treatment of the CNS with cranio-
spinal irradiation was associated with decreased IQ scores.
These early studies documenting the risk of neurocognitive
late effects, coupled with the high cure rates, have led to the
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elimination of prophylactic craniospinal irradiation from
most current ALL treatment regimens. Therefore, the impor-
tance of assessing long-term psychosocial outcomes of child-
hood cancer treatment cannot be overemphasized, because
there may be direct and practical applications for interven-
tion and long-term follow-up care.

Brain Tumor Survivors

The second special population of childhood cancer survivors
who warrant further discussion regarding psychosocial out-
comes are those treated for pediatric brain tumors. Roman
and Sperduto126 reviewed the literature on the neuropsycho-
logic effects of cranial radiation. Research on low-dose whole-
brain radiation (such as that used for childhood ALL patients)
was compared with studies on high-dose focal or whole-brain
radiation used in the treatment of brain lesions. In this
review, the investigators found that the low-dose whole-brain
radiation (18–24Gy) resulted in the mild decline of IQ and
that subsequent learning disabilities may be the result of poor
attention and memory instead of low intellectual level. Con-
versely, pediatric survivors who received higher-dose radia-
tion for the treatment of brain tumors, particularly those 
who received whole-brain radiation, were found to be at risk
for poorer cognitive outcomes. In a subsequent study by
Anderson et al.,127 higher-dose radiation used for treatment of
brain tumors (when compared with that used for other malig-
nancies) was more often found to be associated with late cog-
nitive effects. Further research has shown that neurocognitive
deficits occurring among brain tumor survivors most com-
monly involve the areas of memory, attention, and academic
achievement.126,128 Whether cognitive deficits in these brain
tumor survivors are primarily caused by disruption of “exec-
utive function” (ability to organize and prioritize activities to
be functionally effective) is suspected but not yet proven.
Data forthcoming from the CCSS will help to answer this
question.

A study by Glaser et al.129 evaluated school behavior in 
a small sample of brain tumor survivors compared with a
control group of school-age siblings. The brain tumor sur-
vivors had good social reintegration but also had evidence of

impaired cognition, emotion, and lower self-esteem. Even
though they worried more than the control group, the brain
tumor survivors attended school willingly and interacted
with their peers normally. Zebrack et al.88 assessed psycho-
logic outcomes in more than 1,000 adult long-term survivors
of childhood brain tumors within the CCSS cohort and com-
pared them with almost 3,000 sibling controls and normative
data from the general population. The majority of survivors
and siblings reported few symptoms of psychologic distress 5
or more years after the original cancer diagnosis. The preva-
lence of psychologic distress was similar to that found in 
the general population. Yet, when accounting for significant
sociodemographic, socioeconomic, and health status vari-
ables, survivors of childhood brain cancer, in aggregate,
appear to report significantly higher global distress and
depression scores than do siblings. Factors associated with
higher levels of psychologic distress for both survivors and
siblings included female sex, low household income, lower
educational attainment, being unmarried, having no employ-
ment in the past 12 months, and poor physical health status.
There were no diagnostic- or treatment-related variables that
were associated with an increase in distress symptoms for
this group of childhood brain tumor survivors.

Providing Follow-Up Care for Childhood
Cancer Survivors

Essential Elements of Follow-Up Care

General agreement exists that survivors of childhood cancer
require ongoing lifelong follow-up to provide early interven-
tion for, or prevention of, potential late effects of treat-
ment.130–134 The Children’s Oncology Group (COG) has
developed systematic evidence-based, exposure-related guide-
lines for ongoing follow-up of pediatric cancer survivors.
These guidelines allow the clinician to determine a specific
follow-up plan for each survivor, tailored to risk of late effects
based on therapeutic exposures. A comprehensive treatment
summary (Table 102.5) is also an essential tool for providing
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TABLE 102.5. Components of a comprehensive treatment summary.

Essential elements Details

Demographics Treating institution, treatment team
Diagnosis Date, site(s), stage
Relapse(s) Date(s)
Subsequent malignant neoplasms Date(s), types
Protocol(s) Title(s)/number(s), dates initiated and completed
Completion of therapy Date
Chemotherapy Names and administration routes for all agents

Cumulative doses (per m2) for alkylators, anthracyclines, and bleomycin
Determination of intermediate/high (≥1,000mg/m2) dose vs. standard dose for cytarabine and 

methotrexate
Radiation Dates, type, fields, total dose, number of fractions/dose per fraction
Surgical procedures Type(s), date(s)
Hematopoietic cell transplant Type(s), date(s), GVHD prophylaxis/treatment
Major medical events Events with potential for residual/late effects
Adverse drug reactions/allergies Name of drug, type of reaction

GVHD, graft-versus-host disease.



comprehensive survivorship care. The Children’s Oncology
Group Long-Term Follow-Up Guidelines, accompanying
health education materials (known as “Health Links”), and a
model comprehensive treatment summary form are available
to clinicians free of charge on the Children’s Oncology Group
website at www.survivorshipguidelines.org.

Models of Clinical Care Delivery

In 1997, the American Academy of Pediatrics mandated 
that children with cancer should be treated in specialized
centers for pediatric oncology care135; between 1989 and 1991,
94% of children diagnosed with cancer under the age of 15 
in the United States were seen at an institution that was 
affiliated with the cooperative pediatric oncology clinical
trials groups.136 Specialized pediatric oncology centers that are
members of the Children’s Oncology Group are required to
provide long-term follow-up services for survivors of pediatric
cancer137; this can be accomplished in a variety of
ways.11,134,138–142

Specialized Long-Term Follow-Up Clinics

In some pediatric oncology centers, the original treatment
team, or a designated multidisciplinary long-term follow-up
team at the treatment center, continue to provide life long
follow-up to the childhood cancer survivor. Generally, the
ongoing follow-up is limited to an annual comprehensive
multidisciplinary health evaluation, and the survivor is
encouraged to establish an ongoing relationship with a
primary healthcare provider in their local community for
routine healthcare needs. The long term follow-up care is
often directed by a nurse practitioner specializing in health-
care for childhood cancer survivors. Benefits of this approach
are that the patient remains in contact with a team that is
knowledgeable and committed to long-term follow-up care,
contact with the original treatment center is maintained,
opportunities for research are optimized, and multidiscipli-
nary referrals are usually available within the healthcare
system (although referrals for patients who are beyond the
pediatric age range may be limited in pediatric centers). Dis-
advantages of this approach include the unfamiliarity of the
pediatric treatment team with the healthcare issues that arise
as the survivor ages, reluctance of the older patient to return
to a pediatric facility (especially if pediatric patients are
present in the clinic/waiting room at the time of the long-
term follow-up clinic), problems with reimbursement for spe-
cialized services not covered by insurance companies, and,
often, problems of access due to long distances between the
medical center and the survivor’s residence. An example of
successful implementation of this model is the Survivorship
Clinic at the City of Hope National Medical Center in
Duarte, California. As an NIH-designated Comprehensive
Cancer Center, City of Hope provides specialized cancer-
related care to patients throughout the lifespan, allowing
ongoing long-term follow-up of patients with pediatric malig-
nancies as they enter and progress through adulthood.

Transition Models

Pediatric oncology centers, often as a result of institutional
policies with an upper age limit for care, may require transi-
tion of young adult survivors to adult care providers. In some

instances, institutions have established formalized transition
programs with specialized long-term follow-up programs for
adult survivors of childhood cancer [e.g., Children’s Medical
Center of Dallas transitions its survivors to the ACE (After
the Cancer Experience) Program for Young Adult Survivors at
the University of Texas Southwestern, and Children’s Memo-
rial Hospital in Chicago transitions its survivors to the STAR
(Survivors Taking Action and Responsibility) Program for
Young Adult Survivors at Northwestern University]. Transi-
tion programs often use collaborative practice models,
drawing on expertise from both oncology and primary care
providers, and maintain many of the benefits of the special-
ized long-term follow-up clinics, with the added benefit of
care providers with expertise in adult medicine. Affiliation of
these programs with academic institutions usually provides
access to multidisciplinary referrals; however, because the
setting is academic and the focus is on survivorship care,
ongoing primary care is often not accessible through these
specialized programs, and distance to the center may remain
problematic for some survivors.

Adult Oncology Directed Care

In this model, when the survivor reaches adulthood, the pedi-
atric provider makes a referral to an adult oncologist for
ongoing follow-up. Advantages of this system include
ongoing monitoring for disease recurrence in a system
designed for adult medical care, and accessibility to care in
the local community. Disadvantages include the unfamiliar-
ity of most adult oncologists with the long-term follow-up
evaluations indicated for childhood cancer survivors, and the
likelihood of early discharge from specialty care once there is
minimal risk of disease recurrence. However, with appropri-
ate education and collaboration, this model has been used
successfully to provide ongoing long-term follow-up care for
childhood cancer survivors. An example of this model is the
cooperative agreement between the Children’s Hospital of
Philadelphia and the oncology service of the University of
Pennsylvania Medical Center.

Community-Based Care

In this model, follow-up care is provided by an adult primary
care provider (e.g., internist, family practitioner), who ideally
is in ongoing communication with the original pediatric
oncology treatment team or long-term follow-up center.
Advantages of this system include seamless care for the
patient, who can see their local primary care provider for most
healthcare services and develop an ongoing relationship with
a provider who is familiar with their specialized healthcare
needs. Disadvantages include the primary care provider’s lack
of familiarity with the potential late effects for which the sur-
vivor is at risk, the considerable effort required for the
primary care provider to determine appropriate follow-up care
for the survivor, the survivor’s potential lack of access to mul-
tidisciplinary specialty care providers, and the potential loss
of contact with the survivor. The community-based system
of care has been used successfully by St. Jude Children’s
Research Hospital (Memphis, TN) to provide care for sur-
vivors who are more than 10 years posttreatment. In this
setting, potential disadvantages of this system have been
addressed by providing a dedicated staff at St. Jude to track
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the status of these survivors and to provide ongoing consul-
tation with community healthcare providers as required.
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Medical and
Psychosocial Issues in

Hodgkin’s Disease
Survivors

Jon Håvard Loge and Stein Kaasa

he first attempts to treat Hodgkin’s disease by radio-
therapy were conducted at the beginning of the last
century. The prognosis for survival was poor but

slowly improved by the use of radiotherapy and some
chemotherapy until 1960. For example, in 1939 a 20-year sur-
vival rate of 17% was reported.1

During the 1960s the prognosis for survival vastly
improved, which was mainly related to the introduction of
improved staging systems, better understanding of the spread
and course of the disease, improved diagnostic methods, and
refined therapy. The latter included improved radiotherapy
and the introduction of chemotherapeutic regimens such as
the MOPP (mechlorethamine, vincristine, procarbazine, pred-
nisone) in 1967.2 The therapeutic pessimism turned into opti-
mism, and the clinicians dared to speak of a cure. Cure was
defined as follows: “We can speak of a cure when in time,
probably a decade or so after treatment, there remains a group
of disease-free survivors whose progressive death rate from
all causes is similar to that of a normal population of the same
sex and age constitution”3,4 (see Chapter 67).

This chapter is about the price of cure in terms of medical
late effects and psychosocial issues related to survivorship. To
speak of a price of cure first became relevant when death no
longer was the predominant outcome. The improved progno-
sis for survival achieved during the 1960s created an increas-
ing number of survivors, and studies of possible late effects
thereby became possible. For the clinician, a patient consult-
ing for late effects, medical or psychosocial, probably has now
become a more commonly encountered clinical problem than
a patient presenting with Hodgkin’s disease itself.

Late effects can mainly be divided into three categories.
First, there are the late medical effects, which include sec-
ondary cancers or ill effects on of one or more organ systems.
Second, there are the late effects in subjective health, which
include symptoms such as fatigue or pain as well as psycho-
logic phenomena such as anxiety and depression. Third, there
are the late effects encountered as difficulties in returning to
normal life such as resuming work or difficulties in partner-
ship or in participation in leisure activities. The definition of
a late effect is not commonly agreed upon, but it is reason-

able to separate late effects from acute effects by both dura-
tion and time of debut. Some late effects such as fatigue might
be traced back to the period of active disease. Other late
effects such as secondary cancers might present after a shorter
or longer period without symptoms or signs of disease.

Challenges in Clinics and Research

The late effects represent several challenges for the researcher
as well as for the clinician. In the investigation of late effects
the researcher is challenged by the complexity of the late
effects, but also by the effects of aging, environment, lifestyle,
behavior, etc. upon health. Consequently, it may be difficult
to find causal factors related to the outcomes observed. For
the clinicians (as well as for the researcher) the challenge 
is to understand what the needs of the survivors are. An
increased understanding of long-term effects of somatic, psy-
chologic, and social nature will, it is hoped, help healthcare
providers to better deliver follow-up programs and patients
and family members to better understand their needs.

The low incidence of Hodgkin’s disease generates rela-
tively few survivors and consequently a relative scarcity of
data. The social mobility in many Western countries is high,
and many survivors are lost to follow-up or are even impos-
sible to locate several years after treatment. Furthermore, the
treatment regimens are under constant revision, and late
effects caused by one regimen may not necessarily be caused
by another type of treatment. Some late effects are relevant
only for subgroups of survivors such as breast cancer affect-
ing females irradiated by fields including their breast during
their reproductive years. Such factors further add to the
scarcity of data. Additionally, some late affects such as sec-
ondary cancers first become manifest several years after ter-
mination of treatment. A long latency period between active
disease and debut of late effects might also generate findings,
which are not necessarily related to Hodgkin’s disease or its
treatment. For example, is symptomatic coronary heart
disease 30 years after termination of treatment to be looked
upon as a late effect, as related to nutrition, smoking habits,
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and physical exercise, after termination of treatment, or as a
combination of all these factors? To answer such a question
the researcher needs large samples (i.e., statistical power),
advanced medical technology, and skilled experienced clini-
cians to evaluate the patients, and from a design point of view
controlled groups are needed. The distinction between late
effects and morbidity related to increasing age becomes
increasingly blurred as the observation time increases. At
present there is a scarcity of prospectively collected data,
which limits the possibility of drawing valid conclusions
about causality. Ideally, one should therefore have compara-
tive data to identify the late effects of Hodgkin’s disease. Lack
of a comparison group is of particular concern regarding sub-
jective outcomes such as fatigue, which is frequently found
in a general population, and may be caused by a series of
factors during a lifetime observation.5 The optimal study
design is a prospective follow-up of the survivors from the
time of diagnoses through the treatment and into the follow-
up phase for many years. In such nonrandomized designs,
valid control groups are needed, which should be age- and
gender matched and generated by random draws from the
general population. In cross-sectional designs, subjective
health outcomes from the general population may serve as
valid comparisons and will definitely strengthen the conclu-
sions, while the validity of “ad hoc-generated comparisons
groups” should be questioned. Volunteer bias is an example
that may represent a serious threat to the internal validity of
studies with ad hocgenerated comparison groups such as rel-
atives or hospital visitors.

The constitution of a survivor population might also be
biased. For example, the patients treated at the Norwegian
Radium Hospital (NRH) were assumed to be representative
of the Norwegian population of Hodgkin’s disease survivors.
After survival of the NRH cohorts was investigated, it was
concluded that patients with a better prognosis for survival
were found in this sample, as compared with the national
sample.6

The choice of outcome measures may also represent a
challenge. For example, the current most commonly used
measures for late effects such as psychologic distress and
fatigue have limitations with regard to content, reliability,
and validity. Another major limitation is the lack of stan-
dardization of outcome measures. Different outcome mea-
sures have been used to measure the same phenomenon such
as fatigue and pain. On the other hand, prospective studies
might lock the data collection to measurement techniques
that become obsolete during the observation period.

Given an accumulating prevalence of late effects, content
and organization of the follow-ups should be discussed and
ideally investigated in research and in quality assurance 
programs, and an increasing emphasis on economic effects on
the healthcare system should be questioned. Furthermore, it
should be questioned: What part of the healthcare system is
best suited for conducting surveillance, what is a reasonable
price for a surveillance program, and should the optimal
program be individualized? Finally, how are medical students
and future oncologists/radiotherapists best trained to detect
and treat late effects? In sum, these challenges also raise
ethical dilemmas related to what to tell the patients about
late effects and the possibility of creating lifelong patients
under continuous observation for possible late effects that
might never even occur.

Epidemiology

Incidence of Hodgkin’s Disease

The incidence of Hodgkin’s disease (HD) varies across coun-
tries but is at a comparable level (approximately 2 to 3 per
100,000) in the Western countries.7 Generally, more males
than females are affected (M/F ratio, approximately 60:40).
Incidence in the Western world was stable until 1980, slowly
decreased during the period 1980–1990, and thereafter it has
slightly increased.8 The decreased incidence was mostly due
to a decreasing number of patients above 60 years of age with
non-Hodgkin’s lymphomas earlier being misclassified as
Hodgkin’s disease.6,8,9 More than 50% of the patients are 39
years of age or younger at time of diagnosis.7

Prevalence of Survivorship

A disease mainly affecting young adults combined with a
good prognosis for survival (best among the younger patients)
generates a population of survivors with a long life
expectancy. In general, the 5-year survival for all patients
with Hodgkin’s disease exceeds 80%, and for patients 39 years
of age or younger, more than 90% are expected to live for 5
years or more.10,11 Consequently, the prevalence of survivor-
ship has steadily increased over the past three to four decades.
The long life expectancy of the survivors permits long-term
follow-up studies but also makes control for expected diseases
necessary. As indicated earlier, it is therefore urgent to design
prospective and large enough follow-up studies of Hodgkin’s
disease survivors. Without conducting such studies our
follow-up programs may not only be burdensome to the
healthcare system, but many patients may be offered invalid
follow-up.

The latest Norwegian data illustrate this point clearly.
Although the yearly incidence of Hodgkin’s disease has been
around 80 new cases per year (2/100,000) during the past two
decades, the number of Norwegians alive and having had
Hodgkin’s disease has been steadily increasing and now
exceeds 1,500.12 In 1990 the prevalence of survivorship was
1,100 in a population of about 4.5 million.13

Advanced disease and B symptoms in addition to age
predict incomplete remission, relapse, and shortened survival
after first-line treatment.14,15 Age is at present the single most
important predictor for survival. Advanced disease and
relapse both increase the treatment burden. Some survivors
have therefore received intensive treatment (chemotherapy
and radiotherapy) in several cycles eventually supplemented
with high-dose chemotherapy and bone marrow transplanta-
tion. In general, the most recent improvement in survival is
therefore a consequence of more-intensive treatment. Poten-
tially the more-intensive treatment may affect the prevalence
of long-term medical and/or psychosocial effects. Subgroups
of survivors might therefore be of special interest for future
assessments of late effects. However, such groups must be
considered relatively small, which affects whether proper
follow-up studies can be performed, unless such studies are
conducted as multicenter studies with a sufficient number of
patients.
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Medical Issues

About the Treatment

Treatment with radiotherapy has during the past decades
been partly replaced and/or combined with chemotherapy.
Radiotherapy as a single modality is today given only to a sub-
group of patients with limited disease.

In the 1960s, fractionated large fields were irradiated with
the consequence of a substantially increased survival rate.
Continuous research on radiotherapy techniques has resulted
in more individualized treatment, and today more often
smaller fields are delivered as compared to the standard
mantle fields used at the start of the radiotherapy era. To
reduce radiotherapy-related acute and late toxicity, the total
dose in many programs has been reduced from a standard total
dose of 40Gy treated in 3Gy per fraction to a dose of 30 to
35Gy with reduced single fraction to a proximately 1.75Gy.
Critical organs are sometimes included in the fields, such as
lung, heart, thyroid, major blood vessel, and bone marrow,
which may give long-term side effects.

Combination chemotherapy was introduced into the
treatment plans of Hodgkin’s disease in the mid-1960s with
the so-called MOPP regimens (mechlorethamine, vincristine,
procarbazine, prednisone) as the gold standard in most coun-
tries.2 Other combinations of chemotherapy have been in use
as well as various ways of escalating doses to improve sur-
vival and reduce acute toxicity and long-term morbidity.

Both treatment modalities, that is, radiotherapy and
chemotherapy or combinations, can potentially give the
patients medical (somatic) long-term side effects. Further-
more, the cancer itself may also have and will alter the
biology of the host (i.e., the patient). So, consequently, either
of these factors, separately or in combination, may result in
late morbidity for HD survivors.

Long-Term Morbidity: General Considerations

The most frequent causes of death other than Hodgkin’s
disease itself are cardiac disease and secondary malignancy,
while infertility, thyroid abnormalities, and pulmonary
disease may cause serious late effects of various prevalences
in Hodgkin’s disease survivors.16 The most commonly
encountered late medical effects are presented in Table 103.1.
In a recent review it was concluded that secondary malig-
nancies and ischemic heart disease are the two most frequent
causes of death.17 However, it must be kept in mind that, in
patients with good prognoses, the actual overall survival at
20 years is about 93%,11 and that treatment-related mortality
exceeds the mortality from Hodgkin’s disease 12 to 15 years
after the primary treatment.18

Cardiac Late Effects

An increased incidence of coronary heart disease, specifically
in patients less than 40 years of age, has been attributed to
radiotherapy. The expected number of cardiovascular deaths
in age- and sex-matched population was similar to the car-
diovascular deaths in Hodgkin’s disease populations.19 The
history of myocardial infarction was no more frequent after
mantle field irradiation than in HD patients who received
chemotherapy,20 whereas others have reported an increased
risk of myocardial infarction after mediastinal irradiation.21,22

Up to a threefold increase in the relative risk of cardiac deaths
has been reported.23 In another retrospective review, coronary
artery disease occurred in patients who were treated at the
ages of 16, 21, 35, and 48 years with latency periods of 19, 12,
7, and 3 years, respectively.24

The technology used to evaluate morbidity, such as valvu-
lar dysfunction, may have major impact on the findings.
Before Doppler technology was used, valvular dysfunction
was considered a rare finding in survivors of Hodgkin’s
disease. By using Doppler echo cardiography, aortic and/or
mitral valvular regurgitation and valve thickness have been
observed at rates of 24% to 40% of patients treated success-
fully for Hodgkin’s disease.25–27 The clinical implications of
these findings are at present unknown.

Endocrine Dysfunction

The prevalence of hypothyroidism varies substantially
between studies. As for most of the other medical side effects
as well as for the subjective ones, sample selection, definition
of cases, etc. have a major influence on the results. The rate
of hypothyroidism seems to be influenced by observation
time, irradiation (field and amount), and the definition of
hypothyroidism.28–30 In a sample from Norway where 221
patients were observed, 55% developed biochemical hypothy-
roidism 3 to 23 years after treatment.20

In the Stanford study the actual risk of thyroid disease was
52% after 20 years and rose to 67% after a follow-up of 26
years.16 In this study, younger patients, women, combined-
modality treatment, and time since radiation were associated
with a high incidence of thyroid disease, whereas other
studies from Europe have not confirmed these findings.20,31

Although thyroid abnormality is prevalent in HD sur-
vivors, the early use of thyroid supplementation in patients
with elevated thyroid-stimulating hormone (TSH) level has
greatly reduced the risk of overt clinical hypothyroidism
when compared with earlier studies.32 However, no consen-
sus seems to have been reached with regard to when and on
which indications to start hormonal substitution in patients
with biochemical hypothyroidism.

Lung Damage

Dyspnea is a subjective phenomenon experienced by the
patients as shortness of breath. Consequently it is recom-
mended that dyspnea as well as other subjective symptoms
should be assessed by the patients themselves by means of
questionnaires or other subjective measures. Dyspnea is fre-
quently reported in HD survivors in approximately 30% of
the cases.20 In the Norwegian study, dyspnea was not associ-
ated with sex, age, or chemotherapy.20 Pulmonary complica-
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TABLE 103.1. Main medical late effects of Hodgkin’s lymphoma
and its treatment.

• Secondary cancers
• Cardiac disease
• Endocrine dysfunction

—Hypothyroidism
—Hypogonadism

• Lung damage
• Dental caries



tions after radiotherapy are first observed clinically as an
acute radiation pneumonitis, followed by radiation fibrosis,
which evolves over time and seems to reach a stable appear-
ance after 9 to 12 months.33 Pulmonary toxicity secondary to
chemotherapy is rare; however, bleomycin may enhance 
pulmonary dysfunction when given in conjunction with
radiotherapy.34

In one study consisting of a selected cohort of 116 patients
treated with mediastinal radiotherapy alone or in combina-
tion with chemotherapy, 30% of the patients had pulmonary
dysfunction and associated reductions in total lung capacity,
forced vital capacity, forced expiratory volume in 1 second,
and gas transfer impairment.35 The size of the radiation fields
has been found to be related to the extent of fibrosis, and the
most dramatic changes were observed in patients treated
simultaneously with bleomycin and anthracyclines.35 In
single cases major interindividual variations have been found
with respect to the sensitivity of the lung parenchyma to
develop radiation fibrosis.

In conclusion, a consistent finding is that the severity of
the fibrosis is related to the volume of irradiation, the pres-
ence of parenchymal involvement in the disease itself, and
the use of bleomycin and anthracyclines.

Comments

Most studies assessing medical morbidity in HD survivors
have either a retrospective design and/or a cross-sectional
design. The studies are performed ad hoc, with few upfront
hypotheses stated, and how to define the level of morbidity
and which indicators to use to define morbidity varies 
considerably. Scientific discussions of possible confounding
factors are rarely presented, and few studies have comparison
groups. Based on the findings in one of the studies including
a comparison group, it has been, for example, suggested that
the incidence of cardiac death is not any higher than in the
matched population.19 However, details on how these com-
parisons were performed were not given. A similar criticism
can be raised for treatment of symptoms and biochemical
findings of hypothyroidism. Most studies have an ad hoc ret-
rospective design, and consequently it is difficult to draw
valid conclusions with regard to treatment proposals.

Psychosocial Issues

Historical Perspective and General Points

The first descriptions of the psychosocial aspects of cancer
survivorship were conflicting. Case observations led to the
postulation of a Damocles syndrome in which the survivors
lived their lives under the constant threat of a relapse.36 The
syndrome was characterized as a specific psychologic state
with tension, emptiness, and lack of pleasure and direction of
life. The other position, in general held by epidemiologists,
stated that the cancer survivors lived well-adjusted lives and
were as satisfied with their lives as the general population.37

It is now obvious that the two concepts were equally wrong
and that both positions were based on methodologic short-
comings. The epidemiologists based their statements on too-

general outcome measures and the psychologists based their
postulation of a specific syndrome upon case observations
without sufficient perspective on the generalizability of their
observations.

From a psychiatric point of view, one can hypothesize that
the psychologic burden of survivorship per se would be more
of a posttraumatic stress disorder than depression. Being
cured is difficult to characterize as a loss with subsequent
potential for development of depression. However, reduced
health status after cure, either objectively or subjectively,
might represent a loss and thereby a potential for develop-
ment of depression. Premorbid characteristics as well as
social and psychologic support during and after the disease
will always interact with the stressor (i.e., the disease and the
treatment). No published studies have investigated these vari-
ables systematically.

Most published studies of psychosocial aspects of cancer
survivorship have been descriptive and lacking a specific
hypothesis. The study by Cella and Tross from 1986 is one
exception, and three possible psychologic sequelae were pro-
posed (anticipatory, residual, and current) and explored with
generally negative findings.38 Facing death and receiving bur-
densome treatment during a period of life when friends fulfill
education and establish themselves in jobs and families may
be regarded as a longlasting trauma, and the model of a post-
traumatic stress disorder may apply for this population. Such
a specific model for development of late psychosocial effects
has not been tested, except for the study by Cella and Tross.38

Generally, the studies of psychologic late effects have used
self-report measures of psychologic distress as outcomes, and
none has looked for specific psychiatric diagnoses. There have
been several methodologic limitations, among which selec-
tion bias is probably the most serious and difficult to handle.
It is reasonable to assume that late effects might increase the
response rates, and this is of particular concern in cross-
sectional studies relying on one single data collection. Still,
it is reasonable to conclude that psychosocial late effects in
survivors of Hodgkin’s disease are the exception rather than
the rule.

Quality of Life

Quality of life (QOL) reflects the definition of health as pro-
posed by the World Health Organization in 1947 with empha-
sis on the subjective aspect of health and not only the absence
of disease.39 During the 1980s and 1990s, the concept of QOL
became more directed toward health by the introduction of
the term Health-Related Quality of Life. The latter opera-
tionalizes health as encompassing a social, a physical, and a
mental dimension. It should be regarded as a narrowing of the
concept QOL, and some therefore prefer the term subjective
health. The distinction is not only of academic interest.
Figure 103.1 demonstrates the responses from survivors of
Hodgkin’s disease and normal controls to a single question
about satisfaction with life, which is close to the more global
concept of QOL. More of the survivors reported being very
satisfied with their lives than the normal controls, in spite of
more health problems among the survivors. This is in line
with findings reported by Cella and Tross.38 In spite of the
possible existential dimension of this finding, overall QOL
does not seem to capture the health-related aspects of the sur-
vivors’ quality of life (i.e., their subjective health status).
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Subjective Health Status: Early Findings

The first studies of subjective health status in survivors of
Hodgkin’s disease were published in 1986.38,40 As demon-
strated in Table 103.2, the first studies included quite differ-
ent sample sizes, and the findings were inconsistent, partly
reflecting different measures of subjective health. Only two
studies included comparison groups. In these studies, selected
cohorts of U.S. patients from controlled clinical trials were
included. A minority of all U.S. cancer patients are included
in clinical trials, and the generalizability of the findings can
therefore be questioned.

Subjective Health Status: Physical Health

Physical health is about physical symptoms such as pain,
dyspnea, and nausea in addition to physical functioning,
which generally includes different physical activities com-
monly performed during a day. Present subjective health
status measures such as the SF-36, the European Organiza-
tion for Research and Treatment of Cancer Core Quality of
Life Questionnaire (EORTC QLQ C-30), and the Functional
Assessment of Cancer Therapy-General (FACT-G) all put a
great emphasis on physical functioning, which generally is
affected by somatic health events and has low correlation
with mental health.45–47 In the SF-36, 10 of 36 items are about

physical functioning.47 However, the content of physical
functioning scales varies among the instruments, and this
hinders comparisons across the instruments. Physical func-
tioning in the general population is related to age and gender
(Figure 103.2).48,49 The decline by age reflects increasing mor-
bidity with increasing age and needs to be controlled for in
studies of cancer survivors.48

The first studies of Hodgkin’s disease survivors indicated
problems with the survivors’ physical health, but standard-
ized measures were not applied.41,50,51 Three studies from the
1990s included both standardized measures of physical func-
tioning (the EORTC QLQ C-30 and the SF-36) and compari-
son groups.42,44,49 The findings were surprisingly similar in
that physical functioning was reduced by approximately 
0.5 SD compared to the control groups.42,44,49 None of the
studies demonstrated any robust associations between
disease characteristics, treatment, and reduced physical 
functioning. Some later studies have failed to replicate this
finding, but the design of these studies limits the possibility
of drawing firm conclusions.52,53

Clinicians report stiffness and pain from the muscu-
loskeletal system as common among the survivors.20

However, compared with healthy controls, no differences 
in pain level between survivors and controls have been
detected.42,44,49 Another somatic symptom, dyspnea, is
included the cancer-specific instrument EORTC QLQ C30
but not in the generic instrument SF-36. Joly et al. compared
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FIGURE 103.1. Satisfaction with life in Norwegian survivors of
Hodgkin’s disease (n = 453) and in normal control subjects (n = 2323).
(Unpublished data from the authors.)

TABLE 103.2. Early studies of health-related quality of life among survivors of Hodgkin’s disease.

Mean observation Effect stage/ Comparison
Study Year Country N Origin of sample period (years) treatment group

Cella38 1986 USA 60 Hospital Unknown Yes Yes
Fobair40 1986 USA 403 Clinical trials 9 Yes No
Kornblith41 1992 USA 273 Advanced disease/clinical trials 6 No No
van Tulder42 1994 Netherlands 81 Hospital 14 No Yes
Norum43 1996 Norway 42 Hospital 4 Yes No
Joly44 1996 France 93 Region 10 No Yes
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FIGURE 103.2. Physical functioning as measured by the Physical
Functioning Scale of the SF-36 in the general Norwegian population
(GP) (Norwegian norm data; n = 2263) and survivors of Hodgkin’s
disease (HD; n = 459). (Data from references 48, 49.)



French survivors with randomly selected and matched con-
trols and found nearly three times higher levels of dyspnea in
the survivors than in the controls.44 A Spanish study from
2003 also found higher levels of dyspnea in the survivors than
in healthy controls.54 Given the difficulties patient have in
distinguishing dyspnea from fatigue and the association
between fatigue and gas transfer impairment, a further elab-
oration on this point seems warranted.55

The French study by Joly et al. found very low levels of
nausea and vomiting as measured by the EORTC QLQ C30
and no difference between the survivors and the age- and
gender-matched healthy controls.44 Cameron et al. also
reported low levels of nausea and vomiting but pointed to the
possibility of classical conditioning as the mechanism under-
lying persisting symptoms such as distress in the survivors.56

By exploring and confirming a specific mechanism, this study
yielded knowledge that is directly applicable in the preven-
tion and/or treatment of persisting symptoms by use of psy-
chologic techniques.

There are some main limitations to our present knowl-
edge on the physical health of the survivors. On a group level
their physical health is lowered, and the reduction is of clin-
ical significance.57 Still, the majority enjoys a physical health
similar to the general population of same age. The survivors
with reduced physical health have not been clearly identified,
and how the survivors’ physical health is affected by time
since termination of primary treatment is not documented.
The mechanisms underlying the survivors’ reduced physical
health are unknown, and this lack hinders efforts to prevent
and treat. The reduced physical health might reflect the total
sum of negative health events such as gas transfer impair-
ment, muscular waste, and hypothyrosis. Another explana-
tion might be an association between reduced physical health
and other subjective late effects such as fatigue.58 However,
none of the published studies on physical health has con-
trolled for the level of fatigue.

Subjective Health Status: Fatigue

The first report on fatigue among Hodgkin’s disease survivors
was published by Fobair et al. in 1986, and fatigue was a major

problem as 37% had not regained their energy.40 Patients with
self-reported energy loss were more likely to be depressed.40

Another early study demonstrated that Hodgkin’s disease sur-
vivors were more fatigued than survivors of testicular
cancer.51 A British study of lymphoma patients off treatment
described mental and physical fatigue as major concerns.59,60

However, in all the earliest studies published before 1997
fatigue was measured by single questions (i.e., not validated
and reliability tested questionnaires), and such single ques-
tions have disputable validity and reliability.61 Further, none
of the early studies took into account the high prevalence of
fatigue in the general population (11%–45%).61,62 The main
studies on fatigue in the survivors are presented in Table
103.3.

Newer studies employing standardized measures and
comparison groups have confirmed that fatigue is a major
problem among the survivors compared to healthy subjects
and more of a problem among survivors of Hodgkin’s disease
than among survivors of other cancer types.63–68 The preva-
lence of fatigue is clearly related to the measurement tech-
nique, and the exact magnitude of this problem is therefore
not known.61

Attempts to relate persisting fatigue to disease and treat-
ment characteristics have yielded conflicting results. The
close connection between disease burden and type of treat-
ment also hinders analyses of separate effects of the two.
However, a recent prospective study demonstrated that com-
bined treatment yielded higher levels of fatigue only during
the first year as compared to radiation therapy.63 Thereafter,
the two groups reported similar levels of fatigue, which was
significantly higher than in the general population (Figure
103.3).63

A cross-sectional study reported an association between
late pulmonary sequelae (in particular, gas transfer impair-
ment) and fatigue.55 A significant association between 
psychologic distress and fatigue has been demonstrated.40,69

However, a review strongly supported a differentiated view
on fatigue and depression in cancer patients.70 Some authors
have proposed a common mechanism underlying the symp-
toms of cancer and cancer treatment, namely, cytokines,
which induce sickness behavior in animal models including
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TABLE 103.3. Fatigue in survivors of Hodgkin’s disease: main studies.

Type of
Author Year Sample (N) Main finding Comparison group (N) measurement

Fobair40 1986 403 37% tired — Single item
Devlen59,60 1987 90/120a 30%/42% tired — Single item
Bloom51 1993 85 22% energy not returned Testicular survivors Single item
van Tulder42 1994 81 No significant difference Healthy controls SF-36
Loge65b 1999 458 24%–27% chronic fatigued General population norms Fatigue

Questionnaire
Kornblith64 1998 273 More fatigued than controls Acute leukemia survivors POMS
Wettergren67 2003 121 Worries about fatigue Healthy controls SEIQoL-DW
Fosså68 2003 458 24% chronic fatigued Testicular survivors Fatigue

Questionnaire
Ganz63 2003 247 Persistent fatigue > — SF-36

population norms
Ruffer66 2003 836 21% higher level Healthy controls MFI

SF-36, Short Form 36; POMS, Profile of Mood States; SEIQoL-DW, Schedule for the Evaluation of the Individual Quality of Life-Direct Weighting.
a Two studies; retrospective and prospective including Hodgkin’s disease and non-Hodgkin lymphomas.
b Identical sample of Hodgkin’s disease survivors.



fatigued behavior.71 However, attempts to correlate some of
the relevant cytokines to fatigue have failed.72

Except for the study by Ganz, all studies on fatigue 
in Hodgkin’s disease survivors were cross-sectional, which
limits the possibility of inferences about causality. No
prospective longitudinal studies to investigate the course of
fatigue among Hodgkin’s disease survivors have been pub-
lished. This lack of knowledge limits the clinician’s ability to
give valid and reliable information to individual patients on
the expected course of their fatigue.

At present we can therefore only hypothesize about the
mechanisms underlying fatigue in the survivors. In some, as
in the general population, fatigue is probably part of being
psychologically distressed.73 However, as compared to suffer-
ers of the chronic fatigue syndrome, the survivors have sig-
nificantly lower levels of psychologic distress as measured by
the Hospital Anxiety and Depression Scale.69,73 Second,
fatigue might reflect the combined burden of the late com-
plications after having had Hodgkin’s disease. Fatigue is by
many considered a final common endpoint that is associated
with most diseases; this indicates that fatigue is an “unclean”
endpoint affected by most altered health states. Third, fatigue
might be a specific late effect after Hodgkin’s disease and
related to some specific mechanisms characteristic of this
disease; this might include the cytokines, which is supported
by the altered immunity found in many of the survivors. At
present, none of these seems more strongly supported than
the others, and given the complexity of fatigue all might be
correct in subgroups of fatigued survivors.

Subjective Health Status: Mental Health

Some of the earliest studies indicated rather great psychologic
problems among the survivors. For example, Kornblith et al.
reported in 1992 psychologic distress one SD above that of
healthy subjects, and 22% met the criterion suggested for 
a psychiatric diagnosis.41 Later studies from the 1990s did 
not confirm this finding. Three studies used health-related

quality of life (HRQOL) measures and different comparison
groups, and none reported any deviances in mental health (SF-
36) or emotional functioning (EORTC QLQ C-30) between
the survivors and the controls.42,44,49 The first comparative
study between Hodgkin’s disease survivors and testicular
cancer survivors did not find any significant difference in psy-
chologic outcomes between the two groups of survivors.51

One study from the last part of the 1990s identified as
many as 27% of the survivors as probable anxiety and depres-
sion cases, but no comparison group was included.74 Previous
psychiatric problems, psychiatric problems during the treat-
ment phase, and low education were identified as risk factors.
The most intensive treatment regimen was associated with
increased risk for probable anxiety.74 This study employed the
Hospital Anxiety and Depression Scale (the HADS), which
generally tends to produce high levels of anxiety and higher
prevalences of anxiety cases than depression cases.75 This
finding was confirmed by the most recent study, which found
no differences in the level of depression between Hodgkin’s
disease survivors, testicular cancer survivors, and the general
Norwegian population.68 The levels of anxiety in both groups
of survivors (4.7 in testicular cancer survivors and 4.6 in
Hodgkin’s disease survivors) were slightly elevated as com-
pared to the general population (3.9).68 In sum, these studies
indicate that the level of depressive symptoms is not elevated
in the survivors, that anxiety symptoms are just slightly ele-
vated, and that we do not know whether these symptoms are
part of a specific psychiatric condition.

Some other psychologic symptoms have been assessed
and reported as more prevalent than expected. Cella et al. in
1986 reported no elevated level of psychologic distress, but
indication of psychosocial dysfunction in areas such as inti-
macy motivation, increased avoidant thinking about disease,
and illness-related concerns.38 These findings may be of 
clinical relevance, for example, as effectors on partnership
and illness behavior but have to our knowledge not been
addressed in later studies.

Social Functioning

Three aspects of social functioning have received special
attention in the literature: divorce rate, difficulties in return-
ing to ordinary work, and difficulties in getting health insur-
ance/borrowing from banks. Additional aspects of social life
such as participation in leisure activities, sexual activity,
sexual interest, and reproduction have also been included in
some studies.

In general it is reasonable to state that the social conse-
quences of survivorship from cancer are influenced by social
mechanisms that may vary considerably across culturally rel-
atively comparable nations, as is in accordance with the hand-
icap model as proposed by the WHO.76 For example, in the
Scandinavian countries health insurance is public and granted
to every citizen. Life insurance is partly private and partly
public, and in sum insurance is probably of lesser relevance
in these countries than in the United States. An early U.S.
study demonstrated difficulties in getting health insurance.41

The lack of a comparison group hinders estimation of the
clinical significance of this possible late effect.

In general, the relationship between cancer, cancer treat-
ment, late medical or late subjective health effects, and social
consequences is complex and relatively poorly understood.
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Type of treatment seems to be of lesser relevance, while 
subjective late effects was associated with poorer social 
functioning.63,77

Difficulties returning to an ordinary job are also affected
by country-specific variables in addition to the labor market
in general. The earliest U.S. studies indicated various work-
related problems such as getting a job or working at a former
pace.38,40,41 The Norwegian data demonstrated that the major-
ity of the survivors with a mean follow-up time of 12 years
were in full-time work at follow-up.77 However, about 20%
were permanently disabled, compared with 10% of the
general Norwegian population of similar age at the time of
the follow-up study.77 Predictors of disablement were increas-
ing age, low education, combined-treatment modality, and
high levels of anxiety, depression, and fatigue.77 The French
study by Joly et al. did not demonstrate lower proportions of
survivors at work, but they had less ambitious professional
plans.44 The latter finding was replicated by the Norwegian
study.77

Divorce is generally a common event in most Western
countries. The earliest studies found divorce rates up to 32%
among the survivors.40 Among the French survivors studied
by Joly et al., the divorce rate was lower among the survivors
than among the controls but length of the marriage was 
not controlled for.44 Generally, several methodologic aspects
hinder interpretation of whether the divorce rate deviates
from the general population. The age of the survivors and con-
trols at time of data collection, the different divorce rates
across different age groups, and the effect of marriage dura-
tion upon divorce rate all add to the uncertainty of the 
published data on divorce rates. Additionally, one could 
also hypothesize different mechanisms for divorce between
spouses being married during the treatment phase and
between spouses who marry after termination of treatment.
A couple living through the treatment of Hodgkin’s disease
faces serious and long-lasting stressors. Generally such strain
may strengthen bonds in some couples but also represent ten-
sions that subsequently end up in divorce in others. The
modern tendency to involve the family including the children
during the treatment phase may have positive effects for the
family as a whole, but this has not been addressed in pub-
lished studies until now. On the other hand, one may also
speculate that such a practice increases the total burden on
the family and particularly on the healthy spouse. No studies
until now have addressed the burden of disease and treatment
on the family, but one might speculate that the stress on the
family is affected by the quality of care which the family
receives during and after the treatment phase. For example, a
recent study has demonstrated much less psychologic distress
among the relatives of patients included in a palliative
program as compared to the relatives of patients receiving
standard care.78

The prevalence of sexual problems among Hodgkin’s
disease survivors has been reported to be between 12% and
20%, whereas infertility among women and men has been
reported to be less than 10% and less than 20%, respec-
tively.40,41,44,64,77 In the Norwegian sample, the great majority
of the men reporting infertility had received treatment known
to reduce fertility (chemotherapy containing an alkylating
agent and procarbazine). One single study reported difficul-
ties in participation in leisure activities, and this was related
to fatigue.37

Treatment

Medical Late Effects

Treatment of late medical effects after curative treatment of
Hodgkin’s disease has, to our knowledge, not been systemat-
ically investigated. For patients with symptoms from heart,
lung, and/or thyroid gland, general guidelines on how to treat
or relieve symptoms have been followed. For patients with
hypothyroidism, general international accepted treatment
guidelines seem advisable to follow. Similar approaches have
also been used by cardiologists and lung physicians. However,
it is reasonable to assume that the pathophysiology for these
conditions in many cases is different in Hodgkin’s disease sur-
vivors than in other groups of patients. If these assumptions
are correct, one may argue that at least patients need to be
followed systematically and prospectively after treatment is
initiated to evaluate both immediate and long-term effects of
the intervention. Furthermore, one may also expect that the
condition itself, for example, cardiac sequelae after radio-
therapy, may have a different “natural cause” than what is
expected in patients with the same condition, but with other
causes. Additionally, one may also expect that in many
patients with Hodgkin’s disease a combination of factors may
cause the condition itself.

For patients with no symptoms, but with pathologic 
blood markers, X-rays, or physiologic tests, no clear treat-
ment guidelines are established to our knowledge. For these
patients one may possibly overtreat some patients who are
nonsymptomatic if the treatment itself does not prevent 
the development of the disease or undertreat patients if the
treatment itself is effective to prevent the development of
symptoms.

Taking all these uncertainties under consideration, we
therefore argue that multicenter treatment studies are needed
to establish sufficient knowledge so it may become possible
to establish international guidelines, not only on the diag-
nostic level in this cohort of patients, but also on the treat-
ment level.

Subjective Late Effects

Generally, specific treatment studies of subjective late effects
have not been published and the clinician must therefore rely
on general knowledge from other fields of medicine. An open
pilot study on the effects of physical exercise upon fatigue 
in survivors supported the findings of a meta-analysis on 
the treatment of the chronic fatigue syndrome (CFS).79,80 The
fatigue level was reduced by 50% after an intervention of 12
weeks duration.79 CFS differs from chronic fatigue in the sur-
vivors on several variables, including level of psychologic 
distress,69 but physical exercise has multiple effects includ-
ing lowered anxiety, depression, and fatigue levels. The exact
mechanism for this effect in the survivors and in other patient
groups is not known. The other type of therapy with effect
on CFS, cognitive behavioral therapy, has not been tested on
survivors specifically. However, it is reasonable to assume
that physical exercise also has cognitive effects, that is, the
subjects gain other cognitions about their physical capacity
during such a training period. Oldervoll et al. also demon-
strated that aerobic exercise improved subjective physical
functioning and aerobic capacity.79
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The high prevalence of hypothyroidism among the sur-
vivors and the tendency to substitute with thyroxin yield
many survivors on thyroxin substitution therapy for long
periods. It is reasonable to assume that fatigue is a central
symptom when substitution is started. However, the clinical
effect of such substitution is questionable, at least in terms
of reduced fatigue-level. Knobel et al. demonstrated a signif-
icant higher level of fatigue among patients receiving thy-
roxin substitution than among unsubstituted patients with
biochemical hypothyroidism.55

Anecdotally, fatigued survivors are offered antidepres-
sants. In sufferers of the CFS, antidepressants have no effect
unless fatigue is part of a depressive disorder.80 A recent study
of the effects of an antidepressant upon fatigue and depres-
sion in cancer patients demonstrated that fatigue was not
improved (i.e., serotonin was not the mediator of fatigue in
cancer patients) while depressive symptoms improved.81 In
sum, these findings indicate that fatigue in the survivors
should not be treated with antidepressants unless fatigue is
part of a depressive condition characterized by lowered mood
and other depressive symptoms.

Treatment of psychologic symptoms should be based on
a psychiatric diagnosis. Conditioned responses are best
treated by unconditioning if the symptoms need to be treated.
Whether to treat such symptoms depends on the subjects’
wishes and the symptom burden. Conditioned responses only
experienced at the sight of the hospital are probably less bur-
densome than responses triggered by food or beverages.56

Anxiety may reflect quite different disorders: posttraumatic
stress disorder (PTSD), panic disorder, or generalized anxiety
disorder. Both pharmacologic and psychotherapeutic inter-
ventions differ among the three, and treatment must follow
the general outlines for treatment of these conditions. For
example, PTSD can be treated with exposure therapy, cogni-
tive therapy, selective seratonin reuptake inhibitors (SSRIs),
or combinations of the three.82 Treatment of depression in
somatically ill patients principally equals treatment of
depression in “pure” psychiatric patients, although the pres-
ence of other somatic symptoms such as nausea can be of
importance for the patients’ compliance with the treatment.83

Conclusions

Present Level of Knowledge

Our present level of knowledge on late medical effects is char-
acterized by uncertainties regarding prevalence and clinical
significance of reported findings. The distinction between late
effects and age- and lifestyle-related morbidity is unclear and
generally is not properly controlled for. However, there is an
increased risk for secondary cancers and particularly breast
cancer in women irradiated by fields involving their breast
during their reproductive years. Fatigue seem to be the most
consistently reported subjective late effect, and survivors of
Hodgkin’s disease seem to be at particular risk for this late
effect compared to other cancer survivors.

Treatment of late effects generally follows the general
guidelines for treatment of the specific condition at stake, and
the need for specific treatment studies may seem disputable.
Some special considerations regarding volume of irradiation
might indicate a need for specialized studies of optimal adju-

vant treatment of breast cancer, for example. Given the preva-
lence of persisting fatigue and the uncertainty related to the
treatment of fatigue, there seems to be a need for controlled
trials on the treatment of this symptom.

Future

Future research on late effects should ideally be based upon
larger data sets collected prospectively as part of multicenter
studies, and the data collection should ideally start when
treatment starts. Smaller or medium-sized cross-sectionally
designed studies with retrospective data collection without
specified hypotheses have been dominating until now, and
such studies will probably be of lesser relevance in the future.
There is also a need for representative comparison groups that
make it possible to specifically estimate if there is an increase
in specific disorders and symptoms. At present the cancer reg-
isters have this function regarding the secondary cancers, 
and this advantage has made the prevalence estimates of 
secondary cancers the most reliable among the reported late
medical effects. An optimal strategy can be establishment of
surveillance programs for the most prevalent and/or disabling
late effects. There is also a definite need for improvement of
measurement techniques for subjective late effects, but this
is not a challenge for studies of cancer survivors in particular
but rather a general challenge for the assessment of subjec-
tive health status. A better understanding of biologic mecha-
nisms related to late subjective effects and particularly fatigue
is warranted. Such knowledge can improve prevention as well
as therapy.

In sum, the ideal goal should be to have sufficient knowl-
edge to identify which patients are at risk for developing
which late effects so that preventive measures can be taken
at the earliest possible time or that optimal treatment can be
offered before the late effects become a health problem of sig-
nificant magnitude.
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Medical and
Psychosocial Issues in

Testicular Cancer
Survivors

Sophie D. Fosså, Lois B. Travis, and Alvin A. Dahl

esticular cancer (TC) is the most frequent malignancy
in men between 20 and 40 years of age, and the annual
incidence rates are continuously increasing in the

Western world.1 Since the introduction of cisplatin-based
chemotherapy, at least 90% of the patients are cured,2 and
testicular cancer survivors (TCSs) currently have a life
expectancy similar to that of age-matched normal men, with
posttreatment life spans of 30 to 50 years. Thus, an increas-
ing number of TCSs experience survivorship problems related
to the malignancy, its treatment, or both.

Treatment

Unilateral orchiectomy is the primary treatment of TC and
yields the histologic diagnosis of seminoma and nonsemi-
noma with equal frequency (see Chapter 49). Modern post-
orchiectomy therapy of TC is based on the histologic type and
the extent of disease. Risk-adapted treatment is based on a
balance between malignancy-related risk factors, expected
side effects, the likelihood of regular follow-up, and, not least,
the patient’s preference. As effective chemotherapy is avail-
able to salvage most of the patients who relapse, today’s clin-
icians tend to administer the least toxic treatment schedule
to both low-risk patients without metastases and to the good
prognosis metastatic group.3

In patients with nonmetastatic seminoma, the standard
adjuvant radiotherapy field currently comprises the intra-
diaphragmatic paraaortic lymph nodes,4 which are irradiated
to 20Gy.5 Surveillance6 is a valid alternative, or the use of 
one cycle of chemotherapy.7 Surveillance is also the standard
policy in patients with nonmetastatic, nonseminomatous
germ cell tumors,8 with nerve-sparing retroperitoneal lymph
node dissection (RPLND), or two cycles of chemotherapy as
alternatives in selected patients.9,10 In patients with metasta-
tic disease, the standard chemotherapy regimen is cisplatin
based, most often containing etoposide and bleomycin,11,12

eventually modified by ifosfamide13 or taxol in high-risk
patients or used as salvage chemotherapy.14 In patients with
metastatic disease, induction chemotherapy is frequently fol-
lowed by surgical resection of residual masses.15

Each of the foregoing principal therapeutic modalities
(surgery, radiotherapy, chemotherapy) leads to transient
short-term (less than 1 year) and long-term (1 year or more)
side effects, and their severity often increases with combined
treatment. Previous cross-sectional studies on long-term side
effects in TCSs have predominantly examined the side effects
within the first 5 years posttreatment. Relatively few studies
have follow-up times beyond 5 years.

Not all long-term sequelae in TCSs are caused by treat-
ment. Impaired posttreatment endocrine and exocrine
gonadal function, for example, is related both to the germ cell
malignancy itself and to its treatment. The development of a
contralateral testicular tumor is treatment independent and
represents primary germ cell carcinogenesis at another site.
The diagnosis of a second, possibly treatment-related, malig-
nancy must be clearly separated from a late relapse with 
non-germ cell differentiation. Leukemia in patients with
mediastinal germ cell tumor may thus be treatment related
or may arise on the background of the extragonadal germ cell
malignancy,16 recognizable by modern molecular biologic
techniques.17

Second Malignancies

Solid Tumors

The most serious late toxicity of therapy for TC is the devel-
opment of a non-germ cell malignancy, for simplicity referred
to as second cancer. Although several investigations18,19 have
evaluated the risk of second cancers among patients with TC,
few studies have estimated long-term risks among large num-
bers of TCSs, taking into consideration both histology and
initial treatment. The largest study to date comprised more
than 28,000 1-year TCSs (1935–1993) reported to population-
based cancer registries in North America and Europe.18

Second cancers were diagnosed in 1,406 patients [observed 
to expected ratio (O/E), 1.43; 95% confidence interval (CI),
1.36–1.51; absolute excess risk, 16 excess cancers per 10,000
men per year]. Second cancer risk was similar following semi-
nomas (O/E, 1.4) and nonseminomatous tumors (O/E, 1.5).
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Among all TCSs, significantly increased risks were observed
for all malignancies taken together: malignant melanoma,
acute lymphoblastic leukemia, acute nonlymphocytic leu-
kemia, non-Hodgkin’s lymphoma, and cancers of the sto-
mach, colon, rectum, pancreas, kidney, bladder, thyroid, and
connective tissue (Table 104.1). The risk of solid tumors
increased with follow-up time since the diagnosis of TC and
reached 1.5 after two decades (P trend, 0.00002). Twenty-year
survivors of TC remained at significantly increased risk for
cancers of stomach (O/E, 2.3), colon (O/E, 1.7), pancreas (O/E,
3.2), kidney (O/E, 2.3), bladder (O/E, 2.8), and connective
tissue (O/E, 4.7). The cumulative risk of any second cancer
25 years after TC diagnosis was 15.7% (Figure 104.1, Table
104.2). The larger risk for seminoma patients (18.2%; 95% CI,

16.8–19.6) than for those with nonseminomatous tumors
(11.1%; 95% CI, 9.3–12.9) most likely reflects the older mean
age of the former group (39.2 years versus 29.8 years), given
the similarity in the excess cumulative risks. The temporal
distribution of increased risks and apportionment between
treatment groups were consistent with the late sequelae of
radiation for cancers of stomach, bladder, and possibly pan-
creas. These findings were thus consistent with the location
of these organs in the infradiaphragmatic radiotherapy fields
administered for TC. Although information on radiotherapy
fields and dose are not registered in cancer registry records,
Travis et al.18 provided estimates of the average radiation
doses received by stomach (mean, 13–26Gy), bladder (mean,
22.4–45Gy), and pancreas (mean, 16.7–33.8Gy) at treatment
doses of 25 and 50Gy for seminomas and nonseminomatous
germ cell cancer, respectively, using standard anteroposterior
(AP)/posteroanterior paraaortic or inguinal iliac fields.4

Previous clinical series have found significantly eightfold-
increased risks of stomach cancer (n = 2) following infra- and
supradiaphragmatic irradiation for testicular tumors20 and a
four- to fivefold risk with abdominal radiotherapy (n = 10).21

There are few data, however, that quantify the relationship
between radiation dose and the risk of gastric cancer.22 In par-
ticular, the precise impact of radiation field size and/or dose
is not clearly defined for current infradiaphragmatic adjuvant
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TABLE 104.1. Relative risk of second malignancies following treatment of testicular cancer.

No. of
Relative risk

second cancers All Seminoma Nonseminoma

All second cancers 1,406 1.43 1.42 1.50
All solid tumours 1,251 1.35 1.35 1.36
Stomach 93 1.95 1.73 2.95
Small intestine 12 3.18 4.35 —
Colon 105 1.27 1.30 1.32*
Rectum 77 1.41 1.58 0.92*
Pancreas 66 2.21 2.35 1.85*
Kidney 55 1.50 1.50 1.41*
Bladder 154 2.02 2.12 1.85
Melanoma 58 1.69 1.57 1.74
Thyroid 19 2.92 2.61 3.82
Connective tissue 22 3.16 3.46 2.40*
Non-Hodgkin’s lymphoma 68 1.88 1.83 2.09
All leukemias** 64 2.13 1.92 2.78

*Nonsignificant.

**Statistical significance restricted to acute leukemia.

Source: Modified from Travis et al.,18 by permission of Journal of the Naional Cancer Institute, with emphasis on sta-
tistically significant (P < 0.05) observations.
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FIGURE 104.1. Cumulative risk of any second non-germ cell cancer
by time from primary diagnosis for different treatment groups. (See
Table 104.2.) RT, radiotherapy; CT, chemotherapy. (From Hoff Wan-
deras et al.,23 by permission of European Journal of Cancer.)

TABLE 104.2. Patients at risk at start of interval.a

Time from Treatment
diagnosis category (n)
(years) RT CT RT + CT No RT or CT All

1–9 1,194 346 277 189 2,006
10–19 827 112 83 59 1,081
20–29 365 2 7 5 379
30–39 92 — — — 92
a See Figure 104.1 for further information and definitions.



radiotherapy. Therefore, the NCRI (National Cancer Research
Institute, UK) Testis Cancer Clinical Studies Group has 
initiated a long-term follow-up study of 2,500 patients 
with stage I TC treated between 1962 and 1994 with infra-
diaphragmatic radiotherapy, recording the individual target
fields and doses, and any salvage treatment as predictors of
development of second cancer.

Before the use of cisplatin in TC therapy, few patients
treated with chemotherapy only lived long enough to develop
a secondary malignancy. To date, modern chemotherapy
alone (e.g., bleomycin, etoposide, and cisplatin, or BEP) has
not, to our knowledge, been associated with an increased risk
of secondary solid tumors. The number of patients observed
for more than 10 years after cisplatin-based chemotherapy is
limited, however, and further follow-up will be required.

There is also little information on whether TC patients
treated with both radiotherapy and chemotherapy are at
greater risk of solid tumors than those who received radiation
alone. Van Leeuwen et al.21 found that the risk of all gastro-
intestinal cancers following radiotherapy alone (O/E, 2.9;
95% CI, 1.8–4.4; observed, 22) did not differ significantly from
the risk (O/E, 5.5; 95% CI 1.1–15.9; observed, 3) in patients
given both radiotherapy and chemotherapy, but low numbers
in the latter group limit the statistical power to detect any
difference.

Hoff Wanderas et al.23 showed that the risk of all second
non-germ cell cancers following radiotherapy alone (O/E,
1.58; 95% CI, 1.3–1.9; observed, 130) was significantly larger
than the risk (O/E, 3.54; 95% CI, 2.0–5.8; observed, 15) after
radiotherapy plus chemotherapy, but also pointed out that
patients in the latter group frequently received multiple 
irradiation fields and larger doses. Further, many patients 
who received combined-modality therapy also received
chemotherapy regimens that included doxorubicin.23 Breslow
and colleagues24 reported that children (n = 234) given dox-
orubicin and more than 35Gy of abdominal radiation for
Wilm’s tumor were at 36-fold risk (95% CI, 16–72; observed,
8) of second solid tumors, compared with no second tumors
observed among children (n = 291) given doxorubicin alone.24

These investigators24 hypothesized that doxorubicin might
inhibit the repair of radiation-induced damage, perhaps
through its effects on topo-isomerase II. Evidence with regard
to the human carcinogenicity of doxorubicin itself remains
conflicting.20

Leukemias

TCS patients are at increased risk of leukemia18,21,25–29;
however, there are few analytical studies that characterize in
detail the contribution of both radiotherapy and chemother-
apy to these cancers. Travis and colleagues16 conducted
an international case-control investigation of secondary
myelodysplastic syndrome or leukemia within a cohort of
18,567 1-year TCSs survivors of TC diagnosed between 1970
and 1993 and reported to eight population-based cancer 
registries in North America and Europe. For all patients (36
cases, 106 controls), detailed information on all treatment
was gathered for chemotherapy drugs including cumulative
dose and duration of chemotherapy. External-beam radio-
therapy, usually to paraaortic and pelvic regions, was ad-
ministered to 101 patients. Radiotherapy for 17 patients
(restricted to 1970–1980) included mediastinal irradiation

(mean dose, 35.0Gy), in addition to abdominal and pelvic
fields; 3 additional patients were given extended-field
(abdomen/pelvis/chest) radiotherapy and alkylating agent
chemotherapy. For patients who received radiation limited to
abdomen and pelvis without alkylating agents, larger mean
treatment doses were used for nonseminomatous tumors
(35.4Gy) than for seminomas (30.7Gy). Daily radiotherapy
logs for each patient were used to calculate an average dose
to the active bone marrow.

For all TC patients, leukemia risk increased with increas-
ing radiation dose to active bone marrow (P = 0.02), with
patients given chest radiotherapy in addition to abdomi-
nal/pelvic fields accounting for much of the risk at higher
doses.16 A nonsignificant 3-fold-increased relative risk of
leukemia was demonstrated after pelvic-abdominal radio-
therapy (mean dose to bone marrow, 10.9Gy) without 
alkylating agent chemotherapy; for patients who received
additional supradiaphragmatic irradiation (mean dose to bone
marrow 19.5Gy), a significantly increased 11-fold risk was
apparent. For patients given radiotherapy limited to abdomen
and pelvis, the estimated relative risk (RR) of leukemia asso-
ciated with a treatment dose of 25, 30, and 35Gy was 2.2, 2.5,
and 2.9, respectively; none of these estimates was statistically
significant.

Radiation dose to active bone marrow and cumulative
dose of cisplatin to treat TC were both predictive of elevated
risks of leukemia (P = 0.001) in a statistical model that took
into account all treatment parameters.16 The highly signifi-
cant dose–response relationship observed for total amount of
cisplatin and leukemia risk was in accord with results in a
study of women treated with platinum-based chemotherapy
for ovarian cancer.30

Although the cumulative dose of etoposide used to treat
TC did not contribute to leukemia risk when doses of cis-
platin and radiation were taken into account, patients given
etoposide also received larger amounts of cisplatin, making 
it difficult to tease apart any individual contributions to
leukemia risk.16 The predicted risk of leukemia associated
with a cumulative cisplatin dose of 650mg was 3.2 (95% CI,
1.5–8.4); larger cumulative doses (1,000mg cisplatin) were
associated with significantly increased sixfold risks. In terms
of absolute risk, Travis et al.16 estimated that of 10,000 
testicular cancer patients treated with cisplatin-based
chemotherapy with a cumulative cisplatin dose of about 
650mg and followed for 15 years, 16 excess leukemias might
result.

Based on small numbers, prior studies have linked etopo-
side and cisplatin for TC with excess leukemias,26–29 usually
at high cumulative doses of etoposide (3,000mg/m2)26 in con-
trast to the lower total doses administered in the study 
by Travis et al.,30 which are similar to the dose of less than
2,000mg/m2 (33) used today. Smith et al.31 reported that the
6-year cumulative risk of secondary leukemia among patients
who received 1,500 to 2,999mg/m2 etoposide was small
(0.7%), based on a survey of clinical trials. In a recent review
of the literature, Kollmannsberger et al.32 concluded that the
cumulative incidence of leukemia for TC patients given
etoposide at cumulative doses of less than 2,000mg/m2 and
more than 2,000mg/m2 was 0.5% and 2% at a median of 5
years follow-up.

Whether combined radiochemotherapy for TC results in
a larger risk of leukemia than chemotherapy alone has not
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been well-studied. Van Leeuwen et al.21 found no significant
difference between the risk of leukemia following chemother-
apy alone (one case) and combined modality therapy (two
cases), but the small numbers precluded any opportunity to
detect a difference. Similarly, in the case-control study by
Travis et al.,16 only a small number of patients were given
combined-modality therapy (two cases and four controls), and
the risk of leukemia (fivefold) was nearly identical for all
investigated patients.

Contralateral TC

Three percent to 5% of the patients with unilateral TC
develop a germ cell malignancy of the contralateral testicle.33

The increased risk of contralateral TC in men with TC has
generally been thought to reflect shared etiologic influences.34

Few large studies,33,35 however, have provided estimates of the
risk for contralateral TC. The largest investigation35 to date,
based on 60 cases occurring in 2,201 men diagnosed with a
first primary germ cell cancer (1953–1990), reported that the
cumulative risk of a contralateral testicular cancer at 15 years
of follow-up was 3.9% (95% CI, 2.8%–5.0%). The investiga-
tors also concluded that the risk was not significantly altered
by treatment of the first cancer. Patients with a contralateral
testicular cancer usually undergo a second orchiectomy with
the subsequent need of lifelong androgen substitution.

Patients with extragonadal germ cell tumors (EGCT) are
at a significantly elevated risk for subsequently developing
TC, most probably based on the existence of carcinoma in
situ in one or both testicles.36,37 In a large, international study
of 635 patients with EGCT conducted by Hartmann and col-
leagues,36 the cumulative risk of developing a metachronous
TC was 10.3% at 10 years. The treatment follows the risk-
adapted strategies as for TC with principally the same long-
term sequelae.

Based on the increased risk of developing a new gonadal
germ cell tumor, TCSs and patients with a cured extragonadal
tumor are recommended to perform regular testicular self-
examination.

Gonadal Toxicity

Spermatogenesis and Leydig Cell Function

According to today’s most relevant hypothesis, germ cell car-
cinogenesis starts in the primordial cells during the 8th week
of embryonic life.38 Deleterious environmental influences
may result in aberrant gonadal development that subse-
quently manifests as testicular maldescent, testicular atrophy,
reduced Lydig cell function, impaired spermatogenesis, or
even germ cell malignancy. These etiologic factors together
with tumor-related influences are the reasons why about 60%
of unilaterally orchiectomized patients with newly diagnosed
TC have impaired spermatogenesis before any additional
treatment.39–43 Impaired Leydig cell function and reduced
sperm cell production may be found even in patients with TC
before orchiectomy of the affected testicle.41–43 Further, this
etiologic hypothesis also explains why 10% to 15% of TCSs
have permanently reduced exocrine and endocrine gonadal
function even without having received chemotherapy or
radiotherapy.44,45

The exocrine long-term gonadal function in TCSs has
been extensively studied, although the available investiga-
tions do not clearly differentiate between cisplatin-based
chemotherapy containing vinblastine from those containing
etoposide or ifosfamide. Carboplatin seems to be less gonado-
toxic than cisplatin.46 Standard cisplatin-based chemotherapy
(four cycles) and infradiaphragmatic radiotherapy (36Gy or
less) transiently reduces or abolishes spermatogenesis (low
sperm counts; high serum follicle-stimulating hormone, FSH)
with recovery starting 6 to 8 months after treatment discon-
tinuation. These effects are dependent on the type of the radi-
ation target field as well as types of cytotoxic drugs, number
of cycles, and cumulative doses4,39,40,42,47–59 (Figure 104.2, Table
104.3). Age above 35 years and reduced pretreatment gonadal
function reduce the ability for such recovery.52

The Leydig cell function is affected by radiotherapy or
chemotherapy at a lesser degree than spermatogenesis, but
Nord et al.45 demonstrated an increasing number of hypogo-
nadal long-term TCSs in relation to treatment type and treat-
ment intensity. According to this study 16% of the long-term
TCSs are hypogonadal, most often subclinically, but 25% of
these TCSs need androgen substitution.

There is no effective treatment available for TCSs who
have become oligo- or azospermic as a result of cytotoxic
treatment. Moreover, treatment with luteinizing hormone-
releasing hormone (LH-RH) analogues together with chemo-
therapy has not shown sufficient gonadal protection either.60

Pretreatment cryopreservation of sperm cells61 and exogenous
androgen substitution62 thus remain the only means to ame-
liorate gonadotoxic long-term sequelae.

Somatic Aspects of Fertility

Posttreatment fertility is threatened by ejaculatory dysfunc-
tion, permanent azospermia, or high-grade oligospermia, and
psychosocial distress.

After bilateral radical template RPLND63,64 almost all
TCSs have to face infertility problems as a result of postop-
erative “dry ejaculation.” The introduction of unilateral
and/or nerve-sparing procedures10 has reduced this proportion
to 10% to 15% even when the operation is performed 
following chemotherapy.65 However, even though statistical
analyses have proven that fertility-saving strategies have been
successful in groups of patients prediction of posttreatment
fertility is difficult in the individual patient. It is, therefore,
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FIGURE 104.2. Recovery to oligospermia and normospermia in 
178 patients after chemotherapy for testicular cancer. (From Lampe
et al.,47 by permission of Journal of Clinical Oncology.)



recommended that sperm banking61 with the possibility of
assisted fertilization66 is offered to all patients with newly
diagnosed TC who do not explicitly exclude future father-
hood. (See also Chapter 90).

Gonadal Long-Term Effects of Treatment for
Bilateral TC

Testicular radiotherapy (18–20Gy) usually prevents the devel-
opment of an invasive cancer in TCSs with cancer in situ in
the contralateral testicle,67 although with an increased risk of
hypogonadism. Surgical testicle-saving strategies are recom-
mended in case of small tumors.68

Neurologic Morbidity

Peripheral Neurotoxicity

Cisplatin-based chemotherapy leads to dose-dependent
peripheral sensory neuropathy (paraesthesiae, pain) with a
peak occurrence about 6 months after treatment initiation
and a slight decrease thereafter.53,69–73 Vinblastine displays an
at least additive effect, whereas VP-16 is less neurotoxic.11

About 20% of TCSs report peripheral sensory neuropathy

(“quite a bit,” “very much”) 2 years after three or four cycles
of BEP chemotherapy,73 although objective measurements
reveal persistent peripheral neuropathy in 70% to 80% of the
patients.74 The long-term peripheral sensory neuropathy is,
however, only rarely handicapping, and most TCSs have
“become used” to this problem at long-term follow-up.

Ototoxicity

Ototoxicity represents a specific long-term sequela in TCSs
after cisplatin-containing chemotherapy,53,57,69,73,75,76 with tin-
nitus and hearing loss in about 25% and 20% of the patients,
respectively.53,69,73 Audiograms indicate that cisplatin mostly
decreases the auditory acuity above 4,000 Hz.57 To decrease
long-term ototoxicity, each cycle of standard chemotherapy
(BEP) should be given during 5 days, in particular if more than
three cycles are planned.73

Autonomic Neuropathy

The resection of sympathetic nerve fibers may lead to 
considerable persistent disturbance of blood flow and 
temperature sense in the legs.77 The possibility exists that
chemotherapy-induced long-term autonomic neurotoxicity
contributes to vascular dysfunction.78,79
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TABLE 104.3. Long-term gonadal function in testicular cancer survivors.a

Observation
No. time Sperm count

Elevated
Sub-normal

Author of patients (months) (106/mL) Azospermia LH FSH testosterone

Surgery only
Aass (1991) 33 24–48b 20c 11/24 1 8 5
Jacobsen (2000) 60 63 (0–222)b 10

37
(0–243)

Radiotherapy
Aass (1991) 36 24–48 11 (0–76) 9/22 2 13 4
Jacobsen (1997)

Dog-leg 44 12 20 ± 14, 0d

Paraaortic 24 12 49 ± 35, 6d

Fosså (1999)
Dog-leg 48 18 17/48
Paraaortic 54 18 6/54

Chemotherapy
Cisplatin-based
Standard

Aass (1991) 42 24–48 65 5/17 5 17 6
Petersen (1994) 33 79 (0–166) 5/27 8 8 1
Stephenson (1995) 30 >24 6 (0–83) 6/30
Palmieri (1996) 28 37 6/28 4 11 3

35 (0–90)
High dose or combined Aass (1991) 19 24–48 3 12 4
with radiotherapy Peterson (1994) 21 58 0 (0–70) 8/17 8 22 2

Palmieri (1996) 10 36 8 (0–18) 3/10 6 8 2
Carboplatin Reiter (1998) 22 48 (35–128)

Lampe (1999) 59 30 12/59
Not specified Bokemeyer (1996) 63 58 21 40 6

Lampe (1999) 119 30 50/119
Strumberg (2002) 30 15 13 22 2

Blank spaces indicate that information is not provided.
a Limited to reports published after 1990.
b Range.
c Median.
d Mean ± standard deviation (only patients with pretreatment sperm count ≥10).



Because no effective treatment exists for cisplatin-
induced peripheral neuropathy or ototoxicity, prevention of
these late effects is essential by adequate hydration during
drug administration and possibly by the supportive use of
amifosfine.80

Nephrotoxicity

Cisplatin is highly nephrotoxic if sufficient hydration and
diuresis are not provided during the drug’s administration.
Even then, four cycles of standard BEP may lead to chronic
dose-dependent, though often subclinical, decrease of the
glomerular function.81

Several authors have described persistent low serum 
magnesium and/or low phosphate levels after standard
chemotherapy,53,69 although not all investigators have been
able to confirm these findings.81,82 Carboplatin is less nephro-
toxic than cisplatin, but doses of 1,500mg/m2 or more given
over 3 days have a comparable effect as cisplatin 50mg/m2

applied on 1 day.83

Radiation target fields always include parts of the renal
arteries, with the risk of postradiation subintimal fibrosis and
reduction of the arterial flow. Fosså et al.81 showed that infra-
diaphragmatic radiotherapy (30–40Gy) leads to subclinical
nephrotoxicity after a mean observation time of 11 years, in
particular if combined with chemotherapy.

Cardiovascular Toxicity

Raynaud’s Phenomenon

About 20% to 30% of TCSs report the development of
Raynaud-like phenomenon after standard BEP chemotherapy

that peak at 6 months after chemotherapy and subsequently
slightly decrease to a persistent pathologic level.53,56,73,76,84

These side effects are related to disturbance of autonomous
innervation as well as thickening of the intima in small arter-
ies with reduction of the blood vessel volume. Most studies 
point to bleomycin as an important etiological agent.69

Interestingly, TCSs complaining of postchemotherapy
Raynaud’s phenomenon display an increased risk for erectile
dysfunction.78

Cardiovascular Risk Factors
and Major Events

Increased risk of postchemotherapy cardiovascular morbidity
in TCSs as compared with TCSs on surveillance or men 
from the general population is evidenced in several
studies53,85–87 (Tables 104.4, 104.5). Today’s chemotherapy 
for TC may even represent a high-risk factor for the develop-
ment of a “metabolic syndrome” (diabetes mellitus, hyper-
tension, hypercholesterolemia, obesity) and myocardial
infarction.86,88

Huddart et al.82 point out the possibility that partial heart
irradiation during adjuvant radiotherapy may increase the
risk of life-threatening cardiac events, as portions of the heart
receive radiation doses of 30 to 90cGy during current routine
radiotherapy. TCSs having received former times mediastinal
radiotherapy (30–40Gy) for stage II or III TC represent a high-
risk group for cardiac events and should be monitored accord-
ingly.89 These observations are in line with the findings of
Fosså et al.90 of an increased relative risk of cardiovascular
mortality in TCSs treated from 1962 to 1993, most of them
having received radiotherapy.
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TABLE 104.4. Cardiovascular risk factors in TCSs.

Abnormal body
No. of Observation High Reduced renal mass index

Author patients time (years)a cholesterolb functionc Low Mgc Hypertensionb (BMI) increase

Surgery only
Meinardi (2002) 40 8 58% 8% 28%
Fosså (2003) 14 11 14% 7%
Huddart (2003) 24 10 1% 8% 0% 9%
Radiotherapy
Fosså (2003) 18 11 28% 0%
Huddard (2003) 230 10 3% 13% 0% 12%
Chemotherapy
Boyer (1992) 497 8–43%
Osanto (1992) 43 4 15%
Bokemeyer (2000) 63 5 32% 19% 18% 15% 32%
Meinardi (2000) 62 8 79% 31% 8% 39% 21%
Strumberg (2002) 32 15 81% 25% 48%
Fosså (2003) 44 11 30% 5%
Huddard (2003) 390 10 2% 14% 0% 21%
Chemotherapy +
Radiotherapy
Fosså (2003) 9 11 56% 0%
Huddard (2003) 130 10 0% 27% 2% 13%
a Median.
b Above.
c Below the institution’s normal range.



Gastrointestinal Toxicity

With the target doses and target fields administered today,4,91

the prevalence of slight gastrointestinal (GI) symptoms
among TCSs70,91,92 is only marginally above the proportion
reported by the general population.93 Major long-term GI
problems such as peptic ulcer are observed in only 3% to 5%
of the TCSs.94,95 Target doses of 36Gy or more or the combi-
nation of radiotherapy with radiosensitizing cytostatic drugs
(adriamycin, cisplatin) increase the risk of persistent diarrhea
and malabsorption.70,96 Increased retroperitoneal fibrosis has
occasionally been observed causing ureteric or biliary steno-
sis97 or mimicking pancreatic cancer.98

Other Long-Term Toxicities

The typical acute toxicities of bleomycin of the skin and the
lungs do not, in general, remain as long-term morbidities,
whereas corticosteroid-related aseptic osteonecrosis repre-
sents a rare long-term complication in TCSs.99

Psychosocial and Quality of Life Issues

Introduction

Psychologic distress, health-related quality of life, as well as
sexual dysfunctions and paternity distress, have all been the
focus for several quantitative and a few qualitative investiga-
tions in TCSs. Hardly any of these studies have randomized
controlled designs.

TC involves an organ intrinsically associated with 
reproduction, sexuality, and masculine self-image, issues 
of importance to ill and healthy men alike. Global health-
related quality of life (HRQoL) as assessed by available 
instruments does not cover these functions. The only 

available TC module100 has not been completely validated.
Paternity issues are regularly rated with unvalidated ques-
tions, whereas mental health and issues of sexuality have
been studied by psychometrically validated and nonvalidated
forms.

TCSs, similar to men in the general population, may have
significant pretreatment problems such as unemployment,
economical worries, mental disorders, relational problems,
and other physical illnesses. The influence of such pretreat-
ment issues on posttreatment adaptation is not well known
because of the lack of prospective studies with sufficient
sample sizes. Sociocultural differences in relationship to mas-
culinity, sexuality, fertility, and employment should also be
kept in mind when findings are compared across studies.
Long-term TCSs also have problems in common with cancer
patients in general, such as fear of recurrence and death.
Coping ability has not been studied in either short- or long-
term TCSs.

The overall conclusion so far is that long-term TCSs in
general show good psychosocial adaptation; the mean HRQoL
is at the level of the general male population. However, TCSs
show a higher prevalence of anxiety disorders and some
sexual dysfunctions.

Partnered Relationship in TCSs

In most studies, the majority of TCSs (70% to 90%) were in
partnered relationships when TC was diagnosed. The rate of
divorce and broken relationships for TCSs is 5% to 10% in
most follow-up studies. Those couples that did separate saw
the cancer as a significant factor in their breakup.101,102

Few wives found their husbands less attractive or mascu-
line as TCSs, and in the few studies of wives, the majority
found their sexual satisfaction unchanged.103 The main
concern of the wives was to have children, particularly if the
couple had not achieved parenthood before the TC was diag-
nosed. Moynihan104 found that 22% of partners had psychi-
atric morbidity, mainly anxiety and fertility worries.
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TABLE 104.5. Cardiovascular events in TCSs: angina pectoris, myocardial infarction, cerebrovascular hemorrhage, cardiovascular death.

No. of Median observation No. of
Author patients time (years) events Age-adjusted RR

Chemotherapy
Boyer (1992)a 480 ≥1 23
Bokemeyer (1996) 63 5 2
Meinardi (2000)86 62 8 5 7.1 (1.9–18.3)c

Strumberg (2002) 32 15 1
Cardiovascular mortality
Huddart (2003)b82 992 10 68

All treatment 242 9 Reference
Surgery only 230 22 2.40 (1.04–5.49)
Radiotherapy 390 26 2.59 (1.15–5.84)
Chemotherapy 130 11 2.78 (1.09–7.07)
Chemotherapy + radiotherapy

Lagars (2004) 211 >15 23 1.95 (1.24–2.94)
Fosså (2004)d90

Not specified 3,378 1962–1997 107 1.2 (1.0–1.5)
a Review.
b Mono-institutional.
c Numbers in parentheses, 95% confidence interval.
d Cancer Registry based.



Changes in Body Image

The studies published so far do not confirm any devastating
effects on body image or feelings of masculinity as suggested
by van Basten et al.105 However, Gritz et al.103 reported that
23% of patients perceived a permanent decrease in overall
attractiveness. Rudberg et al.84 reported that 15% of Swedish
TCSs felt less attractive, whereas 33% was found in a sample
from Japan.106 No negative impact of orchidectomy was
reported in a Scottish107 and in an Italian sample.108 These
differences could reflect different cultural attitudes toward
orchiectomy.

Health-Related Quality of Life

Posttreatment HRQoL is not identical to therapy-related psy-
chologic or somatic morbidity, but relates to the patient’s
overall perception of physical and psychosocial well-being,
including family life, leisure activity, and occupational situ-
ation. Older studies found that TCSs generally were strong,
fit, and satisfied compared with controls.103,109–111 Newer
studies with validated instruments have confirmed that
HRQoL generally is as good in TCSs as in the general male
population.112,113 Data from Norwegian TCSs (n = 1,409) with
a mean follow-up age of 11 years show minimal differences
on the eight dimensions of Short Form 36 (SF-36) compared
with the general male population (n = 2673)114 (Figure 104.3).

The influence of treatment modalities on HRQoL is still
unsettled, mostly due to small samples with lack of statisti-
cal power. Joly et al.113 found no differences (n = 71), while
Rudberg et al.112 (n = 277) found that those treated with inten-
sive chemotherapy scored less favorably concerning HRQoL.
In initially metastatic patients postchemotherapy RPLND did
not worsen HRQoL as compared with chemotherapy alone.115

Recently, Fosså et al.73 reported that 2 years after chemother-
apy, 36% of TCSs displayed improved and 13% deteriorated
HRQoL, compared with baseline.

Mental Health

Most studies report a higher level of anxiety symptoms and
higher prevalence of anxiety disorders among TCSs (20%)

compared with controls and in the general population.104,116,117

There is indication that a considerable proportion of TCSs
live with a low feeling of safety.117 It is unclear if there is more
mental morbidity associated with the more-intensive treat-
ment regimens. If the prevalence of depression is increased,
it is also unsettled due to considerable overlap between
depression and fatigue. The level of fatigue, but not of depres-
sion, was reported to be higher than in the general popula-
tion, but lower than among male patients with Hodgkin’s
disease.117 Fatigue was considered a major problem by many
TCSs.118

During recent years, increasing attention has been paid to
postchemotherapy cognitive mental disturbances in cancer
patients.119,120 In the European experience about 20% of the
TCSs report decreased cognitive functions 2 years after four
cycles of BEP.73 In the future, prospective studies are highly
needed to assess changes of cognitive functions in TCSs.

Social Functioning

The continuation of planned education and professional life
after treatment obviously is of great importance for TCSs, but
only few reports have dealt with this issue. Studies indicate
that most TCSs continue in work.105,108 Kaasa et al.116 reported
even greater work satisfaction in TCSs in general than in an
age-matched population sample. There appears to be little
change in relation to friends and social contacts.112

Obtaining bank loans and life insurance is a com-
mon problem for TCSs,113 although national policies vary 
considerably.

Sexual Dysfunctions

Two systematic reviews of sexual functioning in TCSs121,122

emphasize the considerable methodologic problems in the
field. TC treatment can result in both physiologic changes 
in sexual functioning and trigger emotional reactions (e.g.,
sexual performance anxiety, fear of loss of control, uncer-
tainty about the future). Fatigue and general malaise can have
profound effect on libido, as can hair loss and weight loss.
Emotional factors such as uncertainty about the future,
anxiety, and loss of control may also inhibit libido. Generally,
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FIGURE 104.3. Health-related quality of life (SF-36) in testic-
ular cancer survivors (TCSs) versus age-matched men from the
general population. PF, physical functioning; RP, role physical;
BP, bodily pain; GH, general health; VT, vitality; SF, social func-
tioning; RE, role emotional; MH, mental health; PCS, physical
composite score; MCS, mental composite score. Norm data are
age adjusted to mach the TCS. *P less than 0.05.



there seems to be a high correlation between sexual func-
tioning before and after treatment for TC, whereas the rela-
tion to treatment modality is less clear.123–125 Findings must
be considered in relation to age123 and to the prevalence in the
general population.126 Erectile dysfunction is, for example,
reported at the same level as in the general population
(approximately 10%).127

Thirty per cent to 50% of TCSs report a decrease in 
sexual functioning compared with before treatment for
TC.112,123–125,127 Two-thirds reported decreased sexual activ-
ity, and one-third was dissatisfied with their sexual 
functioning.127

Psychologic and behavioral features such as desire, orgas-
mic pleasure, sexual activity, and satisfaction are affected by
all treatment modalities, even surveillance. Reduction or loss
of orgasm, loss of desire, and sexual dissatisfaction all show
a prevalence of approximately 20%, which is significantly
higher than in the general population.127 Even in the surveil-
lance group, 25% of TCSs report negative changes, which 
is the same proportion as in the radiation group, whereas
those with chemotherapy reported more dysfunctions.122

Psychologic functions play a strong role for these sexual 
dysfunctions.128,129

Fertility Issues

Biologic inability to father a child presents a serious challenge
to a man’s perception of his masculinity, to his self-esteem,
and to his intimate relations, although the inability to
achieve paternity evokes different responses at various points
in a man’s life.

Rieker et al.130 found that fertility distress was common,
but was a major problem only among those childless and
those with ejaculatory dysfunction. No significant relation-
ship was, however, found between TC-related infertility and
marital separation.101,104

Psychologic Interventions

A randomized controlled trial of psychologic support in 
relation to primary treatment of TC showed an effectiveness
that hardly differed from that of nonintervention.131 Treat-
ment for sexual dysfunctions in TCSs has been scarcely
described, but seems to follow general principles for such 
dysfunctions.

Summary and Future Directions

The introduction of cisplatin-based chemotherapy into the
treatment of testicular cancer has been one of the largest 
successes during the past three decades in oncology. Both
oncologists and TCSs, however, must accept that long-term
toxicity cannot completely be avoided: 10% to 20% of TCSs
develop long-term health problems, most of them only
slightly interfering with the patients’ quality of life.

To minimize treatment-induced side effects, oncologists
should follow evidence-based risk-adapted therapeutic guide-
lines, thus avoiding over- and undertreatment (Table 104.6).
Furthermore, TCSs must be educated about the importance
of adopting a healthy lifestyle (smoking cessation, weight
control, physical activity) to minimize life-threatening side
effects such as cardiovascular toxicity. They should be offered
long-term follow-up in specialized multidisciplinary cancer
survivor clinics that follow structured clinical and research
programs with the aim at an early phase to recognize side
effects and, if possible, to intervene (for example, testosterone
substitution in hypogonal TCSs). Such long-term follow-up
of TCSs and other cancer survivors will enable large-scale
comparative epidemiologic investigations. Avoiding unneces-
sary anxiety, a former TC patient should also be made aware
of his increased risk of tumor development in the contra-
lateral testicle, warranting regular self-examination. Only
rarely the oncologist will have to discuss the excess risk of
subsequent non-germ cell cancer, although this risk should
always be considered by healthcare professionals seeing TCSs
with “unusual” symptoms.

Many of the reports on TCSs’ long-term toxicity rely on
the patients’ responses to questionnaires. However, during
recent years clinical investigators increasingly have validated
these responses by objective measures, such as clinical exam-
inations and organ-specific functional tests.45,79,82,86 Interest-
ingly, such studies have demonstrated that, for example,
cisplatin or cisplatin adducts are retained in the human body
(plasma, liver, muscle) for at least 20 years.132,133 Whether an
association exists between such cisplatin retention and long-
term toxicity should be studied in future analyses, which
should also take into account pharmacogenetic and molecu-
lar biologic parameters. The results of such investigations
will increase our understanding of the considerable variabil-
ity of physical and psychosocial long-term toxicity and will
assist the identification of risk groups.
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TABLE 104.6. Future directions.

Healthcare professionals

Clinical routine
1. Thorough pretreatment counseling and information on expected

unavoidable side effects
2. Use of risk-adapted therapy
3. Organization of long-term follow-up
4. Evidence-based treatment of side effects, including psychosocial

support, and structured intervention trials
Research
1. Prospective studies
2. Biochemical pharmacokinetic and pharmacogenetic analyses
3. Epidemiologic investigations comparing TCSs with other cancer

survivors and the general population

Patients

1. Psychologic acceptance of being a TCS, sometimes with
unavoidable side effects

2. Adoption of a healthy lifestyle (nonsmoking, weight control,
physical activity)

3. Testicular self-examination



So far, the medical literature on long-term survivorship 
in TC patients almost exclusively contains cross-sectional
studies. Prospective investigations are needed to identify pre-
morbid risk factors of physical and psychosocial long-term
toxicity.
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Medical and
Psychosocial Issues in
Gynecologic Cancer

Survivors
Karen Basen-Engquist and Diane C. Bodurka

n emerging body of research has documented the
quality of life of women with gynecologic cancer
around the time of diagnosis and during treatment.

However, we know much less about the quality of life and
psychosocial and medical needs of gynecologic cancer sur-
vivors after treatment.1,2 In particular, there are very few
studies documenting the risk of possible late medical effects
of gynecologic cancer treatment such as osteoporosis and
second primary cancers. More is known about self-reported
symptoms and psychosocial sequelae, such as sexual func-
tioning and psychologic distress, but even these studies rarely
focus on survivors more than 5 years after diagnosis. Addi-
tionally, much of the extant research has limitations such as
small sample sizes, nonstandardized measures, and cross-
sectional designs, often without appropriate comparison
groups. Finally, there is a dearth of research testing interven-
tions to ameliorate problems experienced by gynecologic
cancer survivors. While in some areas additional research is
needed to better describe the sequelae and determine who is
at risk for adverse late effects, in others areas (e.g., sexual
functioning), adequate data describing the problem are avail-
able, and a stronger focus on treatment interventions is
needed. (See also Chapter 90, Reproductive Complications
and Sexual Dysfunction in the Cancer Patient.)

The shortage of research contributes to several clinical
challenges in the health care of gynecologic cancer survivors.
Without adequate research on the long-term late effects of
gynecologic cancer, appropriate follow-up care is difficult to
establish. For example, should screening tests for other
cancers or for conditions such as osteoporosis be started at an
earlier age or done on a different schedule? The lack of an evi-
dence base from which to make such decisions hampers effec-
tive health care for long-term survivors. We also have limited
data on potential interventions for ameliorating certain late
effects. For example, the data to support clinician and patient
decision making about hormone replacement therapy for
gynecologic cancer survivors do not exist, particularly for
those who are premenopausal at diagnosis. This situation
forces providers and survivors to extrapolate data on the risks
and benefits of hormone replacement in healthy post-

menopausal women to women who experience premature
menopause as a result of cancer treatment.

A further challenge in the care of long-term survivors of
gynecologic cancer is to identify not only what the healthcare
system can provide to help survivors maintain their health
but what they themselves can do. Research on improving
health behaviors in cancer survivors, for example, increasing
physical activity, is in its infancy. Early studies show that
exercise benefits quality of life and functional capacity in
breast cancer survivors3,4 and decreases fatigue in prostate
cancer survivors.5 There have been no trials in the gyneco-
logic cancer survivor population to test the effects of changes
in health behaviors such as diet, exercise, and smoking 
cessation on potential late effects such as chronic fatigue,
osteoporosis, second primary cancers, or recurrence. Such
interventions could also benefit women with comorbid con-
ditions that are either coincidental to their cancer or risk
factors for the development of gynecologic cancer, such as the
obesity, hypertension, and diabetes that are prevalent among
endometrial cancer survivors.6–8

Characteristics of Gynecologic 
Cancer Survivors

The three major gynecologic cancers (endometrial, cervical,
ovarian) differ in terms of their risk factors, median age at
diagnosis, ethnic distribution, type of treatment, and survival
probability. The characteristics of survivors, therefore, vary
as a function of these factors as well. Table 105.1 provides
information about the three diseases that impact the charac-
teristics of the survivor population.

Endometrial cancer is the most common gynecologic
cancer in the United States, followed by ovarian and cervi-
cal.9,10 By contrast, however, cervical cancer is more common
in developing countries; worldwide it is the second most
common cancer among women.11 Despite the fact that
ovarian cancer is a more common diagnosis in the United
States than cervical cancer, there are more cervical cancer
survivors because ovarian cancer has a relatively low overall

1
0
5

A



survival. On average, cervical cancer is diagnosed at a younger
age than ovarian and endometrial cancer, so survivors of 
cervical cancer are more likely to be dealing with family and
work responsibilities in addition to cancer survivorship
issues.

The ethnic distribution of each survivorship group also
varies, with endometrial and ovarian cancer survivors being
predominantly white. Among cervical cancer survivors, the
proportion of minority ethnicity women is higher.10 Because
many cases of invasive cervical cancer are prevented by
screening and treatment of preinvasive lesions, a number of
invasive cervical cancers arise in women who have not had
adequate screening,12 either by choice or because of lack of
access. Thus, women of lower socioeconomic status, who
have poorer access to health care, may be overrepresented
among cervical cancer patients and survivors.

The behavioral risk factors for the gynecologic cancer
differ, and many of these behaviors may be continued after
diagnosis and treatment, putting survivors at additional risk
of second primaries or other comorbid conditions. Smoking,
for example, is a risk factor for cervical cancer,13–15 and one
study has found that few cervical cancer survivors quit
smoking after diagnosis.16 Obesity is a risk factor for endome-
trial cancer,6,7,17 indicating relatively low levels of physical
activity relative to calorie consumption before diagnosis.
Data are emerging that indicate endometrial cancer survivors
also have low levels of physical activity.18,19

Medical Issues

Survivors of gynecologic cancer report lingering symptoms
and treatment side effects even after treatment has con-
cluded. Most studies of medical sequelae are limited to sur-

vivor self-report of symptoms, rather than medical evalua-
tions. Although the self-report data are valuable, more data
are needed on conditions that may not cause immediately
observable symptoms, such as osteoporosis, second cancers,
and cardiovascular disease.

Gastrointestinal Symptoms

Gynecologic cancer survivors, particularly those who are
treated with pelvic radiation, report more gastrointestinal
symptoms than women from the general population, even
several years after treatment. Li et al.18 studied 61 five-year
endometrial cancer survivors (47% of whom received radia-
tion therapy) and found that they reported more gastroin-
testinal symptoms (stomach ache, diarrhea, and nausea) than
a comparison group of women of comparable age. A similar
study of 46 cervical cancer survivors (who had not received
radiation) found that they reported a similar degree of gas-
trointestinal distress to the same comparison group.20 Klee
and Machin also found that endometrial21 and cervical22

cancer survivors treated with radiation therapy reported more
diarrhea than population-based controls matched for age and
partner status; the group differences in diarrhea were present
out to the final evaluation point, 24 months from diagnosis,
although levels of diarrhea were low (average score between
“not at all” and “a little”). Bye studied 79 survivors of
endometrial and cervical cancer who were 3 to 4 years from
their radiation treatment and found that diarrhea was their
most common symptom. They reported more diarrhea than
the general population, and experiencing frequent diarrhea
was associated with higher fatigue and poorer social func-
tioning.23 Acute bowel toxicity during radiation treatment
increases the probability of late bowel toxicity,24 indicating
that effective interventions to reduce bowel toxicity may
have beneficial long-term effects as well.23
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TABLE 105.1. Variables related to gynecologic cancers that influence the characteristics of the survivor population.

Endometrial Ovarian Cervical

Projected number of cases in U.S. in 20049 40,320 25,580 10,520
Percentage diagnosed with localized disease10 73% 29% 54%
Average 5-year survival10 84% 53% 71%
Median age at diagnosis10 65 59 47
Number of survivors in U.S.10 556,640 202,949 231,064
Percentage of survivors within 10 years of diagnosis10 44% 55% 37%
Ethnic distribution of survivors within 10 years of

diagnosisa10

• White 92% 89% 77%
• African-American 5% 7% 14%
• Asian/Pacific Islander 2% 3% 4%
• Hispanicb 4% 6% 16%
Risk factors6–8,13–17,63–65 Obesity Family history Early initiation of sexual

Diabetes Nulliparity intercourse 
(among obese women) Use of talc More than four sexual 

Hypertension Oral Contraceptives partners
Nulliparity (protective) Smoking

Tubal ligation and
hysterectomy
(protective)

a Information on ethnicity of survivors is available only for those diagnosed in past 10 years.
b Percentages total to more than 100 because the ethnic group Hispanic is not mutually exclusive of the other racial/ethnic categories.



Neurotoxicity

Women with advanced cervical and endometrial cancer and
most ovarian cancer patients receive neurotoxic chemother-
apy regimens.25 Although in many cases neurotoxicity remits
after the conclusion of treatment, some survivors continue 
to experience neurotoxic effects. A study of 49 early-stage
ovarian cancer survivors who were between 5 and 10 years
from diagnosis found that a significant proportion still
reported symptoms of neurotoxicity: numbness in the hands
was reported by 10%; trouble walking, 16%, discomfort in
hands, 23%; ringing in ears, 29%, discomfort in feet, 29%;
trouble hearing, 35%; and muscle cramps, 39%.26 Neurotox-
icity symptoms were associated with poor physical and psy-
chologic well-being, depression, sexual discomfort, and low
confidence for managing cancer.

Pain

Approximately half of the 200 ovarian cancer survivors (no
evidence of disease, 2 or more years from diagnosis) in one
study reported pain or discomfort that they attributed to
ovarian cancer or its treatment. Pain was located mainly in
the bowel, pelvis, bladder, or groin. Of those who reported
pain, 46% rated it as mild, 21.1% as severe. Approximately
half of those with pain reported that it had a low impact on
their lives.27 Various somatic pains (e.g., headache, leg and
back pain) were reported by 30% to 50% of cervical cancer
survivors20; however, several studies found that pain levels of
endometrial and cervical cancer survivors are similar to, or
even lower than, those of controls.18,20–23 Continued pain nat-
urally has an impact on overall quality of life; Bye et al.23

found that pain in endometrial cancer survivors 3 to 4 years
after treatment was associated with lower quality of life and
higher fatigue.

Menopausal Symptoms

Women who are premenopausal when diagnosed with gyne-
cologic cancer often suffer a loss of ovarian function and 
experience premature menopause. Andersen’s study of 
gynecologic cancer survivors in the year after diagnosis indi-
cates that menopausal symptoms among the survivors
remain higher than those of healthy controls up to 12 months
from diagnosis.28 Other studies of endometrial and cervical
cancer survivors have also noted significant problems with
menopausal symptoms (e.g., hot flashes, vaginal dryness/irri-
tation18,20,21). However, two studies of cervical cancer sur-
vivors did not find the prevalence of hot flashes to be higher
than that of a comparison group, possibly because of the use
of hormone replacement therapy.20,22 Among endometrial 
survivors, younger women report more hot flashes and other
menopausal symptoms than older survivors.18 In a study of
ovarian cancer survivors, Carmack Taylor et al.29 found that
those who were off treatment reported less vaginal dryness
and pain during intercourse than patients receiving treat-
ment, but more than breast cancer survivors or women who
had not had cancer.

Another implication of early ovarian failure, especially for
younger survivors, is the increased risk of osteoporosis. This
problem has not been well studied in gynecologic cancer
patients, to determine either the prevalence of the problem

or effective strategies to treat and/or prevent osteoporosis.
One pilot study of 27 breast cancer survivors found that those
who became permanently amenorrheic after chemotherapy
had a 14% lower bone mineral density than breast cancer sur-
vivors who maintained or resumed menses.30 Although this
is a potentially serious problem, particularly for those sur-
vivors who have their ovaries removed or experience ovarian
failure at a young age, many healthcare providers do not rou-
tinely recommend screening for osteoporosis in this popula-
tion. A survey of outpatient oncology nurses indicated that
bone mineral density testing is one of the least frequently 
performed screening tests for cancer survivors.31

Fatigue

Fatigue is a significant problem for many cancer patients
during treatment, and it can last beyond the acute treatment
phase.32 In a longitudinal study of gynecologic patients in 
the year after diagnosis, Lutgendorf et al.33 found that most
aspects of survivors’ mood were similar to healthy individu-
als, but that fatigue was elevated above norms for survivors
of both early-stage and advanced disease. The study by Ersek
and colleagues32 of ovarian cancer survivors found that fatigue
was the most severe physical symptom experienced by the
sample. Qualitative data indicated that fatigue interfered
with general activities, employment, relationships, and
ability to enjoy life. Li et al.18 found that their sample of 5-
year endometrial cancer survivors reported less energy, poorer
memory, and less patience than age-matched population con-
trols, whereas Klee and Machin21,22 found no differences in the
level of tiredness between controls and survivors of endome-
trial and cervical cancer, and Bye et al.23 found higher levels
of fatigue in controls than survivors.

Psychosocial Issues

Despite losses inherent in gynecologic cancer and treatment,
reports of overall quality of life are good.34 The psychosocial
issues that have been most frequently studied in gynecologic
cancer survivors are psychologic distress and sexuality.

Psychologic Distress

Although the reported prevalence of psychologic distress
among gynecologic cancer survivors varies depending on the
population and the measure used, several studies have fol-
lowed survivors longitudinally from diagnosis and have found
that the distress experienced by gynecologic cancer survivors
after diagnosis and during treatment abates over time.21,33,35–37

A study that followed women with gynecologic cancer for 
1 year after diagnosis found that their mood disturbance was
not significantly different from that of women receiving 
surgical intervention for benign gynecologic conditions or
healthy women 8 and 12 months posttreatment.35 The major-
ity of cross-sectional studies have found that long-term 
survivors report levels of psychologic distress that are com-
parable to women who have not had cancer,26,33,38–41 although
one study reported elevated levels of distress for survivors.42

Wenzel’s study of long-term survivors of early-stage ovarian
cancer found that only 6% scored above the cutpoint for the
Center for Epidemiologic Studies—Depression (CESD)
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Scale.26 Bodurka-Bevers et al.38 found that 15% of posttreat-
ment survivors were above the CESD cutpoint (compared to
15%–19%) for the healthy population43,44 and that only 22%
were above the 75th percentile for anxiety.45 Congruent with
findings of lower psychologic distress for long-term survivors,
they also appear to be less interested in psychologic services,
particularly individual counseling.46 One study indicated 
that anxiety may be a bigger problems for gynecology 
cancer survivors than depression. Paraskevaidis et al.47

found, in a sample of gynecologic cancer survivors (median
time since diagnosis, 25 months), that 21% had clinically 
significant anxiety while 4% reported high levels of 
depression.

Psychologic concerns can persist for gynecologic cancer
survivors, however, particularly those who are at high risk for
recurrence or suffer lingering physical problems as a result of
the cancer or its treatment. While not reporting a high preva-
lence of major psychiatric disorder, survivors do describe con-
tinued distress related to fears of second cancers, recurrence,
and diagnostic tests.2,26,32,39,42 This distress has been labeled
the Damocles syndrome, referring to the story of Damocles,
first told by Cicero, who must enjoy a grand banquet 
with a sword hanging by a single horsehair over his head. 
Cancer survivors, particularly those who have survived
advanced disease, often report feeling that they have the
‘sword’ of recurrence hanging above them. Survivors who are
at increased risk of recurrent or persistent disease, such as
those with advanced gynecologic cancer, have been reported
to experience higher levels of anxiety and depression.33

Ovarian cancer, in particular, has a high risk of recurrence,
and the diagnosis of persistent disease after conventional
treatment appears to be more stressful than the initial 
diagnosis.48

Some studies report that younger survivors experience
more severe psychologic symptoms than those who are
older.20,38 One study of long-term cervical cancer survivors 
of childbearing age found that while their overall quality of
life was good, they were more likely to be in the lowest 
quartile on general health, vitality, and mental health 
subscales than expected based on normative data. They
reported more problems with social and emotional 
well-being, sexual discomfort, and gynecologic symptoms
compared to women who have had gestational trophoblastic
disease or lymphoma.49

Sexual Functioning

Gynecologic cancer and its treatment often has serious, long-
term effects on the sexual functioning of survivors. In 1962,
Decker and Schwartzman noted that “The deprivation of
sexual function may have serious sequelae . . . it appears that
little attention has been given to the problem of sexual func-
tion following treatment for cervical carcinoma”.50 These
authors studied 78 patients at one point in time 6 to 10 years
after treatment and noted that 31% experienced partial or
complete loss of sexual function. In one study that prospec-
tively assessed sexual functioning in women with gyneco-
logic cancer, women having surgery for benign gynecologic
conditions, and healthy women, Andersen et al.28 found
numerous sexual difficulties among gynecologic cancer sur-
vivors in the year after diagnosis. Cancer survivors reported

greater difficulty with sexual desire, excitement, orgasm, and
resolution. Although the women who received surgery for
benign conditions also reported some sexual functioning
problems, they were less severe than those reported by the
cancer survivors.

Carmack Taylor and colleagues29 found lower levels of
sexual activity and sexual pleasure, and higher sexual dis-
comfort, among 248 ovarian cancer patients and survivors as
compared to data from samples of healthy women and breast
cancer survivors reported in other studies using the same
questionnaire. Ovarian cancer survivors were also less likely
to be sexually active than healthy women, regardless of
whether the healthy women were pre- or postmenopausal, or
on hormone replacement therapy. Patients and survivors
were more likely to be sexually active if they were married,
happy with their body’s appearance, younger, and not on
active treatment. In two additional cross-sectional studies of
long-term ovarian cancer survivors, problems in sexual func-
tioning emerged as a major concern. In a study of long-term
survivors of early-stage ovarian cancer, respondents reported
difficulties with decreased libido (37%) and arousal (28%),
problems with orgasm (13%), and difficulty with intercourse
as a result of treatment (20%). Only 12 of 49 survivors were
sexually active (25%), although 51% were married.26 Stewart
and colleagues27 reported that a significant number of the 200
ovarian cancer survivors who responded to their survey had
problems with sexuality; these reports were highest among
women who were treated with radiation therapy. Over half of
the survivors reported that their sex lives had been negatively
affected by cancer and/or its treatment. Although 64%
reported that their sex lives were average to excellent before
diagnosis, only 25% reported average to excellent sex lives
currently. Before cancer, 36% reported their sex lives were
poor to adequate, whereas now 75% rated their sex lives as
poor to adequate. However, only about 20% of the sample
reported a moderate to great sense of loss associated with the
decline in their sexual functioning.

Survivors of cervical and endometrial cancer also experi-
ence declines in sexual functioning, and those who receive
radiation therapy report more sexual difficulties.51,52 A study
of 221 indigent women treated with radiation therapy for
invasive cervix cancer reported an 88% incidence of vaginal
stenosis; however, sexual functioning was not evaluated in
this study.53 A decrease in sexual function in irradiated
patients was reported by Seibel et al., who compared 22
patients radiated for cervical cancer versus 20 patients 
undergoing hysterectomy for preinvasive disease 1 year 
posttreatment.54

Schover et al.52 conducted the first prospective evaluation
of sexual function, frequency, and behavior, as well as marital
happiness and psychologic distress, in 61 patients treated for
early-stage cervical cancer in the United States. Although the
surgical and radiation treatment groups appeared similar post-
treatment and at 6-month follow-up, by 1-year women treated
with radiation had more dyspareunia and problems with
sexual desire and arousal than women who underwent radical
hysterectomy. Pelvic examinations were performed, and a
rating scale used to assess vaginal atrophy correlated with
women’s reports of dyspareunia, but no specific vaginal mea-
surements were obtained. This study remains one of the few
to compare the specific sexual impact of surgery versus radi-
ation therapy.
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Bruner et al. evaluated vaginal stenosis, sexual activity,
and satisfaction in 90 patients treated with intracavitary radi-
ation for endometrial or cervical cancer.55 The authors noted
a correlation between decrease in vaginal length and decrease
in sexual satisfaction, but a cause-and-effect relationship was
not demonstrated. Most recently, Bergmark and colleagues
studied vaginal changes and sexuality in Swedish women 4
or more years after completion of treatment for cervical
cancer. When compared to controls, patients with a history
of cervical cancer noted similar frequency of sexual inter-
course, but reported decreased vaginal lubrication and a
reduction in perceived vaginal length and elasticity during
intercourse. A large proportion of these women also reported
that they were distressed by these changes and their effects
on sexual function.56 Although this study was described as
one focusing on the impact of radical hysterectomy, the
majority of women had also had radiation therapy, a likely
confounding variable.

Women treated for vulvar cancer may have the most
severe sexual functioning problems because of the radical
surgery they often receive. A cross-sectional study of 105 sur-
vivors of vulvar and cervical cancer (average of 28 months
from diagnosis)39 found that most women who were sexually
active before cancer diagnosis had resumed sexual inter-
course, with the exception of older women who had received
radical vulvectomies and the 3 women who received pelvic
exenterations. Frequency of sexual intercourse was reduced,
however. Approximately three-fourths of the women experi-
enced sexual problems during the year following diagnosis,
and 66% reported continued problems. In a study of 42
women treated for in situ vulvar cancer, Andersen and col-
leagues found that these women experienced more disruption
in sexual functioning compared to healthy women, and that
these disruptions increased over time. In addition, increasing
numbers of survivors discontinued sexual activity over time.
Degree of sexual dysfunction was related to the extensiveness
of the treatment.57

Interventions

The literature includes no published trials of interventions to
address late psychosocial or medical effects of gynecology
cancer and its treatment. There is a small number of studies
testing interventions delivered during cancer treatment that
may influence long-term sequelae in survivors. These studies
are reviewed here to provide information regarding what
interventions might benefit gynecologic cancer survivors.
Several of the studies assess outcomes 12 months or more
from diagnosis. We focus on these longer-term outcomes
where available (Table 105.2).

Psychosocial Issues

Four studies were identified that evaluated interventions to
improve psychosocial functioning of gynecologic cancer sur-
vivors. Three of these focused primarily on sexuality58–60 and
one was concerned with a broader range of psychosocial
issues.61 All four programs used fairly standard psychoeduca-
tional approaches, providing information and opportunities
for emotional expression and problem solving. Two of the
studies used group interventions.60,61 The treatments focusing

on sexuality appear to have some positive effects on sexual
functioning, including resuming sexual activity,58 returning
to usual frequency of sexual activity,59 decreasing sexual
fears,60 and increasing dilator use (among younger women).60

The intervention with the broader psychosocial focus
decreased psychologic distress and improved adjustment to
cancer.61 These results indicate that psychoeducational inter-
ventions can be helpful to gynecologic cancer survivors up to
a year from diagnosis and may provide benefits beyond that
point. Studies by Wenzel and colleagues26,49 indicated that a
high percentage of long-term (greater than 5 years) ovarian
(43%) and cervical (60%) cancer survivors would be interested
in participating in programs offering psychosocial support.
Given that sexual dysfunction seems to be a very prevalent
problem for long-term gynecologic cancer survivors, inter-
ventions that focus on sexuality are particularly appropriate.
More research is needed to refine interventions such as those
tested in these studies to produce programs that can be dis-
seminated and implemented by physician extenders and/or
survivor organizations.

Medical Issues

Only one study was identified that tested an intervention for
its ability to reduce late medical effects of gynecologic cancer.
Bye et al.23,62 tested a dietary intervention to reduce diarrhea
in cervical and endometrial cancer patients receiving radia-
tion therapy. The intervention (recommendation of a low-fat,
low-lactose diet during radiation therapy and for 6 weeks after
treatment) was effective during treatment62; 3 to 4 years after
treatment some positive effects were still present.23 While
these results are intriguing, more research is needed to repli-
cate this finding.

Emerging Areas

It is critical that the study of cancer survivorship in gynecol-
ogy advance beyond small descriptive studies of the sequelae
of gynecologic cancer. The field needs more carefully con-
trolled longitudinal studies of late effects, using standardized
measures, triangulation of self-report measures with clinical
evaluation, and adequate sample sizes. Additionally, input
from survivors themselves is needed to determine what
sequelae and late effects of cancer are salient to them. For
example, although the prevalence of clinically significant 
psychologic distress appears to be fairly low in gynecologic
cancer survivors, some studies indicate that long-term sur-
vivors feel they would benefit from additional psychosocial
services.26,49

Additional research data would guide clinical care of long-
term cancer survivors and would identify areas in which
interventions are needed. The existing research base indicates 
that treatment to address menopausal symptoms, sexual
functioning, anxiety about recurrence and follow-up visits,
fatigue, pain, gastrointestinal symptoms, and health behav-
iors such as physical activity and smoking cessation would
be helpful to gynecologic cancer survivors. More careful lon-
gitudinal research would identify which survivors need inter-
vention and elucidate optimal timing for providing assistance
in these areas.
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omen with breast cancer account for the largest
group of female cancer survivors. It is estimated
that there are currently 8.9 million cancer sur-

vivors in the United States; 41% of the female subjects are
breast cancer survivors.1 The growing number of breast cancer
survivors reflects increasing incidence of the disease, diagno-
sis at earlier stages when outcome is better, and widespread
adoption of effective adjuvant treatment (see Chapter 28 and
Chapter 54).

Methodologic Issues in Survivorship Research

The Office of Cancer Survivorship of the National Cancer
Institute (U.S.) defines a survivor as follows: “An individual
is considered a cancer survivor from the time of cancer diag-
nosis, through the balance of his or her life. Family members,
friends and caregivers are also impacted by the survivorship
experience and are therefore included in this definition.”1

This is a very broad definition; most survivorship research in
breast cancer focuses on the experience of individuals with
cancer after they have completed their primary therapy,
usually while they are free of recurrent disease. Some studies
have focused on women who are 1, 3, 5, or more years post-
diagnosis. In breast cancer, where long-term survival is
becoming increasingly common, this variable definition may
account for some of the inconsistencies in the literature. In
this chapter, we have not adopted a single definition of sur-
vivorship but have tried to relate results to the definition used
in each study.

Definition, recruitment, and identification of study pop-
ulations are among the most challenging aspects of breast
cancer survivorship research. Ideally, if the objective is to
examine long-term outcomes, an inception cohort identified
at a uniform time early in the course of the disease should be

assembled (e.g., women with locoregional breast cancer in the
immediate postoperative period, before adjuvant therapy).
Prospective recruitment of a sample such as this is costly and
time consuming. An alternative approach involves the use 
of administrative databases (including tumor registries) that
retrospectively identify women diagnosed years earlier;
however, careful attention must be paid to refusers and non-
responders, who may differ in important ways from respon-
ders. Investigators often conducted cross-sectional surveys of
breast cancer patients attending follow-up clinics, or in a
community. The populations thus assembled may not be rep-
resentative of all breast cancer survivors, particularly when
response rates are low, or well women have been discharged
from follow-up clinics. Convenience samples, drawn from
breast cancer advocacy groups or other sources, were
recruited in some studies. This approach may lead to sys-
tematic overestimation or underestimation of the long-term
impact of breast cancer and its treatment, because participa-
tion of women in these groups may be related to their sur-
vivorship experience.

Inclusion of a control population without cancer should
be considered in breast cancer survivorship research. This
condition allows the effects of aging and comorbid conditions
to be differentiated from those of prior breast cancer and its
treatment, important for many of the medical concerns of
breast cancer survivors (e.g., menopause, osteoporosis, heart
disease). Although inclusion of a noncancer control group is
often desirable, it increases costs and complexity of research.
Instead, investigators may opt to use measurement instru-
ments for which population-based norms are available, com-
paring the results obtained in the breast cancer survivors with
published results in age-matched controls.

Breast cancer survivorship studies often examine a broad
variety of attributes: medical status, psychosocial issues,
health-related quality of life (HRQOL), and sexuality, for
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example. Some of these attributes are readily measurable (e.g.,
bone density after chemotherapy-induced early menopause)
while others are not (e.g., the social impact of breast cancer
diagnosis). It is important that measurement instruments be
valid and reliable and that they measure key areas of interest.
A wide variety of standardized, validated instruments are
available to measure many of the important psychosocial
issues and health-related quality of life (HRQOL) in breast
cancer survivors. When valid instruments are not available
for key attributes, such as body image postmastectomy,
investigators may need to develop new instruments and val-
idate these instruments during the course of the research. In
selecting questionnaires, investigators should avoid over-
burdening respondents.

It is likely that not all salient issues in breast cancer sur-
vivors have been identified. Recent evidence that cognitive
dysfunction may occur in women receiving adjuvant
chemotherapy is a prime example. Investigators should be
aware of new and ongoing research and be prepared to
examine newly emerging concepts.

Statistical analysis should include the use of appropriate
statistical tests, with adjustment for the effects of age because
it could be an important confounder. The use of baseline
information, which allows evaluation of change over time,
can provide valuable insights into the breast cancer survivor-
ship process. As noted previously, comparison of study data
with population-based norms also provides insight into the
impact of aging versus the impact of prior breast cancer 
diagnosis.

In the remainder of this chapter, we review the survivor-
ship literature in breast cancer, first as it relates to medical
status and then as it relates to psychosocial status and
HRQOL. This separation is somewhat artificial; there is
overlap between the sections. Because most studies are obser-
vational, grading of evidence regarding efficacy of interven-
tions is usually not possible.

Medical Status

Arm Symptoms/Upper Body Function

Treatment for breast cancer can be associated with a number
of localized physical sequelae including arm edema (AE),
impaired shoulder mobility, pain, neurologic deficits, and
reduced upper body function. The literature assessing arm
symptoms and limitations is summarized in Table 106.1.

There are three approaches to arm measurement: (1) cir-
cumference at various points (with bony landmarks as refer-
ences), (2) volumetric measurements using limb submersion
in water, and (3) skin and soft tissue tonometry.2 Tape-
measured circumference (10cm above and below the olecra-
non or the lateral epicondyle) has been the traditional method
but can be imprecise. Volumetric measurements are more
accurate but have limited availability. Tonometry is not used
clinically.

The occurrence of, and risk factors for, AE have been
reviewed by Erickson et al.3 The reported incidence of AE has
ranged from 0% after partial or total mastectomy with sen-
tinel node biopsy to 56% after modified radical mastectomy
(MRM) or breast-conserving surgery (BCS) with both axillary
lymph node dissection (ALND) and axillary radiation therapy

(XRT).4,5 Werner et al.6 reported that the median time to devel-
opment of AE in patients treated with BCS, ALND (almost
one-third had level 3 ALND), and breast XRT (with or without
axillary XRT) was 14 months (range, 2–92 months); 97% of
those who developed AE did so by 4 years.

The association between the extent of breast surgery and
AE is less clear. Tasmuth et al. reported AE to be significantly
more frequent in a prospective cohort study of 93 women
treated with MRM versus BCS; however, women undergoing
MRM had axillary XRT (also associated with AE) more com-
monly than those undergoing BCS.7 Paci et al.8 reported the
odds ratio of chronic AE to be slightly, but not significantly,
higher after MRM [odds ratio (OR), 1.62; 95% confidence
interval (CI), 0.91–2.88] than after BCS (XRT was not exam-
ined). In a randomized trial comparing MRM to BCS with
XRT to the breast and internal mammary and supraclavicu-
lar nodes, Gerber et al. reported the rate of AE did not differ
between the two groups; however, axillary XRT (given if the
dissection was inadequate or there was extracapsular exten-
sion) was not considered in the analysis.5

The risk of AE increases with the extent of axillary dis-
section. Yeoh et al.9 reported frequency of AE to be 25% with
no axillary surgery, 50% after axillary sampling, and 84%
after ALND. The risk of AE was higher with an increasing
number of axillary lymph nodes resected (more than 15
nodes10; more than 40 nodes11) in two studies. Schrenk et al.
reported AE did not occur in a small cohort of patients under-
going sentinel lymph node dissection.4 In a prospective ran-
domized trial of sector resection and ALND with or without
breast XRT, young age [relative risk (RR), 0.93 per year of
increasing age; 95% CI, 0.91–0.97) and number of lymph
nodes resected (RR, 1.11 per lymph node resected; 95% CI,
1.05–1.18) were significantly associated with any arm symp-
toms (not necessarily AE).12

Axillary XRT has been associated with AE. Senofsky et
al., in a cohort of 264 patients treated with total ALND, found
AE to occur in 6% of those not treated with XRT, 14.7% of
those receiving XRT to the breast only, and 29.6% of those
receiving XRT to the breast and regional nodes.13 Further-
more, Keramopoulos et al. reported AE to be significantly
more frequent when XRT was delayed (6 months postopera-
tively) than when it was given immediately postoperatively
(4% versus 27%).11

The combination of XRT and ALND further increases 
the risk of AE. Kissin et al.14 reported AE in 8.3% of women
treated with breast surgery and axillary XRT, 9.1% undergo-
ing axillary sampling and XRT, and 7.4% undergoing ALND
only (7.4%). However, AE occurred in 38.3% of women
undergoing both ALND and axillary XRT. In a randomized
trial comparing ALND to axillary sampling, a significant
increase in arm volume was experienced in 14 (12 of whom
received axillary XRT) of 47 (29.8%) patients treated with
ALND.15 None of the 48 patients undergoing axillary sam-
pling experienced AE (regardless of XRT).

The occurrence of other reduced upper body function,
pain, neurologic deficits, and restricted shoulder mobility has
also been evaluated. In a prospective cohort study, decline in
upper body function was substantially higher during the first
year after MRM or BCS with or without XRT than in the sub-
sequent 4 years.16 Cardiopulmonary comorbidity significantly
increased the risk of decline in upper body function at 
5 months (OR, 2.8; 95% CI, 1.3–5.7). Cardiopulmonary 
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morbidity was an independent predictor of upper body func-
tion decline (P = 0.006) in a second study17; mastectomy and
XRT were also associated with significant declines in upper
body function. Women treated with an ALND were more
likely to report numbness or pain in the axilla (OR, 6.4; 95%
CI, 0.2–33).16

In a prospective cohort study, Segerstrom et al.18 reported
35 of 93 (37.6%) patients had restricted shoulder range of
motion during the first 2 years after surgery; this increased to
49.5% up to 2 years later. Paci et al.8 reported that 18.9% of
patients experienced shoulder deficit as assessed by physical
examination performed 5 or more years after diagnosis. Lin
et al.19 reported 15° or greater loss of ROM in 17% of the
patients and 30° or more loss in 4% at 1 or more years after
ALND. In contrast, Gerber et al.5 found no significant loss in
functional ROM (assessed using goniometry) 1 year postop-
eratively; however, patients undergoing MRM reached their
preoperative ROM more slowly than those undergoing BCS.5

Pain and chest wall tenderness have been reported following
breast surgery.5,7,11 Pain was more frequent after BCS in one
study7 and after mastectomy in another.11

Arm symptoms have been associated with psychologic,
social, sexual, and functional morbidity.20 In two case-control
studies, women experiencing AE after treatment for breast
cancer showed greater psychologic morbidity and greater
impact of illness measured using the Psychosocial Adjust-
ment to Illness Scale (PAIS), effects that remained stable over
a 6-month period, even if AE was being treated.21,22 Maunsell
et al. also reported the proportion of women experiencing psy-
chological distress as measured by the Psychiatric Symptom
Index (PSI) increased significantly with an increased number
of problems in the affected arm.23

In summary, significant physical and functional sequelae
in the arm and upper body may occur as a result of local
therapy, especially ALND and axillary XRT. Prospective, 
population-based studies that include an assessment of
patient demographics, risk factors, stage, and treatment
coupled with outcome evaluation that involves standardized,
blinded assessment of arm symptoms and function preopera-
tively and during long-term follow-up would expand available
information; intervention research to identify effective man-
agement approaches is urgently needed.

Menopause

Women with breast cancer may experience early menopause
as a result of their treatment. They report a higher frequency
of menopausal symptoms than women in the general popu-
lation.24 The high frequency of menopausal symptoms in
breast cancer survivors is caused by several factors25: (1) age
at diagnosis (frequently over 50 years), (2) abrupt discontinu-
ation of hormone replacement therapy (HRT) at the time 
of breast cancer diagnosis, (3) induction of premature
menopause by therapy (i.e., chemotherapy and ovarian abla-
tion), and (4) induction of estrogen deficiency symptoms by
therapy (e.g., tamoxifen and aromatase inhibitors) (Table
106.2). Chemotherapy is frequently associated with either
temporary or permanent amenorrhea. The incidence of amen-
orrhea is related to the type of chemotherapy regimen, the
cumulative dose (particularly cyclophosphamide), and the age
of the patient.26,27 Surgically induced menopause and prema-
ture menopause have been associated with more severe symp-

toms than natural menopause.28,29 The health consequences
of menopause can be divided into four categories: vasomotor
symptoms, genitourinary signs and symptoms, skeletal
effects, and cardiovascular effects.30 In a survey of 190 breast
cancer survivors, the most common symptoms experienced
were hot flashes (65%), night sweats (44%), vaginal dryness
(44%), difficulty sleeping (44%), depression (44%), and dys-
pareunia (26%).31 Hot flashes (HF) are more frequent, severe,
distressing, and of greater duration in breast cancer survivors
compared with controls without breast cancer.32

Before 2002, HRT was frequently prescribed to healthy
women for the control of menopausal symptoms and primary
prevention of disease (i.e., cardiovascular disease and osteo-
porosis). In 2002, the Women’s Health Initiative (WHI), a large
randomized trial of HRT versus placebo in healthy women,
was stopped early because overall health risks of combined
estrogen plus progesterone exceeded benefits at an average
5.2-year follow-up.33 Risks of coronary heart disease, stroke,
pulmonary embolism, and invasive breast cancer were
increased, whereas risks of colon cancer and hip fracture 
were minimally decreased. Results for estrogen alone versus
placebo are pending.

The use of HRT in breast cancer survivors has been 
controversial.34,35 Four case series,36–39 three case-control
studies,40–43 and one cohort study44 failed to identify an
increased risk in women who chose to take HRT; two addi-
tional studies reported a lower risk of recurrence and death
when HRT was used.42,43 The studies are susceptible to selec-
tion bias, particularly in view of the reluctance of many breast
cancer survivors to accept HRT.45,46 One randomized clinical
trial of HRT in 434 breast cancer survivors was recently
stopped for safety reasons because of an unacceptably high
risk of breast cancer events [hazard ratio (HR), 3.5; 95% CI,
1.5–8.1] in women receiving HRT.47 Women on HRT were
advised to discontinue the treatment. Current guidelines34,48

that recommend postmenopausal breast cancer survivors 
be encouraged to consider alternatives to HRT but state 
that minimal HRT use may be considered in a well-informed
patient with severe symptoms will likely be modified in view
of these results, with a greater focus on recommending non-
hormonal approaches to symptom management.

Vasomotor symptoms are the most common complaint of
perimenopausal and postmenopausal women. More than 60%
of postmenopausal women experience hot flashes, and one-
third of those find them nearly intolerable.49 HRT relieves HF
in 80% to 90% of women who initiate treatment.50–52

Progestational agents (e.g., megestrol acetate, medrox-
yprogesterone acetate, and depo-Provera) decrease HF by
85%.53–57 Herbal remedies, including soy products and black
cohosh, have been reported to minimally decrease HF or have
no effect. Vitamin E (800IU/day) minimally decreases HF (i.e.,
one fewer HF/day). Clonidine is modestly active in reducing
hot flashes. Selective serotonin reuptake inhibitors (SSRIs)
such as venlafaxine and paroxetine have also been shown to
significantly reduce HF. Possible interactions between SSRIs
and selective estrogen receptor modulators (SERMS) are being
evaluated. Gabapentin (widely used in neurologic disorders)
has been recently reported to reduce HF scores.58 Most of
these trials have evaluated the short-term effect (e.g., 4–12
weeks); long-term effects have not been addressed.

Severe symptoms of urogenital atrophy occur in nearly
half of postmenopausal women surviving breast cancer.
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Lubricants and moisturizers have been shown to be helpful
but do not completely relieve symptoms. Very low dose
vaginal estrogen creams can reverse atrophy but systemic
absorption of estrogen may occur. Newer methods of estro-
gen delivery include a ring device (Estring; Pfizer, New York,
NY). This device provides almost complete relief of symp-
toms and minimal systemic absorption48; however, recent
evidence that lipid levels may be altered59 raises concerns
about its use.

One randomized trial60 evaluated the use of a compre-
hensive menopause assessment program in breast cancer 
survivors; the intervention (which did not involve use of
estrogen but permitted megestrol acetate and nonhormonal
agents such as clonidine) reduced menopausal symptoms and
improved sexual functioning when compared with a control
arm.

Bone loss occurs at a rate of 1% to 5% per year and is
greatest during the first 5 years after natural menopause.61

Chemotherapy-induced ovarian failure causes more rapid and
significant bone loss.62 Tamoxifen in premenopausal, but not
postmenopausal, women and aromatase inhibitors have also
been associated with increased bone loss. Bone density should
be monitored in survivors.63 Preventive measures such as
proper intake of vitamin D and calcium, regular exercise, and
counseling about the relationship between cigarette smoking,
alcohol, and bone loss should be initiated in all patients. Phar-
macologic approaches currently recommended for survivors
include (1) bisphosphonates (alendronate, risedronate), (2)
SERMs (raloxifene), and (3) calcitonin.

The risk of coronary heart disease increases with increas-
ing age.64,65 HRT in the primary and secondary prevention of
coronary heart disease has not been shown to reduce cardiac
events in four large randomized clinical trials.33,66,67 Manage-
ment of known risk factors and encouragement of lifestyle
modification are warranted.68

Pregnancy

Limited data exist on the effect of pregnancy on breast cancer
outcome. Based on the experience at major institutions68–71

and population-based registries,68,72,73 women who become
pregnant after a diagnosis of breast cancer appear to have
similar breast cancer outcomes to those who do not. Selec-
tion biases may be responsible for these results. Prior
chemotherapy does not appear to have teratogenic effects in
future pregnancies74,75; however, local breast cancer treatment
(i.e., surgery and XRT) may affect the ability to lactate after
BCS.68,76,77 Breast cancer and pregnancy have been recently
reviewed (see Chapter 99).78,79

Fatigue

Fatigue is often experienced during, and shortly after, cancer
treatment. The level of fatigue in a large survey of breast
cancer survivors (1–5 years after initial diagnosis) was com-
parable with that of age-matched controls using the RAND-
36 questionnaire.80,81 However, severe and persistent fatigue
was experienced in a subgroup of survivors and was related
to depression and pain. In a second smaller cohort study,
fatigue (measured using a number of fatigue questionnaires
including the RAND-36) was more common in breast cancer
survivors than in age-matched controls.81,82

Second Malignancies

Second malignancies (e.g., angiosarcoma, sarcoma, and skin
cancer) at the site of previous local treatment for breast cancer
occur in less than 1% of survivors (see Chapter 111).68

Cardiac Toxicity

The most common form of anthracycline-induced cardiotox-
icity is chronic cardiomyopathy.83 The risk of cardiomyopa-
thy is principally dependent on the cumulative anthracycline
dose and may occur years after therapy.84 Prospective moni-
toring of signs and symptoms of congestive heart failure
(CHF) revealed a 9% risk of CHF after 450mg/m2 doxorubicin
and 25% after 500mg/m2 85; this risk may be higher when
doxorubicin is used in combination with paclitaxel.86

Prospective cardiac monitoring using MUGA scans has been
included in more recent clinical trials of breast cancer treat-
ment including anthracyclines, taxanes, and herceptin. Based
on a recent randomized trial,87 cardiotoxicity is particularly
pronounced when herceptin is combined with either adri-
amycin or epirubicin plus cyclophosphamide (any cardiotox-
icity = 27%, grade 3–4 cardiotoxicity = 10%). Bradycardia has
been reported with the use of paclitaxel alone.

Surveillance

Evidence-based surveillance strategies for breast cancer sur-
vivors have been established.63 There are sufficient data to
recommend monthly breast self-examination, annual mam-
mography of the preserved and contralateral breast, as well as
a careful history and physical examination every 3 to 6
months for 3 years, then every 6 to 12 months for 2 years,
then annually. Data are not sufficient to recommend routine
radiologic investigations or blood work (including tumor
markers). Primary care of breast cancer survivors has also
been reviewed.68 Grunfeld et al.88 conducted a large random-
ized trial of specialist versus general practitioner care in Great
Britain; patients were more satisfied with care provided by
the latter, with no differences in medical outcomes being
observed, although only a small number of medical events
were reported.

Psychosocial Status and HRQOL

Breast cancer is a stressful event that can perturb psychologic
equilibrium and reduce HRQOL in the short-term89–92; recent
survivorship research has evaluated long-term sequelae. 
Early studies involved mainly small convenience samples
(maximum, 61 survivors), descriptive designs, and interview-
based measurements.93–97 Key results of these studies include
observations that the majority of survivors are fairly to very
satisfied with their lives 8 years after diagnosis despite
thoughts of recurrence reported by 50%93; that survivors have
a positive perception of life and attach less importance to
trivial stressors even though fear of recurrence is a major
concern94; and that the majority of survivors thrive despite
experiencing problems related to breast cancer and its treat-
ment.95 Several ongoing issues were identified in a focus
group of 10-year survivors: integration of disease into current
life, change in relationship with others, restructuring life per-
spective, and unresolved issues.96
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Second-generation studies used stronger designs, more
standardized measurement approaches, and larger sample
sizes. They were more often population based and/or used
control groups of women without breast cancer. They fre-
quently used generic instruments (applicable to healthy and
medically ill individuals) for which normative data are avail-
able. One generic instrument that has been widely used in
survivorship research is the Medical Outcomes Study Short
Form—36 (MOS SF-36), a reliable and valid measure of
HRQOL. It has 36 items rated on a 5-point Likert scale. There
are eight subscales grouped in two composite scales: Physi-
cal Component Summary (PCS) and Mental Component
Summary (MCS). Cancer-specific instruments, which
measure attributes that are specific or unique to cancer
patients, were also used in a large number of studies. Due to
their nature, normative data for the general population are
not available for these instruments. Nonetheless, they
provide data that can be used to describe groups of survivors,
evaluate change in their status over time, or compare differ-
ent groups of survivors. Specific examples of these instru-
ments are discussed.

Psychologic Status and Overall HRQOL

Many studies have examined psychosocial status and
HRQOL in breast cancer survivors as a single group. Results
of these studies are reviewed first, followed by a discussion
of the status of defined subgroups of survivors.

Several cross-sectional, case-control, and cohort studies
using the MOS SF-36 have reported scores on the Mental
Component Summary scale or one of its subscales in breast
cancer survivors 2 to 8 years postdiagnosis to be comparable
with, or better than, scores obtained from either the general
population or individuals with other chronic illnesses80,98–102

(Table 106.3). Dorval et al.103 used the Psychiatric Symptom
Index (PSI), another generic instrument that measures the
presence and intensity of four psychologic dimensions
(depression, anxiety, cognitive impairment, and irritability) in
a case-control study; no difference was found between 8-year
survivors and controls randomly matched for age and resi-
dence. Studies using the generic measure of mood, the Profile
of Mood States (POMS), reported women with breast cancer
who were 2 years postdiagnosis to have scores comparable to
published norms80 or to a control group.104 Taken together,
these observations using generic instruments provide little
evidence of impaired long-term HRQOL or psychologic 
status in breast cancer survivors compared to the general 
population.

A cancer-specific instrument, the QOL Cancer Survivors
Tool (QOL-CS), yielded psychologic subscale scores that were
worse than those for the social, spiritual well-being, and phy-
sical subscales 5.7 years postdiagnosis.105 The inclusion of
specific questions related to fear of recurrence of the cancer,
which are not explicitly evaluated in generic questionnaires,
and the specific population studied (members of the National
Coalition for Cancer Survivorship) may have contributed to
this result. Mosconi et al.102 used the European Organization
for Research and Treatment of Cancer Quality of Life Ques-
tionnaire Core-30 (EORTC QLQ-C30), a multidimensional
cancer-specific questionnaire, to study Italian breast and
colon cancer survivors. Overall HRQOL was reported to be

good, and scores for emotional functioning did not differ
between the two groups of survivors.

Physical Functioning

Earlier, we discussed specific physical symptoms in breast
cancer survivors. The MOS SF-36 has been employed to
measure general physical functioning. Physical functioning
scores in survivors have been reported to be similar to,102 or
better than, published norms for individuals with other
chronic illnesses80,106 or the general population.106 However,
some studies98,99,101 reported physical functioning scores in
survivors that were lower than norms for the general popu-
lation. A modest decline in physical functioning over time
(mean, 6.3 years) has been reported by Ganz et al.99; the mag-
nitude of the decline was small and was thought to be related
to aging. Dow et al.105 studied members of the National Coali-
tion for Cancer Survivorship, a group that may not be repre-
sentative of all cancer survivors. Overall physical well-being
scores were good compared with other domains (e.g. psycho-
logic); however, problems with components of physical well-
being (i.e., pain, energy) were identified.

Thus, evaluation of general physical functioning in breast
cancer survivors has yielded inconsistent results in compari-
son with published norms for the general population. How-
ever, differences from general population norms are small and
may be due to effects of age.

Sexual Functioning

Breast cancer diagnosis and treatment can adversely affect
sexuality. Surgical treatment of the primary tumor can affect
body image, while systemic therapy can cause premature
menopause or vaginal dryness. Measurement of the impact 
of breast cancer and its treatment on sexual functioning is
challenging because few instruments specifically address this
aspect of HRQOL. These measurement challenges may be
compounded by a reporting bias if survivors are reluctant to
respond to questions about sexual functioning. The use of
specific questionnaires (e.g., the Sexual Activity Question-
naire, SAQ) in recent studies permits a more detailed assess-
ment than is possible using more general multidimensional
questionnaires.

Matthews et al.98 administered the Satisfaction with Life
Domains Scale for Cancer (SLDS-C) to breast cancer survivors
(American Cancer Society Reach to Recovery volunteers) a
mean of 8.6 years postdiagnosis. Scores for sexual function-
ing were worse than for other aspects of functioning. Dow 
et al.105 also reported that satisfaction with sex life was the
worst of all domains on the Functional Assessment of Cancer
Therapy—General (FACT-G) in 294 survivors taking part in
a peer-support group 5.7 years postdiagnosis. In contrast,
Kurtz et al.107 reported 5- to 10-year breast cancer survivors
had high levels of sexual satisfaction on the Long Term
Quality of Life Instrument.

Ganz et al.99,106 used questionnaires that specifically
address sexual functioning in two recent studies. In a cross-
sectional study of 864 women,106 use of the Watts Sexual
Functioning Questionnaire identified modest increases 
in sexual dysfunction with aging but use of the Cancer 
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Rehabilitation Evaluation System (CARES) identified no
impairment in sexual satisfaction. Sexual functioning was
significantly worse in those who received chemotherapy (but
not tamoxifen), particularly in women who were menopausal
(either naturally or secondary to treatment) and in women
under 50 years of age. Using the SAQ in their cohort study of
763 long-term breast cancer survivors, this group also
reported sexual discomfort to be greatest in women who
received chemotherapy but identified no differences in sexual
pleasure or sexual habits.99 In summary, sexual functioning
appears to be adversely impacted in breast cancer survivors,
particularly in younger women who receive adjuvant
chemotherapy.

Social Functioning and Marital Status

Studies evaluating social functioning in breast cancer sur-
vivors have usually shown little evidence of impairment. The
social functioning subscale of the MOS SF-36 has yielded
similar scores in breast cancer survivors and in the general
population in the majority of studies.80,98–102 Use of the
EORTC QLQ-C30 has also demonstrated high level of social
functioning in breast cancer survivors.102 Use of the MOS
Social Support Measure also showed no difference between
breast cancer patients with a control population99,103 and no
change according to time elapsed since diagnosis.99

In a cohort of 763 survivors, there was no significant
change in marital status over 5 years of follow-up.99 In another
cohort followed for 8 years, no difference in divorce or 
separation rates at 12 months, 18 months, and 8 years after
diagnosis was identified in survivors compared to 
age-/residence-matched women.108 In survivors, low marital
satisfaction at 3 months predicted future marital difficulties
(16.7% divorced at 1 year versus 2.1% in those with high
marital satisfaction; P = 0.02). Women not in a partnered rela-
tionship expressed concerns about dating, telling about
cancer, and fear of initiating sexual relationship.80,106

Finally, in their follow-up of 817 long-term breast cancer
survivors, Ganz et al. reported more than two-thirds had
stable household income and 20% had increased income
(versus 12% who had decreased income) since diagnosis.99

Eighty percent reported no change in employment status; 
a minority moved from full- to part-time work or retired.
Marital status did not change. In a separate study, this group
reported that 90% of survivors had health insurance 2 or 3
years postdiagnosis, although some had their premiums
increased or had switched to a spouse’s plan.80 Most (65%)
were working or doing volunteer work.

Thus, there is little evidence that social or marital func-
tioning or employment is adversely affected in survivors. Spe-
cific concerns about dating have been reported, especially in
young, unpartnered women.

Cognitive Functioning

In 1995, Wieneke and Dienst109 published the first report of
cognitive dysfunction in women with breast cancer (Table
106.4). To date, four reports have evaluated cognitive func-
tioning during and within the first 2 years postchemotherapy
using a battery of neuropsychologic tests109–111 or the High

Sensitivity Cognitive Screen,104 a valid reliable instrument
that predicts overall qualitative results of formal neuropsy-
chologic testing. All four studies identified significantly
lower cognitive functioning in women receiving adjuvant
chemotherapy (with or without anthracyclines) compared
with those not receiving chemotherapy or to a control group
without breast cancer. Cognitive dysfunction was more
prevalent in women who received high-dose chemotherapy in
one study.111 Interestingly, there appears to be little correla-
tion between cognitive functioning as assessed by the test
battery and self-reported by the patient.110,111

Studies evaluating cognitive dysfunction beyond 2 years
have yielded conflicting results. Schagen et al.112 reported
improvement in performance in all chemotherapy groups
between 2 and 4 years posttreatment. Ahles et al.113 reported
patients who had been diagnosed at least 5 years earlier had
greater cognitive impairment on a battery of neuropsycho-
logic tests and were more likely to report memory problems
on the Squire Memory Self-Rating Questionnaire if they had
received adjuvant chemotherapy.

Cognitive dysfunction in women receiving adjuvant
chemotherapy is an emerging area of interest in survivorship
research. Future research should identify risk factors for this
complication and evaluate potential interventions to mini-
mize its impact.

Spirituality

Spirituality is often poorly addressed in multidimensional
questionnaires. Based on the holistic Ferrell114 model of QOL
in breast cancer survivors (physical, psychologic, social, spir-
itual), Wyatt et al. developed the Long-Term Quality of Life
(LTQL) instrument, which includes a philosophical/spiritual
view dimension.115 Kurtz et al.,107 using this instrument in
long-term (more than 5 years) survivors, reported a positive
spiritual outlook to be associated with good health habits 
and an increased likelihood of being supportive of others. In
their cohort of long-term survivors (6.3 years), Ganz et al.99

reported a positive impact of breast cancer on religious beliefs
and activities, an effect that tended to be more pronounced
in young survivors. Dow et al.105 used the QOL-CS to evalu-
ate spiritual well-being in members of the National Coalition
for Cancer Survivorship. Although fears about future cancer
and uncertainty about the future were identified as important
concerns, beneficial spiritual outcomes including hopefulness
and having a purpose in life as well as positive and spiritual
change were also reported. Further research is needed to
confirm these early observations, using population-based con-
trols as a comparison group.

Diet and Complementary and 
Alternative Medicine

Maunsell et al.116 evaluated diet during the first year after
breast cancer diagnosis in a group of 250 women who were
surveyed with a standardized interview about diet changes.
Forty-one percent of women reported a change in their diet;
these changes were positive (i.e., healthy) in over 90%.
Women under 50 years and those who were more distressed
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at diagnosis were most likely to change their diets (P =
0.0001).

Burstein et al.117 evaluated complementary and alterna-
tive medicine (CAM) use during the first 12 months after
breast cancer diagnosis (see Chapter 15). Twenty-eight
percent of 480 women began an alternative therapy after diag-
nosis; these women tended to be younger and more educated.
Ganz et al.99 reported vitamins and herbal preparations were
used by 86.6% and 49.3% of breast cancer survivors, respec-
tively. More than half (60.7%) altered diet or used dietary
supplements. Few women were using psychosocial or coun-
seling therapies (13%) or attending a cancer support group
(5.5%). More than one-third reported enhanced physical activ-
ity postdiagnosis. Lee et al.118 conducted telephone interviews
in 379 women (black, Chinese, Latino, white) 3 to 6 years
after breast cancer diagnosis. At least one alternative therapy
was used by 48.3%. Most common approaches therapies were
dietary change (26.6%), herbal/homeopathic medication
(13.5%), psychologic or spiritual healing (30.1%), and physi-
cal approaches such as yoga or acupuncture (14.2%). Thera-
pies were used for brief periods, usually for 3 to 6 months.
Women who used alternative therapies were younger and
more educated.

Thus, more than one-third of breast cancer survivors use
at least one kind of alternative therapy. Nonpharmacologic
supplements appear to be most commonly used. Further
research is needed to evaluate duration of use and changes
over time in use of CAMS, comparing survivors to healthy
controls.

Psychosocial Status and HRQOL in 
Defined Subgroups

Consideration of breast cancer survivors as a group may mask
important differences in subgroups and over time. In this
section we summarize research examining subgroups defined
by age, ethnicity, and treatment (surgery, adjuvant therapy)
and according to time elapsed since diagnosis.

Age at Diagnosis

Age at diagnosis appears to be an important determinant of
survivorship. This may be due, in part, to treatment: women
who receive chemotherapy, many of whom are younger, expe-
rience greater long-term physical and sexual sequelae (see fol-
lowing discussion); psychosocial effects of mastectomy may
also differ with age, especially in the short term.119 However,
Ganz et al.106 reported poorer sexual functioning in younger
survivors who became menopausal, regardless of whether
they received chemotherapy. Vinokur et al.120 compared sur-
vivors (50% of whom were followed more than 5 years) to
controls participating in a breast cancer screening program;
younger survivors had more problems in psychosocial adjust-
ment while older survivors had more physical difficulties.
Cimprich et al.121 reported similar findings in 105 survivors
using the QOL-CS. Women over 65 at diagnosis had worse
scores in the physical domain while those diagnosed before
44 years of age had poorer scores in the social domain. Women
diagnosed between 45 and 65 years of age had the best overall
HRQOL. Two pivotal studies examining survivorship issues
in younger122 and older women123 have been reported recently.

In the first of these, a cohort of 577 patients diagnosed at age
50 or younger was assembled for the Cancer and Menopause
Study a mean of 5.9 years postdiagnosis.122 Most had received
adjuvant chemotherapy. Physical functioning was good. The
youngest women reported poor mental health, less vitality,
and poorer social and emotional functioning (MOS SF36). In
the second study, 691 women aged 65 years of age or more at
diagnosis were evaluated 3, 6, and 15 months after surgery.123

Physical and mental functioning (MOS SF-36) showed sig-
nificant declines during the year of follow-up. Declines in the
former were associated with greater comorbidity and receipt
of adjuvant chemotherapy. In contrast, the CARES Psychoso-
cial Summary and Medical Interaction Scales showed sig-
nificant improvement over time. Social support was lowest
in women over 75 years. The discrepant results obtained with
the MOS SF-36 Mental Health Inventory and the CARES Psy-
chosocial Summary Scale were explored: the former appeared
to be influenced to a greater extent by declines in physical
functioning and the latter appeared to reflect adaptation and
adjustment to cancer-specific concerns. In summary, younger
age is associated with lower mental and emotional well-
being. Older women experience more physical problems,
partly the result of aging.

Ethnicity

The impact of ethnicity on survivorship has been poorly
studied. Ashing-Giwa et al.124 investigated HRQOL in white
and African-American survivors. Response rate among
African-Americans was significantly lower than among
whites (44% versus 65%). The former were more often single,
had a lower income, and lower HRQOL. Multivariate analy-
ses revealed that 45% of the variance in HRQOL was
accounted for by general health perception, life stress, part-
nership status, and income; ethnicity was not a significant
contributor. The authors concluded that African-American
and white report favorable overall QOL; differences are sec-
ondary to life burden and socioeconomic factors but not to
ethnicity per se.

Primary Surgical Procedure

The primary surgical procedure performed also appears to
impact survivorship (Table 106.5). Maunsell et al.119 reported
that psychologic distress (measured using the PSI) at 3
months was worse in women undergoing BCS; this difference
was not present at 18 months. Age modified this effect; the
greater psychologic distress at 3 months was not present in
women under 40 years. Follow-up 8 years after diagnosis
found that psychologic distress declined over time and was
similar to that in the general population.125 Ganz et al.,126

using a battery of general questionnaires, reported few differ-
ences in HRQOL with respect to type of surgery; however,
women undergoing mastectomy had more problems with
clothing and body image than those undergoing BCS. Mosconi
et al.102 found none of the EORTC QLQ C-30 domains to be
affected by the type of surgery. Janni et al.127 studied 76 pairs
of patients who had undergone either a mastectomy or BCS
a mean of 3.8 years earlier; women undergoing mastectomy
were significantly less satisfied with their cosmetic result and
change in appearance and were twice as likely to be stressed
by their physical appearance secondary to the surgery. No 

1 8 5 2 chapter 106



T
A

B
LE

 1
06

.5
.

Su
rv

iv
or

sh
ip

 a
nd

 s
ur

ge
ry

 i
n 

br
ea

st
 c

an
ce

r 
su

rv
iv

or
s.

St
ud

y 
po

pu
la

ti
on

 a
nd

R
ef

er
en

ce
Pr

im
ar

y 
ob

je
ct

iv
e(

s)
fo

ll
ow

-u
p 

(in
 y

ea
rs

)
N

o.
 o

f 
su

bj
ec

ts
In

st
ru

m
en

ts
R

es
po

ns
e 

ra
te

R
es

ul
ts

 a
nd

 c
on

cl
us

io
ns

Sc
h

ai
n

 e
t 

al
.

T
o 

co
m

pa
re

 Q
O

L
 

R
C

T
 o

f 
M

R
M

 v
s.

 B
C

S
38

•
O

th
er

s
97

%
N

o 
di

ff
er

en
ce

 i
n

 p
sy

ch
os

oc
ia

l 
ou

tc
om

es
, e

xc
ep

t 
19

83
13

0
af

te
r 

M
R

M
 v

s.
 B

C
S

11
.3

 m
on

th
s

gr
ea

te
r 

co
n

ce
rn

s 
ab

ou
t 

se
ei

n
g 

on
es

el
f 

n
ak

ed
 i

n
M

R
M

.
69

%
 o

f 
B

C
S 

vs
. 2

8%
 o

f 
M

T
 h

ad
 l

im
it

ed
 a

rm
 

m
ot

io
n

.
M

ey
er

 e
t 

al
.

T
o 

co
m

pa
re

 l
on

g-
C

on
ve

n
ie

n
ce

 s
am

pl
e 

58
•

In
te

rv
ie

w
68

%
N

o 
di

ff
er

en
ce

s 
in

 p
sy

ch
ia

tr
ic

 s
ta

te
, m

ar
it

al
 

19
89

13
1

te
rm

 p
sy

ch
os

oc
ia

l
(o

n
e 

ce
n

te
r)

ad
ju

st
m

en
t,

 f
ea

r 
of

 r
ec

u
rr

en
ce

.
an

d 
se

xu
al

 
5 

ye
ar

s
B

C
S 

pr
es

er
ve

s 
fe

m
al

e 
id

en
ti

ty
 a

n
d 

ac
ce

pt
an

ce
 o

f
ad

ap
ta

ti
on

 a
ft

er
 

bo
dy

 i
m

ag
e.

M
R

M
 v

s.
 B

C
S

M
au

n
se

ll
 e

t 
al

.
T

o 
de

sc
ri

be
C

oh
or

t 
(c

on
se

cu
ti

ve
 

22
7 

at
 3

 m
on

th
s 

•
P

SI
97

%
A

t 
3 

m
on

th
s,

 g
re

at
er

 p
sy

ch
ol

og
ic

 d
is

tr
es

s 
(P

SI
) i

n
 

19
89

11
9

ps
yc

h
ol

og
ic

ca
se

s 
fr

om
 s

ev
en

an
d 

20
5 

at
 1

8
•

L
E

S 
(m

od
ifi

ed
)

B
C

S 
vs

. M
R

M
 b

u
t 

n
o 

di
ff

er
en

ce
 a

t 
18

 m
on

th
s.

di
st

re
ss

 a
ft

er
 M

R
M

 
h

os
pi

ta
ls

)
m

on
th

s
•

D
SI

A
ge

 m
od

ifi
ed

 t
h

e 
re

la
ti

on
: B

C
S 

w
as

 p
ro

te
ct

iv
e 

fo
r 

vs
. B

C
S

3 
an

d 
18

 m
on

th
s

•
O

th
er

s
w

om
en

<4
0 

ye
ar

s 
of

 a
ge

.
G

an
z 

et
 a

l.
T

o 
ev

al
u

at
e 

Q
O

L
 a

n
d

R
C

T
 t

es
ti

n
g 

(t
w

o
10

9
•

FL
IC

44
%

N
o 

di
ff

er
en

ce
 i

n
 m

oo
d 

di
st

u
rb

an
ce

, Q
O

L
,

19
92

12
6

ps
yc

h
ol

og
ic

re
h

ab
il

it
at

io
n

•
C

A
R

E
S

pe
rf

or
m

an
ce

 s
ta

tu
s,

 g
lo

ba
l 

ad
ju

st
m

en
t.

ad
ju

st
m

en
t 

af
te

r 
pr

og
ra

m
s)

•
K

ar
n

of
sk

y 
(P

S)
M

R
M

 a
ss

oc
ia

te
d 

w
it

h
 m

or
e 

di
ffi

cu
lt

ie
s 

M
R

M
 v

s.
 B

C
S

1 
ye

ar
•

P
O

M
S

w
it

h
 c

lo
th

in
g 

an
d 

bo
dy

 i
m

ag
e.

•
G

A
IS

M
oc

k
 1

99
315

0
T

o 
co

m
pa

re
 b

od
y 

C
li

n
ic

al
 s

am
pl

e 
fr

om
 

25
7

•
B

IS
57

%
B

od
y 

im
ag

e 
w

as
 m

or
e 

po
si

ti
ve

 a
ft

er
 B

C
S 

(w
h

en
im

ag
e 

w
it

h
 M

R
M

,
fo

u
r 

h
os

pi
ta

ls
•

T
SC

S
m

ea
su

re
d 

by
 B

IV
A

S 
bu

t 
n

ot
 b

y 
B

IS
).

M
R

M
+ 

de
la

ye
d 

R
,

14
 m

on
th

s
•

B
IV

A
S

N
o 

di
ff

er
en

ce
 i

n
 s

el
f-

co
n

ce
pt

.
M

R
M

+ 
im

m
ed

ia
te

R
, B

C
S

O
m

n
e-

P
on

té
n

T
o 

as
se

ss
 p

sy
ch

os
oc

ia
l

C
on

se
cu

ti
ve

 c
li

n
ic

 
66

•
In

te
rv

ie
w

80
%

 (o
f 

th
e 

fi
rs

t
N

o 
im

pa
ct

 o
f 

th
e 

su
rg

er
y 

on
 p

sy
ch

os
oc

ia
l 

et
 a

l. 
19

94
12

8
ad

ju
st

m
en

t 
af

te
r

pa
ti

en
ts

•
O

th
er

s
st

u
dy

)
ad

ju
st

m
en

t.
M

R
M

 v
s.

 B
C

S
6 

ye
ar

s
D

or
va

l 
et

 a
l.

T
o 

as
se

ss
 

C
oh

or
t 

(s
ev

en
 h

os
pi

ta
ls

)
23

5 
at

 3
 m

on
th

s
•

P
SI

97
%

 3
 m

on
th

s
A

t 
8 

ye
ar

s 
n

o 
di

ff
er

en
ce

 i
n

 Q
O

L
.

19
98

12
5

ps
yc

h
os

oc
ia

l
3 

m
on

th
s,

 1
8 

m
on

th
s,

 
21

1 
at

 1
8 

m
on

th
s

•
M

O
S-

SS
S

97
%

 1
8 

m
on

th
s

B
C

S 
pr

ot
ec

te
d 

w
om

en
 a

ga
in

st
 d

is
tr

es
s 

if
 t

h
ey

 w
er

e
ad

ju
st

m
en

t 
af

te
r 

8 
ye

ar
s

12
4 

at
 8

 y
ea

rs
•

L
E

S
96

%
 8

 y
ea

rs
<5

0 
ye

ar
s 

of
 a

ge
 a

t 
di

ag
n

os
is

 (s
h

or
t 

an
d 

lo
n

g 
M

R
M

 v
s.

 B
C

S
•

LW
M

A
T

te
rm

).
C

u
rr

an
 e

t 
al

.
T

o 
de

sc
ri

be
 Q

O
L

 a
ft

er
Sa

m
pl

e 
fr

om
 E

O
R

T
C

 
27

8
•

N
ew

ly
 c

on
st

ru
ct

ed
14

%
–6

4%
B

C
S 

gi
ve

s 
a 

be
tt

er
 b

od
y 

im
ag

e 
w

it
h

 n
o 

in
cr

ea
se

 i
n

19
98

12
9

M
R

M
 v

s.
 B

C
S

tr
ia

l 
10

80
1

qu
es

ti
on

n
ai

re
(b

et
w

ee
n

fe
ar

 o
f 

re
cu

rr
en

ce
.

2 
ye

ar
s

di
ff

er
en

t
C

os
m

et
ic

 r
es

u
lt

s:
 p

at
ie

n
t 

ra
ti

n
g 

su
pe

ri
or

 t
o 

th
e 

co
u

n
tr

ie
s)

su
rg

eo
n

.
R

ow
la

n
d 

et
 a

l.
T

o 
ev

al
u

at
e 

w
om

en
’s

T
w

o 
co

h
or

ts
 (f

ro
m

 t
w

o 
1,

95
7

•
SF

-3
6

54
%

Fe
w

er
 p

ro
bl

em
s 

w
it

h
 b

od
y 

im
ag

e 
an

d 
se

xu
al

 
20

00
13

3
ad

ap
ta

ti
on

 t
o

la
rg

e 
m

et
ro

po
li

ta
n

•
M

O
S 

SS
S

at
tr

ac
ti

ve
n

es
s 

af
te

r 
B

C
S 

vs
. M

R
M

 ±
R

.
di

ff
er

en
t 

ty
pe

s 
of

ar
ea

s)
•

C
E

S-
D

M
T

+
R

: r
ep

or
t 

m
or

e 
n

eg
at

iv
e 

im
pa

ct
s 

on
 s

ex
 l

if
e.

 
su

rg
er

y
2.

7 
an

d 
3.

2 
ye

ar
s

•
R

D
A

S
M

R
M

±
R

 v
s.

 B
C

S:
 m

or
e 

ph
ys

ic
al

 s
ym

pt
om

 a
n

d 
•

W
SF

Q
di

sc
om

fo
rt

 a
t 

th
e 

su
rg

ic
al

 s
it

e.
•

C
A

R
E

S
N

o 
di

ff
er

en
ce

 i
n

 e
m

ot
io

n
al

, s
oc

ia
l, 

ro
le

 f
u

n
ct

io
n

 
(C

E
S-

D
, S

F-
36

).
Ja

n
n

i 
et

 a
l.

T
o 

co
m

pa
re

 i
m

pa
ct

 o
f

C
on

ve
n

ie
n

ce
 s

am
pl

e 
(o

n
e

15
2 

pa
ir

m
at

ch
ed

•
E

O
R

T
C

 Q
L

Q
 C

-3
0

N
ot

 s
ta

te
d

N
o 

di
ff

er
en

ce
 f

or
 Q

O
L

 b
et

w
ee

n
 t

h
e 

tw
o 

gr
ou

ps
.

20
01

12
7

B
C

S 
vs

. M
R

M
h

os
pi

ta
l)

pa
ti

en
ts

•
O

th
er

M
R

M
 w

om
en

 h
ad

 l
es

s 
sa

ti
sf

ac
ti

on
 w

it
h

 c
os

m
et

ic
 

3.
8 

ye
ar

s
re

su
lt

s,
 a

pp
ea

ra
n

ce
, a

n
d 

w
er

e 
m

or
e 

em
ot

io
n

al
ly

 
di

st
re

ss
ed

 b
y 

th
es

e 
is

su
es

.
N

is
se

n
 e

t 
al

.
T

o 
co

m
pa

re
 Q

O
L

 
R

C
T

 o
f 

ef
fe

ct
 o

f 
19

8
•

M
U

IS
94

%
B

C
S 

vs
. M

R
M

: n
o 

di
ff

er
en

ce
 i

n
 w

el
l-

be
in

g.
20

01
13

4
af

te
r 

B
C

S,
 M

R
M

,
ad

va
n

ce
d 

pr
ac

ti
ce

 
•

P
O

M
S

M
or

e 
m

oo
d 

di
st

u
rb

an
ce

 a
n

d 
po

or
er

 w
el

l-
be

in
g 

in
 

M
R

M
±

R
n

u
rs

in
g

•
FA

C
T

-B
M

R
M

+
R

 v
s.

 M
R

M
 a

lo
n

e.
2 

ye
ar

s

R
es

po
n

se
 r

at
e:

 r
ep

or
te

d 
by

 t
h

e 
au

th
or

 o
r 

ca
lc

u
la

te
d 

as
 t

h
e 

pe
rc

en
ta

ge
 o

f 
el

ig
ib

le
 p

at
ie

n
ts

 w
h

o 
co

m
pl

et
ed

 t
h

e 
st

u
dy

.

*,
 V

al
id

 a
n

d 
re

li
ab

le
 i

n
st

ru
m

en
ts

.

M
R

M
, 

m
od

ifi
ed

 r
ad

ic
al

 m
as

te
ct

om
y;

 B
C

S,
 b

re
as

t-
co

n
se

rv
in

g 
su

rg
er

y;
 R

, 
re

co
n

st
ru

ct
io

n
; 

P
SI

, 
P

sy
ch

ia
tr

ic
 S

ym
pt

om
 I

n
de

x*
; 

L
E

S,
 L

if
e 

E
ve

n
ts

 S
ch

ed
u

le
*;

 D
SI

, 
D

ia
gn

os
ti

c 
In

te
rv

ie
w

 S
ch

ed
u

le
*;

 F
L

IC
, 

Fu
n

ct
io

n
al

 L
iv

in
g

In
de

x–
C

an
ce

r*
; 

C
A

R
E

S,
 C

an
ce

r 
R

eh
ab

il
it

at
io

n
 E

va
lu

at
io

n
 S

ys
te

m
*;

 P
O

M
S,

 P
ro

fi
le

 o
f 

M
oo

d 
St

at
es

*;
 G

A
IS

, 
G

lo
ba

l 
A

dj
u

st
m

en
t 

to
 I

ll
n

es
s 

Sc
al

e*
; 

SB
A

S,
 S

oc
ia

l 
B

eh
av

io
u

r 
A

ss
es

sm
en

t 
Sc

h
ed

u
le

*;
 B

IS
, 

B
od

y 
Im

ag
e 

Sc
al

e*
;

T
SC

S,
 T

en
n

es
se

e 
Se

lf
-C

on
ce

pt
 S

ca
le

*;
 B

IV
A

S,
 B

od
y 

Im
ag

e 
V

is
u

al
 A

n
al

og
u

e 
Sc

al
e;

 M
O

S-
SS

S,
 M

O
S 

So
ci

al
 S

u
pp

or
t 

Su
rv

ey
*;

 L
E

S,
 L

if
e 

E
xp

er
ie

n
ce

 S
u

rv
ey

*;
 L

W
M

A
T

, L
oc

k
e–

W
al

la
ce

 M
ar

it
al

 A
dj

u
st

m
en

t 
T

es
t*

 ; 
SF

-3
6,

 R
A

N
D

or
 M

O
S 

Sh
or

t-
Fo

rm
-3

6*
; 

C
E

S-
D

, 
C

en
te

r 
of

 E
pi

de
m

io
lo

gi
c 

St
u

di
es

–D
ep

re
ss

io
n

 S
ca

le
*;

 R
D

A
S,

 R
ev

is
ed

 D
ya

di
c 

A
dj

u
st

m
en

t 
Sc

al
e*

; 
W

SF
Q

, 
W

at
ts

 S
ex

u
al

 F
u

n
ct

io
n

 Q
u

es
ti

on
n

ai
re

*;
 E

O
R

T
C

-Q
L

Q
 C

-3
0,

 E
u

ro
pe

an
 O

rg
an

iz
a-

ti
on

 f
or

 R
es

ea
rc

h
 a

n
d 

T
re

at
m

en
t 

of
 C

an
ce

r–
Q

u
al

it
y 

of
 L

if
e 

Q
u

es
ti

on
n

ai
re

 C
-3

0*
; M

U
IS

, M
is

h
el

 U
n

ce
rt

ai
n

ty
 i

n
 I

ll
n

es
s 

Sc
al

e*
; F

A
C

T
, F

u
n

ct
io

n
al

 A
ss

es
sm

en
t 

of
 C

an
ce

r 
T

h
er

ap
y*

.



differences were seen in EORTC QLQ-C30 scores. Psychoso-
cial adjustment measured using the Social Adjustment Scale
was similar in the mastectomy and BCS treatment groups;
however, women undergoing mastectomy felt mutilated and
less attractive.128 A companion study to EORTC trial 10801
comparing mastectomy to BCS and radiotherapy surveyed
278 patients 2 years after treatment.129 Body image and satis-
faction with treatment were better in the BCS. There was no
difference in fear of recurrence. Patients considered their cos-
metic results to be more acceptable than the surgeon did at
several time points. Other studies have reported beneficial
effects of BCS on body image.130,131 In summary, BCS leads to
enhanced body image and, in younger women (less than 40),
it may protect against psychologic distress. No differences in
depression were identified in one study of spouses of women
undergoing mastectomy or BCS.132

Breast Reconstruction

Breast reconstruction is offered to reduce the adverse impact
of mastectomy. Rowland et al.133 studied a cohort of 1,957
long-term (1 to 5 years) survivors in Los Angeles and 
Washington. Women undergoing mastectomy had more phys-
ical symptoms related to the surgery regardless of whether
they had reconstruction. No differences in overall HRQOL or
worry about cancer returning were identified in women
undergoing BCS, mastectomy alone, or mastectomy with
reconstruction. Body image and feelings of sexual attractive-
ness were significantly better after BCS compared with mas-
tectomy with or without reconstruction. Women who had
reconstruction were younger and better educated than those
in the other two groups. They also expressed greater concern
that their cancer had a negative impact on their sex life.
Nissen et al.134 reported that women who had a mastectomy
with reconstruction had greater mood disturbance and poorer
well-being 18 months after surgery compared with those who
did not undergo reconstruction.

Adjuvant Therapy

There is growing evidence that adjuvant therapy adversely
affects survivors’ HRQOL. In a cross-sectional survey, Ganz
et al.100 reported global HRQOL (measured using the Ladder
of Life and the MOS SF-36) to be similar 1 to 5 years postdi-
agnosis in women who received chemotherapy and/or tamox-
ifen compared with those who received no adjuvant therapy.
However, physical and sexual functioning were worse in
women receiving adjuvant therapy. A mean of 6.3 years post-
diagnosis, the no-adjuvant treatment group reported more
favorable scores for global HRQOL (Ladder of Life) and most
domains of the MOS SF-36 than those who received adjuvant
therapy.99 There were no differences in emotional function-
ing (MOS SF-36, Center for Epidemiology Study—Depres-
sion). The sexual discomfort scale (SAQ) and sexual
functioning (CARES) were significantly worse in women 
who received adjuvant chemotherapy compared to those who
received either tamoxifen or no therapy. Mosconi et al.102

reported slightly better HRQOL (EORTC QLQ-C30) in
women treated with tamoxifen versus those who received
either chemotherapy or no adjuvant therapy. In contrast, 
participants of an adjuvant trial of chemotherapy versus no
treatment who were 9.6 years postdiagnosis reported no 

differences in sexual functioning/enjoyment according to
treatment arm.135 Small sample size (119 patients) and the
long interval after diagnosis may account for these results. In
summary, the majority of studies have identified long-term
adverse effects of adjuvant therapy, notably chemotherapy.

Time Elapsed Since Diagnosis

The status of survivors also varies according to time elapsed
since diagnosis. Ganz et al.99 re-evaluated a cross-sectional
sample of survivors who had been recruited 1 to 5 years post-
diagnosis when they were a mean of 6.3 (minimum, 5) years
postdiagnosis. Small decreases in physical functioning, role
functioning-physical, bodily pain, and general health (MOS
SF-36) over time were thought to be related to aging. Sexual
activity with a partner declined significantly and specific
symptoms persisted, especially in women receiving
chemotherapy. In an earlier cohort study, Ganz et al.80 com-
pared HRQOL measured using the POMS and Functional
Living Index for Cancer at 2 and 3 years after surgery to that
between 1 month and 1 year after surgery. Most scores
improved between 1 month and 1 year,126 but there was no
subsequent improvement. This might reflect ongoing reha-
bilitation problems, as most CARES scores worsened between
1 and 3 years postdiagnosis. Holzner et al.136 evaluated 87
breast cancer survivors using two cancer-specific question-
naires. Women who were more than 5 years postdiagnosis had
significantly worse global QOL, role functioning, sexual func-
tioning, and enjoyment than those 1 to 2 or 2 to 5 years post-
diagnosis. However, women more than 5 years postdiagnosis
were slightly older than those 1 to 2 and 2 to 5 years post-
diagnosis (55.1 years old versus 52.9 and 52.5 years old,
respectively). Women 2 to 5 years postdiagnosis had less
impairment in emotional and social functioning than those
diagnosed earlier or later. In contrast, Kessler et al.,137 study-
ing a convenience sample of 148 breast cancer survivors 0.3
to 19 years postdiagnosis, reported that overall QOL and life
satisfaction were high and that greater time since diagnosis
and lesser extent of disease were associated with improved
global QOL. Thus, HRQOL and most aspects of physical and
psychosocial functioning improve during the first few years
after breast cancer diagnosis. However, specific treatment-
related problems and symptoms persist long term, and there
is some evidence of HRQOL decline 2 to 5 years after diag-
nosis, possibly related to aging.

Conclusions

Long-term survivors have a high level of functioning and good
HRQOL, often comparable to that of the general population.
However, many survivors experience physical symptoms
(notably arm symptoms and early menopause) and reduced
sexual functioning related to their diagnosis and treatment.
Young women, those receiving chemotherapy, and those with
comorbidity may be at greatest risk. Younger women experi-
ence greater psychologic distress. Cognitive dysfunction has
recently been identified in women receiving adjuvant
chemotherapy. BCS leads to enhanced body image; however,
reconstruction does not add a major benefit in terms of QOL.
Quality of survivorship in different ethnic groups has been
inadequately investigated.
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A considerable body of observational research has been
conducted in breast cancer survivors. Although there are
knowledge gaps that should be addressed in further observa-
tional research, there is also a need for research to develop
and evaluate interventions that will reduce the adverse
impact of breast cancer diagnosis and treatment which has
been identified in research to date. Primary areas for inter-
vention research include psychologic distress and sexual dys-
function in younger women; cognitive dysfunction, sexual
dysfunction, and fatigue in women receiving chemotherapy;
and body image in women undergoing mastectomy with or
without reconstruction.
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Survivors
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Mark S. Litwin

f the more than 200,000 men diagnosed each year
with prostate cancer in the United States,1 most live
with their disease or the effects of treatment for many

years.2 Although many men remain asymptomatic through-
out their lives, others face a multitude of physical and psy-
chosocial challenges. Because the duration of survival is
typically long, patients and their families are particularly
interested in optimizing their quality of life. At the generic
level, health-related quality of life (HRQOL) encompasses an
individual’s perceptions of his or her own health and ability
to function in the physical, emotional, and social domains.3,4

In prostate cancer survivors, the medical outcomes of urinary,
bowel, and sexual impairments that result from treatment
will influence the rest of the patient’s life. The psychosocial
aspects of HRQOL are impacted by the intimate nature of
these medical side effects. Urinary leakage and erectile dys-
function may cause both private and public social embar-
rassment. In addition, such treatment-related complications
may be compounded by the additional stressors associated
with aging, such as retirement or death of peers.5 Nearly one-
third of men diagnosed with prostate cancer in a genitouri-
nary clinic had levels of psychologic distress that met criteria
for anxiety disorder.6

This chapter examines the medical and psychosocial
issues impacting men with early- and late-stage prostate
cancer. Late-stage patients are included because the course of
prostate cancer recurrence is often indolent. Therefore, men
with prostate cancer typically “survive” to require secondary
treatments that compound existing medical problems. For
men with early-stage tumors, the focus is on the repercus-
sions of treatment decision on medical outcomes, the partner,
decisional regret, and fear of recurrence. For men with
advanced disease, the focus is on these issues with the addi-
tion of end-of-life decisions. The chapter concludes with
emerging research challenges.

Early-Stage Medical Issues

Survivor Demographics

The strongest risk factors for prostate cancer are age and pos-
itive family history.7,8 When survival rates are compared
without controlling for stage, Caucasian men have improved
survival rate compared to African-American, Hispanic, and
American Indian men.9–11 Survival rates are favorably influ-
enced by higher socioeconomic status and the presence of a
spouse or partner.12,13 African American and Hispanic men
bear a disproportionately high prostate cancer burden when
compared to Caucasians.14 Numerous studies have confirmed
that both African-American and Hispanic men present with
more-advanced [higher initial prostate-specific antigen (PSA)
and T stage] prostate cancer than do non-Hispanic white
men.1,10,15–17 Debate exists as to whether this is a function of
underlying differences in biology or disparities in access 
to health care. Ross et al.18 found African-American men to
have testosterone levels that were 15% higher than white
men, suggesting a possible endocrine explanation for their
increased risk. Because access to the healthcare system is
influenced by socioeconomic parameters such as income and
insurance status, African-American and Hispanic men often
lack consistent high-quality medical care.19,20

Treatment Decision Making and the Effect 
on Survivorship

The impact of treatment effects on HRQOL is the major issue
affecting posttreatment psychosocial quality of survivorship.
Since the advent of prostate-specific antigen (PSA) screening
in the early 1990s, most men present with early-stage disease,
leading them to consider a variety of issues related to treat-
ment. Those diagnosed with early-stage prostate cancer are
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challenged to choose among several treatment options
(radical prostatectomy, radiation therapy, or watchful
waiting) because studies have not yet proven an overall sur-
vival benefit of one treatment option over another.21,22 The
cure rates, defined as no evidence of biochemical (PSA) recur-
rence, for early-stage disease following radiation therapy or
surgery range from 70% to 94%.23–26 However, the medical
outcomes do differ among these treatment options.

Medical Outcomes

Prostate cancer survivors face three long-term medical prob-
lems following primary treatment: incontinence, erectile dys-
function, and recurrence. The likelihood of these side effects
will vary depending on the primary treatment chosen, stage
of disease, and need for additional treatments. However, to
date, no randomized controlled trials evaluating brachyther-
apy versus prostatectomy have been performed. The Ameri-
can College of Surgeons Oncology Group initiated such a trial
but it was closed in 2004 for lack of enrollment. Cancer
control outcomes and complication rates are inferred from
predominantly retrospective, single-institution studies using
different endpoints.

Postsurgical Incontinence

Even with improved surgical technique, urinary leakage after
operative intervention persists (Table 107.1). Centers of excel-
lence often report high rates of continence and potency
whereas community-based outcomes may be different.27–30

Causative factors for disparate outcomes include differences
in patient selection, surgical volume, surgical skill, and defi-
nitions used for particular outcomes.30–34 Further, the report-
ing of symptoms has been shown to be most accurate when
elicited with written, confidential surveys that are self-
administered and submitted to third parties, rather than by
physician assessment.35,36

Time to recovery varies for each condition and may con-
tinue for at least 2 years after therapy.37–39 Talcott et al.40–42

reported that 12 months after prostatectomy 35% of patients
were wearing pads, whereas Walsh et al.40–42 reported this rate
to be only 7%, despite using what appears to be the same 
definition and time point. These differences could be due to
surgical technique, but the disparity is striking. Using yet
another definition, Catalona and colleagues43 also reported at
12 months that 45% of men under 70 years old claimed total

urinary continence. Indeed, several authors have found that
the definition itself influences continence rates. Wei41

reported continence rates that varied from 43% to 84%
depending on whether the definition was total urinary control
or zero to one pad per day. Similarly, Krupski et al. found that
among men claiming total urinary control, 98% also claimed
no pads; however, among those reporting no pads, only 47%
reported total control. Hence, total control is the stricter 
definition.44 By 2 years postsurgery, further improvement 
in urinary control is unlikely. Therefore, men must learn to
adapt with any residual incontinence for the rest of their
lives. Table 107.1 depicts surgical rates of incontinence.

Management

Posttreatment incontinence may be secondary to bladder dys-
function or sphincteric insufficiency.45 The former of these is
treated with anticholinergic therapy, timed voiding, and fluid
restriction in the evening.46 If the etiology of the incontinence
is from an incompetent sphincter, bulking agents may be
attempted, although long-term results have been mixed at
best. Collagen and Durasphere are agents that, if injected in
the periuretheral space, will increase sphincter competence.47

Smith et al.48 treated 62 postprostatectomy patients with
multiple collagen injections, and one-third achieved social
continence. Patients experiencing minimal incontinence
(fewer than three pads/day) have the greatest chance of ben-
efiting from a bulking agent.49 The definitive therapy for
patients with severe incontinence is an artificial urinary
sphincter (AUS). After placement of an AUS, 76% were dry.50

Appropriate patient selection is important, as mechanical
failure, infection, and erosion are known complications.51

Postsurgical Potency

All surgical series have demonstrated that men undergoing
radical prostatectomy have more sexual impairment than do
age-matched controls.43,52,53 The spectrum of reported potency
using a similar definition, erections sufficient for intercourse,
ranges from 87% to 21% to 14%40,54,55 (Table 107.2).

Because the cavernosal nerves provide the innervation
required for erections, the logical assumption would be that
preservation of both sets of nerves would lead to higher
potency rates. As familiarity and acceptance of nerve-sparing
techniques developed, potency rates increased. A commu-
nity-based urologist employed chart review techniques and
reported 71% potency rates after bilateral nerve-sparing
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TABLE 107.1. Postsurgical continence.

N Definition of incontinence % incontinent Time from procedure

Assessment of treating physician
Zincke et al. 1994128 1,728 Uses three or more pads/day 5 5 years
Eastham et al. 199628 581 Leaks with moderate activity 9 2 years
Murphy et al. 1994176 1,796 Requires a pad 19

Complete incontinence 4
Survey data
Talcott et al. 1998177 279 Wears an absorptive pad 35 1 year
Stanford et al. 2000178 1,291 Requires a pad 21 1.5 years

Severe leaking 8.4 1.5 years
Smith et al. 200043 941 Less than total urinary control 65 1 year

Occasional dribbling 14 1 year
Walsh et al. 200040 64 Using pads 7 1.5 years
Potosky et al. 2000115 1,156 Wearing a pad 9 2 years



prostatectomy, which is similar to the 86% reported by
centers of excellence.40,55

Management

The treatment of erectile dysfunction consists of a stepwise
approach beginning with the least invasive therapies pro-
gressing to surgical options. The type 5 phosphodiesterase
inhibitors (PDEs) constitute the first line of therapy because
they are an oral medication. The largest body of evidence 
surrounds sildenafil, as it has been marketed the longest, 
and suggests that PDEs increase penile nitric oxide, leading
to cavernosal smooth muscle dilation and engorgement.56

Younger men who have undergone unilateral or bilateral
nerve sparing appear to benefit the most.57 Zagaja et al.58

found that postprostatectomy patients enjoyed an increasing
response rate with highest satisfaction 18 to 24 months after
surgery. Local medical therapies require an intraurethral sup-
pository or needle injection into the cavernosal bodies (ICI).
The success rate of the intraurethral suppository as measured
by successful intercourse at home is reported at 40%.59 ICI in
postsurgical patients results in 60% to 90% of men develop-
ing an erection, but many patients conceptually have diffi-
culty undertaking this therapy.60,61 Third-line therapy is a
vacuum device; an external vacuum device generates nega-
tive pressure, leading to penile engorgement. Soderdahl et al.62

randomized groups of men to ICI or an external vacuum
device and found a statistical difference in preference for ICI
(50%) compared to the vacuum device (27%). Last, a penile
prosthesis can result in an active sex life. Although no data
specifically relate to postsurgical patients, general function
and satisfaction have been reported as around 85%.63 An
industry-sponsored multicenter trial demonstrated 5- and 10-
year reliability rates of 85% and 71%, respectively.64

Urethral Stricture

Anastomotic stricture has been reported in 0.5% to 10% of
patients following surgical treatment of prostate cancer.65

Patients will typically present with a decreased force of
urinary stream. If left untreated, urinary obstruction and
urinary retention may result. Gentle dilation in the clinic is
often sufficient, but for more-severe strictures an endoscopic
operative procedure is necessary.66

External-Beam Radiation

For prostate cancer, the traditional target radiation dose with
a four-field box is 70Gy. The advent of three-dimensional 
(3-D) conformal therapy allowed radiation oncologists to
increase the dose to 78Gy. However, several studies docu-
mented that morbidity is both dose- and volume dependent.67

Although the higher dose results in improved biochemical
recurrence for men with high-risk disease, increased compli-
cations are also seen.67,68 The late complications (2–5 years
postprocedure) associated with such dosing follow: persistent
incontinence, 29%; grade 2 to 3 bladder toxicity, 9% to 20%;
grade 2 or higher rectal toxicity, 14% to 26%; and only 51%
retained erections adequate for intercourse.67,69,70 Ensuring
that less than 25% of the rectum receives the higher dose
minimizes these complications. Fowler et al.30 assessed com-
plication rates in Medicare beneficiaries treated with exter-
nal-beam radiation and compared these rates to a previously
published sample of Medicare surgery patients. They noted
that radiation patients experienced less incontinence (7%
versus 32%), more erections (77% versus 44%), and greater
bowel dysfunction (10% versus 4%). Tables 107.3 through
107.5 summarize the complication rates by radiation type. An
additional side effect of external radiation not seen with
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TABLE 107.3. Postradiation bladder complications.

Time from 
N Definition of bladder symptom % affected procedure

Brachytherapy
Wallner et al. 200273 380 Grade 1–2 toxicity 19 1 year
Talcott et al. 200193 105 Daily leakage 11 5 years

Wearing a pad 16
External beam
Fowler et al. 199630 621 Pads for wetness 7 5 years
Potosky et al. 2000115 435 Wearing a pad 3 2 years
Storey et al. 200070 (70Gy vs. 78Gy) 189 Grade 2 or higher 20 and 9 5 years
External-beam + brachytherapy
Ghaly et al. 200394 51 Grade 1–2 7 6 months
Zeitlin et al. 199886 212 Any leakage of urine 4 2 years

TABLE 107.2. Postsurgical potency.

N Definition of potency % potent Time from procedure

Cohn et al. 2002a 55 199 Erections rigid enough for vaginal penetration 71 1.5 years
Murphy et al. 1994a 176 1059 Capable of full erection 35 1 year
Smith et al. 200043 941 Sufficient for intercourse, <70 years old 25 1 year
Walsh et al. 200040 64 Unassisted intercourse ± phosphodiesterase (PDE) inhibitor 86 1.5 years
Moul et al. 199854 374 Full erections when stimulated 13 10 months
Potosky et al. 2000115 1156 Erection sufficient for intercourse 20 2 years
aAssessment by treating physician.



surgery is fatigue. Immediately after initiation of radiother-
apy, patients experience increasing symptoms of fatigue.
Longer follow-up reveals the fatigue is temporary, with most
men returning to baseline by 6 months.71,72

Brachytherapy

Brachytherapy (BT) is touted as having a very low rate of 
acute or long-term complications. In the initial 6 months 
all patients suffer from obstructive or irritative symptoms as
a consequence of the radiation prostatitis. A randomized
prospective comparison of iodine-125 (125I) and palladium-103
(103Pd) found that American Urologic Association symptom
scores (now called the International Prostate Symptom Score,
IPSS) peaked at 1 month and were generally higher in the 125I
patients. 125I patients also experienced slightly higher grade 1
and grade 2 urinary and rectal morbidity.73 The literature, in
general, suggests that 2% to 18% of patients experience grade
2 or 3 urinary or rectal morbidity. Examples of such compli-
cations include stricture, urethritis, cystitis, proctitis, and
rectal ulceration.74–79 Urinary retention has been reported at
10% and incontinence was as high as 6% in the Medicare pop-
ulation.80,81 Potency with implants alone is 69% to 76% at 1
to 3 years after implantation.82,83 Because even the longest
modern BT series span only 12 to 15 years, very little litera-
ture exists on long-term complications from BT. Merrick et
al. commented that long-term urinary morbidity is restricted
to patients having a prior transurethral resection of the
prostate. Long-term erectile dysfunction ranges from as low

as 29% without use of a phosphodiesterase inhibitor to as
high as 70% at 5 years. The most serious and difficult to treat
of the reported complications is a prostatourethral–rectal
fistula.84–88

External-Beam Therapy Combined 
with Brachytherapy

Controversy still exists over the role for combined radiother-
apy in prostate cancer.76 Patients at low risk for extracapsu-
lar disease (Gleason less than 7, PSA less than 10ng/dL,
clinical stage less than T2b) are excellent candidates for
brachytherapy monotherapy.89,90 However, patients at inter-
mediate or high risk for extracapsular disease may be better
served by combined radiotherapy or either form of radiother-
apy with the addition of androgen ablation.24,91,92 The Radia-
tion Therapy Oncology Group has initiated trial P-0232
[external-beam radiation therapy (EBRT) + BT versus BT] to
assess these issues.93,94

Management

Following EBRT or BT, patients are started prophylactically
on alpha-blockers to decrease the expected side effects of
dysuria and frequency that result from radiation prostatitis.
Select patients may stay on the alpha-blocker for 6 to 12
months. Nonsteroidals and antiinflammatory suppositories
are used to treat proctitis. For a patient with a large prostate
gland (more than 50mm3), androgen deprivation therapy is
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TABLE 107.5. Postradiation bowel complications.

Time from
N Definition of bowel toxicity % affected procedure

Brachytherapy
Wallner et al. 200273 380 Grade 1 20 1 year
Talcott et al. 200193 105 Diarrhea or watery stool several 6

times/week
External beam
Potosky et al. 2000115 435 Bowel urgency 36 2 years
Storey et al. 200070 (70Gy vs. 78Gy) 189 Grade 2 or 3 14 and 21 5 years
Kuban et al. 200367 (70Gy vs. 78Gy) 1,087 Grade 2 or 3 12 and 26 5 years
External beam + brachytherapy
Zeitlin et al. 199886 212 Blood per rectum (proctitis) 21 2 years

TABLE 107.4. Postradiation potency.

Time from
N Definition of potency % potent procedure

Brachytherapy
Stutz et al. 200383 148 Score of 22 on Sexual Health Inventory 69 2 years
Raina et al. 200385 79 Erections sufficient for vaginal penetration - PDE 29 4 years

Erections sufficient for vaginal penetration + PDE 70
Potters et al. 200182 482 Erection suitable for intercourse + PDE 76 3 years
External beam
Fowler et al. 199630 621 Ability to achieve erection 77 5 years
Potosky et al. 2000115 435 Erection sufficient for intercourse 39 2 years
External beam +
brachytherapy
Potters et al. 200182 482 Erection suitable for intercourse + PDE 56 3 years
Zeitlin et al. 199886 212 Ability to have satisfactory vaginal intercourse 62 2 years



employed to “downsize” the prostate, facilitating BT.95 The
added benefit of androgen deprivation therapy is to decrease
the risk of postoperative urinary retention. Sacco et al. have
also demonstrated that dexamethasone (4mg twice daily for
1 week then 2mg twice daily) instead of androgen ablation
also decreases the risk of retention in these patients.96 Erec-
tile dysfunction is treated in the same manner as for post-
surgical patients as already described.

Prostate-Specific Health-Related Quality of Life

Several cross-sectional surveys have compared health-related
quality of life outcomes after brachytherapy, external-beam
radiation, and radical prostatectomy. Two studies reported
that overall HRQOL was similar between brachytherapy 
and radical prostatectomy patients, with those undergoing
brachytherapy having better urinary control but similar
bother.97,98 However, in a study of 1,400 patients, Wei et al.99

found that men receiving brachytherapy experienced worse
outcomes in the areas of urinary, bowel, and sexual HRQOL
than did those undergoing either of the other two treatments.
This finding contrasts with that of Eton et al.,100 who reported
that brachytherapy patients had the least sexual dysfunction
and the best physical functioning of all treatment groups, and
with that of Davis et al.101 who reported that bowel bother
was worst after external-beam therapy. Direct comparison of
such studies is difficult because demographic characteristics,
clinical factors, and measurement instruments vary from one
investigator to another. Van Andel et al.102 reported that radi-
ation patients, on average, are 7.9 years older, have lower
socioeconomic status, and more often have a higher tumor
stage. They also found that radiation patients reported more
pain and fatigue, lower overall HRQOL, and worse sexual
function than men undergoing surgery.

Early-Stage Psychosocial Issues

Partners

Cancer affects family members as well as patients. Prostate
cancer, more so than other malignancies, has been labeled a
“relationship disease” because it so profoundly impacts both
partners.103,104 In fact, studies have found that psychologic 
distress is equivalent in the prostate cancer patient and his
partner.105 Clearly, once the cancer is discovered, both part-
ners experience increased levels of anxiety compared with
healthy couples.106

Although there is evidence that marital status impacts
prostate cancer outcomes, the direction of the effect is mixed.
The diagnosis of prostate cancer may evoke anxiety or depres-
sion in both partners. The response to this stress can nurture
or undermine the relationship. A good relationship can foster
healthy coping skills, alleviate distress, and encourage opti-
mism. Increased optimism has been shown to correlate with
improved cancer outcomes and survival.107

Depression/Distress

Being diagnosed with cancer naturally evokes a sense of
sadness.108 The difficulty is to distinguish the normal
response from a clinical disorder. Symptoms indicative of a

clinical disorder include a sense of failure, social withdrawal,
suicidal ideation, and indecision.109–111 Few studies have
examined depression in patients with early-stage disease.
Kornblith et al. studied 163 men with localized prostate
cancer and found that 29% reported “worry” and 21% com-
plained of depression. Patients and spouses both had frequent
intrusive thoughts and images.112

Psychologic distress is complicated in prostate cancer
because of the dual implications of treatment and distress.
Prostate cancer treatment may itself induce sexual dysfunc-
tion, which adds further to such distress. Studying traumatic
distress in men newly diagnosed with early-stage disease,
Bisson et al.113 found very few depressive symptoms. Instead,
patients demonstrated higher anxiety and traumatic stress
symptoms. The authors postulated that older men may be
more likely to use denial as a defense mechanism. A more-
holistic approach by the physician, incorporating attention to
both psychologic and physical needs, benefits the patient and
his spouse. Emotional support allows both members of the
couple to target their energies on preparing for the treatment
process.

Regret

Decisional regret relates to the notion that another treatment
might have been preferable. Davison et al.114 undertook a
study to assess how factors such as HRQOL and level of
patient involvement in medical decision making impact deci-
sional regret. Higher regret scores did correlate with poorer
emotional and urinary function. Although not a direct
measure of decisional regret, the Prostate Cancer Outcomes
Study that found 92% of patients who chose surgery or 
radiation would do so again.115 In contrast, Hu et al.116

used the two-item Clark regret scale117,118 and discerned 
that 16% of men with localized prostate cancer experienced
decisional regret. College education and worse HRQOL
appeared to foster regret, but treatment type did not have an
effect.

Fear of Recurrence

Using the CaPSURE database, Mehta et al.119 identified more
than 500 men with pre- and posttreatment questionnaires to
measure fear of recurrence. All patients, regardless of treat-
ment type, reported the most severe fear of recurrence before
treatment. Their levels of fear improved after treatment and
remained constant over the next 2 years. Another study uti-
lized the Profile of Mood States (POMS)120 in men with and
without biochemical recurrence. Urinary tract symptoms
were associated with increased cancer fear, but biochemical
recurrence alone was not associated. However, men with both
urinary tract symptoms and biochemical recurrence reported
the highest level of cancer fear.121 In an attempt to elucidate
better the problems faced by men with prostate cancer, Roth
et al. developed a new scale to measure anxiety in prostate
cancer patients. The Memorial Anxiety Scale for Prostate
Cancer (MAX-PC)122 comprises three subsections including a
prostate cancer anxiety scale, PSA anxiety scale, and fear of
recurrence scale. The authors identify the prostate cancer
anxiety subscale as being most specific to cancer anxiety
while the fear of recurrence captures general distress. Loneli-
ness and general uncertainty about the future heighten
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anxiety in prostate cancer survivors. Men who have elected
to undergo no treatment (watchful waiting) also experience
PSA anxiety. Wallace123 identified 19 men on watchful
waiting and found they experienced heightened uncertainty,
leading to a higher perception of danger, which impaired their
quality of life. Discussions with other men facing similar
clinical scenarios promote positive coping skill and diminish
anxiety. National and local support groups can help meet the
emotional and educational needs of patients concerned with
facing a recurrence.124,125

Late-Stage Medical Issues

Demographics

African-American men have a significantly higher mortality
rate from prostate cancer than do non-Hispanic white men.126

However, the traditional 5-year survival rates are almost 
irrelevant to men with prostate cancer, given that this 
rate approaches 100%, regardless of treatment.2 This figure
includes the 15% to 35% of men who will experience bio-
chemical progression within 10 years of treatment.25,127,128 The
natural history of disease recurrence following radical prosta-
tectomy was characterized by Pound et al.,23 who showed that
the median time to development of metastatic disease was 
8 years and death followed at a median of 5 additional 
years. The risk factors for progression were time to biochem-
ical progression, Gleason score, and PSA doubling time. The
earlier the PSA recurrence, the higher the Gleason score, and
the faster the doubling time, the worse the prognosis. No
patients placed on early hormone ablation were included in
the study.

Definition of Recurrence

After a radical retropubic prostatectomy, PSA levels should
be undetectable. Original assays utilized a threshold level of
0.2ng/dL, and values less than this constituted freedom from
disease. Although more-recent assays have lowered this
threshold, the PSA should still be undetectable. A detectable
PSA preceded clinical recurrence by 6 to 8 years.129,130 The def-
inition of recurrence after radiation therapy is three succes-
sive rises in PSA based on American Society for Therapeutic
Radiology and Oncology (ASTRO) criteria.131 However,
because recurrent patients after either treatment will survive
for many years, secondary treatment in the form of hormonal
therapy results in additional medical problems.

Androgen Ablation

Medical induction of castration can be obtained through
drugs affecting the production of luteinizing hormone-
releasing hormone (LHRH), blocking the peripheral effects of
androgens (steroidal and nonsteroidal antiandrogens), elimi-
nating all steroid hormone production, and estrogens. The
luteinizing hormone-releasing hormone agonists (which para-
doxically lower LHRH levels) are typically administered by
injection every 3 to 4 months whereas peripheral blocking
agents are taken orally every day. However, once androgens
are ablated, the prostate cancer begins an inexorable change
to hormone independence.132 Once a hormone refractory state

has developed, few effective treatment options exist. There-
fore, questions arise regarding the timing of androgen abla-
tion and which agents to use.

Hormonal Complications

The predominant treatments are LHRH agonists and non-
steroidal antiandrogens, but these are not without side
effects. LHRH agonists cause hot flashes, loss of libido and
potency, anemia, fatigue, weight gain, depression, and
decreased bone mineral density.133,134 Antiandrogens maintain
potency in a subset of patients but lead to gynecomastia and
nipple tenderness.135 Controversy remains over whether these
agents are as effective when used alone as when used in com-
bination with LHRH agonists. Two large trials demonstrated
prolonged time to progression (by 2 months) in patients with
modest disease; however, meta-analysis and other small
studies have failed to demonstrate a significant advantage to
combined androgen blockade.136–138 Once metastatic bone
deposits develop, LHRH agonists appear to be the most cost-
effective, efficacious treatment.139 However, men with high-
risk disease or rising PSA are often started on hormone
ablation.140,141 To decrease the side effects, intermittent
hormone ablation is increasingly being utilized.

Bone Complications

Hypogonadal men are at risk for potentially debilitating bone
complications such as osteoporosis and hip fractures.142,143 In
patients with prostate cancer on androgen ablation, Hatano et
al. reported a 6% nonpathologic fracture rate while Townsend
et al. found a 9% overall fracture rate.144,145 A smaller retro-
spective studies found even higher fracture rates of 40% after
15 years in 161 men after bilateral orchiectomy.146 Daniell ana-
lyzed 59 men who had undergone bilateral orchiectomy for
prostate cancer and found 8 (13.6%) with osteoporotic frac-
tures of the femur or vertebra. However, when he analyzed the
17 patients still alive 5 to 12 years later, he noted that 38%
had had one or more osteoporotic fractures.147

According to the World Health Organization, osteopenia
denotes a bone mineral density between 1.0 and 2.5 standard
deviations below the mean for young adults and osteoporosis
is greater than 2.5 standard deviations below the mean.148

Using this definition, Finkelstein et al. documented cortical
bone density loss at least 2 standard deviations below normal
in men with isolated gonadotropin-releasing hormone defi-
ciency.149 These changes in bone mineral density have been
confirmed in men with therapeutic hypogonadism from
prostate cancer treatment.150,151 Smith et al. reported that tra-
becular bone mineral density of the spine decreased by 8.6%
during the first year of androgen-deprivation therapy (ADT)
for nonmetastatic prostate cancer.151 With aging itself leading
to decreased bone mineral density, the addition of ADT
further places these men at risk.152,153

Management

The agents used in the treatment of osteoporosis and osteope-
nia depend on whether the etiology of the bone loss is from
a benign or malignant process. Disease of benign etiology has
been successfully treated with calcitonin, oral bisphospho-
nates, and a combination of vitamin D and calcium.154,155
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However, the bone loss associated with prostate cancer
and androgen deprivation therapy is accelerated, requiring
additional therapeutic options.153,156,157 A prospective random-
ized controlled trial revealed that intravenous bisphospho-
nate was effective in increasing bone mineral density in 
men on androgen deprivation therapy for prostate cancer.158

Therefore, men with D0 disease as well as metastatic 
prostate cancer on ADT are candidates for intravenous 
bisphosphonates.

Fatigue

Throughout the disease trajectory, cancer patients experience
fatigue, which is recognized to have a significant impact on
quality of life.159 Indeed, clinical experience with fatigue in
hypogonadal men indicates that androgen deprivation therapy
should lead to some degree of fatigue.160 Stone et al.161 used
the Fatigue Severity Scale162 to follow patients before and after
treatment with goserelin and cyproterone. Fatigue worsened
in 66% of patients after 3 months of androgen deprivation
therapy. All patients responded to the therapy with decreas-
ing PSA levels, eliminating disease progression as a possible
source of fatigue. On multivariate analysis, only depression
remained a significant predictor of fatigue.163 The depression
literature supports this association.164 This study did not find
any association with anemia, but others suggest that fatigue
in prostate cancer patients on androgen deprivation therapy
may be because of anemia, a well-known side effect of ther-
apeutic hypogonadism.165 Patients on androgen deprivation
therapy experience not only the expected physical side effects
such as hot flashes, loss of libido and potency, weight gain,
and anemia but also the psychosocial changes of depression
and fatigue. Close monitoring of all these parameters is 
critical.

Health-Related Quality of Life

The clinical rationale for selecting the method and agent for
androgen ablation is controversial. Therefore, the physician
must engage the patient in a discussion to decide what
balance of side effects, cost, and risk of progression is optimal.
Because the patient will likely survive for many years before
developing bone metastasis or other evidence of clinical pro-
gression, the potential cost in quality of life may be great.
Additionally, when the physical side effects of fatigue, sexual
dysfunction, and weight are considered, deferment of this
potentially emotionally debilitating therapy may promote
HRQOL in men living daily with prostate cancer.

Late-Stage Psychosocial Issues

Partners

Researchers have used focus groups to describe the impact 
of prostate cancer on the couple as a unit. Both patients and
partners feel unprepared to manage treatment- and prostate-
related changes as they arise. The spousal role is increasingly
difficult as the cancer progresses. Often the role shifts to that
of a caregiver focusing on three major areas of concern. Care-
givers contend with fear of cancer and its spread, helping
patients respond to the emotional ramifications of the

disease, and managing the disruptions caused by cancer.166 For
survivors of prostate cancer with late-stage disease, uncer-
tainty prevails. Men with partners may benefit from physical
assistance from their partner but bear additional emotional
weight from their sense of being a burden. Men without 
partners experience more of a physical decline and 
loneliness.166–168

Depression

The concept that depression is linked to testosterone has been
explored in the psychiatric literature. Studies have examined
the treatment of elderly males with major depressive dis-
orders with testosterone replacement. The therapy appears 
to be effective in men with late-onset depression.169 There-
fore, older men receiving androgen deprivation therapy for
prostate cancer are an at-risk population. Among 45 men
receiving androgen deprivation therapy (ADT) as prostate
cancer treatment, the prevalence of major depressive disorder
was eight times the national rate.170 Although cancer pro-
gression was not the primary cause of the depression, history
of depression was a strong risk factor. Involving experts in
depression and palliative care can provide social support and
help patients confront end-of-life issues.

Regret

Regret has been evaluated in men who developed metastasis
and had initiated androgen deprivation therapy. Almost one-
fourth of these men expressed regret. The demographics and
time since diagnosis with metastatic disease were similar
between men who were and were not regretful; however, men
who had undergone orchiectomy were more likely to express
regret.119 Clark et al.118 did find that men expressing regret
were more likely to have poorer quality of life, particularly in
the role and emotional limitations subscales. These men did
not have more treatment-induced side effects, yet they per-
ceived themselves as having worse functional status.

End of Life

Quality of life steadily descends in the final months of life.171

Marriage appears to protect men from rapid decline in the
physical domains but surprisingly does not offer protection in
the emotional domains. Single men may feel the persistent
effects of loneliness, while married men may sense being a
burden. Higher socioeconomic status has been associated
with a slower decline in physical domains but a more acute
decline in the emotional domains.172 Other studies in termi-
nally ill cancer patients have found accelerated HRQOL
declines at 1 to 3 weeks before death.173 Because prostate
cancer death can be so delayed, patients, family, and physi-
cians often neglect to address end-of-life planning issues.
Steinhauser et al.174 evaluated factors considered important
for a “good death,” emphasizing that this is highly idiosyn-
cratic. Control of symptoms, preparation for death, opportu-
nity for closure, and good relationship with healthcare
professionals were factors considered crucial to easing the
end-of-life transition for patients and families. One responsi-
bility of the physician is to consider what the patient and
caregiver need emotionally and psychologically. This need
includes assessing what interventions might be used for long-
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or short-term gain or discussing transfer to a hospice or 
palliative care program. When these issues are adequately
addressed, terminally ill patients feel more prepared for death
and are better able to live to the fullest degree possible.175

Conclusion

The high prevalence of prostate cancer and the impact on the
partner make the psychosocial aspects of prostate cancer par-
ticularly relevant to long-term survivorship. A man’s mas-
culinity is intricately intertwined with his personal identity.
Therefore, the intimate nature of the treatment-related side
effects of early- or late-stage prostate cancer may have far-
reaching emotional consequences for these men. They are at
risk for anxiety, depression, distress, fatigue, and bone com-
plications at many stages of the disease trajectory. The most
effective tool against these sequelae is awareness on the part
of physicians and other health professionals in identifying
psychosocial needs and directing patients to the appropriate
resources.
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Physical and
Psychosocial Issues in
Lung Cancer Survivors

Linda Sarna, Frederic W. Grannis, Jr., and 
Anne Coscarelli

ung cancer emerged during the 20th century as an epi-
demic of enormous proportions.1 A rare disease at the
beginning of the past century, lung cancer continues to

be one of the most common cancers in the world, affecting
173,700 Americans (93,110 men and 80,660 women) in 2004.2

Mirroring changes in smoking patterns, the incidence of lung
cancer among men continues to decline. Large-scale smoking
among women occurred almost 20 years after men in the
United States, with a subsequent delay in increased cases,
peaking in the 1990s. Encouragingly, the most recent evi-
dence demonstrates that lung cancer incidence among
women is declining, as are death rates.3 In 2000, approxi-
mately 13% of men and 17% of women (age-adjusted, 15%
overall) diagnosed with lung cancer were expected to survive
at least 5 years (an estimated 26,065 Americans each year).2

There has been minimal (albeit statistically significant)
increase in the overall percentage of survivors over the 
past 30 years (13%, 1974–1976; 14%, 1983–1985; 15%,
1992–1999).2 The focus of this chapter is on the emerging data
describing the long-term medical and psychosocial conse-
quences of survival from lung cancer and its treatment. In
addition to length of survival, the physical, psychologic,
social, and existential components of heath-related quality of
life (QOL) data have been recognized as important outcome
measures of lung cancer treatment for more than 30 years.4,5

These measures are now a common part of clinical trials of
patients with lung cancer,6 but there is limited information
about QOL of long-term survivors. In an extensive review of
literature on QOL in patients with lung cancer, 151 studies
were identified covering 1970–1995.7 Almost all these studies
focused on patients in treatment. Only one focused on
patients with early-stage disease treated by surgery,8 and only
one study was identified with long-term survivors.9 Since that
review, there have been several additional reports10–14 on sur-
vivors of lung cancer who were disease free and off treatment
at the time of the data collection. Details of these studies and
others focused on recovery after curative treatment are dis-
played in Table 108.1.

Lung cancer survivorship, in contrast to breast cancer sur-
vivorship, which has shaped the quantity and quality of 
survivorship research, is in its infancy. For the purposes of
this chapter, studies published (in English) since 1980 that

provide data about the physical functional status, QOL,
symptoms, and other issues experienced by survivors after
curative treatment are reviewed. Studies that only addressed
cardiopulmonary function in the brief postoperative period
are not included.

Survivorship and Lung Cancer

There are many survivors of lung cancer as a result of the high
incidence of this disease when using the National Coalition
of Cancer Survivors’ definition, which is “from the point of
diagnosis forward.” However, with a definition that sets a
defined time frame of “5-year survival” or “disease-free sur-
vival,” the field of survivors is narrowed to a smaller number
of patients and, thus, a more-limited opportunity for research.
Survival following a diagnosis of non-small cell lung cancer
depends primarily upon stage and effective treatment. Only
16% of patients are diagnosed with localized disease, 36%
with regional disease, and 38% with distant metastasis.3

Although more than 80% of patients with surgically resected
stage IA disease may have 5-year disease-free survival, expec-
tation of survival diminishes progressively through stages II
and III and is rare in stage IV. If untreated, few patients, even
with small peripheral stage IA tumors, survive 5 years.15,16

The statistics for long-term survivors of limited-stage small
cell lung cancer are even less optimistic. Only 6% of 144
patients with limited-stage disease treated in Canada sur-
vived longer than 5 years.17

Long-Term Impact of Curative 
Surgical Interventions

The majority of QOL studies including patients with lung
cancer have focused on symptoms of and issues facing
patients with advanced disease.7 The quality of lung cancer
survivorship and resulting physical impairment has been
minimally addressed. The majority of medical issues sur-
rounding lung cancer survivorship are related to curative sur-
gical therapy and tend to be short term. A major consequence
of the successful treatment of lung cancer arises from the
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requirement for partial ablation of a vital organ. The pneu-
monectomy has been used successfully for lung cancer treat-
ment since the 1930s.18 Evidence-based strategies to enhance
QOL, improve symptom control, and support recovery after
curative surgery for lung cancer are almost nonexistent.
Although the normal healthy individual can sustain the loss
of one entire lung (pneumonectomy), most patients with lung
cancer have comorbid illness. Many patients have sustained
cardiopulmonary damage from long-term smoking and have
increased risk of mortality following pneumonectomy (or in
some cases even after lobectomy or limited resection). When
comparing sleeve lobectomy with pneumonectomy, a meta-
analysis of published studies from 1990 to 2003, using
quality-adjusted life years (QUALYS) as one of the outcomes,
found that sleeve lobectomy resulted in better survival, and
for patients who did not have recurrence, better QOL.19 Other
studies also support the superiority of lobectomy over pneu-
monectomy in terms of physical recovery.20

One recent advance in the treatment of early-stage lung
cancer is limited resection performed by video-assisted tho-
racoscopic techniques (VAT) in patients with poor lung func-
tion. Patients with limited respiratory reserve are at increased
risk for perioperative respiratory complications. Recent expe-
rience with the use of thoracoscopic procedures in benign
lung disorders, especially emphysema, confirms that limited
thoracoscopic lung resections can be performed safely in this
setting, under select circumstances. Thoracoscopic pul-
monary resection requires less time in hospital and reduces
the duration of postoperative pain and disability. Better
understanding of pulmonary function tests (PFTs) and limits
of resection now allow resection of small peripheral tumors
in patients with poor pulmonary function via open segmen-
tal resection, thoracoscopic wedge resection, or a combina-
tion of reduction pneumoplasty with wedge resection in
carefully selected patients. The lung cancer surgery can even
serve as a lung volume reduction intervention for these com-
promised patients. In a small study of 16 stage I non-small
cell lung cancer survivors with severe emphysema who
underwent a variety of surgical resections, including lung
volume reduction, 68% had 5-year survival. These carefully
selected patients had improved QOL (as measured by the SF-
36), especially in physical functioning and reduction in
dyspnea 2 years after surgery.21

As displayed in Table 108.1, a number of studies have
identified lingering symptoms and issues faced by lung cancer
survivors in the months and years after potentially curative
treatment. Some prospective studies suggest a pattern of
symptom resolution with full recovery 6 months after
surgery, but others point to ongoing problems years later.
Some studies have included comparison groups of patients
with other forms of cancer or patients without cancer who
underwent similar surgical procedures (e.g., thoracotomy).
Although some studies have included mixed stage and his-
tology of patients with lung cancer, the majority of studies
address the issues of survivors of non-small cell lung cancer
who underwent surgical resection with minimal attention to
those with small cell lung cancer or those who have under-
gone adjuvant treatment. These posttreatment data, includ-
ing both physical as well as emotional well-being, identify a
range of issues faced by survivors of lung cancer and under-
score the need to develop supportive care interventions. The
perceptions of QOL by survivors are important, as they are
linked to severity of symptom distress and have been associ-

ated with long-term survival.22 Pneumonectomy has been
more clearly associated with ongoing symptoms and reduced
QOL.23 Because of the lack of prospective data, few studies
have reported patterns of symptom occurrence and resolution
after curative treatment. A cross-sectional study of patterns
of symptom distress studied 117 patients with lung cancer,
enrolled within 100 days of diagnosis and receiving a variety
of treatments. It found that those patients receiving surgery
(n = 45) were noted to have decreased symptoms over a 
6-month period.24

Available data describing the prevalence and patterns of
lingering symptoms (dyspnea, pain, altered functional
status/fatigue, emotional distress, cognitive difficulties, rela-
tionships, sexual dysfunction, and alterations in communi-
cation abilities) reported in long-term lung cancer survivors
are described next.

Dyspnea and Pulmonary Impairment

The loss of functional lung tissue as a result of lung cancer
surgery may result in transitory and permanent reductions in
pulmonary function and, for some, physical disability. Pul-
monary function can be affected by lung cancer and its treat-
ment, by the consequences of the patient’s past tobacco use,
and by comorbid disease.25 Changes in pulmonary function
are variable and not a clear predictor of exercise capacity,26

severity of dyspnea,27 patients’ perceptions of physical dis-
ruptions in day-to-day activities,28 or even QOL out-
comes.10,29,30 Larsen et al.28 note the variability of performance
of lung cancer patients after resection. Based upon physiologic
differences, resection of the right lung (contributing to 55%
of overall lung function) might lead to more severe pulmonary
consequences.18 There are clear differences based upon the
extent of resection. Bolliger et al.31 reported reduction in PFT
in the immediate postoperative period with recovery at the
6-month period for patients who underwent lobectomy. This
recovery was not seen for patients who underwent pneu-
monectomy, similar to findings by Nezu et al.26 Several
studies support the benefit of the VATS procedure in
improved functional recovery as compared to other
approaches.32

Although dyspnea is not always a consequence of surgi-
cal treatment, the majority of studies reported ongoing prob-
lems of breathlessness in some survivors, often linked with
reduction in exercise capacity.8,21,23,26,27,29,30,33–35 Dales et al.8

reported an increase in the prevalence of severe dyspnea in
the first 3 months postthoracotomy, with reductions at 6 and
9 months, but with the continuance of severe dyspnea for
10% of the patients. Nugent et al.36 reported long-term
deficits in exercise performance in patients undergoing a
pneumonectomy, with limited changes after lobectomy. The
symptom dyspnea was the limiting factor in performance in
exercise tests for the pneumonectomy group. Pelletier et al.33

cited dyspnea as a factor attributing to dropout in exercise
programs postthoracotomy. Zieren et al.34 also reported con-
tinued dyspnea at exertion 1 year after surgery. However,
Nugent et al.36 reported no changes in dyspnea after surgery.

In a study comparing VATS to thoractomy, dyspnea (85%
versus 75%) and cough (82% versus 75%) were continuing
problems more than a year after surgery for both groups.
Aging, tobacco use and comorbid conditions, in particular,
may influence respiratory symptoms and level of pulmonary
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function. Uchitomi et al.37 report the significant relationship
of dyspnea to emotional distress in the postoperative period.
This relationship was also reported by Sarna et al.10 However,
there is little research specifically looking at these issues in
a systematic way. In addition to dyspnea, respiratory symp-
toms such as cough, phlegm, and wheezing continue to
plague some long-term survivors and diminish QOL.11

Pain

In a recent review,38 Rogers et al. reported on the incidence of
chronic mild to moderate postthoracotomy pain, which was
described as “under-rated” and affecting approximately 50%
of patients. Chronic postthoracotomy pain along the incision
line often has neuropathic features. It is less often associated
with initial lung cancer surgery, but has been linked with
tumor recurrence.38 The etiology of long-term pain is not well
established but may be caused by intercostal nerve damage.
Several of the studies reviewed (see Table 108.1) describe per-
sistent pain for some long-term survivors.9,10,21,23,29,34,35,39–42 Not
all studies are limited to patients with lung cancer; some
included others who received a thoracotomy. Reports of lin-
gering pain vary. Schag et al.9 reported that 46% of survivors
experience pain from scars postsurgery and 24% report aches
and pains. In a study of 85 patients, 26 had moderate to severe
pain 1 month after surgery. Gotoda and colleagues43 reported
that female gender and pain immediately postthoracotomy
were predictive of pain 1 month and 1 year after surgery.
Handy et al.29 reported continued pain 6 months after surgery.
Similarly, Pompeo et al.21 and Zieren et al.34 reported contin-
ued pain for some patients even 1 year after surgery. Pompeo
et al.21 also identified a subset of patients who continued to
have lingering pain. However, Mangione et al.42 and Myrdal et
al.35 reported that pain scores after surgery were similar to pop-
ulation norms 1 to 2 years after surgery.

Although the prevalence of chronic pain may be expected
to differ by surgical procedure, especially with the emergence
of the muscle- and nerve-sparing VATS procedure, reports do
not consistently support significant differences. Landreneau
et al.39 reported less pain and shoulder dysfunction, but not a
difference in use of pain medication.44 Pain was reported by
71% of the thoracotomy group and 67% of the VATS group.
Comparing the VATS with thoracotomy, specific type of pain
included thoracotomy pain (74% versus 75%), chest pain
(48% versus 29%), and arm or shoulder pain (59% versus
46%). One-third of both groups (33%) reported shoulder dys-
function. Neither Pompeo et al.21 or Li et al.44 report signifi-
cant differences in pain when comparing lobectomy and
VATS procedures. However, another study did support a ben-
eficial difference.41 Treatment strategies of postthoracotomy
pain vary,45 and reports for definitive treatment from clinical
trials are not available.

Another painful and disabling condition is frozen 
shoulder, a potential postsurgical risk46 affecting lung cancer
survivors. However, there are no known studies describing
the prevalence of this condition among survivors of lung
cancer.

Altered Functional Status/Fatigue

Level of postoperative physical disability is an important con-
sideration in examining the QOL of survivors. Although it is

often related to dyspnea, decreased functional status may
have other contributing factors as well, and the measurement
is different. In fact, in surveying the views of a patient popu-
lation at risk for lung cancer surgery (n = 64), many stated
they would not undergo life-saving surgery if it resulted in
permanent physical disability.47 Early studies considering
recovery from lung cancer surgery focused almost exclusively
on pulmonary and cardiovascular function, exercise capacity,
and predictors of those at risk for severe disability. Mangione
et al.42 note recovery of physical function after thoracotomy
at 12 months, but never to preoperative levels. Compared to
other surgical groups (hip replacement, repair of aortic
aneurysm), survivors of lung cancer had lower physical func-
tion. In a small prospective study of recovery after lobectomy,
Miyazawa et al.27 reported that recovery to preoperative levels
occurred approximately 1 year after surgery for most, but 
not all, patients. Improvement in exercise capacity also was
noted by Nezu et al.,26 but not for those who underwent 
pneumonectomy.

Many of these studies are limited in that a preoperative
assessment was lacking and time since surgery in the post-
operative assessment varied. Additionally, multiple factors,
including comorbid conditions (e.g., emphysema) and impair-
ments (e.g., arthritis), were not considered as contributors to
physical function after surgery. When exercise performance is
limited, deconditioning (often described as leg cramps) as well
as dyspnea are factors.33 In an older population of lung cancer
survivors, comparison of physical function with other patient
populations or normative standards is useful. In the 5-year
survival group,10 QOL scores for physical components showed
a somewhat poorer status compared to norms of patients with
cancer, older adults, and those with other chronic lung
disease.

In addition to functional decline, fatigue has been identi-
fied as a troublesome symptom. It is unclear if these are asso-
ciated with aging or comorbidity because few studies have
comparison groups. In the study by Li and colleagues,44

fatigue was the most commonly reported symptom more
than 1 year postsurgery for patients who underwent a VATS
(74%) or thoracotomy (92%), as was the case with long-term
survivors of small cell lung cancer.48 Fatigue also may accom-
pany other symptoms. In a cross-sectional study assessing
symptom distress in women with primary or recurrent lung
cancer within the past 5 years, Sarna49 found that when
fatigue was present, 41% experienced frequent pain, 31%
insomnia, 23% breathing difficulties, and 21% cough. No
studies have reported fatigue after lung cancer surgery with
adjuvant chemotherapy.

There appears to be a subset of survivors that reports
reduction in energy and increased fatigue. In a cross-sectional
study of 130 older patients with lung cancer 3 months after
diagnosis (including 34 treated with surgery), risk for
impaired physical functioning was strongly linked to preex-
isting physical impairment and symptom distress.50 In Schag
et al.’s study of lung cancer survivors,9 almost all the shorter-
term survivors reported significant decreases in their energy
(84%). Fatigue also was the most common symptom reported
by Sarna et al.10 With the lack of age-matched comparison
groups, it is difficult to tell how dissimilar these reports are
from the population of older adults without cancer and
with/or without other chronic illnesses. Schag reported on
this issue comparing cancer patients to health controls using
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the same instrument. She notes that 84% of survivors had
problems with functional health status compared to 22% of
healthy controls in a previous study.51

Emotional Distress

Presenting evidence on the psychosocial issues and concerns
of survivors of lung cancer is both a simple and complicated
task. It is simple because there is a paucity of information and
it is complicated by the absence of data and the clear defini-
tions of survivor. It is important to note that positive as well
as negative consequences may result from the experience of
lung cancer.52 In the qualitative study,12 survivors described
existential changes prompting them to “seeing life as a gift,”
“appreciating the little things in life,” and “trying to live life
to its fullest.” However, some reflect that life after lung
cancer is not a normal life, and there were multiple state-
ments related to uncertainty. A review of available data pro-
vides support for the hypothesis that a subset of survivors
experience ongoing psychologic distress such as anxiety and
depression. Handy et al.29 reported impaired mental health 6
months posttreatment, but Mangione et al.42 noted improve-
ment in mental health over time. Different measures were
used to measure depression in the studies reviewed, and it is
difficult to know whether the responses reflect a diagnosable
depression (major or minor) or reflect a state of depressed feel-
ings. Interestingly, in contrast to differences in physical func-
tion, pneumonectomy was not necessarily associated with
greater emotional or social dysfunction.34

Depression

It may seem surprising to find reports of depression among
the “fortunate few” who do survive lung cancer. The findings
of disease-free survivors are surprisingly consistent with
other studies that have looked at the global population of lung
cancer patients which includes all stages of disease. Depres-
sion and emotional distress have been reported as higher
among people with lung cancer than people with other
cancers.53 It is estimated that the incidence of depression in
patients with lung cancer of all stages ranges from 15% to
44%.7,14,54–57 Depressed mood in patients with cancer has been
linked to increased reporting of symptoms.8,57 In a study of 95
patients with newly diagnosed lung cancer of all stages,
depression was linked to poorer prognosis.58

Interestingly, in a prospective study of survival and posi-
tive attitude (optimism) before a randomized clinical trial of
chemotherapy and radiation therapy for unresectable non-
small cell lung cancer,59 mood did not influence or correlate
with overall survival. According to Uchitomi’s findings,
depression did decrease over the year after surgery.14,37,60

However Sarna et al.10 reported that one of five long-term 
survivors required further workup for depression because 
of high CES-D scores and this score was also a major 
predictor of ratings of QOL. These reports underscore the
importance of screening for depression as part of follow-up
care. Depression is treatable, but it is unknown how many
lung cancer survivors have this clinical diagnosis and are
treated.

Anxiety and Fears of Recurrence

Many patients who survive a first lung cancer develop a
second cancer, either a second primary lung cancer or a local
recurrence. Additionally, patients with prior lung cancer are
at high risk of development of second tobacco-caused cancers
other than lung cancer. A few prospective studies34 have
noted significantly lower QOL scores for survivors who expe-
rienced recurrence compared to scores of those who remained
disease free. The threat of recurrence is not unique to lung
cancer survivors, and this fear has been noted in studies of
disease-free survivors. In Schag et al.’s study,9 63% of lung
cancer survivors reported anxiety, and 58% had worries about
a cancer recurrence. Sarna et al.10 reported 30% with anxiety,
with 12% of survivors fearful of a second cancer, 11% fearful
of a recurrence, and 11% fearful of metastatic disease.

Ongoing and quality communication with the healthcare
team is essential throughout to course of treatment and during
recovery. Because lung cancer has been so frequently fatal for
patients, communications around survivorship issues and
QOL may seem less important than for other patients with a
better prognosis. However, it is important to recognize that
there are phases of treatment, and it may be important to iden-
tify fears and issues facing survivors that lead to education,
information, and interventions. For example, discussions
about the potential consequences of curative treatment do not
have to be limited to informing patients of potential risks.61,62

It also can be an opportunity to prepare patients for survivor-
ship. Resources available for rehabilitative support, including
psychologic support, can be included in the plan for care.

Cognitive Difficulties

A meta-analysis of seven clinical trials demonstrated that
prophylactic cranial irradiation (PCI) increased disease-free
survival and decreased risk of brain metastasis for patients
with small cell lung cancer.63 Since the 1980s neurologic tox-
icity has emerged as a concern for some long-term survivors.64

These problems include a range of abnormalities including
problems with memory, concentration, parasthesias, and
gait.48,65–67 However, the etiology of cognitive impairment is
not clear, with suggestions of abnormalities present before
treatment.17,67 Comprehensive information about the impact
of cognitive impairment on QOL is needed in this population.

Cognitive problems also have been reported in survivors
of non-small cell lung cancer. In Schag’s study9 (including
patients with both small cell and non-small cell lung cancer),
the majority (63%) of the short-term survivors noted that
they had difficulty remembering things. Diminished ability
to think clearly was associated with a diminished interest or
pleasure in a recent study evaluating somatic symptoms of
patients with lung cancer with major depression.68 Sorting out
cognitive difficulties from the effects of depression is an
ongoing issue in cancer research but may be particularly rel-
evant for this population.

Relationships

There are limited data describing the impact of lung cancer
on marital and other relationships. In many studies informa-
tion about marital status or living situations is unknown. Dif-
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ficulties with relationships with families and friends were
uncovered both by Schag et al.9 and Sarna et al.,10 but it is
hard to determine if social support changed and whether there
is an ongoing impact. This is clearly an area that could use
additional investigation. Additionally, information about the
impact of lung cancer on employment is limited.

Sexual Dysfunction

Disruptions in sexual function may be an issue for survivors
of lung cancer as a result of diminished physical functional
status, but data are practically nonexistent. Schag’s study9

reported on a range of activities related to intimacy among
married and single individuals. In a study of 69 women with
lung cancer,69 including 38% treated with curative intent,
sexual disruptions were reported by more than 20% of the
sample.

Communication Ability

Complications of surgical treatment of lung cancer also could
include vocal cord paralysis, although data about the preva-
lence of this condition among long-term survivors are
lacking. Recurrent laryngeal nerve damage resulting from
pneumonectomy, mediastinoscopy, or tumor invasion can
result in laryngeal paralysis or paresis, causing hoarseness and
soft whispery voice. This problem can have a profound impact
on communication and ultimately QOL. In a rare study of 28
patients with vocal cord paralysis from cancer or its treat-
ment (including 25% with lung cancer), QOL improved after
thryoplasty.70 Cancer patients had QOL and voice improve-
ment similar to that of patients who received treatment for
benign conditions. Improvements in QOL included physical
function aspects that could be negatively affected by glottic
incompetency.

Economic Impact

A few studies reviewed noted employment status and the
impact of the disease on work situation, although many
patients were retired at the time of diagnosis.9,10 In some
studies, return to work was viewed as a proxy for QOL among
long-term survivors.71,72 The impact of altered physical 
functional capacity after curative treatment and the long-
term economic consequences on these survivors are
unknown.

Support and Psychosocial Intervention

There is limited evidence as to the impact of community
resources on the recovery and adaptation of lung cancer sur-
vivors. Community-based and philanthropic organizations
have historically provided cancer patients and their families
with essential services that have been unavailable from tra-
ditional medical sources, and reliance on these organizations
is growing. A recent study73 evaluated the resources that are
available nationwide to provide support for patients with
cancer and their family members, how these resources are
used, and whom they serve. The primary mission of the orga-
nizations that participated in the study (32 of the 41 identi-

fied) was information/referral centered. Of the 31 organiza-
tions reviewed, not 1 was devoted to patients with lung
cancer, although two-thirds were specifically dedicated to
patients with cancers other than lung. Problems identified for
the one database of patients indicated that there is a strong
need for assistance with personal adjustment to illness, finan-
cial concerns, home care, and transportation. The study also
noted that the patients that are at the highest risk for devel-
oping cancer and dying of it are the least likely to utilize
formal support networks. In addition, there were gaps noted
in service provision. As medical environments provide less
assistance for psychosocial needs, it will become incumbent
upon these communities to provide assistance for patients,
especially for those with lung cancer.

The Ted Mann Family Resource Center at UCLA’s
Jonsson Comprehensive Cancer Center has developed an
approach to helping patients cope with the diagnosis of lung
cancer at all phases of the disease. Funded by the surviving
spouse of a patient who died of lung cancer, the Ann and John
Nickoll Lung Cancer Support Program has established a
variety of services for patients and family members. Patients
and family members receive individual contact and psy-
chosocial evaluation by a psychologist or social worker.
Patients are offered a variety of services, including informa-
tional booklets with a library of resources, a support group for
patients with lung cancer and their family members, lectures
by healthcare professionals on the topic of lung cancer, indi-
vidual and group programs to teach relaxation exercises and
cognitive coping skills, and assistance with access to reliable
web sites. Patients who are depressed receive individual coun-
seling and are referred to psychiatry for medication evalua-
tion if they are amenable to this type of intervention. Patients
have welcomed this program of support. Some of the patients
have commented, “Now we have what the breast cancer
patients have,” the standard by which all cancers are cur-
rently measured. The greatest difficulty that patients with
lung cancer face, however, is the fact that so many cancers
are found at a late stage, and patients must not only deal with
the diagnosis of cancer but may have to grapple with declin-
ing function and the loss of their life in a relatively short
period of time after the diagnosis. Although as yet untested,
this resource may provide a model for comprehensive support
for people living with lung cancer.

There is a small, but growing, network of patients and
families who are participating in advocacy efforts that are
primarily Internet based, as displayed in Table 108.2. Each 
of these organizations provides information about disease 
and treatment, organizes political advocacy efforts, and has a
mission oriented toward better care and research for patients
with lung cancer and links to other resources. These
resources offer tips and suggest areas of need and intervention
for survivors of lung cancer.

Although research on psychosocial interventions for a
variety of types of cancer patients is not reviewed here, there
is an extensive literature documenting the efficacy of a
variety of interventions in diverse patient populations. These
interventions are oriented toward improving the quality of
life of patients with cancer through education, individual
support, and groups. A recent meta-analysis of 37 published
controlled studies that investigated the effectiveness of psy-
chosocial interventions on QOL in adult cancer patients
found that psychosocial interventions with durations of more
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TABLE 108.2. Resources for lung cancer survivors.

Organization Web site Purpose/mission

Alliance for Lung Cancer Advocacy, www.alcase.org National not-for-profit organization dedicated solely to 
Support, and Education helping people with lung cancer, and those who are at 

risk for the disease, to improve quality of life through 
advocacy, support, and education

American Cancer Society www.cancer.org Nonprofit provides general cancer educational and support 
services, including a Lung Cancer Resource Center that 
describes lung cancer, its risk factors, prevention, 
causes, detection, symptoms, diagnosis, staging, and 
treatment

American Society of Clinical www.asco.org; www.plwc.org Site run by the American Society of Clinical Oncology; 
Oncology provides up-to-date scientific information about lung 

cancer treatment, including links to many patient-
focused resources

Cancer Care www.lungcancer.org Informational website sponsored CancerCare
Lung Cancer Online Foundation www.lungcanceronline.org Focus on improving the quality of care and quality of life 

for people with lung cancer by funding lung cancer 
research and providing information to patients and 
families; provides a comprehensive, annotated directory 
to Internet information and resources for patients and 
families

Lung Cancer Survivors for Change www.lchelp.com/mambo An organization composed of ordinary people who have 
survived lung cancer as well as family members of 
people living with lung cancer

National Coalition of Lung Cancer www.canceradvocacy.org Survivor-led advocacy organization working exclusively on 
Survivors (NCCS) behalf of this country’s more than 9 million cancer 

survivors and the millions more touched by this disease; 
founded in 1986, NCCS continues to lead the cancer 
survivorship movement

Roy Castle Foundation www.roycastle.org Provides patient support and information network 
throughout Great Britain; every lung cancer patient and 
their family will have access to a comprehensive 
support, information, and advocacy service for all issues 
concerning lung cancer

Ted Mann Family Resource Center, www.CancerResources.mednet.ucla.edu Provides education through streaming video as well as 
UCLA Jonsson Comprehensive articles on all phases of the disease, including 
Cancer Center survivorship, and caregiver-oriented materials

Women Against Lung www.4walc.org Special focus on women with lung cancer, educates the 
Cancer public and health care professionals about women and 

lung cancer; provides a web listing of many lung cancer 
resources

than 12 weeks were more effective than interventions of
shorter duration.74

Health Behaviors

Little is known about the health behaviors (tobacco use,
alcohol use, nutrition/weight) and changes that may occur 
in response to the diagnosis or the perceived health status 
of lung cancer survivors. In an analysis of these factors, 
Evangelista et al.13 reported that 70% of 5-year survivors
reported their health to be good to excellent. Continued
smoking, exposure to second-hand smoke, current alcohol
use, and being overweight (body mass index of 25 or more)
were significant predictors of poor health perceptions.

Tobacco Use and Cessation

Assessment of current and former smoking of lung cancer
survivors is relevant because of the potential impact on re-
currence, second primaries,75–80 and comorbid conditions.

Smoking cessation can slow the decline in pulmonary func-
tion, and if smokers quit before extensive pulmonary damage,
they may never develop clinically significant chronic obstruc-
tive pulmonary disease (COPD).81 Approximately 90% of lung
cancer cases are attributed to lifetime smoking.82,83 Smoking
continues to be the leading cause of preventable death in 
the United States,84 and tobacco control is a priority for the
American Society of Clinical Oncology.85

Rarely included in analysis of clinical trial data on sur-
vivorship are data about tobacco use. Amount of smoking (30
or more pack-years) has been shown to be an independent
prognostic factor in a study of 375 patients who underwent
complete surgical resection for stage I non-small cell lung
cancer from 1981 to 1993.86 Smoking is receiving special
attention during clinical trials investigating efficacy of lung
cancer screening.87 At the time of surgery for lung cancer,
many smokers may quit. However, some are unable to do
so,78,88–94 and others restart smoking during recovery. In
Dresler et al.’s report,93 23% of patients who quit within the
2 weeks before surgery relapsed, and 61% who did not quit
before surgery continued to smoke. She reports that 89% of



smokers acknowledged receiving physician advice to stop
smoking. Patients at highest risk for return to smoking were
those with the briefest quit time before surgery. In a study of
long-term survivors,13 13% continued to smoke after curative
surgery. There have been several attempts to provide targeted
smoking cessation interventions for survivors of cancer,
including lung cancer.79,95,96 However, it is important to note
that former smokers continue to be at lifelong increased risk
for lung cancer.78,97 Minimal attention has been given to the
risks of exposure to second-hand smoke, also a risk factor 
for lung cancer. This exposure was reported among 28% of
disease-free survivors.13

Patients with lung cancer, including long-term survivors,
may receive more attributions of blame and responsibility for
their disease because of their smoking behavior. Clinically,
patients have noted that they feel a judgment that comes from
others (healthcare providers, family members, and friends)
that they are responsible for their disease if they smoked.
Additionally, patients who never smoked or who quit long
before their diagnosis may feel unfairly judged. In a qualita-
tive study of 45 patients with lung cancer, patients reported
feeling stigmatized because of their smoking. Regardless of
current smoking status, patients believed that that past or
current smoking affected their quality of care, and for this
reason, some concealed their diagnosis.98 The individual
smoker is blamed for his or her illness; even though he or she
may have become addicted as a youth, little blame is aimed
at the tobacco industry that misled the public about health
risks. Only a few studies have explored causal attributions
that might affect a patient’s response to the diagnosis of lung
cancer, especially in the case of a smoking history. There are
data to suggest that medical staff’s attitudes toward patients
may be influenced by these factors as well.99 In a study that
looked at lung cancer patients’ own attributions for the cause
of their illness, it was found that while smoking cigarettes
was the most frequently suggested causal factor, patients also
tried to minimize the impact.100 Eighty-one percent of
patients put forward at least one statement that served to
qualify or argue the relevance of smoking as the cause. For
example, 41% of the patients indicated that “they didn’t
really know where the disease came from,” others argued
“they had always led a normal/healthy life, that non-smokers
also got lung cancer, that there must be other causes for lung
cancer, and that they had always been healthy.” Patients are
able to reduce their sense of guilt by diluting the cause of the
disease; this allows the person to feel some responsibility
without shouldering the full sense of blame. Despite the
potential causes and responsibilities, there is a need to under-
stand more about these processes and their impact on coping;
however, understanding what patients must cope with is a
significant concern.

Alcohol Use and Substance Abuse

Although tobacco use is associated with increased risk of
alcohol use, few studies have reported on alcohol use or 
substance abuse among people with cancer, including lung
cancer survivors. Among 5-year survivors,13 58% were
reported to have had a drink in the previous month, with 3%
reporting more than 8 drinks in one sitting. As described pre-
viously, alcohol use among survivors was associated with
poorer perceptions of health.

Nutrition and Weight

There are limited data about weight, nutritional intake, and
physical activity that can be used to recommend lifestyle
changes for lung cancer survivors. Evangelista et al.13 reported
that 51% of survivors were overweight, including 23% with
a body mass index of 30 or more. Recently, a panel of experts
convened by the American Cancer Society reviewed the avail-
able scientific evidence regarding the benefit of nutritional
and activity interventions to decrease recurrence, improve
overall survival, and increase QOL. They concluded (with an
indication of the strength of the evidence as “probable” or
“possible” benefit) that lung cancer survivors should strive
for a healthy weight during treatment and recovery, and
increase fruit, vegetable, and omega 3 fatty acids uptake (espe-
cially in the face of weight loss).101 Additionally, increased
activity after treatment was recommended to increase overall
survival and QOL. There was insufficient evidence for rec-
ommendations regarding total fat intake or intake of fiber 
or soy. The negative impact of tobacco use on decreasing
nutrition was noted. Limited information is available about
nutritional supplements and the lung cancer survivor,
although two previous trials of beta-carotene pills demon-
strated an increased risk of lung cancer in smokers.102,103 A
current clinical trial is investigating the potential benefit 
of selenium supplements in reducing risk of lung cancer
recurrence.104

Factors Associated with Increased Problems

Although prognostic variables associated with survival have
been well studied, factors associated with increased morbid-
ity and diminished QOL among disease-free survivors have
received limited attention. Age, sex, race/ethnicity, socioeco-
nomic status, and comorbidity have been suggested to con-
tribute to differences.

Age

Older age at diagnosis may influence recovery needs as 
well as occurrence of long-term sequelae. With the growing
number of older Americans, many of whom have had a life-
time of tobacco use and exposure, lung cancer incidence
among the elderly can be expected to climb along with the
burden of other tobacco-related comorbidities.84 In a study of
patients with limited small cell lung cancer, older patients
were more likely to have poorer performance status, more
likely to experience poorer survival, and less likely to receive
the full extent of optimal treatment.105 However, older age
and comorbidity were not directly related to survival. In
Sarna’s study,10 older age was associated with poorer physical
function. In a study of physical functioning among older
cancer patients, patients who were 3 to 6 weeks post lung
cancer surgery (n = 32) had significantly lower physical func-
tion and more limitations than older patients who had under-
gone surgery for breast, colon, or prostate surgery.106 In a
cross-sectional study of 133 older patients with lung cancer
(over 65 years of age) with various stages of disease and treat-
ment (n = 26, including 11 with adjuvant treatment), prior

1 8 8 4 chapter 108



physical function, symptom severity, and older age were pre-
dictors of diminished physical functioning.107

Sex Differences

As reviewed by Patel et al.,108 there are important sex differ-
ences in lung cancer that may affect survivorship, including
the generally female advantage for long-term survival, and dif-
ferential response to treatment. However, women may be at
increased susceptibility to the carcinogens of tobacco109 and
are more likely to be diagnosed with adenocarcinoma.108,110

Additionally, younger female nonsmokers appear to be at
increased risk for lung cancer.111 However, sex differences in
physical and psychologic dimensions of QOL are less clear
among long-term survivors. None of the studies reviewed
supported sex differences in pulmonary function of exercise
capacity, although many had only a small subset of women.
Sarna et al.10 reported that women survivors were more likely
to live alone and had significantly higher ratings in the exis-
tential/spiritual domain of QOL as compared to men. In the
study by Uchitomi et al.,60 findings indicate that female
patients, but not male patients, did benefit from physicians’
social support.

Race/Ethnicity and Socioeconomic Status

Lung cancer incidence varies by race/ethnicity and social
status, and these differences have been attributed to dif-
ferences in lung cancer survivorship.112 Over 45 million 
Americans continue to smoke. The gap between smoking
among the higher and lower socioeconomic classes is widen-
ing, with 32.9% of those below the poverty line smoking as
compared to 22.2% at or above the poverty level.113 Lung
cancer is fast becoming a cancer of the impoverished, poorly
educated, and ethnic minorities,114,115 but it is not clear how
these factors influence survivorship. Tobacco use has been
suggested as a cause of the large differential in male black
cancer deaths over the past several decades.116 African-Amer-
icans are less likely to be diagnosed with localized disease as
compared to whites (14% versus 16%), and there has been
minimal change in survivorship over time (1974–1976, 11%;
1983–1985, 11%; 1992–1999, 12%).2 A variety of factors have
been suggested to account for this disturbing difference,
including differences in access to care. Using Surveillance,
Epidemiology, and End Results (SEER) data between 1985 and
1993 for black (n = 860) and white (n = 10,124) patients with
resectable non-small cell lung cancer, 12.7% fewer black
patients in comparison with white patients received poten-
tially curative resection.117 This unequal treatment resulted in
racial differences in survival, as has been reported by others.118

Long-term survivors of lung cancer are more likely to
come from higher socioeconomic groups.112 Socioeconomic
status has been related to stage at diagnosis and, thus, sur-
vivorship.118,119 Using SEER data for all races from 1995–1999,
for those below the poverty rate, 25.3% and 59% of lung
cancer patients were diagnosed with regional and distant
disease, respectively. Additionally, in a prospective cross-
sectional study of 129 newly diagnosed patients with non-
small cell lung cancer (including 6 who received surgery),
those with lower socioeconomic status, regardless of clinical
status, had more health problems and poorer quality of life
than those who were affluent.120

Comorbidity

In evaluating the QOL and health status of survivors, the
presence of comorbid conditions, especially those associated
with tobacco-related illnesses, may more directly affect QOL
ratings than the cancer or its treatment. However, there has
been limited investigation in this area. Few studies reviewed
have adequately documented comorbid conditions among
patients who have undergone surgery for lung cancer.121 In a
survey (including preoperative patient history) of 2,189
patients who underwent surgery for lung cancer in Spain,
73% reported at least one comorbid condition, including 50%
COPD, 16.5% hypertension, 13.5% heart disease, 10%
peripheral vascular disease, and 9% diabetes. Comorbidity
was higher in older age groups, but smoking status was not
reported. These findings of comorbidity were similar to find-
ings of Sarna et al.10 among 142 disease-free survivors, in
which 70% reported one or more conditions: 28.9% heart
disease, 17.6% COPD, 16.9% peptic ulcer disease, 13.4% dia-
betes, and 16% with reports of other cancers. Fewer comor-
bid conditions were significantly related to higher physical
QOL scores, especially for survivors with known heart
disease, and contributed to the statistical model for overall
QOL. Schag et al.9 found similar results: 32% cardiovascular
disease, 41% hypertension, 11% diabetes, and 28% other ill-
nesses; however, a comorbidity index was not predictive of
QOL for the lung cancer survivors. The Karnofsky perfor-
mance status was significant, which may be in part a surro-
gate for the combined effect of comorbid illnesses.

Long-term tobacco use can complicate recovery from lung
cancer and its treatment122 and increase the potential for other
and tobacco-related comorbid conditions. Because smoking is
a major risk for cardiovascular disease and increases the risk
of disease in the presence of other risk factors (e.g., untreated
hypertension),123 the assessment of the impact of tobacco-
related comorbidity is essential to survivorship concerns.
Additionally, chronic obstructive pulmonary disease (COPD),
now the fourth leading cause of death in the United States,
continues to increase, especially among women.123 Similar to
lung cancer, more than 90% of cases of COPD are due to
smoking; 15% of smokers develop significant COPD.81 Addi-
tionally, COPD has been postulated as a risk factor for lung
cancer.124 Lung function declines more rapidly in smokers as
compared to nonsmokers and is associated with progressive
disability.125 Twenty-five percent of patients with small cell
lung cancer were noted to have COPD at diagnosis, and 15%
had heart disease; however, the prevalence among the 60
long-term survivors is not reported.72 In a cross-sectional
study of 129 older patients with lung cancer at various stages
of disease, an average of 3.1 comorbid conditions was
reported.107

Limits to Current Studies of Lung 
Cancer Survivors

There are numerous limitations to the current studies
describing issues facing lung cancer survivors. A variety of
instruments have been used, limiting comparisons across
studies. Several have used standardized instruments such as
the Center for Epidemiology Status-Depression (CES-D) to
assess depression that allow score comparison with normal
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populations. Other studies have allowed comparison of scores
across cancer survivors. Comparing survivors of lung cancer
to other populations of survivors of cancer and to populations
without major illness is essential in evaluating generalizabil-
ity of research among survivors. However, further qualitative
studies also are needed that provide details about the sur-
vivors’ lives, identifying positive and negative outcomes.

To determine if these findings are different from or similar
to those in others with chronic illness or others with cancer,
comparison groups are important. This differences are beyond
the extent of surgery alone, as long-term survivors were noted
to have higher preoperative QOL, when compared to those
who suffered recurrence.71 A health utility score, a global indi-
cator of health reflecting QOL, allows for comparisons across
studies. This strategy was used in a study using population-
based cross-sectional data from the National Health Inter-
view Survey (1998 cohort) of 692 long-term survivors
recovering from surgical cancer treatment: breast (n = 377),
colon (n = 169), melanoma (n = 92), and lung cancer (n = 54,
50% females). In the acute less than 1-year time period, the
scores for the lung cancer survivors (0.42, with 1.0 indicating
perfect health), were significantly lower than for the other
survivor groups.126 However, the scores in the longer term
cohort (more than 5 years) increased by 47% to 0.62. The pres-
ence of pain and angina contributed to poorer scores in long-
term survivors. In Schag’s study,9 there was a greater
frequency of psychologic distress in patients with lung cancer
than the survivors of colon and prostate cancer.

Recommendations to Support Recovery of
Lung Cancer Survivors

Based on the available evidence, several interventions are
essential to decrease morbidity and promote QOL among lung
cancer survivors. As a diagnosis of any life-threatening illness
such as lung cancer offers clinicians a “teachable moment”,
recovery can be the impetus for important life changes and
behavioral interventions. (1) All lung cancer survivors who
smoke must be offered/referred to support and resources to
promote tobacco cessation. (2) Because a significant number
of survivors experience serious emotional distress in the face
of curative treatment, vigilant attention is needed in the
ongoing assessment to detect psychosocial problems and to
ensure referral for subsequent treatment of those with clini-
cal symptomatology. (3) There should be ongoing assessment
and treatment of postthoracotomy pain. (4) Physical rehabil-
itation must be promoted, especially among those with 
evidence of disability before curative treatment. (5) Interven-
tions to provide interventions to support relief of dyspnea
should be offered to those with this symptom. (6) Changes 
in lifestyle including healthy diet and activity to promote
QOL and reduce disability should be supported. (7) There
should be identification of and intervention with high-risk
patients with known risk factors for morbidity after curative
treatment.

A comprehensive wellness approach to survivorship
requires that clinicians challenge existing nihilistic views of
the curability of lung cancer in general, including negative
attitudes toward investing in efforts to support QOL regard-
less of the length of survival. Many of these interventions
may be synergistic, such as the decrease in depression asso-

ciated with exercise. Additionally, those with stable disease
may live for many years with lung cancer. Although they may
not be “disease free,” they should not be neglected in the
efforts to improve coping and living with uncertainty while
reducing physical and emotional distress.

Future Research

The excellent survival of individuals treated with adequate
surgical resection in stage 1 non-small cell lung cancer sug-
gests that increasing survivorship is linked with early detec-
tion. Henschke and her colleagues at Cornell University
conducted a prospective single-arm trial of low-dose noncon-
trast spiral computerized tomography (CT) in high-risk
patients and demonstrated that CT is three times as sensitive
in the detection of small pulmonary nodules as chest
roentgenogram and that 80% of lung cancer is detected by
this methodology in stage IA.127

The National Lung Screening Trial is underway to evalu-
ate current and former smokers aged 55 to 74 at risk for
cancer.128 Findings from standard chest X-rays will be com-
pared with spiral computed tomography (CT) scans to see if
early detection of small potentially curable lesions will result
in reduced deaths from lung cancer. Thus, an increased
number of disease-free survivors might be anticipated,
making information about the issues associated with sur-
vivorship all the more important. Regardless of efforts to
prevent tobacco use and to support cessation, former smokers
will continue at higher risk. Hundreds of thousands of 
Americans will be at risk for lung cancer in the next decades.
It is also important to acknowledge the lack of information
about long-term survivors with advanced-stage disease. For
example, in a few selected cases of patients with isolated
brain metastasis, long term survival (more than 10 years)
occurred after surgical removal of tumor.129

Much more evidence is needed to provide a clear under-
standing and support for interventions to prevent or reduce
physical and psychosocial sequelae of lung cancer and its
treatment.130 Further research is needed to monitor the course
of symptoms post treatment and to evaluate strategies for
reducing overall symptom burden and improving QOL. The
studies reviewed are limited primarily because of small
sample size and the cross-sectional nature of the design.
There are almost no prospective studies documenting the
course of survivors who have received adjuvant treatment.
Although Schumacher et al. reported that preoperative
chemoradiation did not significantly reduce QOL in 54
patients in the immediate posttreatment time frame, data for
long-term survivors were not available.131 There is almost no
information available about the issues of survivors of small
cell lung cancer. Although smoking cessation is included in
recommendations for follow-up and surveillance,132 it is clear
from this review of the literature that there is strong evidence
to support monitoring physical and emotional well-being
after treatment as well.

There are minimal reports of efforts to promote wellness
after curative treatment or to examine the efficacy of reha-
bilitation programs for lung cancer survivors. Future research
needs to address the wide range of problems with an eye
toward developing a body of literature in which one study can
be compared with another. Further research is needed to eval-
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uate available instruments and determine how to get the
most information, to provide opportunities for comparison
and generalizations across studies, and to not overburden
respondents. The work to date represents a start in the under-
standing of the needs of lung cancer survivors, but it raises
more questions than it answers. Some have expressed con-
cerns that if the perception of the physician is that surgery
would result in substantial reduction in QOL, curative treat-
ment would not be offered, regardless of the patient’s view.133

There are subsets of patients who have significant difficulties
in a range of areas. More research is needed in nonwhite
samples, from a variety of socioeconomic strata, and the
inclusion of family members will provide a more complete
view of the impact and needs of survivors.

Intervention studies such as targeting depressed patients
might involve both psychologic interventions oriented
toward cognitive coping as well as medication trials. The role
of multidisciplinary care teams involved in the coaching,
support, and physical reconditioning posttreatment need to
be explored. The interaction between beliefs and behaviors on
the part of the medical team with the patients’ belief systems
may lead to ways to create greater support and interaction.
Additionally, the involvement of survivor participants in 
the development and monitoring of this research would be
useful.

Limiting research for survivors of lung cancer to the
disease-free period after 5 years is far too narrow. There is
limited knowledge about the period after treatment is com-
pleted and before recurrence or second primaries. Newer ther-
apies for advanced non-small cell lung cancer have resulted
in improved QOL and symptom relief.134 These needs and
issues faced by these survivors with stable disease also need
attention.

The evidence base for frequency and type of screening test
is important. This information is important in exploring the
need for rehabilitation and support. According to findings
from available research, lung cancer survivors are diverse,
with different profiles of comorbidity, and different vulnera-
bilities and needs for rehabilitation. Future studies are needed
to explore the need to test tailored assessments and inter-
ventions so that those at highest risk are appropriately treated
to prevent unnecessary short- and long-term morbidity.
Because of the relatively small number of lung cancer sur-
vivors, the development of a database through a clinical trial
mechanism would be useful. Additionally, the quality and the
impact of the explosion of web-based sources for cancer sur-
vivors, including lung cancer survivors, on QOL has not been
evaluated.
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Cancer Survivorship
Issues in Colorectal

Cancer
Clifford Y. Ko and Patricia A. Ganz

Epidemiologic Trends That Will Influence the
Number of Colon and Rectal Cancer Survivors

Colon and rectal cancers (CRC) are among the most common
adult malignancies worldwide, and for a variety of reasons,
the numbers of survivors of colorectal cancer are likely to
increase in coming years. The incidence of these cancers
doubles with each successive decade of life beyond 50 years,
and with the expansion of the older population in the coming
years, the absolute numbers of CRC patients in the United
States will grow substantially.1 It is estimated that by the year
2030 the number of persons over the age of 65 years will have
doubled and the number of persons over the age of 85 years
will have quadrupled.2 Given this expanding and aging popu-
lation, projections suggest that the numbers of CRC patients
may increase by as much as 30%.3 Thus, with these profound
demographic changes, it will be imperative to have a better
understanding of the late effects and health care needs of long-
term CRC survivors.

In addition to the increased incidence of colorectal cancer,
advances in the detection and treatment are contributing to
improved survival outcomes for patients with this disease.
Earlier detection of CRC leads to better survival through
downstaging of the disease. Several large population-based
studies have demonstrated that increasingly more colon and
rectal cancers are being detected at an earlier stage through
screening.4–9 Data from the Surveillance, Epidemiology, and
End Results (SEER) program10 demonstrate an increasing pro-
portion of localized colon cancers for the population 65 years
and older: in the 1970s, 36% of tumors were localized; in 
the 1980s, 39% were localized; and in the 1990s, this
increased to 42%. Similarly, the proportion of localized rectal
cancers has increased from 46% to 49% from the 1970s to the
1990s.

In addition, there is an anticipated growth for the number
of CRC survivors secondary to secular trends in screening for
this disease. As CRC screening becomes more widespread
through current health promotion campaigns, there will be
an accelerated shift to earlier-stage disease, contributing
further to a stage-related increase in the numbers of long-term
survivors. The benefits of earlier stage on survival are demon-
strated by looking at data on survival by stage (1992–1998):

the 5-year survival for regional tumors (i.e., AJCC stage III) is
65.2%, while for localized colon and rectal cancers (i.e., AJCC
stage I and II) the survival rate is 90.1%.10 Overall, we can be
optimistic about better outcomes and long-term survival for
CRC patients in the decades ahead.

Finally, there are increasing numbers of CRC survivors
because of advances in medical treatments. For example, the
surgical technique of total mesorectal excision for rectal
cancers has significantly decreased the likelihood of local
recurrence,11 and the use of radiation therapy in the disease
both decreases local recurrence and improves overall sur-
vival.12,13 Studies have also demonstrated the efficacy of
various adjuvant chemotherapy regimens for improving sur-
vival in colon cancer patients.14–16 The benefits of these
improvements in detection and treatment are also reflected
in population-based survival rates for CRC. In reviewing the
latest data from the SEER program database, the overall 5-
year survival rate for colon and rectal cancer for all races and
both sexes is 61.9%.10 This rate is significantly better than
1974–1976, which was 49.8% (P less than 0.05). Furthermore,
the survival for patients under 65 years of age versus over 65
years is not dramatically different (63% versus 61.3%), which
shows that the elderly with colorectal cancer achieve long-
term survival as well. Data for survival beyond 5 years are
also available through SEER and have shown similar improve-
ments. For example, the 10-year survival for colon and rectal
cancer patients improved from 44.7% in 1975 to 55.3% in
1989. For all these cited reasons, there will be a growing
number of CRC survivors in the decades ahead.

Given that the number of CRC survivors is increasing,
there are a number of important issues pertinent solely to this
cancer site—some that are related to the CRC treatments, and
others that are related to specific characteristics of the popu-
lation that survives colorectal cancer (e.g., the level of comor-
bidity in this elderly population). The following sections
address these survivorship issues. First, the treatment-related
issues are discussed, including prevalence, symptomology,
and quality of life. The subsequent sections examine issues
related to the comorbidity and use of medical services for the
CRC survivors population as a whole. The last part of this
chapter discusses strategies that may help to improve sur-
vivorship outcomes now and in the future.
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Treatment-Specific Survivorship Issues

Treatment of colorectal cancer is often multidisciplinary,
depending on the stage of disease and whether or not the
cancer arises in the colon or the rectum. More specifically,
the treatment modalities can include surgical resection 
and chemotherapy for colon cancer and surgical resection,
chemotherapy, and radiation therapy for rectal cancer.
Although the current first-line chemotherapeutics do not
have appreciable long-term effects on survivors, surgery and
radiation therapy can have associated lasting morbidities that
affect the function and quality of life of survivors long after
the cancer is treated. A description of the pertinent effects
related to surgical resection and radiation therapy is presented
next.

Survivorship Issues Related to Surgery

Surgical resection is the mainstay of curative treatment for
colon and rectal cancers.17 The surgical procedure requires
removal of a segment of colon and/or rectum where the 
tumor is located, as well as the associated blood vessels and
draining lymph nodes.11,18 In addition, if there is evidence 
of metastatic disease, this tissue (e.g., liver, omentum) is also
removed or biopsied at the time of initial surgery.19 Currently,
most operations are performed through an open vertical inci-
sion up to 30 to 40cm in length through the abdominal wall.
This open approach has associated risks of complications that
may be important for colorectal cancer survivors in relation
to function status and quality of life. Of note, trials have been
reported regarding laparoscopic colon cancer resections. This
latter issue is discussed at the end of the chapter.

Long-Term Complications of Abdominal Surgery

Several possible surgery-associated problems can occur in 
the short and long term that will affect colorectal cancer 
survivors. In the acute period, clinical complications may
include wound infections (3%–26%), intraabdominal infec-
tions (2%–5%), and anastomotic leaks (2%–10%), all of which
may require rehospitalization and possible additional inva-
sive (e.g., surgical) procedures.20–22

However, more important for longer-term survivors of
CRC are the issues that occur beyond the acute period: three
important issues are bowel obstructions, abdominal wall
hernias, and functional problems. Complications from bowel
obstruction can occur any time after surgery (e.g., weeks to
years), and the presentation can range from imminent bowel
necrosis that requires immediate surgery to chronic cyclic
episodes of debilitating pain that may require hospitalization,
intravenous hydration, and gastrointestinal decompression
with use of nasogastric drainage. In one study of 472 consec-
utive patients operated on for colorectal cancer who were fol-
lowed for a median period greater than 5 years, small bowel
obstruction necessitating an operation occurred in 10% after
resection with curative intent and in 4% after a palliative
operation.23 Obstruction is particularly relevant to survivors
of CRC because it always has the potential of being a sign of
tumor recurrence. In this same study, although benign adhe-
sions accounted for 51% of the obstructions, local tumor
recurrence and carcinomatosis accounted for 49%.

Another potential surgical complication for colorectal
cancer survivors is an abdominal wall hernia. Abdominal
wall hernias can potentially lead to pain, limitation of activ-
ities, and the need for emergent surgery for possible bowel
strangulation. It has been estimated that hernias at the inci-
sion site (i.e., incisional hernias) occur in approximately 
4% to 10% of patients after open surgical procedures.24,25

However, the rate increases to as high as 20% for patients
whose wounds are infected. As only 50% of incisional hernias
become evident within 6 months after an operation, many
will continue to have this problem much beyond the acute
recovery of their surgery. Overall, more than 100,000 inci-
sional hernia repairs are performed each year in the United
States, and the rate of reoperation for such repairs is high (the
5-year reoperative rate was 24% after an initial operation).26,27

Although intestinal obstruction and incision hernias are
two of the most common (and generic) potentially chronic
problems associated with open colon or open rectal cancer
surgery, there are some unique factors that are specifically
pertinent to survivors of rectal cancer who have undergone
complete or partial proctectomy, especially if radiation
therapy is also used. These issues include functional prob-
lems in three areas: fecal dysfunction and incontinence,
sexual dysfunction, and urinary bladder dysfunction. These
areas, which may substantially affect survivors, are discussed
next.

Bowel Changes/Dysfunction

One role of the rectum is storage of fecal material. When the
rectum is resected for cancer, the storage capacity of the
rectum’s replacement, the colon (e.g., usually the descending
or sigmoid colon), is substantially less, and therefore frequent,
clustered, and/or incomplete bowel movements can ensue.28

Also, because of possible nerve damage from surgery or radi-
ation therapy, anal sphincter function may be further affected,
and the degree of incontinence may be worsened.29

Many providers and patients alike strongly prefer a
sphincter-sparing procedure; however, it is necessary for the
patient/survivor to understand that bowel dysfunction may
occur even in the presence of sphincter preservation. In part,
the level of the anastomosis is extremely relevant to subse-
quent function. A low colorectal or a coloanal anastomosis
(i.e., an anastomosis performed immediately adjacent to the
sphincter muscles) is associated with a higher frequency of
defecation and more fecal leakage and incontinence than a
high colorectal anastomosis. In addition, defecatory problems
can occur as a result of surgical trauma or the effects of radi-
ation therapy to the anal sphincter and its innervation, even
when sphincter preservation is performed.

Overall, the most common bowel-related symptoms fol-
lowing rectal resection are increased frequency of bowel
motion, urgency, fecal leakage, and incontinence. However,
also reported by patients to some degree are diarrhea, con-
stipation, and excessive flatus. These are clearly important
issues for rectal cancer survivors because even though their
cancer may be cured, their function and quality of life may
be severely diminished as a result of bowel-related symptoms,
even if the anal sphincter is spared.

A short-term single-institution series recently reported
that 56% of patients who underwent sphincter preservation
for rectal cancer reported unfavorable function and were all
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dissatisfied with their quality of life.30 Although few long-
term data are available, small case series have shown that
bowel dysfunction and incontinence is often a chronic issue
for many rectal cancer survivors who undergo sphincter
preservation. Table 109.1 highlights some of the functional
outcomes in rectal cancer survivors.

Ostomy Issues

In patients who undergo abdominoperineal resection, not
only do pelvic dissection and rectal resection influence sur-
vivorship issues, but the presence of a permanent colostomy
also has strong influence on survivors. First, stoma-related
problems are common. In a series of 203 patients with end
sigmoid colostomies, the 13-year actuarial risk of para-
colostomy complications was 58%. Paracolostomy hernia
was the most common complication (36% at 10 years).31

Other stoma-related complications may occur in survivors,
including stomal prolapse (12%), skin-related problems (e.g.,
excoriation) (12%), and stenosis of the stomal opening
(7%).31,32 In a survey study of almost 400 ostomates, 51% had
skin problems (e.g., rashes) and 36% had leakage; 80%
reported some change in lifestyle33 (Table 109.2).

In addition to complications, several studies have com-
pared postoperative psychosocial adjustment and quality of
life in ostomy and nonostomy patients, including concerns
regarding sexuality, limitations of activity, and bowel func-
tion. These quality of life issues related to ostomy are dis-
cussed later in this chapter. It is important that clinicians
make use of referral of patients to enterostomal therapists
who are able to address both the physical and psychosocial
sequelae of having a stoma. Their consultation is valuable
throughout the course of survivorship from preoperative to
short- and long-term periods. Stoma support groups exist in
many communities and are another resource.34,35

Sexual Dysfunction

Sexual problems are associated with surgical and radiation
therapies that affect the tissues/organs of the pelvis and the

nerves that innervate them (Table 109.3). The potential
sexual dysfunctions for males include erectile dysfunction
and ejaculatory difficulties (inability to ejaculate or retrograde
ejaculation).36 Disruption of the parasympathetic nerve
network interferes with penile erection, and sympathetic
nerve disruption impairs normal ejaculation. The incidence
of sexual dysfunction increases with advancing patient age
and is higher after abdominoperineal resection (i.e., removal
of the rectum and placement of a permanent colostomy) than
after anterior resection. A conventional rectal cancer resec-
tion in men is associated with postoperative impotence and
retrograde ejaculation or both in 25% to 100% of cases.37–39

In females, the most common postoperative sexual com-
plaint is dyspareunia, which may include loss of vaginal lubri-
cation and inability to achieve orgasm. Although somewhat
difficult to objectively assess, sexual activity has been used
as a surrogate measure. Of those women who are sexually
active before surgery, 47% to 86% remain sexually active
after surgery. Other studies have demonstrated that while
55% to 58% of women remain sexually active after sphinc-
ter preservation surgery, only 10% to 39% remain sexually
active after an abdominoperineal resection.37,38,40 In some
women who have undergone a posterior vaginectomy in addi-
tion to an abdominoperineal dissection, sexual intercourse
may be impossible because of a stenotic vaginal introitus.

Havenga et al.38 surveyed 54 women after total mesorec-
tal excision (i.e., a surgical technique that removes the rectal
mesentery and is associated with lower cancer recurrence
rates) with autonomic nerve preservation for carcinoma of the
rectum (44 low anterior resection, 10 abdominoperineal resec-
tion) and found that 95% of women remained interested 
in sex, 86% remained sexually active, 85% continued to 
experience vaginal lubrication during arousal, and 91% 
maintained their ability to achieve orgasm postoperatively.
Although the most common postoperative sexual complaint
was dyspareunia, the incidence was not significantly changed
from the preoperative to postoperative periods.38 Just as with
men, the best possible outcome is achieved by careful sharp
dissection with preservation of the pelvic autonomic nerves.
Additional data regarding nerve-preserving surgery are pre-
sented at the end of the chapter.

Urologic Dysfunction

Bladder dysfunction has been reported to occur in 7% to 
68% of patients after low rectal cancer resection; however,
the incidence is generally quoted to be around 30% in 
most series.41 Urologic dysfunction includes problems such
as incomplete emptying, urgency, overflow or stress inconti-
nence, loss of bladder sensation, dysuria, and chronic urinary
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TABLE 109.1. Bowel dysfunction in rectal cancer survivors.

Bowel dysfunction (overall) 56%–60%

Fecal leakage 44%–64%
Pad usage 18%–39%
Four or more bowel movements/day 16%–22%
Urgency 22%–24%
Unable to defer defecation 15min 73%
Unable to defer defecation 5min 27%
Bowel dysfunction requiring ostomy 5%

Source: References 28–30.

TABLE 109.2. Colostomy problems in rectal cancer survivors.

Colostomy problems (overall) 21%–76%

Parastomal hernia 37%
Leakage 36%
Prolapse 12%
Skin problems 12%
Stomal stenosis 7%

Source: References 31, 33.

TABLE 109.3. Sexual dysfunction in rectal cancer survivors.

Sexual dysfunction (overall) 14%–95%

Male 33%–95%
Female 14%–67%
Low anterior resection 42%–45%
Abdominal perineal resection 25%–90%
Sexual dysfunction following autonomic 4%–14%
nerve preservation surgery

Source: References 36–40.



tract infections. Similar to sexual dysfunction, the majority
of voiding difficulties have been shown to be neurogenic in
origin. Parasympathetic denervation is specific to urologic
dysfunction in this setting. Although a neurogenic bladder
may occur in as many as 50% of men after abdominoperineal
resection, voiding difficulties resolve in the majority within
3 to 6 months after surgery.41,42 In addition to neurogenic 
problems, mechanical and physiologic issues plays a role as
bladder neck angulation following surgery, and the presence
of benign prostatic hypertrophy (particularly in this age group)
also contributes to urologic dysfunction.

As with sexuality, urinary difficulties are more often asso-
ciated with abdominoperineal resection than with anterior
resection. Balslev and Harling43 identified urologic symptoms
such as dysuria and incontinence in 29 of 31 patients who
underwent abdominoperineal resection. As with sexual dys-
function, favorable outcomes may be achieved by careful
sharp dissection with preservation of pelvic anastomotic
nerves.

Survivorship Issues Regarding Radiation Therapy

According to National Cancer Institute (NCI)-developed
guidelines, stage II and III rectal cancer patients should
receive radiation therapy.44 Studies have subsequently shown
that radiation therapy decreases local recurrence as well as
increases survival.12 However, radiation therapy can have
potentially serious late effects for the rectal cancer survivor.
While short-term (acute) complications of radiotherapy may
include lethargy, nausea, diarrhea, and skin changes (i.e., ery-
thema and/or desquamation), and also develop to some degree
in the majority of patients during treatment, they are gener-
ally self-limiting.45

For the long-term rectal cancer survivor who underwent
radiation therapy, it is important to evaluate the morbidity,
pelvic floor function, and quality of life. In this regard,
delayed radiation toxicities have been reported and include
radiation enteritis (4%), small bowel obstruction (5%), and
rectal stricture (5%); this is in addition to the bowel, sexual,
and urinary dysfunction discussed earlier that may be com-
pounded by radiation-induced pelvic nerve injuries.46 Regard-
ing the latter two issues, although sexual and urologic
function is poorly studied, data suggest that radiation has a
negative impact in both men and women.47

Bowel function after radiation therapy is an important
functional issue. There are several studies that are generally
consistent and show that bowel function, as measured by fre-
quency, urgency, evacuation, sensation, and/or continence, 
is impaired after radiation therapy when compared with
patients not treated with radiation.47

The Swedish Rectal Cancer randomized controlled trial12

has shown that preoperative high-dose radiotherapy improves
survival and decreases local recurrence; they have also
studied the long-term bowel function following radiation
therapy (XRT) and anterior resection. The authors found that
the median frequency of bowel movements was higher in the
XRT plus surgery group versus the surgery-only group (20
versus 10 bowel movements per week; P less than 0.0001).12,48

Additionally, urgency, emptying difficulties, and inconti-
nence for loose stools were more common in the XRT plus
surgery group (all P less than 0.0001). In terms of quality of
life, 30% of the XRT plus surgery group stated that their

social life was impaired because of bowel dysfunction com-
pared to 10% of the surgery-only group (P less than 0.01).48

Another study of rectal cancer patients undergoing surgi-
cal resection with or without radiation therapy found similar
results that the irradiated group had more diarrhea (39%
versus 13%; P = 0.005) and more nocturnal defecation (36%
versus 15%; P = 0.03) compared with the nonirradiated
group.49

Looking at slightly longer outcomes, a recent study exam-
ined rectal cancer patients between 2 and 8 years following
surgical resection with no radiation, preoperative radiation,
or postoperative radiation.50 They found that the postopera-
tive radiation group had more episodes of clustered bowel
movements (P less than 0.02) than either the preoperative
radiation group or the no-radiation group. The authors attrib-
uted the adverse effects of postoperative radiation therapy to
irradiation of the neorectum, which is spared when radiation
is given preoperatively (Table 109.4).

Along these same lines, manometric studies of low ante-
rior resection patients with and without chemoradiation
shows that resting pressure, resting volume, and maximal tol-
erable volume of the neorectum was significantly worsened
in the irradiated group after radiation compared with before
radiation. These same parameters did not change in the non-
irradiated group.51

Quality of Life in Colorectal Cancer Survivors

Some of the earliest studies of quality of life (QOL) in cancer
patients were done by Ganz and colleagues using a newly
developed instrument called the Cancer Inventory of Problem
Situations (CIPS), which was later renamed the Cancer Reha-
bilitation Evaluation System (CARES).52–56 These studies were
conducted with heterogeneous samples of cancer patients and
survivors, with several common cancers being represented,
including 277 CRC patients and survivors.55 In one of the first
published studies to examine quality of life in adult cancer
survivors, Schag et al.53 reported on a sample of lung, colon,
and prostate cancer disease-free survivors that compared QOL
outcomes across disease sites as well as by length of sur-
vivorship (short-term, less than 2 years after diagnosis; inter-
mediate-term, 2–5 years after diagnosis; long-term, more than
5 years after diagnosis). This particular study included a total
of 117 CRC survivors, with 27 of them being long-term sur-
vivors. In comparing the CRC survivors across the three time
periods of survivorship, the long-term survivors reported sig-
nificantly better QOL on a global single-item rating of QOL,
as well as better psychosocial functioning on the CARES,
compared with the short- and intermediate-term survivors.
Specific problems that were frequent and severe in CRC sur-
vivors were difficulty in doing physical activities, reduction
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TABLE 109.4. Bowel issues in rectal cancer patients following
radiation.

Diarrhea 39%
Nocturnal defecation 36%
Use of pad/diaper 32%
Number of bowel movements per day 0.5–3.5

Source: References 45–50, 84.



in energy, difficulty doing recreational activities, having
trouble gaining weight, worry about whether treatments
worked, body image problems, problems with sexual interest
and functioning, and at-work concerns such as difficulty
talking to others about the cancer, difficulty asking for time
off from work for treatment, and worrying about being fired
(Table 109.5). Across all the CRC survivors, significant pre-
dictors of QOL were the Karnofsky Performance Status score,
type of hospital setting in which treatment was received
(higher QOL in a private hospital in comparison to a VA,
teaching hospital, public hospital, or HMO), gender (males
better QOL than females), and work status (nonworking sur-
vivors reported better QOL). In this model, comorbid condi-
tions nearly reached significance, with better QOL associated
with fewer comorbid conditions.53 These findings suggest that
a variety of factors influence QOL in CRC survivors and that
they are important to address in treatment planning (Table
109.6).

A more-recent study of 227 colorectal cancer survivors by
Ramsey et al. examined the quality of life after more than 5
years of survivorship. They found that survivors report a rel-
atively uniform and high QOL. In addition, the presence and
severity of comorbid conditions and low income status were
more predictive of overall QOL than the stage of cancer. Inter-
estingly, compared to age-matched controls, long term sur-
vivors reported higher overall QOL, although problems
remained such as frequent bowel movements (16%), diarrhea
(49%), and depression.57

With the advent of new surgical techniques that allow for
the performance of lower-level anastomoses for rectal cancer
resection, there has been a strong push for sphincter-sparing
procedures. In a review of quality of life articles regarding the
presence of an ostomy, Sprangers58 identified studies that
addressed at least one of four aspects (i.e., physical, psycho-
logic, social, and sexual) for stoma versus nonstoma patients.
The authors found that both patient cohorts were troubled by

frequent or irregular bowel movements and diarrhea. Also,
although both patient groups reported restrictions in their
social functioning, colostomy patients reported a higher
prevalence of these problems. Finally, stoma patients reported
higher levels of psychologic distress as well as more impaired
sexual dysfunction. Overall, this review shows that although
both stoma and nonstoma survivors have impaired function
and quality of life, nonstoma patients might fare better than
do stoma patients.

Increasingly more sphincter-preserving procedures are
being performed, but other recent studies show that it
remains unclear whether quality of life has definitively
improved.59 It should be noted that these studies comparing
sphincter-sparing resection with abdominoperineal resec-
tion/permanent colostomy are nonrandomized and therefore
may be biased with regard to patient selection. The results
are nonetheless interesting, particularly because a random-
ized controlled trial will likely never be performed.

A study by Grumann et al.60 examined 73 rectal cancer
patients and compared quality of life in patients undergoing
anterior resection (AR; e.g., sphincter preservation) or
abdominoperineal resection (APR). All patients were treated
for cure and were disease free throughout the study. QOL was
evaluated before surgery and at two time points following
surgery (6–9 months, and 14–15 months). The findings
revealed that on most scales the rectal cancer survivors who
had an APR had superior, although not significantly better,
scores than the AR patients. Of note, APR patients had sig-
nificantly less constipation and diarrhea than AR patients,
and also had significantly less sleeplessness; for example, the
AR patients reported significantly more sleep disturbances
than APR patients. On further comparison of low anterior
resection versus high anterior resection, low anterior resec-
tion patients had significantly lower total QOL, role function,
social function, body image, and future perspective, and more
gastrointestinal- and defecation-related symptoms, than
patients undergoing high anterior resection.

In another quality of life study of ostomates versus nonos-
tomate rectal cancer survivors, a 4-year prospective study by
Engel et al. examined 329 rectal cancer patients in Germany
and demonstrated somewhat different findings.61 Overall, sur-
vivors who underwent anterior resection had better QOL
scores than APR patients (i.e., stoma patients had signifi-
cantly worse QOL scores than nonstoma patients). High 
anterior resection patients had significantly better scores 
than both low anterior resection patients and APR patients.
Interestingly, APR patients’ QOL scores did not improve over
time.

The somewhat inconsistent findings of these studies high-
light the likely selection bias that is inherent in nonrandom-
ized observational studies. These studies do illustrate,
however, the importance of having informed discussions
between the patient and provider regarding options, benefits,
risks, and overall expectations.

Role of Comorbid Conditions in 
CRC Survivors

With the earlier detection of colorectal cancer due to im-
proved screening, there will be increasing numbers of older
survivors who have a greater likelihood of comorbid condi-
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TABLE 109.5. Proportion of colon cancer survivors with issues
rated as frequent/severe.

Difficulty with bending or lifting 42%
Difficulty with walking/moving around 26%
Difficulty doing physical activities 50%
Difficulty driving 5%
Not engaged in recreational activities 33%
Has frequent pain 30%
Difficulty thinking clearly 45%

Source: Reference 53.

TABLE 109.6. Treatment strategies for improving survivorship
quality of life, function, and outcomes.

1. Informed discussion of expectations following treatment
2. Address coexistent disease throughout care and survivorship
3. Consider laparoscopic approach if appropriate
4. If colostomy will be performed, consider marking the site

preoperatively.
5. Consider ostomy support group.
6. Consider transanal excision if appropriate
7. Consider neoadjuvant radiation (vs. adjuvant)
8. Autonomic nerve preservation techniques
9. Create neorectum with coloplasty or colonic J pouch



tions. Healthcare providers for these survivors will have to
address the disease of colorectal cancer (including the follow-
up surveillance) as well as issues related to comorbid diseases.
Coordinating the efforts of disease prevention, disease sur-
veillance, and addressing the active issues of comorbidities is
a complex task that requires good coordination among health-
care providers.

Few studies are available that have specifically character-
ized the burden of comorbid conditions in colorectal cancer
survivors, partly because of the difficulty of obtaining this
type of data. One study of colorectal cancer survivors (5+
years following diagnosis) using a mailed survey found the
most common comorbid conditions were arthritis/rheuma-
tism (20%), congestive heart failure (6%), hypertension (5%),
angina (5%), and myocardial infarction (4%).57

In another study using a large population-based, nation-
wide, patient interview, comorbidities and use of services
were characterized in colon cancer patients who were 1 to 3
years past diagnosis.62 The study showed that 75% of sur-
vivors had reported having a major comorbid disease. The
most common comorbid condition was cardiovascular related
(55%), followed by hypertension (46%), arthritis (44%), coro-
nary heart disease (13%), and pulmonary-related comorbidity
(11%). Of note, almost 1 of 10 survivors reported having a
history of a myocardial infarction. Also prevalent was dia-
betes, which was present in 14% of survivors, of which 57%
were insulin dependent.

The potential significance of having diabetes is seen in a
study by Meyerhardt et al.,63 which showed that at 5 years,
colon cancer patients with diabetes mellitus, compared with
colon cancer patients without diabetes, had a significantly
worse disease-free survival, overall survival, and recurrence-
free survival. Median survival was 6 years and 11.3 years for
diabetics and nondiabetics, respectively. Although cause of
death was not explicitly studied in detail, compared with
patients without a history of diabetes, those with diabetes had
a 42% increased risk of death from any cause (P less than
0.0001). Further studies are needed to determine if better
management of a comorbid condition such as diabetes will
influence survival after a diagnosis of colon cancer.

While the available evidence in this regard is sparse, these
studies highlight the potential issues related to the preva-
lence, detection, and need for treatment of comorbid condi-
tions in a colorectal cancer survivor cohort. This is especially
relevant as survival times increase from colorectal cancer; it
is likely that the comorbidity prevalence and severity will
increase as well.

Healthcare Utilization in CRC Survivors

There have been relatively few studies that have character-
ized the colorectal cancer patient’s use of healthcare services
following treatment of the cancer. One important study has
examined the use of surveillance related to colorectal cancer
survivors. A study by Lafata et al. examined the use of CRC
surveillance tests in more than 250 colorectal cancer sur-
vivors enrolled in a large managed care organization.64 The
specific surveillance tests included colonic examinations, car-
cinoembryonic antigen (CEA) testing, and metastatic disease
testing. The study demonstrated that within 18 months of
treatment, 55% of the cohort received a colon examination,

71% received CEA testing, and 59% received metastatic
disease screening tests. While it may be difficult to evaluate
these findings without the breakdown of cancer stage, it is
noteworthy that race/ethnicity disparities were demon-
strated. Whites were more likely than minorities to receive
CEA testing (P = 0.04) and also tended to be more likely to
receive a colon examination (P = 0.09). Moreover, socioeco-
nomic disparities were apparent. As the median household
income increased, so too did the likelihood of colon exami-
nation and metastatic disease testing (P = 0.03, P = 0.01,
respectively). The presence of disparate care is an important
issue for colorectal cancer survivors.

One other study provides limited characterization of the
use of services of colon cancer patients 1 to 3 years after diag-
nosis.62 In this survey-based study, the report showed that
95% of the cohort had a usual source of care and that 66%
saw a primary care provider in the past 12 months. Of note,
84% saw a specialist in the past 12 months, and 68% were in
the emergency room at least once during that same time
period. Eighteen percent reported having had home care in the
prior year. It is evident that these survivors need and obtain
medical care, both for cancer surveillance as well as the
comorbid conditions. It appears, however, that there may be
room for improvements. Using the receipt of preventive care
measures as a rough proxy for appropriate receipt of health
care, the study found that only 53% of the survivors received
a flu shot in the past year. Moreover, further pulmonary
and/or new cancer concerns arise because the study shows
that 33% still smoked tobacco, with 27% overall reported to
smoke daily.

Ongoing Issues: Changes in Treatments to
Minimize Treatment Morbidity

From the discussions presented here, one can see that there
are considerable short- and long-term problems associated
with CRC treatment. As such, there is great interest in using
efficacious treatments with less morbidity. Treatment modi-
fications that are continually being clinically defined and
used include laparoscopic-assisted surgery, the use of local
excision of rectal cancers, the use of nerve-sparing surgical
techniques, possibly using radiation therapy less frequently,
and the use of chemoprevention. The following section
briefly summarizes the current issues that surround these
treatments.

Laparoscopic Surgery

Although an open approach has been the traditional method
of performing colorectal cancer surgery, recently there have
been studies that have demonstrated the advantages of laparo-
scopic resection. In brief, the advantages are smaller incisions,
less pain, decreased length of stay, a decrease in the incisional
hernia rate, and possible less adhesion formation. A recent
randomized controlled trial (RCT) compared the efficacy of
laparoscopic-assisted colectomy with open colectomy and
found that patients having the former approach recovered
faster, had lower blood loss, and had lower morbidity (P less
than 0.001). Finally, the authors report that the probability of
cancer-related survival was higher in the laparoscopic-assisted
group (P = 0.02), as the Cox model showed that laparoscopic-
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assisted approach was independently associated with reduced
risk of tumor relapse, death from any cause, and death from a
cancer-related cause compared to open colectomy.65

A trial of the laparoscopic versus open approach for colon
cancer treatment has also been performed in North America.
Regarding quality of life issues, Weeks et al. demonstrated
that the global quality of life was significantly higher at 2
weeks following the laparoscopic approach.66 Additionally,
the laparoscopic patients required significantly fewer days of
parenteral and oral narcotics. Of note, however, is that no dif-
ferences in QOL were demonstrated at 2 months following
surgery. Importantly, the survival and recurrence results of
this trial were not statistically different, which thus suggests
that in appropriately performed operations, laparoscopic
colon cancer resections can be performed safely.67

In the future, it is likely that increasingly more laparo-
scopically assisted surgical resections of colon and rectal
cancers will be performed; however, it remains a priority that,
with the laparoscopic approach, appropriately indicated and
safe cancer resections are performed.

Local Excision for Rectal Cancer

Several researchers have reported that local excision with or
without chemoradiation therapy is an alternative approach
for sphincter preservation in patients with locally invasive
rectal carcinoma.68–71 While local excision has been performed
in the past for early-stage rectal cancers, complete indica-
tions, appropriateness, and long-term results have not been
finalized at this point. Local excision is performed transanally
and is fundamentally a wide excisional biopsy. The rationale
for this procedure is that for those patients with favorable
prognosis rectal tumors confined to the bowel wall where
removal of the draining lymphatic tissue would not add any
oncologic benefit, local excision would be adequate and
appropriate.

The technique can be relatively simple or very difficult,
depending on such things as body habitus and the location
and size of the tumor. In brief, using retractors or an operat-
ing proctoscope, the lesion is excised transanally with an ade-
quate margin of normal tissue. Currently, local excision of T1
lesions with good prognostic factors (e.g., well differentiated)
yields good results, and the use of adjuvant therapy in T2
lesions and lesions with high-risk factors has also been asso-
ciated with favorable results. This literature is discussed in
further detail in other chapters. Regarding survivors, how-
ever, meticulous follow-up is essential for early detection of
local recurrences, which possibly allows for good results from
salvage surgery.

In terms of function and quality of life, what is clearly
advantageous regarding a transanal excision of a rectal cancer
is that the potential morbidity associated with either a low
anterior resection, coloanal, or an abdominoperineal resection
(e.g., fecal incontinence, sexual and urologic dysfunction) is
virtually eliminated (unless adjuvant radiation therapy is also
performed).

Surgical Creation of a Neorectum to Improve
Bowel-Related Function

One of the functions of the rectum is storage, and in this
regard the rectum is a capacitance organ. When the rectum is

resected for rectal cancer and the colon is put in its place, it
is understandable that bowel function is worsened. In this
regard, to overcome the functional deficiencies attributed to
the loss of rectal capacity and decrease in compliance, studies
have demonstrated how the creation of a neorectum improves
bowel function. The two most common techniques to create
a neorectum are the colonic J pouch and the coloplasty.

Creation of a J pouch involves folding over the lower 6 to
8cm of the colon to make a “J” configuration. This J pouch
basically doubles the lumen diameter over the straight colon.
The J pouch has been compared to straight colon anastomoses
in several RCTs and has been shown to result in better func-
tion. Bowel movement frequency, continence to liquids and
gas, and cancer-specific quality of life are better with the J
pouch.28,72,73

Another option is the coloplasty, which has been
described and primarily developed in the past 5 years. Cre-
ation of a coloplasty involves making a 6- to 8-cm longitu-
dinal incision in the lower colon and then suturing the inci-
sion closed in a transverse direction. This technique creates
a larger pouch toward the lower end of the colon, just above
the site of the anastomosis. RCTs of coloplasty versus J pouch
have basically demonstrated an equivalent outcome in terms
of bowel function (stool frequency, clustering of bowel move-
ments, and urgency), continence, and quality of life.73,74 What
may be advantageous for the coloplasty is the maintenance
of bowel length for performance of an anastomosis and a less
bulky neorectum for patients with an especially narrow
pelvis. In an unpublished review, the use of neorectal pouches
in rectal cancer patients is below 25%.

Necessity of Radiation Therapy: 
When Not to Use It

The excellent results reported by Heald11,75 and others utiliz-
ing “optimal surgery” (i.e., total mesorectal excision) without
routine adjuvant therapy, the results of the NSABP R-02 trial,
and other work bring to the forefront the controversy of omit-
ting radiation therapy in the face of optimal surgery. Because
the main purpose of radiation therapy is to improve local
control, can optimally performed surgery in appropriately
selected patients obviate the need for radiation therapy?

Heald examined this issue performing total mesorectal
excisions for his patients with rectal cancer.11,75 Total meso-
rectal excision involves complete removal of all the rectal
mesentery, which includes the lymph nodes adjacent to the
rectum. In a series of 419 consecutive rectal cancer patients,
cancer-specific survival of all surgically treated patients was
68% at 5 years and 66% at 10 years. The local recurrence rate
was 6% at 5 years and8% at 10 years. In 405 “curative” resec-
tions, the local recurrence rate was 3% at 5 years and 4% at
10 years. Disease-free survival in this group was 80% at 5
years and 78% at 10 years. In his series overall, Heald found
that rectal cancer can be cured by surgical therapy alone in 2
of 3 patients undergoing surgical excision in all stages and in
4 of 5 patients having curative resections [it should be noted
that a small percentage of the series did receive chemother-
apy (6%) and preoperative radiation (9%)].

A similar case series study of a specific tumor stage (i.e.,
T3N0M0) has demonstrated that adequate surgery will result
in superb oncological outcomes, without use of adjuvant radi-
ation therapy. In a single institutional series, Merchant et al.

cancer survivorship  i ssues  in  colorectal  cancer 1 8 9 7



showed that sharp mesorectal excision for T3N0M0 rectal
cancers results in a local recurrence rate of less than 10%
without the use of adjuvant therapy.76

Although not specifically tested, the National Surgical
Adjuvant Bowel Program’s R-02 trial is consistent with the
nonuse of adjuvant radiation therapy. In this RCT, eligible
patients (n = 694) with Dukes’ B or C carcinoma of the rectum
were randomly assigned to receive either postoperative adju-
vant chemotherapy alone (n = 348) or chemotherapy with
postoperative radiotherapy (n = 346).77 The results showed
that postoperativeradiotherapy resulted in no beneficial effect
on disease-free survival (P = 0.90) or overall survival (P = 0.89),
regardless of chemotherapy. It should be noted, however, that
radiation therapy did reduce the cumulative incidence of
locoregional relapse from 13% to 8% at 5-year follow-up 
(P = 0.02).

In a review of the literature, Meagher et al.78 reported that
radiotherapy has only been demonstrated to significantly
improve survival in one individual study and one recent
meta-analysis. Although the local recurrence rates in the no-
radiotherapy arm of these studies were 27% and 21% to
36.5%, respectively, in more-recent studies, with lower local
recurrence rates reflecting modern surgical standards, no sur-
vival advantage has been found. While it is currently
unknown whether radiotherapy improves patients’ quality of
life, studies have demonstrated that radiotherapy does bring
about both acute and long-term detrimental effects on quality
of life. Finally, these authors report that 17 to 20 patients need
to undergo adjuvant radiotherapy to prevent 1 local recur-
rence,78 questioning the appropriateness of radiation therapy
as a general rule.

Data are available that supports the opposite sentiment.
In contrast to the foregoing views, an important and recently
published interim report from the Dutch Colorectal Cancer
Group compared preoperative radiotherapy (20Gy over 5
days) followed by total mesorectal resection (924 patients)
with total mesorectal excision alone (937 patients), that is, no
radiation therapy.13 At 2 years, no difference in overall sur-
vival was demonstrated; however, the rate of local recurrence
at 2 years was significantly lower in the radiation group (2.4%
versus 8.2%; P less than 0.0001). This study demonstrates
that local recurrence is lessened with adjuvant radiation
therapy, even with the use of “optimal surgery.”

Overall, several issues remain regarding the use of radia-
tion therapy in rectal cancer. First, will differences in local
recurrence rates affect survival rates when examined in the
long term? Second, is the toxicity of radiation therapy war-
ranted with a decrease in local recurrence? Finally, can we
select patients based on preoperative stage or tumor grade
who should (and should not) receive radiation therapy?

Surgical Nerve-Sparing Techniques

Nerve preservation is important when performing rectal
cancer surgery. Havenga et al.37 evaluated sexual and urinary
function after total mesorectal excision with autonomic
nerve preservation was performed in patients with tumors sit-
uated within 12cm of the anal verge. The ability to engage in
intercourse was maintained by 86% of the male patients
under 60 years of age and 67% of those age over 60 or un-
dergoing APR, with a mean of 80% of preoperative penile
rigidity. The ability to achieve orgasm was retained in 87%

of men and 91% of women, with arousal and lubrication
present in 85% of the women. There were no severe urinary
dysfunctions.

Masui et al.79 evaluated sexual function in 134 men who
had histologically curative resections with varying degrees of
autonomic nerve preservation. All were under 65 years of age
and all were sexually active preoperatively; 49% had tumors
above the peritoneal reflection and 52% below. These
patients were interviewed at least 1 year after surgery. Erec-
tion was maintained in 93% of those with complete nerve
preservation, 82% when there was a hemilateral nerve preser-
vation, and 61% with only pelvic plexus preservation. The
respective proportions with erectile rigidity and duration suf-
ficient for vaginal insertion were 90%, 53%, and 26%. Ejac-
ulation potencies were 82%, 47%, and 0%. Although 96% of
patients reported orgasm preoperatively, 94% of men with
complete preservation, 65% with hemilateral preservation,
and 22% with plexus preservation reported orgasm postoper-
atively. The combining of total mesorectal incision with
autonomic nerve preservation is essential to reducing the
long-term genitourinary morbidity of rectal cancer resection.
These results suggest that preservation of sexual function is
dependent on careful operative technique with preservation
of the pelvic autonomic nerves. The low incidence of injury
after curative total mesorectal incision also stands in contra-
diction to earlier admonitions that if erection and ejaculation
were maintained then the operation was not curative.

Chemoprevention for Survivors

An important area of cancer research that may potentially
impact the mecial treatment for colorectal cancer survivors
is chemoprevention. Chemoprevention is the use of specific
agents to prevent, inhibit, or reverse tumorigenic progression
to invasive cancer. It is not intended to treat invasive car-
cinomas and therefore should be clearly distinguished 
from chemotherapy. The main goals of chemoprevention are
to block the original initiation of the carcinogenic process, 
to arrest or reverse further progression of premalignant cells
into becoming invasive or metastatic. Agents that have been
investigated for chemopreventative activity in CRC include
NSAIDs, calcium, antioxidant vitamins, and selenium.

Most of the work in chemoprevention of CRC has been
performed in NSAIDs because of biologic evidence of the role
of the cyclooxygenase pathway in CRC pathogenesis. More
specifically, animal studies have demonstrated that NSAIDs
function to stop colorectal carcinogenesis by blocking
prostaglandin synthesis. Of the various available NSAIDs,
sulindac is the most extensively studied. One study by
Waddell et al. demonstrated that at doses ranging from 150 to
400mg per day, colorectal polyps in FAP were eliminated.
Importantly, the polyps regrew after sulindac was stopped,
but then the polyps disappeared again after sulindac was 
reinstituted.80

Other studies have shown contrary results. A more recent
RCT of 41 young (age 8 to 25 years) familial adenomatous
polyposis (FAP) patients who were phenotypically unaffected
received either 75 or 150mg sulindac orally twice a day or
identical-appearing placebo tablets for 48 months. This study
found that after 4 years of treatment, adenomas developed in
9 of 21 subjects (43%) in the sulindac group and 11 of 20 sub-
jects in the placebo group (55%) (P = 0.54). There were no 
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significant differences in the mean number (P = 0.69) or size
(P = 0.17) of polyps between the groups. While this study was
performed in FAP patients and not in survivors, it did demon-
strate that standard doses of sulindac did not prevent the
development of adenomas.81

The role and effect of NSAIDs are still to be determined.
Important to their use of NSAIDs for chemoprevention is the
level of associated toxicity. A recent Japanese study of sulin-
dac 300mg per day showed that five of six patients had drug
related complications, which ranged from severe nausea and
vomiting to multiple ulcers of the small bowel and stomach.82

Recently, aspirin, which irreversibly affects the cyclooxy-
genase pathway, has been reported to decrease adenoma for-
mation. In a randomized controlled study, 1,121 patients with
a history of biopsy-proven adenomas were randomized to
receive placebo (372 patients), 81mg aspirin (377 patients), or
325mg aspirin (372 patients) daily. Follow-up colonoscopy
demonstrated that the incidence of one or more adenomas
was 47% in the placebo group, 38% in the group given 81mg
aspirin per day, and 45% in the group given 325mg aspirin
per day (global P = 0.04). Unadjusted relative risks of any
adenoma (as compared with the placebo group) were 0.81 
in the 81-mg group (95% confidence interval, 0.69–0.96) 
and 0.96 in the 325-mg group (95% confidence interval,
0.81–1.13). For advanced neoplasms (adenomas measuring 
at least 1cm in diameter or with tubulovillous or villous 
features, severe dysplasia, or invasive cancer), the respective
relative risks were 0.59 (95%, 0.38–0.92) and 0.83 (95% 
confidence interval, 0.55–1.23).83

A separate randomized controlled trial of 635 colorectal
cancer survivors who were randomized to receive either 325
mg aspirin per day or placebo corroborates these findings. The
mean (±SD) number of adenomas was lower in the aspirin
group than the placebo group (0.30 ± 0.87 versus 0.49 ± 0.99;
P = 0.003 by the Wilcoxon test). The adjusted relative risk of
any recurrent adenoma in the aspirin group, as compared with
the placebo group, was 0.65 (95% confidence interval,
0.46–0.91). The time to the detection of a first adenoma was
longer in the aspirin group than in the placebo group (hazard
ratio for the detection of a new polyp, 0.64; 95% confidence
interval, 0.43–0.94; P = 0.022).84

For colorectal cancer survivors in the future, chemopre-
vention appears to be a promising modality. There are
ongoing large randomized controlled trials to address these
issues and define the optimal prevention strategy.

Future Work

It is clear that there is a paucity of good evidence regarding
colorectal cancer survivorship issues. Because the number of
survivors will be increasing, this will be an important topic
of study in the future. Specific issues include addressing the
morbidities associated with the different treatment modali-
ties, identifying and focusing on the presence of comorbidi-
ties in this elderly patient population, and improving the
performance of CRC surveillance (without disparities).
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Medical and
Psychosocial Issues 

in Transplant 
Survivors

Karen L. Syrjala, Paul Martin, 
Joachim Deeg, and Michael Boeckh

urvival rates for hematopoietic cell transplantation
(HCT) have improved with advances in supportive care
that have reduced acute, transplant-related mortality.

More than 40,000 transplants were performed worldwide in
2002, mostly for the treatment of leukemia, lymphoma, or
multiple myeloma1 (see Chapters 63 through 69 for discus-
sions of specific diseases). The probability of successful trans-
plantation is generally greater for patients transplanted early
in their disease course, for younger patients, and for patients
who receive stem cells from donors whose human leukocyte
antigens (HLA) match the patient’s. For survivors who receive
HCT for acute leukemia or chronic myeloid leukemia and
who remain free of disease after 2 years, the probability of
living 5 or more years is 89%.2

HCT survivors experience short and long-term problems
similar to those of many other cancer survivors who receive
systemic high-dose therapy. In addition, patients receiving
stem cells from a related or unrelated donor (allogeneic) rather
than receiving their own stem cells (autologous) experience
complications related to the immunologic reaction of donor
cells against the patient’s cells and tissues. Chronic graft-
versus-host disease (GVHD) occurs in about 60% of patients
who survive the acute transplant-related toxicities and can
persist for years. It is generally treated with immunosuppres-
sive medications, often including high-dose glucocorticoids.
Extended immunosuppression leads to several other vulnera-
bilities in allogeneic HCT recipients beyond that which is
seen in other cancer survivors. Some of these effects result
from GVHD itself; others are a consequence of the treatments
used for GVHD.

Although evidence-based conclusions from HCT clinical
trials are plentiful, research on survivor medical and quality
of life issues is limited and largely descriptive. Randomized
controlled trials are few, in part because they are difficult 
to accomplish with widely dispersed patients who, until
recently, represented a small percentage of the cancer 
survivor population. Effective treatment of chronic GVHD
without dependence on high-dose glucocorticoids is a

primary need for improving both survival and quality of life
for allogeneic transplant survivors. Evidence is needed regard-
ing the risks and effective treatments for fungal and pul-
monary complications as well as bone- and joint-related
problems such as osteoporosis and avascular necrosis.

Chronic Graft-Versus-Host Disease

Chronic GVHD is a pleiotropic syndrome with onset gener-
ally occurring between 3 and 24 months after HCT from an
allogeneic donor.3–5 Clinical manifestations of chronic GVHD
are highly variable and resemble an overlap of several colla-
gen vascular diseases, with frequent involvement of the skin,
liver, eyes, mouth, sinuses, and esophagus, and less-frequent
involvement of serosal surfaces, lungs, lower gastrointestinal
tract, female genitalia, and fascia. Major causes of morbidity
include scleroderma, contractures, ulceration, keratocon-
junctivitis, esophageal and vaginal strictures, obstructive 
pulmonary disease, and weight loss with or without 
malabsorption. Uncontrolled chronic GVHD interferes with
immune reconstitution and is strongly associated with
increased risks of opportunistic infections and death.

Studies have provided a good understanding of risk factors
for development of chronic GVHD and risk factors for mor-
tality among patients with newly diagnosed GVHD. Five-year
survival rates for patients with newly diagnosed standard-
risk chronic GVHD have remained at approximately 70%,
and 5-year survival rates for those with “high-risk” chronic
GVHD have remained at 40% to 50%. In aggregate, only 50%
of patients with chronic GVHD are able to discontinue
immunosuppressive treatment within 5 years after the diag-
nosis, and 10% require continued treatment beyond 5 years.
The remaining 40% die or develop recurrent malignancy
before chronic GVHD resolves. Prolonged treatment with
high-dose glucocorticoids causes considerable morbidity,
leading to a desperate need for agents that can decrease the
dependence on steroids for controlling the disease.
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Prevention of Chronic GVHD

Results of retrospective analyses and Phase 3 clinical trials
have identified a variety of risk factors for the development
of chronic GVHD after allogeneic HCT (Table 110.1). Risk
factors that cannot be controlled as part of medical manage-
ment include older age of the patient, the use of a female
donor, and the use of an unrelated donor or HLA-mismatched
related donor as opposed to an HLA-identical sibling.3,5 Risk
factors that can be controlled as part of medical manage-
ment are related to the use of marrow versus growth factor-
mobilized blood as the source of hematopoietic cells, the
numbers of T cells and CD34-positive cells in the graft, the
use of prednisone for prevention of GVHD after the trans-
plant, and the duration of cyclosporine administration.

The use of growth factor-mobilized peripheral blood as
opposed to marrow as a source of stem cells clearly increases
the risk of chronic GVHD6 and may prolong the duration 
of immunosuppression needed to control chronic GVHD.7

These results are consistent with findings that the risk of
chronic GVHD increases after administration of nonmobi-
lized buffy coat cells to prevent rejection after marrow trans-
plantation for treatment of aplastic anemia.8 Despite these
observations, the choice between mobilized blood cells and
marrow depends primarily on the evaluation of other end-
points, such as survival or relapse-free survival, which are
more important than the risk of chronic GVHD per se.

The increased risk of chronic GVHD after transplantation
with mobilized blood could reflect the 10-fold-higher number
of T cells in the graft as compared to marrow. However,
results of retrospective studies that correlated the cellular
composition of mobilized apheresis products with a variety
of outcomes after transplant did not support this interpre-
tation. Instead, chronic GVHD was associated with high
numbers of CD34-positive cells in the graft.9,10 Mechanisms
to explain this unexpected association remain to be 
defined.

Results of an early randomized trial11 and many Phase 2
studies have suggested that depletion of T cells from the graft
decreases the risk of chronic GVHD, and this suggestion 
was initially confirmed by results from a large retrospective
review of data from the International Bone Marrow Trans-
plant Registry (IBMTR).12 A subsequent review of data in 
the IBMTR, however, unexpectedly showed a higher risk 
of chronic GVHD among patients who received HLA-
mismatched marrow treated with “narrow specificity” anti-
bodies compared to those who received marrow that was
treated by other methods or that was not treated.13 Prelimi-
nary results of a recent randomized controlled trial showed
that T-cell depletion did not decrease the risk of chronic
GVHD.14 Recent evidence has suggested that depletion of
donor T cells by in vivo administration of rabbit antithymo-
cyte globulin (ATG) may reduce the risk of chronic GVHD.15

Taken together, the T-cell depletion trials and ATG trials
have produced inconsistent results regarding the relationship
between the T-cell content of the graft and risk of chronic
GVHD, making it difficult to reach a general conclusion. The
possible association between the number of CD34 cells in 
the graft and risk of chronic GVHD needs confirmation from
additional studies.

Four randomized clinical trials have evaluated the effects
of prophylactic glucocorticoid administration after allogeneic

marrow transplantation.16–19 In each of these studies, the
primary endpoint was the development of acute GVHD, and
chronic GVHD was a secondary endpoint. Results with
respect to chronic GVHD were inconsistent, despite enroll-
ment of 108 to 186 patients in each study. The weight of the
evidence suggests that prophylactic administration of gluco-
corticoids after marrow transplantation is likely to increase
rather than decrease the risk of chronic GVHD.

Two randomized trials20,21 and one sequential cohort
study22 have evaluated the risk of chronic GVHD as related
to the duration of cyclosporine administration. Taken
together, the consistent results of these trials suggest that pro-
longed administration of cyclosporine might yield a modest
reduction in the risk of chronic GVHD, but the effect was too
small to reach statistical significance in the two randomized
trials.

Results from Phase 2 studies suggested that thalidomide
might be effective for treatment of chronic GVHD, but results
from a Phase 3 study showed that mortality was increased
when thalidomide was administered before the onset of
chronic GVHD.23

Treatment of Chronic GVHD

Anecdotal experience and retrospective reviews during the
1970s and early 1980s demonstrated that untreated clinical
extensive chronic GVHD generally causes severe disability
related to scleroderma, contractures, strictures, pulmonary
disease, and keratoconjunctivitis (Table 110.2).3–5 Adminis-
tration of prednisone late in the natural history of the disease
provided little benefit. Early administration of prednisone
appeared to prevent disability but did not greatly affect 
survival. Retrospective reviews have identified a variety of
factors associated with an increased risk of mortality from
causes other than recurrent malignancy among patients with
chronic GVHD.3,5 The most consistently reported findings
indicate an increased risk of transplant-related mortality
among patients who have direct progression from acute to
chronic GVHD or a platelet count less than 100,000/mL at the
diagnosis of GVHD. The term high-risk chronic GVHD has
been used to describe cases with either of these characteris-
tics, whereas standard-risk chronic GVHD excludes cases
with either of these characteristics.

An early double-blind randomized trial was carried out to
determine whether administration of azathioprine together
with prednisone might be more effective than prednisone
alone for treatment of newly diagnosed chronic GVHD.24 The
results unexpectedly showed inferior outcomes for patients
in the azathioprine arm. The difference in survival was attrib-
uted to an increased incidence of infections in the azathio-
prine arm.

Results of sequential Phase 2 studies suggested that sur-
vival among patients with high-risk chronic GVHD might 
be improved by combined treatment with cyclosporine and
prednisone.24,25 In a subsequent randomized prospective trial,
however, cyclosporine did not provide a survival benefit,
although the incidence of avascular necrosis was decreased in
the cyclosporine arm, suggesting a steroid-sparing effect.26

Results of several Phase 2 studies suggested that thalido-
mide might be effective for treatment of steroid-refractory
chronic GVHD, but subsequent randomized trials showed no
benefit with the use of thalidomide.27,28
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Phase 2 studies have been carried out to evaluate the use
of many immunosuppressive agents for treatment of steroid-
refractory chronic GVHD. The small number of enrolled
patients, the widely divergent enrollment criteria and poorly
defined efficacy criteria, and the lack of controls hamper the
interpretation of these studies. Efficacy is generally reported
as improvement in symptoms or signs of chronic GVHD at
any time after introduction of the additional immunosup-
pressive treatment. The duration of clinical improvement is
typically not taken into account, and survival data are diffi-
cult to interpret because of variable follow-up and possible
selection biases in enrollment. In the absence of pharmaco-
kinetic evaluation, studies of this type typically do not add
useful information to the available safety profile of approved
immunosuppressive agents. Trial designs with prior specifi-
cation of criteria for judging efficacy according to robust and
meaningful endpoints would help to make the results of
Phase 2 studies more informative.

Emerging Challenges in Chronic GVHD

Advances in supportive care have reduced morbidity, but sur-
vival for patients with newly diagnosed chronic GVHD has
not changed since the mid-1980s.3,5 In the past, investigators
have taken the highly empirical approach of testing virtu-
ally any available immunosuppressive agent for treatment 
of chronic GVHD, because the pathophysiology of chronic
GVHD is complex and poorly understood. Development of a
more-direct approach will require an improved understand-
ing of the pathophysiologic mechanisms leading to chronic
GVHD.

Infections

A susceptibility to late infectious complications persists
because of residual immunodeficiency that is observed in 
all HCT recipients, not only those with allogeneic donors,29

although infection risk is increased with the additional
immunosuppression associated with chronic GVHD and its
treatment (Table 110.3).

Bacterial

There is a significant risk for severe infection with encap-
sulating bacteria (Streptococcus pneumoniae, Haemophilus
influenzae) after HCT in the setting of chronic GVHD.30

Patients may develop rapidly progressive disease, which is
often fatal. The presumed explanation for bacteremic pneu-
mococcal infections is that HCT patients lose and do not 
subsequently make opsonizing antibody to encapsulated
gram-positive organisms, even after recovery from infection.30

Patients also respond poorly to immunization with proto-
type pneumococcal vaccines for the first 1 to 2 years after
transplant, although response again improves with time.31,32

Immunization with the available pneumococcal vaccines pro-
vides incomplete protection for those most in need, that is,
patients with chronic GVHD.33

Antibacterial prophylaxis is recommended in patients
with chronic GVHD to prevent both bacteremic pneumococ-
cal and other infection, although no randomized placebo-
controlled trials have been performed.34 The 23-valent 

pneumococcal polysaccharide vaccine (12 and 24 months
after transplantation) and the Haemophilus influenzae B con-
jugate vaccine (12, 14, and 24 months after transplantation)
are recommended in standard guidelines.34 However, these
vaccinations are not 100% protective; the 7-valent conjugated
pneumococcal vaccine has not been evaluated in transplant
recipients.

Althouogh penicillin appears to work for this indication,
the recent emergence of penicillin-resistant pneumococci
make it a less preferable choice.35 Rather, trimethoprim-
sulfamethoxazole (TMP-SMX) given once daily (80mg TMP
component) provides protection both against Pneumocystis
jiroveci pneumonia (PCP), encapsulated bacteria, and possi-
bly also against toxoplasmosis. Controlled trial data are not
available to evaluate the efficacy of such prophylaxis, but 
retrospective study of nonrandomized treatment groups 
indicates that patients with chronic GVHD who receive
TMP-SMX prophylaxis have a significantly lower incidence
of infection.29 Oral penicillins should be reserved for patients
who are unable to tolerate daily TMP-SMX. No reports exist
about new quinolones or macrolides for this indication.

Because infection with other organisms including both
Staphylococcus species and gram-negative aerobic bacteria
also occurs, empirical antibiotic treatment of HCT patients
admitted with clinical sepsis should include broad-spectrum
coverage until the identity of the infecting organisms is
known.

Viral

Varicella-zoster virus (VZV) disease is the most common viral
infection late after HCT.36–40 Median time of onset is 5
months after transplant, and most cases occur within the first
year. However, VZV disease can occur up to several years after
transplantation, especially in the setting of chronic GVHD. A
subgroup at particularly high risk for VZV infection is VZV-
seropositive allogeneic transplant recipients of age greater
than 10 years who received total-body irradiation (TBI). In one
study, the risk of VZV disease was 44% during the first 3 years
after transplant among these patients.41 Abdominal infections
without skin manifestations are observed occasionally. These
manifestations carry a high mortality, and the clinical hall-
mark is rapidly rising transaminases. In an unpublished ran-
domized double-blind trial, oral acyclovir at a dose of 800mg
twice daily for 1 year prevented VZV infection after HCT
without rebound disease after discontinuation of prophylaxis.
This treatment may be particularly useful in patients with
continued chronic GVHD.37 Strategies that used lower doses
for a shorter duration resulted in a high number of infections
after discontinuation of prophylaxis.42

Cytomegalovirus (CMV) seropositive transplant recipi-
ents and recipients of stem cell products from a seropositive
donor continue to be at risk for late CMV disease if they have
chronic GVHD and/or have reactivated CMV during the first
100 days after transplantation.43–46 The majority of late dis-
ease occurs during the first year after transplantation, but
there may be cases until 3 years after transplant if immuno-
suppression continues. Clinical manifestation of late CMV
disease may differ from the typical pneumonia and gastroin-
testinal disease seen earlier. Cases of retinitis, late marrow
failure, and encephalitis have been described.47 Outcome of
late CMV disease is poor, with pneumonia having the highest

medical  and psychosocial  i ssues  in  transplant survivors 1 9 0 7
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mortality.46 About one-third of patients who survive the 
first episode of late disease will suffer a relapse after a 
median of 3 months.46 Continued monitoring [pp65 anti-
genemia, polymerase chain reaction (PCR) for CMV DNA]
and use of preemptive therapy in high-risk patients is use-
ful in the management of patients at risk for late CMV 
disease.46,48

HCT recipients with chronic GVHD continue to be at 
risk for acquisition of respiratory virus infections such as res-
piratory syncytial virus, influenza viruses, and parainflu-
enza viruses. Seasonal vaccination of close contacts with the
inactivated vaccine is recommended.34 Recipient vaccination
starting at 6 months after transplantation is also recom-
mended.34 Less commonly, late impaired graft function has
been described in association with human herpes virus
(HHV)-6 and human parvovirus B 19.

Fungal

Late invasive aspergillosis is an increasingly frequent event
in allogeneic graft recipients with chronic GVHD and pre-
ceding viral infections (i.e., CMV, respiratory viruses), possi-
bly due to an immunosuppressive effect of these viruses.49

Recipients of lower-dose conditioning regimens who have
GVHD are also at risk for late mold infections.50 In contrast,
invasive candidiasis occurs infrequently after day 100.50,51 The
outcomes of both mold and candidal infections in this setting
remain poor. Mold-active drugs are now available (itracona-
zole, voriconazole). However, the efficacy and toxicity of
long-term prophylaxis have not been tested in randomized
fashion in this setting. Sensitive diagnostic tests (aspergillus
galactomannan assay, PCR) can be used for early diagnosis of
disease.

Pneumocystis jiroveci Pneumonia (PCP)

With the availability of effective prophylaxis, early cases of
Pneumocystis jiroveci pneumonia (PCP) are only rarely seen
late after transplant.52 Most cases occur in a setting of poor
adherence or in patients who are unable to tolerate TMP-SMX
because of side effects or allergy, or who received ineffective
alternative prophylaxis regimens.53 Standard guidelines fol-
lowing allogeneic transplantation recommend prophylaxis 
for the duration of drug-induced immunosuppression.34

However, the optimal duration of prophylaxis after autolo-
gous transplant is currently poorly defined, as recent data
suggest that there is late PCP in autologous graft recipients
as well.54 Approximately 15% to 30% of HCT recipients
require alternative prophylaxis regimens at some time after
transplantation.55 Reasons for requiring alternative prophy-
laxis include allergy to TMP-SMX, gastrointestinal intoler-
ance, increased transaminases, and neutropenia. Very few
data exist on the efficacy and toxicity of alternative pro-
phylaxis regimens. Daily dapsone appears to be superior 
to inhaled pentamidine.55 As it has overall superior results,
TMP-SMX should be given whenever possible. Desensitiza-
tion should be attempted in all patients with allergy to TMP-
SMX.52 Only limited data exist on atovaquone.56

The clinical syndrome of PCP is indistinguishable both
clinically and radiologically from other nonbacterial pneu-
monias. The diagnosis is established either by bronchoalveo-
lar lavage (BAL), induced sputum, or thoracoscopic or open

lung biopsy. The treatment of choice is high-dose intravenous
TMP-SMX in combination with a short course of corticos-
teroids based on results in human immunodeficiency virus
(HIV)-infected patients.57 Of the alternative agents used in 
the HIV setting (intravenous pentamidine, atovaquone, clin-
damycin/primaquine, dapsone/trimethoprim, and trimetrex-
ate), clindamycin/primaquine appears to be most effective for
treatment of disease.58

Distinctions in Adult and Pediatric Presentation,
Course, and Treatment

Virtually no data exist on differences in infection risk and
outcome among survivors of HCT. Whether immune recon-
stitution is faster in younger individuals has not been studied.
However, if chronic GVHD is present, all available data
suggest that children have the same infectious risk as adults.
The exposure to respiratory viruses may even be higher if
children are exposed to group settings. Certain contraindica-
tions for use of antimicrobials (e.g., quinolones) should be
considered in the management of children.

Emerging Challenges in Infection

The major challenge is to design infection prevention strate-
gies for survivors of HCT with persistent severe immuno-
suppression. These patients are not only at risk for VZV, PCP,
and encapsulated bacteria but also for CMV and invasive
mold infections. Strategies need to be easy to administer,
effective, and well tolerated. With increasing long-term use
of antimicrobials, resistance may become a challenge in the
future.

Other Medical Complications

Pulmonary

Chronic pulmonary complications affect at least 15% to 
20% of patients after HCT, and pulmonary dysfunction is an
important risk factor for delayed mortality. However, current
knowledge is based exclusively on retrospective analyses
(Table 110.4).

Late-Onset Pneumonitis

Late-onset interstitial pneumonitis usually occurs in patients
with chronic GVHD.59 Most require therapy with immuno-
suppressive agents; treatment with bronchodilators is usu-
ally ineffective. However, late pneumonias occur also in the
absence of GVHD, and even after autologous transplantation
in patients who have not previously had pulmonary disease,
with an incidence of 31% at 4 years. The prognosis is gener-
ally good with bacterial etiology, but mortality reaches 80%
with fungal or polymicrobial pneumonia.54

Restrictive Pulmonary Disease

Pretransplant and posttransplant abnormal pulmonary func-
tion tests (PFTs), in particular decreased diffusing capacity
(DLCO) and increased oxygen gradient [P(A-a) O2], are asso-
ciated with higher posttransplant mortality than seen in

medical  and psychosocial  i ssues  in  transplant survivors 1 9 0 9
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patients with normal tests.60 Restrictive defects, defined as a
decrease in total lung capacity to less than 80% of predicted
values, are present in one-third of all patients studied.
Changes are not correlated with the type of conditioning
regimen or with chronic GVHD and generally do not produce
severe symptoms. However, becuase they are associated with
an increase in late mortality, routine evaluation of lung 
function after HCT is warranted.61 Aggressive therapy of any
infection of the respiratory tract is indicated.

Obstructive Pulmonary Disease

Air flow obstruction (AFO), defined as decreased expiratory
airflow, in particular, a decrease in the proportion of air that
can be exhaled over the first second of expiration, may rep-
resent sequelae to extensive restrictive changes in the small
airways or may be related to small airway destruction.62 Both
acute and chronic GVHD are important risk factors for AFO,
and thereby affect long-term survival, with 75% of AFO cases
occurring among patients with chronic GVHD, particularly
those with quiescent or progressive onset (see Table 110.4).63

There is generally no response to bronchodilator treatment;
30% to 40% of patients improve on glucocorticoids. Few
patients with end-stage disease have been treated successfully
with cadaveric lung transplants.64,65

Bronchiolitis Obliterans

Progressive bronchiolitis obliterans has been reported in 
10% of patients with chronic GVHD.66,67 Chest radiographs
may show hyperinflation of the lungs and flattening of the
diaphragm, but abnormalities are best identified by high-
resolution computed tomography (CT) scans (inspiratory and
expiratory cuts). PFTs show a reduction in forced midexpira-
tory flow to 10% or 20% of predicted values and moderate to
severe reduction in forced vital capacity. The diffusion capac-
ity is usually normal. Pulmonary ventilation scans show
decreased activity patterns corresponding to areas of obliter-
ation of bronchiolar walls along with atelectatic areas. His-
tologic changes are thought to be due to a graft-versus-host
reaction, possibly aggravated by infections.

The clinical course of bronchiolitis varies from mild, with
slow deterioration, to diffuse necrotizing fatal bronchiolitis.
Severe disease may not respond to glucocorticoids, but corti-
costeroids in combination with calcineurin inhibitors or pos-
sibly azathioprine can stabilize PFTs and improve outcome.
It is of note that a randomized trial examining the effect of
intravenous immunoglobulin on chronic GVHD and bron-
chiolitis showed a marked decrease in the incidence of oblit-
erative bronchiolitis in all patients such that an effect of
intravenous Ig was not apparent.68

Bronchiolitis obliterans organizing pneumonia (BOOP)
histologically shows polypoid masses of granulation tissue 
in the bronchioles and alveolar sacs as well as infiltration 
of alveolar septa by mononuclear cells. A recent analysis 
of results in 6,523 patients transplanted at the Fred Hutchin-
son Cancer Research Center revealed 51 cases of BOOP, all
but 2 after allogeneic transplants.69,70 BOOP was diagnosed at
5 to 2,819 (median, 108) days after HCT. The chest radiograph
was abnormal in 47 patients. Most patients presented with
fever, dyspnea, or cough, but 23% were asymptomatic. Most
patients respond to glucocorticosteroids (1–2mg/kg), which
often must be continued for 6 months or longer.

Osteoporosis

Dual-energy X-ray absorptiometry (DEXA), a semiquantita-
tive method to assess bone mineral density (BMD), is a vali-
dated method commonly used to detect osteoporosis [as
defined by a Z-score of less than or equal to 2.5 standard devi-
ations (SD) below sex- and age-related mean bone mineral
density (BMD)] and osteopenia (defined by a Z-score of 1.0 to
2.4SD below sex- and age-related mean BMD). Reduction of
bone mass using DEXA has been reported in approximately
40% of men and women at 1 year after allogeneic HCT, with
nontraumatic fractures in 11% by 3 years.71 Risk factors
include number of days and dose of glucocorticoids and
number of days of cyclosporine or tacrolimus used for treat-
ing chronic GVHD.

In women, supplementation with estrogens and medroxy-
progesterone can increase bone mass after HCT.72 How-
ever, there may be increased risks of cardiovascular diseases
(venous thrombosis, strokes, pulmonary emboli) and breast
cancer in postmenopausal women given conjugated equine
estrogen (0.625mg) with medroxyprogesterone (2.5mg).73

This possibility is of concern because HCT recipients are 
at risk for secondary malignancies even without hormone
therapy. Thus, the overall risks and benefits of hormone
replacement in this situation remain to be determined. Lower
doses of estrogen alone (after hysterectomy) or combined with
progestin (in women with uterus intact) have been used for
the management of bone loss in other patient populations.74

Alternative regimens of bisphosphonates or hormone therapy
have not been tested in clinical trials for efficacy or safety in
women after HCT either for osteoporosis prevention or for
postmenopausal symptoms.

Aseptic Necrosis

Avascular necrosis, especially in weight-bearing joints, is a
classic side effect of glucocorticoid therapy and has been
reported in 4% to 10% of allogeneic HCT survivors as early
as 2 months and as late as 10 years posttransplant.75–77 The
hip is the joint most frequently affected (two-thirds of all
cases). In most patients more than one joint is affected. One-
third of patients with this disease required joint replacement
at 2 to 42 months.76 A case-control study of 87 patients with
avascular necrosis found that posttransplant glucocorticoid
use and TBI given in preparation for HCT were significant
risk factors.78 In addition to glucocorticoid therapy, male
gender (relative risk, 4.2) and age greater than 15 years (rela-
tive risk, 3.8) were risk factors.

Endocrinology

Thyroid

Overt or compensated hypothyroidism and the “euthyroid
sick syndrome” [ETS; low free triiodothyronine, free thyrox-
ine, or both, along with normal or low thyroid-stimulating
hormone (TSH)] are the most frequent thyroid abnormalities
following transplantation (Table 110.5).79 In one study ETS
was associated with a significantly lower survival than
observed in patients not affected by ETS (34.5% versus 
96.2%; P less than 0.0001).80,81 The risk of hypothyroidism 
is increased in patients who received pretransplant cranial
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irradiation or irradiation to the neck (e.g., for Hodgkin’s
disease).82 All patients who have received irradiation to the
thyroid should be followed for life with annual physical eval-
uation and thyroid function studies as indicated.82

Adrenal Glands

Many HCT patients receive glucocorticoid therapy. Endoge-
nous cortisol production is suppressed, and any superimposed
stress may cause a relative adrenal insufficiency. However,
lasting adrenal dysfunction appears to be uncommon. One
study in 78 patients showed 24% to have subnormal 11-
deoxycortisol levels following discontinuation of glucocor-
ticoid therapy at 1 to 8 years posttransplant. No patient was
symptomatic, and the proportion of patients affected did not
increase with time posttransplant.83,84

Hypothalamic–Pituitary Axis

Cranial irradiation, with or without TBI, affects the pituitary
gland.85–87 Thyrotropin-releasing hormone (TRH) may be low
early posttransplant, and TRH-induced TSH responses may
be subnormal and delayed.85 Release of gonadotropin in
response to luteinizing hormone-releasing hormone (LHRH)
may be elevated.85 Prolactin secretion and the pituitary–
adrenal axis are usually intact. Growth hormone levels are
decreased after cranial irradiation, and deficiency becomes
apparent earlier with younger age at transplant.83,86

Gonadal Function, Puberty, and Fertility

Chemotherapy and TBI regimens used before hematopoietic
transplantation for malignancies usually cause gonadal
failure. Puberty and menarche are markedly delayed or may
not occur, and fertility is infrequently regained in either men
or women.

In men, testosterone levels usually decline as a result of
transplant conditioning, but recover by 1 year posttransplant.
Decreased libido, reduced bone mineral density, and low
testosterone levels after transplant are indications for testos-
terone replacement unless contraindicated for other reasons.
Risk for short stature is increased in males and those who are
younger if they also receive TBI.88

Permanent ovarian failure invariably occurs in women
who receive busulfan and cyclophosphamide pretransplant,
whereas recovery of ovarian function has been observed after
transplant in 54% of younger patients less than 26 years 
conditioned with cyclophosphamide only, and in 10% of
younger patients who received more than 1,000cGy TBI with
cyclophosphamide. Pregnancy, although not common, has
occurred following high-dose HCT, with increased risk for
spontaneous abortion after TBI and preterm delivery of low
birth weight babies. However, no increased risk of congenital
abnormalities has been observed.89,90 Lack of hormone
therapy by 1 year after HCT for women with ovarian failure
is a risk factor for sexual dissatisfaction at 3 years after HCT.91

Vasomotor and sexual complaints 6 months after HCT
improve after the start of hormone therapy, based on results
from a nonrandomized pre–post cohort study.92

Safety of hormone therapy after transplantation has not
been reported; thus, hormone replacement for survivors 
must be individualized. Males treated with testosterone may
be at increased risk for prostate hypertrophy and prostate 

carcinoma. A nonrandomized cohort study has reported that
hormone therapy in women does not influence chronic
GVHD activity between 3 and 24 months after starting 
the hormone therapy (most of whom were also receiving
cyclosporine) after allogeneic HCT.93 Unfortunately, com-
bined estrogen and progestin was recently found to increase
the risk of cardiovascular disease and to increase the risk of
invasive breast cancer after 3 years of therapy in naturally
postmenopausal older women who had not had transplants,
but no effect on survival was observed.73 Human pituitary
growth hormone replacement has been associated with
increased risk of mortality from colorectal and Hodgkin’s
disease in a cohort study, a study not conducted in survi-
vors of HCT.94 These relative risks versus the consequences
of delayed pubertal development, extremely short stature,
attainment of peak bone mass, osteoporosis, and other quality
of life factors need to be weighed along with hormone alter-
natives. If hormone therapy is elected, duration of treatment
and a monitoring plan for complications should be part of the
treatment plan.

Emerging Challenges in Medical Complications

Most treatment strategies for pulmonary, bone, and endocrine
complications in transplant survivors are empirical rather
than evidence based. Safety and toxicity of hormone thera-
pies and efficacy of treatments for all medical complications
need to be examined further, but in general are those that
apply to the population at large.

Late Medical Complications

As large numbers of survivors live longer, late complications
are being recognized. With fractionated TBI, 30% to 47% of
HCT recipients have cataracts by 5 to 7 years; without TBI,
10% to 16% have cataracts, most often those who received
corticosteroids for longer than 3 months.95,96 Keratoconjunc-
tivitis sicca syndrome is seen in up to 40% of patients with
chronic GVHD. Other risk factors include female gender,
older age, and methotrexate for GVHD prophylaxis.97 Other
than hepatitis, iron overload is the primary identified hepatic
late effect; 22% of survivors showed fibrosis at a median
follow-up of 5 years.98 After mean follow-up of 7 years for 
four randomized trials comparing busulfan plus cyclophos-
phamide regimens with cyclophosphamide plus TBI in 488
survivors, late complications have not been noted to differ,
with the exceptions of cataracts (more common after busul-
fan) and alopecia (more common after TBI).96 Of greatest
concern because of their potential lethality are second cancers
and cardiovascular effects of transplantation.

Second Cancers

Lymphoproliferative disorders after HCT [posttransplant
lymphoproliferative disorder (PTLD)], generally of B-cell
lineage, occur mostly in allogeneic transplant recipients.99,100

T-cell PTLD, non-Hodgkin’s lymphoma and Hodgkin’s
disease have also been reported (Table 110.6). More than 80%
of cases of PTLD are diagnosed within 1 year of transplanta-
tion, with peak occurrence (120 cases/10,000 patients/year) 
at 2 to 5 months.101 The incidence is highest in patients 
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transplanted for immunodeficiency disorders. Risk factors
include the use of ATG or anti-CD3 monoclonal antibody
(MAB) for acute GVHD prophylaxis or in the preparative
regimen, use of TBI in the conditioning regimen, T-cell deple-
tion of donor marrow, unrelated donor or HLA nonidentical-
related donor, and primary immunodeficiency disease. The
impact of risk factors is additive (or synergistic). Increasing
intensity of posttransplant immunosuppression in patients
who are otherwise at low risk significantly increases the inci-
dence of PTLD.100 The best approach to prevent Epstein–Barr
virus (EBV)-related PTLD currently is close monitoring and
preemptive therapy with anti-CD20 monoclonal antibody
(325mg) in patients with rising EBV titers. Additional doses
of anti-CD20 antibody can be given if high EBV titers persist.

Rare T-cell proliferative disorders with or without EBV
association have been reported.102 None was associated with
HTLV1, HIV, or HHV-6 infection. Several cases of late-
occurring lymphomas have been reported,103–105 some linked
to EBV infection (just as early-onset PTLD), and others 
associated with T-cell depletion of the graft.

“Secondary” myelodysplasias (MDS) and acute myeloid
leukemia (AML) occur after conventional chemotherapy 
with or without radiotherapy for Hodgkin’s disease, non-
Hodgkin’s lymphoma, and solid tumors,106 as well as after
autologous HCT.103,107,108 After autologous HCT, incidence
rates of 4% to 18% have been reported.

A case-control study analyzed data on 56 patients who
developed MDS/leukemia and 168 controls within a cohort
of 2,739 patients with Hodgkin’s disease or non-Hodgkin’s
lymphoma transplanted at 12 institutions.109 MDS/AML was
significantly correlated with the intensity of pretransplant
chemotherapy, specifically mechlorethamine [relative risk
(RR), 2.0 and 4.3 for doses of less than 50 or 50mg/m2 or more,
respectively], and chlorambucil (RR, 3.8 and 8.4 for duration
of less than 10 or 10 months or more; P = 0.0009) compared
to cyclophosphamide. Also, higher doses of TBI (more than
1,200cGy) used for transplant conditioning tended to carry a
higher risk (RR, 4.7).

A spectrum of tumors including glioblastoma, melanoma,
squamous cell carcinoma, adenocarcinoma, hepatoma, and
basal cell carcinoma has been reported. A recent study ana-
lyzed results in 19,220 patients (97.2% allogeneic, 2.8% 
syngeneic recipients) transplanted between 1964 and 1992.110

There were 80 solid tumors for an observed/expected (O:E)
ratio of 2.7 (P less than 0.001). In 10-year survivors, the risk
increased eightfold. The tumor incidence was 2.2% at 
10 years and 6.7% at 15 years. The risk increased significantly
for melanoma (O:E, 5.0), cancers of the oral cavity (11.1), liver
(7.5), central nervous system (CNS) (7.6), thyroid (6.6), bone
(13.4), and connective tissue (8.0). The risk was highest for
the youngest patients and declined with age. Preliminary data
from an ongoing nested case-control study in a cohort of
29,737 patients suggest that duration of chronic GVHD for
more than 2 years and prolonged therapy are risk factors, in
particular for the development of squamous cell carcinoma.

Cardiovascular Effects

Cardiac insufficiency and coronary artery disease are known
complications of intensive cytotoxic therapy, in particular,
high-dose anthracycline and mediastinal irradiation. Cardiac
insufficiency may also be seen in patients conditioned with
cyclophosphamide 200mg/kg, usually early, sometimes

before conditioning is completed, although the overall 
incidence is low and approximately 0.7% are life threaten-
ing or fatal.111 Late cardiomyopathy has occasionally 
been observed and treated successfully by orthotopic cardiac
transplantation.112

Coronary artery disease and thrombotic events have been
reported at various time intervals after HCT.113,114 Hyperlipi-
demia and hyperglycemia are common in patients treated
with calcineurin inhibitors, rapamycin, and glucocorticos-
teroids. Although data are lacking, potential risk factors for
the development of coronary disease in long-term survivors
of HCT include treatment with estrogen/progesterone and
inactivity due to fatigue or other causes.

Functional and Quality of Life Outcomes

Many cross-sectional cohort studies, and a smaller number 
of prospective longitudinal cohort or case-control studies, have
defined functional and psychosocial outcomes after HCT.
These investigations consistently find that 85% to 90% of sur-
vivors of HCT do well in their return to “normal” life in the
domains of physical, psychologic, social, existential, and
overall subjective quality of life, although specific residual
problems remain for many.2,115,116 Physical recovery returns to
pretransplant levels by 1 year for most survivors. However,
return to work and emotional recovery may take longer.117–119

Although physical recovery is more rapid for autologous trans-
plant recipients, results are inconsistent as to whether func-
tion continues better for autologous survivors after 1 year.118,120

Risk factors for poorer quality of life include older age, being
female, and chronic GVHD.118,121–124 Specifically, females have
a more difficult time in the areas of sexuality, fatigue, emo-
tional adaptation, and return to work.116,123–126 After resolution
of chronic GVHD, survivor function seems to be equal to 
those patients who did not have chronic GVHD.118,127 Cross-
sectional studies of survivors 5 to 18 years after HCT do not
suggest deterioration over time in quality of life.124,128,129 Resid-
ual symptoms that are most common and remain after 5 years
in at least a third of survivors, based on a survey of 125 adults,
include sexual dysfunction, emotional reactivity and fears,
fatigue, joint and muscle pains, eye problems, sleep disruption,
financial and insurance worries, cognitive concerns, and social
roles and relationships.128 Only 7% of this cohort was disabled
and 74% was employed; the number who considered home-
making their job was not reported, but only 3 survivors were
seeking employment.

Rates of return to work continue to rise until 5 years 
after HCT. By 3 or more years after HCT, between 72% 
and 89% of patients have returned to full-time work or
school.96,119,124,127 Survivors who are older, female, have had
chronic myeloid leukemia, or have had extensive chronic
GVHD are at risk for incomplete resumption of work or
school activity after 5 years.124,127 A nonrandomized cohort-
controlled trial found that HCT survivors who received a 3-
to 4-week inpatient rehabilitation program demonstrated no
difference in employment when compared with a group of
patients who did not receive this rehabilitation.130

Pediatric survivor quality of life is similar to adults. A
cohort study compared 120 survivors who had HCT as 
children 5 or more years previously, with 114 survivors of
childhood leukemia who had received chemotherapy without
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transplant, and 149 age- and gender-matched nontransplanted
comparison subjects.131 The HCT survivors reported more
major illness, physician visits, diabetes, second malignancies,
and poorer physical health than participants in either of the
other two cohorts. Both survivor groups reported more health
or life insurance refusals (25% and 33% versus 3% for com-
parison subjects). Marital status and mental health did not
differ between cohorts, and other psychosocial factors also did
not differ.131 Other researchers have found comparable results.
Investigators who compared adolescents and young adults 2
to 13 years after HCT or bone cancer found that132 the groups
did not differ in adjustment or perceived quality of life, with
the exception that HCT survivors reported higher anxiety 
and feelings of sensitivity and vulnerability. Other
researchers have reported that pediatric survivors do better
than their peers in psychosocial domains.133 The rate of suc-
cessful return to school (85% to 95%) is similar to rates of
return to work in adult survivors.134

Fatigue

Fatigue is the one of the most persistent symptoms beyond
the first year after HCT. A multicenter longitudinal cohort
study of fatigue and sleep disturbance in 172 adult survivors
more than 12 months after HCT, followed again 18 months
after the first assessment, found that a majority reported at
least mild problems at both time points, with 15% to 20%
reporting moderate to severe problems.135 Risk factors for
sleep but not fatigue included older age, receipt of TBI, and
female sex. Problems did not resolve over time, and no spe-
cific risk factors for fatigue were identified. Other studies
have reported age to be a risk factor for fatigue.128 A cohort
study of breast cancer 20-month survivors after autologous
HCT found significantly higher levels of fatigue than in a
matched noncancer cohort of women,136 and another longi-
tudinal cohort study reported that more than 80% of sur-
vivors at both 100 days and 1 year reported “I tire easily”.137

Many biologic mechanisms have been postulated to explain
fatigue following HCT or other cancer treatments. Con-
sidered among potential causes are effects of interleukins 
and interferons, anemia, metabolic abnormalities, infection,
immunosuppression, gonadal insufficiency, TBI, sleep dis-
ruption, lack of physical activity, depression, systemic med-
ications such as corticosteroids, and other medications.
However, evidence does not clearly support any of these
causes over others in HCT survivors.138 Treatments for fatigue
and physical strength have been tested in randomized or 
nonrandomized trials using exercise, erythropoietin, or
coping skills that included relaxation training. Results show
improved fatigue and reduced medical complications.139–141

However, these studies have focused on the acute phase of
treatment, not fatigue in survivors.

Neurologic and Cognitive Deficits

Neurologic complications are numerous during acute treat-
ment and as a consequence of chronic GVHD treatment. Neu-
roradiologic studies have determined that changes such as
cortical atrophy and ventricular enlargement occur in some
patients after HCT conditioning chemotherapy or total body
irradiation.142 Chronic GVHD-related CNS neurotoxicities

seem to resolve with discontinuation of the drug causing 
the problems unless stroke or other permanent brain events
occur.143–146 An adult cohort study146 tested 66 patients with
neurologic examination, magnetic resonance imaging, and
neuropsychologic exams from 8 months to 5 years after 
transplant. Neuropsychologic deficits did not correlate with
pathology seen in neurologic or imaging tests. Pathology 
on neuroradiologic examination was greater for patients 
with progressive-onset chronic GVHD or corticosteroid or
cyclosporine use. Meanwhile, long-term cyclosporine use and
age increased the risk for neuropsychologic impairment.

Twenty percent to 56% of patients enter transplant with
cognitive deficits that could interfere with function.147–149

Thus, without knowing the pretransplant function of a
patient, it is not possible to determine whether long-term
problems are a consequence of transplantation, or of treat-
ment predating HCT, or instead are outcomes of depression,
anxiety, or fatigue. Patient complaints about cognitive diffi-
culties following transplantation are prevalent. However,
complaints do not always match objective neuropsychologic
test results150,151 and more likely correlate with subjective
anxiety, depression, and fatigue.

Mechanisms underlying cognitive impairment related 
to chemotherapy remain uncertain but include (1) direct 
neurotoxic injury, (2) secondary inflammatory response, (3)
microvascular injury leading to obstruction, and (4) altered
neurotransmitter levels.152 Data indicate that TBI has signif-
icant diffuse effects on neuropsychologic function in the short
term, but toxicities resolve with time if doses are 12Gy or
less.153–156 A study of patients tested pretransplant and at 80
days and 1 year after transplantation found major decrements
at 80 days, but recovery of function to pretransplant levels 
by 1 year, in most neuropsychologic areas tested.149 A cross-
sectional study reported impairment in 25% of allogeneic
transplant recipients 2 or more years posttransplant.151

Among survivors of pediatric transplantation, a prospec-
tive longitudinal cohort study of 102 pediatric survivors
found no declines at 1- or 3-year follow-up testing of patients
over the age of 5 at the time of transplant.157 However,
younger patients, particularly those under 3 years of age, do
have some risk of IQ decline over time posttransplant.157–159

Testing of children before and at 1 year and 3 years after 
transplant indicates no difference in performance based on
whether the child received TBI.159,160

To date there is no indication that adult cognitive abili-
ties decline more rapidly after HCT when compared with
nontransplanted adults.155 By 1 or 2 years posttransplant,
approximately 55% to 60% of adult allogeneic HCT survivors
and 32% of autologous breast cancer survivors have some 
evidence of neuropsychologic impairment on objective tests
versus 17% of standard-dose chemotherapy recipients.149–151

Surprisingly, few risk factors specific to HCT have been iden-
tified as predictors of long-term deficits. Rather, accumulated
difficulties in overall health, fatigue, mood, and physical
function predict deficits (Table 110.7).

Sexual Function

Both men and women report lower rates of sexual activity
and satisfaction after HCT than before transplantation and 
in comparison with either the general population or patients
who receive chemotherapy without transplantation (Table
110.8). This result is consistent across time points after 
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HCT, and across ages at time of transplantation, in both
prospective longitudinal and cohort comparison
studies.91,115,120,123,161–165 Before HCT, 42% of females and 14%
of males report one or more sexual problems, compared with
17% to 35% of the general population of females and up to
19% of males.91 By 3 years after HCT, the prevalence of prob-
lems increases to 80% of females and 29% of males. Risk
factors include, for women, initiation of hormone therapy
after 1 year posttransplantation and chronic GVHD, and, for
men, older age, chronic GVHD, and psychologic function
before HCT.91,165,166

Long-term problems for females are presumably caused 
by ovarian failure and consequent endocrine changes or by
chronic GVHD-related vaginal introital stenosis and mucosal
changes.167 Prospective cohort studies indicate that hormone
therapy with oral estrogen improves or prevents more serious
decline in sexual function in women after HCT but does not
eliminate problems.91,93 Because hormone replacement has
been widely prescribed after HCT, vasomotor symptoms 
and other menopausal syndromes have been less commonly
reported than sexual dysfunction. However, with new con-
cerns about the long-term risks of hormone therapy,
menopausal symptoms and hormone alternatives need to be
reconsidered. We have found no clinical trials comparing
treatments for female sexual dysfunction after HCT despite
the well-recognized prevalence of problems. Descriptions of
clinical interventions for women recommend vaginal lubri-
cants to improve comfort as well as counseling with sexual
partners. Some couples do well after brief counseling that
provides education, facilitates communication, and encour-
ages gradually increasing intimacy behaviors and relearning
pleasurable sexual strategies rather than avoiding sexual
activity.168

Male sexual problems have been attributed to gonadal 
and cavernosal arterial insufficiency, with resulting libido 
and erectile dysfunction.169 Results from a small case-series
of eight patients 6 months after HCT suggested that testos-
terone injections and sildenafil one to two times per week
improved sexual performance for men with erectile dysfunc-
tion, low libido, and ejaculatory disorders.169 However, other
data indicate that most males recover testosterone levels and
sexual function between 6 months and 1 year after trans-
plantation.170 Thus, without controlled clinical trials, it is
unclear whether sexual function in the treated men would
have recovered without treatment.

Psychologic Adaptation

Rates of depression and anxiety among HCT recipients are
higher than population norms. Prospective studies have
reported depressive symptoms in 43% to 53% of survivors at
some time during or after HCT.127,137 Rates of both general
anxiety and depression decline from pretransplant to 1 year
and then stabilize.117,127 Depression is of particular concern
because studies have found it to be a risk factor for mortality
and poorer long-term physical and psychologic functioning
after HCT.117,127,171,172 More prevalent than clinical syndromes
of depression or anxiety are subclinical elevations in emo-
tions that continue long term.128 Worries and concerns 
related to health and survival decline gradually between 
discharge and 3 years.127,173 However, other concerns increase
after the first year, including work, relationships, finances,

and social and family issues.137 Children, similar to adults,
appear to be distressed during treatment but then to recover
psychologically.174

Emerging Challenges in Functional and Quality of
Life Outcomes

Evidence related to functional and quality of life outcomes
indicate that physical capability improves within 1 year
whereas treatment-related distress and return to work resolve
by 2 to 3 years. Other problems do not resolve without treat-
ment; for instance, sexual dysfunction, fatigue, and reduced
social activities persist past 5 years. Long-term impact of
HCT on cognitive function remains undefined for adults. 
The clearest challenge is to increase testing of treatments to
improve outcomes for those problems that persist.

Emerging Issues

Nonmyeloablative Transplants

Both the pretransplant conditioning regimen and posttrans-
plant donor immune-mediated mechanisms account for 
elimination of malignant cells in the recipient. Conventional
high-dose, myeloablative pretransplant conditioning regi-
mens have been designed to prevent graft rejection and to
eliminate as many malignant cells as possible, but these reg-
imens are not well tolerated in older patients or in those who
are not in good medical condition at the time of the trans-
plant. During the past 5 years, improvements have been made
in posttransplant immunosuppressive regimens so that low-
dose, nonmyeloablative pretransplant conditioning regimens
are sufficient to prevent graft rejection. This treatment strat-
egy relies heavily on immune-mediated mechanisms to elim-
inate malignant cells when immunosuppressive medications
are gradually withdrawn after the transplant.

Results from many Phase 2 studies have suggested that
low-dose, nonmyeloablative pretransplant conditioning 
regimens cause much less posttransplant morbidity than 
conventional, high-dose myeloablative conditioning regi-
mens during the first month after the transplant. This impres-
sion has been confirmed by comparing skin, liver, and
gastrointestinal morbidity between two cohorts of patients
who had either a myeloablative or nonmyeloablative condi-
tioning regimen.175 Morbidity after the first month, however,
was similar in the two groups. The proportion of patients who
needed treatment for either acute or chronic GVHD was
lower among patients who received a nonmyeloablative 
conditioning regimen, and the time to onset of GVHD was
delayed. Randomized trials have not yet been carried out to
compare results with the two types of conditioning regimens.

Caregiver and Family Needs

Caregiving by a spouse, parent, or other family member or
friend is vital to recovery after HCT. Longitudinal studies 
find that emotional distress in caregivers peaks during the
first 2 weeks of treatment176 while fatigue peaks at 3
months.177 Mothers of pediatric HCT patients seem to suffer



the greatest emotional strain in the course of their child’s
treatment.178 In a case-matched, longitudinal, prospective
cohort study that also included nontransplant controls,
spouse caregivers reported greater depression and anxiety
than patients throughout the first year after HCT.179 Female
caregivers also were at higher risk of marital dissatisfaction
than male caregivers. Little else has been published about the
financial or family costs of HCT. Particularly lacking is infor-
mation on family responses after an HCT recipient dies.

Conclusions

Medical and quality of life issues facing survivors of HCT
have been well described, as have risk factors for major
medical complications. In contrast, few randomized con-
trolled trials have tested efficacy of treatments for chronic
GVHD or infectious, pulmonary, endocrine, or functional
problems. For most medical complications, treatment choices
are based on Phase 2 data or historical case-control studies.
Evidence for treatment of functional or quality of life prob-
lems such as fatigue, sexual dysfunction, or cognitive deficits
must be extrapolated either from studies during the acute
phase of treatment, as for fatigue, or from research with other
populations of patients, as with sexual dysfunction, cognitive
deficits, or psychosocial adaptation.

The foremost risk factors for mortality and morbidity in
survivors are chronic GVHD and its treatment, infection, 
or malignancy recurrence. However, if transplant recipients
survive without malignancy recurrence, their physical and
psychosocial quality of life is excellent for more than 80%,
whether they have autologous or allogeneic transplant,
whether or not they have clinical extensive chronic GVHD,
and regardless of age. Although males have higher rates of
mortality, female survivors are at greater risk for functional
and psychosocial complications. Recent descriptive studies
indicate that most survivors perceive long-term benefits as
well as losses as a consequence of their disease and HCT.
Although second cancers are more prevalent in survivors 
and problems with insurance and cataracts have been docu-
mented, few other late effects of HCT have been detected
thus far.
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Second Malignancies
After Radiation
Treatment and

Chemotherapy for
Primary Cancers

Lydia B. Zablotska, Matthew J. Matasar, 
and Alfred I. Neugut

ancer survivors have been shown to have an increased
risk for second malignant neoplasms (SMN). These
increased risks result from genetic predisposition,

harmful environmental exposures, or cancer treatment ther-
apies. Regardless of their cause, SMNs now comprise the
sixth most common group of malignancies after skin, pros-
tate, breast, lung, and colorectal cancers.1 It is important to
emphasize that the fear of SMN related to the treatment of
the first cancer diagnosis should not outweigh the positive
effects of curative therapy for the first cancer. Both physicians
and patients should, however, be aware of the consequences
of the cancer treatment regimens, specifically radiation
therapy (RT) and chemotherapy, and consider them while
devising follow-up plans.

Radiation Therapy

The following are general criteria for attributing a malignancy
to the effects of radiation, defined by Goolden in 1951: (a) a
history of prior irradiation; (b) malignancy occurring within
the prior irradiation field; (c) gross or microscopic pathologic
evidence of radiation damage to the surrounding tissues; and
(d) a long, latent interval between the prior irradiation and the
development of the malignancy.2–5 Only the first two criteria
are considered essential.

External-beam radiation therapy has the potential for 
the induction of mutations in normal cells because of the
harmful effects of the radiation used to kill cancer cells. Years
or decades later, such mutated cells may give rise to new
primary cancers.

Although ionizing radiation has been shown to cause
most types of cancer, some organs and tissues appear to be
more susceptible than others. Based on radiation epidemio-
logic studies, the most radiation-sensitive solid tissues and

organs are the bone marrow, thyroid, and female breast. Bone
and soft tissue sarcomas also can occur following radiation
therapy.6 In addition, cancers of the lung, stomach, colon,
bladder, and esophagus have been conclusively associated
with ionizing radiation exposure. Possible links have been
described for cancers of the kidney, ovary, brain, and central
nervous system (CNS). Cancers of other sites have not been
correlated with radiation exposure.7

In addition to individual susceptibility, the risk of second
cancers after radiation therapy depends on the total dose of
radiation delivered during the course of treatment, as well as
on the type and energy of the radiation. Megavoltage treat-
ments currently in use deliver concentrated high energy to
tumors, with low scatter of the radiation to areas outside of
the treatment field (low peripheral doses). Orthovoltage treat-
ments, which were used in previous decades, on the other
hand, frequently injured the skin and delivered higher doses
of radiation to the bone than to the surrounding tissues, and
in the process produced substantial peripheral doses.

The type of dose delivery (protracted or instantaneous)
also plays a role in the carcinogenesis of second malignancies.
It is generally recognized that, as the exposure time for a given
total dose is extended, the biologic effect is reduced. Pro-
tracted delivery of a dose over hours or days, in general, will
result in less severe consequences because of reduced tumori-
genic effectiveness as compared to the instantaneous delivery
of the total dose.

Finally, the risks of second cancers depend on the volume
of irradiated tissues and organs. Current treatment guidelines
recommend that smaller fractions should be used when larger
volumes need to be irradiated to decrease the acute side
effects of radiation treatment. The late effects of radiother-
apy could be lessened by “hyperfractionation” of radiation
therapy (smaller doses twice per day over the same treatment
period).6
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Recent technologic advances (shielding, collimation of
the radiation beam, use of multivoltage beams, more precise
localization of tumors) have significantly reduced the irradi-
ation of normal tissues and the risk of posttherapy new
cancers. However, because radiation-associated cancers tend
to appear at the same age as spontaneous cancers, patients
who were exposed many years ago at young ages may, poten-
tially, be at risk of developing SMN cancers due to radiation
exposure.

Individual risks for patients are modified by such factors
as their age at the time of exposure, time since exposure/sur-
vival time, gender, exposure to other carcinogens (including
chemotherapy), as well as by immune and hormonal status.
Although the risks associated with radiation exposure are
substantially less than the risks posed by the initial tumor, it
is important to know them before the start of the radiation
therapy to make informed decisions about treatment regi-
mens that might minimize the side effects of radiation
therapy. This information is also important for counseling
patients who are at increased risk of developing second malig-
nancies due to other risk factors, as well as for continuing sur-
veillance of those treated. Our knowledge of the possible
adverse effects associated with radiation therapy should be
used for the development of surveillance programs aimed 
at the early detection of cancers and campaigns to decrease
negative behaviors and exposures that have been shown to
promote the development of second cancers after radiation
therapy.

Individual Cancers

In our review, we look at the subjects who received irradia-
tion for treatment of nine specific primary malignant diseases
and summarize the evidence from the descriptive (case
reports and case series) and analytical (case-control, cohort,
and randomized controlled trials) epidemiologic studies to
show the current state of knowledge on the consequences of
the treatment for each of the nine diseases.

After reviewing epidemiologic studies for the nine
primary cancers, we compare and contrast their findings. We
show that they add to our knowledge of the effects of high-
dose exposures and can be used for risk estimation purposes
as well as to provide both physicians and patients with the
necessary information to make informed decisions regarding
radiation therapy for primary cancer.

Pediatric Cancers

Various epidemiologic studies have shown that the incidence
of the majority of cancers increases with age. Based on data
from the Japanese survivors of the atomic bombings of
Hiroshima and Nagasaki, the effect of radiation exposure is
to multiply age-specific solid cancer rates by a constant radi-
ation dose-dependent factor through lifetime. Thus, those
with absorbed dose of 0.20Sv experience a 10% increase in
the risk of solid cancer above background rates. Estimates of
risk also depend on age at exposure (increase by 10 years
decreases relative risk for solid cancers by 130%).8 Based on
the same data, most organizations have adopted a multi-
plicative risk model for most solid cancers, which states that
after a specified latency period, “the excess cancer risk is
given by a constant factor applied to the age-dependent inci-

dence of natural cancers in the population”9 (p. 108) (in other
words, the relative risk remains constant as subjects are fol-
lowed over time).

The majority of cancers that are associated with radiation
exposure, thus, will appear at the same time when sponta-
neous cancers of the same organ appear. The difference
between exposed and unexposed populations, then, will be in
the number of new incident cases. Researchers, therefore,
have combined subjects with specific types of first childhood
cancers and studied them as a group named “pediatric
cancers.”

The significance of the problem of second malignancies
after pediatric cancers is underscored by the fact that survival
following childhood cancer has improved markedly and now
approaches 70%.1 Thus, it is important to compare the car-
cinogenic potential of different treatments for primary pedi-
atric cancers. Some pediatric cancers are more likely to be
treated with radiation than others and, as a consequence, they
are associated with second malignancies within the radiation
field. First reports about second cancers following primary
pediatric cancers started appearing in the late 1970s with the
advent of new radiation treatment regimens. A large study of
pediatric patients who were followed for at least 2 years after
initial treatment of the primary tumor showed no association
between RT and the subsequent development of leukemia.10

Although large, this study had a very small proportion of sub-
jects who received only RT; the majority of subjects also
received chemotherapy. Thus, the effects of RT could have
been obscured by the effects of treatment by various alkylat-
ing agents. In a more-recent study of childhood cancer sur-
vivors, the risk of second leukemia after RT was significantly
increased eightfold.11 The difference between the two studies
could be explained by the size of the irradiation field. Patients
with HD usually receive more targeted radiation treatment,
whereas the cumulative doses for radiotherapy for NHL are
usually smaller than the doses delivered for treatment of HD.
Nevertheless, in the process of treatment, larger areas of
radiosensitive tissues, such as bone marrow, are exposed to
radiation.

Other second cancers that have been associated with RT
for primary childhood cancers include cancers of the bone,12

skin,13 nervous system,14 and thyroid gland.15 As one would
expect with solid cancer, in these studies the incidence
increased with time since treatment. For example, in The
Late Effects Study Group, which followed 9,000 survivors of
childhood cancer, a lifetime risk of thyroid gland cancer after
RT for primary childhood cancer was almost 4% after 26
years of follow-up.15 To avoid problems associated with low
power of individual studies, Ron et al. pooled data from seven
individual studies to evaluate the risk of thyroid cancer fol-
lowing exposure to external radiation. Individual estimates of
increased risk of thyroid cancer varied from 1.4 to 33.5 per
Gy16; that is, those who were exposed to 1Gy of radiation
during RT for primary cancer had a much higher risk of devel-
oping second primary thyroid cancer compared to those who
did not receive RT. This study provided strong evidence that,
along with the breast and bone marrow, the thyroid gland is
one of the most radiosensitive organs.

Population-based study of the occurrence of second
cancers following primary childhood cancer in the five Nordic
countries showed that childhood cancer survivors have a 
fourfold-higher risk of second cancers compared to the 
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general population.17 The largest increase was observed
during the first 10 years following RT; however, risks
remained increased throughout their lifetimes and the
absolute excess of second cancers increased with time. This
result probably reflects the promotional effect of radiation on
the carcinogenic effects of environmental exposures.

Several publications from the large Childhood Cancer Sur-
vivor Study cohort show an increased risk of second malig-
nant neoplasms more than 20 years after RT for primary
childhood cancer. In comparison with the general population,
their risk of bone second cancers, in particular bone sarcomas
and breast cancer, was increased sixfold.18

In summary, the effects of radiation treatment for child-
hood cancers start to increase in early adolescence and early
adulthood and continue to be increased later in life. Bone
marrow, bone and soft tissues, and breast and thyroid gland
appear to be the most radiosensitive. Risk of second tumors
depends on the age at exposure (the risk is greatest among
those exposed at the youngest ages) and on the time since
exposure. Current knowledge of the effects of ionizing radia-
tion had an important influence on RT practices. Specifically,
lead aprons and shields are currently being used to protect the
most radiation-sensitive organs and tissues. In addition,
advances in technology, such as utilization of wedge com-
pensators or half-beam blocks, minimize scattering of radia-
tion to adjacent tissues. Finally, because of the greater
awareness of the effects of radiation, survivors of childhood
cancers are being constantly monitored and screened for
second cancers during follow-up.

Bone Marrow Transplantation

High-dose total-body irradiation (TBI) is part of the condi-
tioning regimen for bone marrow transplantation used for
treatment of leukemia and other diseases. One of the mech-
anisms of development of second cancers following TBI is
thought to be due to radiation-induced immunosuppression.19

In addition to radiation-associated effects, it is also necessary
to consider the effects of immunosuppressive drugs that are
used concomitantly with radiation. Curtis et al. showed that
patients who received TBI had an increased risk of subsequent
new solid cancers compared to those who did not receive radi-
ation treatment.20 High doses of TBI were associated with
increased risks of melanoma and cancers of the brain and
thyroid. The risk was higher for recipients who were younger
at the time of transplantation than for those who were older
(P for trend less than 0.001).

Another registry-based study found that high-dose TBI
increased the risk of subsequent solid tumors threefold [95%
confidence interval (CI), 1.1, 10.3].21 Younger age at the time
of treatment increased the risk of brain and thyroid tumors.
In addition, cancers of the salivary gland, bone, and connec-
tive tissues were also increased.

In summary, various studies show the trend toward an
increased risk over time after transplantation and the greater
risk among younger patients. Second cancers could be related
to both transplant therapy and to chemotherapy treatments
given before it. All these factors indicate the need for lifelong
surveillance of the patients who received irradiation as part
of the bone marrow transplantation.

Hodgkin’s Disease

Introduction of intensive radiotherapy and chemotherapy to
treat Hodgkin’s disease (HD) three decades ago dramatically
changed survival times and prognosis for patients with this
disorder. Long-term sequelae of treatment have become
increasingly important as patients now survive for several
decades. HD is a systemic cancer and radiation treatment fre-
quently consists of irradiation of mantle fields, including 
all lymph node regions (‘total lymphoid irradiation’ with
cumulative doses 20–40Gy) or only some regions (‘subtotal
lymphoid irradiation’ with doses less than 20Gy), by 
external-radiation beams.22 Dose–response analysis of the
effects of radiation is frequently confounded by the concur-
rent chemotherapy in the majority of patients.

Several studies looked at breast cancer incidence and mor-
tality, the most frequently seen second malignancy following
treatment for HD. Table 111.1 summarizes the results of the
most influential studies. In general, risk of breast cancer was
increased and ranged from 2 to 75 times compared to the risk
in the general population. Most cancers appeared within or at
the margin of the radiation field, and the risk increased with
dose. Investigators from the Late Effects Study Group esti-
mated that the cumulative probability of breast cancer at age
40 following radiation exposure for HD in childhood is close
to 35% (following a median dose of radiotherapy of 40Gy).23

Clemons et al.22 reviewed 18 epidemiologic studies on the
risk of breast cancer in patients treated with radiation for
Hodgkin’s disease. They concluded that women between the
ages of puberty and 30 years are at the highest risk. Data on
the use of exogenous estrogen hormones, age at first preg-
nancy, and prevalence of early menopause were not available
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TABLE 111.1. Studies of breast cancer risk among patients treated for primary Hodgkin’s disease.

Reference Year RT and follow-up Age at the time of first treatment SIR and 95% CI

Hancock et al.114 1993 1961–1989 Mean age 25 years SIR = 4.1 (2.5, 5.7)
Bhatia et al.23 1996 1955–1986, follow-up till 1996 Younger than 16 years old SIR = 75.3 (44.9, 118.4)
Tinger et al.115 1997 1966–1974 treatment era Mean age 30 years 4.7
Tinger et al.115 1997 1974–1985 treatment era Mean age 28 years 2.2
Hudson et al.116 1998 1968–1990 — SIR = 1.33 (1.12, 1.72)
Wolden et al.117 1998 1960–1995 Younger than 21 years SIR = 1.26 (1.15, 1.42)
Swerdlow et al.27 2000 1963–1993 60% younger than 35 years old SIR = 2.5 (1.4, 4.0)
Van Leeuwen et al.70 2000 1966–1986 Younger than 40 years old SIR = 7.7 (4.3, 12.7)

RT, radiotherapy; SIR, standardized incidence ratio; CI, confidence interval.



to control for possible confounding effects of these variables.
Breast cancers due to irradiation tend to appear after a 15-year
latency period at the age from 30 to 40. Breast cancer risk is
highly dependent on age at irradiation, time since irradiation,
dose, and concurrent chemotherapy. These findings, along
with the finding that no cases of breast cancer after radiation
therapy for HD have been reported in men, suggest that the
actively growing and differentiating cells of female breast
tissue are particularly vulnerable to radiation exposure.

A nested case-control study of lung cancer among patients
previously treated for HD found that radiation doses greater
than 5Gy increased the risk sixfold (95% CI, 2.7, 13.5).24

Smoking acted in a multiplicative way with radiation expo-
sure [relative risk (RR) comparing moderate-heavy smokers to
nonsmokers and light smokers among those without radia-
tion treatment was 6.0; RR comparing those with radiation
treatment to those without among nonsmokers and light
smokers was 7.2; RR comparing those with radiation treat-
ment to those without among all subjects adjusting for
smoking was 20.2]. Treatment with alkylating agents, on the
other hand, acted additively with radiation therapy (individ-
ual risks added up to perfect additivity). Similar to other
studies, increased age at diagnosis of HD was associated with
an increased risk of lung cancer.

Birdwell et al.25 noticed that high doses to the abdomen
from radiation for HD cause multiple gastrointestinal (GI)
cancers, including stomach, pancreas, and small intestine (RR
for all GI cancers, 2.0, 95% CI, 1.0, 3.4). Risks started to
increase after a latency period of 10 years and were highest
among younger patients. GI cancers were similarly increased
in the large study based on the International Database on HD
(more than 12,000 cases)25 and in the study of atomic bomb
survivors (53% of all incident cancers in the atomic bomb
study were due to cancers of the digestive system).26

Findings of increased risk of second cancers are further
supported by the largest current study of 5,519 British
patients with HD who were followed for more than 30 years.27

Irradiated patients had a 1.7 fold (95% CI, 1.0, 2.5) higher inci-
dence of GI cancers, 2.5 fold (95% CI, 1.4, 4.0) higher inci-
dence of breast cancer, and 2.9 fold (95% CI, 1.9, 4.1) higher
incidence of lung cancer than the general population. Risk of
leukemia was increased in patients who received combined
modality treatment (chemotherapy with radiotherapy) or
chemotherapy alone compared to those who received RT
alone. Similar to previous studies, relative risks tended to
increase 5 to 10 years after treatment and decreased with
increasing age at first treatment. Women older than 25 years
were not at risk of increased breast cancer [RR<25 years, 14.4
(95% CI, 5.7, 29.3) and RR25–44 years, 1.6 (95% CI, 0.5, 3.7)]. A
combined study of 16 population-based cancer registries in
Europe and North America, which included HD patients diag-
nosed before the age of 21 years, also found that the risk of
second malignancy decreased with increasing age at HD diag-
nosis and treatment on a relative scale.28 High estimates of
relative risks of second cancers in this cohort were due to low
background rates in the relatively young cohort.

In summary, it appears that radiation treatment for HD
increases the risk of second malignancies. Long-term risks
depend on age at exposure and time since exposure. Latency
periods differ from study to study, but a major increase in
risks appears at 10 to 14 years of follow-up. Second cancers
sometimes appear at a much younger age than similar

cancers. Radiation treatment for HD is linked to cancers of
the GI tract, breast, lung, bone, and soft tissue, melanoma,
and thyroid gland (Table 111.2).

Breast Cancer

Standard treatment for invasive breast cancer includes high,
concentrated doses of radiation to the chest and to the lymph
nodes (about 40–60Gy total).29 Initially, localized radiother-
apy was combined with radical mastectomy, but since the
mid-1980s treatment consists of breast-conserving surgery
and radiotherapy. Women irradiated before the mid-1980s
received higher doses of radiation to the lungs, contralateral
breast, thoracic bone, and bone marrow. A small increase in
risk of leukemia was shown in a cohort of women from the
Connecticut Tumor Registry irradiated between 1935 and
1972.29 Following an average dose of 5.3Gy to the bone
marrow, the risk was 16% higher in irradiated women than
in nonirradiated women (90% CI, 0.6, 2.1). A larger study
based on five population-based cancer registries in the United
States (1973–1985)30 found a 2.4 times increased risk (95% CI,
1.0, 5.8) of acute nonlymphocytic leukemia after radiation
treatment with an average dose of 7.5Gy over the total active
bone marrow. They observed a positive dose–response 
relation in the data (those exposed to doses higher than 
9Gy had a 7-fold-higher risk). Increase in risk was first seen
2 years after initial treatment, and it persisted, albeit at a
much lower level, 7 years after treatment. The authors
described a statistical multiplicative interaction effect of
radiotherapy and treatment with alkylating agents on the
development of ANLL (RR for radiotherapy alone, 2.4; RR for
alkylating agents therapy, 10.0; RR for combined therapy,
17.4).

Boice et al.31 described an increase in the risk of cancer in
the contralateral breast in patients from the Connecticut
Tumor Registry diagnosed between 1935 and 1982. An
average dose of 2.8Gy was associated with a twofold increase
in risk in 10-year survivors. Risk was significantly higher
among women who were younger than 45 years at the time
of radiation treatment. The investigators estimated that the
absolute excess risk of contralateral breast cancer was 4.4
cases per 10,000 person-years per Gy (compared to 6.7 cases
per 10,000 person-years per Gy for atomic bomb survivors).26

Several studies have shown a significantly increased risk
of lung cancer following radiation therapy (RT) after total
mastectomy. Ten-year survivors from the Connecticut Tumor
Registry who were diagnosed with histologically confirmed
primary invasive breast cancer between 1935 and 1971 had
an 80% higher risk (95% CI, 0.8, 3.8) of developing lung
cancer if they received radiotherapy as part of their initial
treatment regimen compared to those not receiving initial RT
(mean dose to both lungs, 9.8Gy).32 Risk continued to
increase with time and after 15 years reached 2.8 (95% CI,
1.0, 8.2). The excess relative rate was 0.20 per Gy (95% CI, 
-0.62, 1.03) compared to an estimate of 0.95 per Gy (95% CI,
0.60, 1.4) for trachea, bronchus, and lung in the atomic bomb
study.26 In a case-control study from this cohort, Neugut et
al.33 assessed risk of lung cancer in relation to radiation treat-
ment and smoking in 10-year survivors. They observed a mul-
tiplicative interaction effect if both exposures were present
(OR for RT alone, 3.2; OR for smoking and no RT, 17.7; OR
for both RT and smoking, 32.7).
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As was noted earlier, radiation treatment regimens have
changed over the past two decades, lowering radiation doses
to the lungs.34 In a large population-based study from the SEER
(Surveillance, Epidemiology, and End Results) database of sub-
jects diagnosed and followed up from 1973 till the end of 1998,
the risk of cancer in the ipsilateral lung 10 to 14 
years after RT and radical mastectomy was increased by 2.06
(95% CI, 1.53, 2.78), whereas the risk of ipsilateral lung cancer
10 to 14 years after conservative surgery (lumpectomy) and
adjuvant RT was not increased (RR, 0.80; 95% CI, 0.23, 2.84).35

Studies of other cohorts also showed increased risk of
second cancers following breast cancer.36 Another SEER-based

study showed that the standardized incidence ratio (SIR) of
esophageal cancer after RT for primary breast cancer was 54%
higher than in the general population (95% CI, 1.27, 1.84).37

Risk increased with time, reaching 5.42 (95% CI, 2.33, 10.68)
for esophageal squamous cell carcinoma 10 years after radio-
therapy. No information on smoking or alcohol consumption
was available.

Gynecologic Cancers

Hormones, in general, in these cancers could play an impor-
tant role in the timing of late effects of radiation treatment,
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TABLE 111.2. Studies of risks of second malignant neoplasms (SMNs) among patients treated for primary Hodgkin’s disease.

Median
follow-up, Primary treatment

Reference Year Design years Site(s) of SMN modalities Estimates of risk and 95% CI

Swerdlow et al.27 2000 Cohort 8.5 Gastrointestinal ChT SIR = 1.5 (0.8, 2.5; P > 0.05)*
ChT + RT SIR = 3.3 (2.1, 4.8; P < 0.001)

Lung ChT SIR = 3.3 (2.2, 4.7; P < 0.001)
ChT + RT SIR = 4.3 (2.9, 6.2; P < 0.001)

NHL ChT SIR = 14.8 (8.7, 23.3; P < 0.001)
Swerdlow et al.71 2001 Nested 8.5 Lung MOPP + RT (vs. RT) OR = 2.41 (1.33, 4.51; P = 0.004)

case-
control

Dores et al.18 2002 Cohort 25 Cumulative solid ChT RR = 2.1 (n/a; P < 0.05)
tumor ChT + RT RR = 2.0 (1.9, 2.0; P < 0.05)

Acute ChT RR = 36.1 (25.6, 49.3; P < 0.05)
nonlymphcytic
leukemia

van Leeuwen et al.70 2000 Cohort 14.1 Breast RT RR = 7.7 (4.3, 12.7)
ChT + RT RR = 7.5 (2.7, 16.3)
ChT + RT + salvage RR = 1.4 (0.2, 5.1)

Nonbreast solid RT RR = 4.9 (3.0, 7.4)
tumor ChT + RT RR = 4.4 (2.0, 8.3)

ChT + RT + salvage RR = 10.0 (6.8, 14.3)
Gastrointestinal RT RR = 3.7 (1.0, 9.5)

ChT + RT RR = 7.8 (2.1, 20.0)
ChT + RT + salvage RR = 13 (6.2, 23.9)

Neglia et al.18 2001 Cohort 5 Cumulative SMN Not specified RR = 2.34 (1.44, 3.81)
Breast RR = 4.89 (0.95, 25.24)
Leukemia RR = 3.99 (0.84, 18.88)
Soft tissue sarcoma RR = 10.32 (1.18, 90.18)
Thyroid RR = 1.74 (0.50, 6.01)

Bhatia et al.23 1996 Cohort 11.4 Cumulative SMN Not specified SIR 18.1 (14.3, 22.3)
Breast SIR 75.3 (44.9, 118.4)
Leukemia SIR 78.8 (56.6, 123.2)
Leukemia ChT RR = 1,091 (344, 2256)

ChT + RT RR = 439 (270, 645)
Non-Hodgkin’s ChT RR = 60 (0.02, 235)

lymphoma ChT + RT RR = 23 (6, 50)
Metayer et al.28 2000 Cohort 10.5 Cumulative SMN Not specified RR = 7.7 (6.6, 8.8)

Breast RR = 14.1 (P < 0.05)
Thyroid RR = 13.7 (8.6, 20.7)
Leukemia RR = 20.9 (13.9, 30.3)
Non-Hodgkin’s RR = 27.4 (17.9, 40.2)

lymphoma
Green et al.69 2000 Cohort 17.1 *Cumulative SMN Not specified RR = 9.39 (4.05, 18.49, P < 0.00001)

(male) RT RR = 12.32 (2.54, 36.01, P < 0.005)
ChT + RT RR = 8.64 (2.81, 20.16, P < 0.001)

Cumulative SMN Not specified RR = 10.16 (5.56, 17.05, P < 0.00001)
(female) RT RR = 4.46 (0.92, 13.02, P = 0.062)

ChT + RT RR = 15.93 (7.95, 28.51, P < 0.00001)

OR, odds ratio; NHL, non-Hodgkin’s lymphoma; RR, relative risk; ChT, chemotherapy; RT, radiation therapy; SMN, second malignant neoplasm.

*P value of significance.



their dependence on the age at exposure, and time since 
exposure. Some studies do not have data on the use of exo-
genous estrogen hormones, age at first pregnancy, time of
menopause, and other factors related to hormonal status.
Therefore, possible confounding effects of these variables
could not be evaluated.

Cancer of the Uterus

Curtis et al. examined the relationship of leukemia risk to
radiation dose following radiotherapy of the uterine corpus in
a nested case-control study based on a cohort of women
drawn from nine population-based registries in the United
States and Europe.38 After external-beam therapy (mean dose,
9.88Gy), cases were two times more likely to develop
leukemia (excluding chronic lymphocytic leukemia) than
matched controls (ERR, 0.13 per Gy; 95% CI, 0.04, 0.27).

Based primarily on data from the cohort of atomic bomb
survivors, the association between radiation exposure and
development of leukemia appears to depend on total dose to
the bone marrow, total percent of the person’s bone marrow
exposed to radiation, and the dose rate at which radiation was
delivered. As was mentioned earlier, the dose response for
atomic bomb survivors is linear-quadratic for doses below 
4Gy (ERR, 4.8 per Sv).39 The difference between the estimates
from the Curtis et al. study and the estimate from the LSS
cohort can be partly explained by the killing of stem cells of
the bone marrow at high doses. Treatment regimens with
low-dose-rate radiation (e.g., brachytherapy) were more
leukemogenic per unit dose than external-beam therapy,
perhaps due to the repair of radiation damage in protracted
exposure regimens.

As a result of a wide field of radiation encompassed by the
partial-body radiation treatment (only parts of the body are
irradiated as opposed to the total-body irradiation as in bone
marrow transplantation) of cancer of the corpus uteri,
patients are also at risk of developing second solid cancers.
Subjects with primary cancer of the uterine cervix from a
Swedish cancer registry had a 20% higher risk of developing
a second malignancy compared to the population rates.40

Organs situated in the immediate proximity to the radiation
field had the highest risk of second cancer (colon, vulva, and
bladder) 9 years after initial treatment. A fourfold increase in
leukemia was observed 3 to 9 years after exposure, but it was
based on a small number of cases (95% CI, 1.68, 8.59).

Ovarian Cancer

A SEER-based study of long-term survivors of ovarian cancer
found a twofold-increased risk of leukemia 5 to 9 years after
radiotherapy,41 although several case-control studies did
not.42,43 A twofold increase in risk was also observed for all
solid cancers 10 to 14 years after exposure (P less than 0.05).41

Significant associations were seen for cancers of connective
tissue, bladder, and pancreas. A case-control study of ovarian
cancer survivors who later developed bladder tumor showed
that those treated with radiotherapy alone had a twofold-
higher risk (95% CI, 0.77, 4.9).44

In summary, RT for gynecologic cancers has been linked
to the development of various second primary malignancies.
They mainly experience increased risks of second malignan-

cies of the organs situated in immediate proximity to the radi-
ation field as well as leukemia.

Testicular Cancer

Testicular cancer is the most common cancer in men in the
age group 20 to 44 years.1 Early reports showed that these
patients are at increased risk of second cancers following 10
to 15 years after radiotherapy.45 Significant increases were
observed for all solid cancers (RR, 1.6; 95% CI, 1.3, 2.1), gas-
trointestinal cancers (RR, 2.6; 95% CI, 1.7, 3.9), and leukemia
(RR, 5.1; 95% CI, 1.4, 13.0).

A large population-based study of testicular cancer sur-
vivors in 1997 confirmed an increased risk of stomach,
bladder, and pancreatic cancers by twofold. Overall risk was
similar after seminomas (SIR, 1.42) or nonseminomatous
tumors (SIR, 1.50). The largest investigation to date of
leukemia following testicular cancer was done in the follow-
up of the same cohort.46 Those treated with radiotherapy had
a three times higher risk of developing leukemia (95% CI, 0.7,
22.0). This risk is similar to the risks estimated after radia-
tion therapy for cancers of the cervix,47 breast,30 or Hodgkin’s
disease.48 Although atomic bomb survivors received lower
doses of radiation, they experienced higher risks than med-
ically irradiated subjects mainly because the dose was deliv-
ered to the entire body without dose fractionation.49

In summary, because testicular cancer is a disease of men
under the age of 40 years, they are at increased risk of devel-
oping second malignancies later in life. In particular, both
physicians and patients should be aware of increased risks of
second cancers located in the bladder, lungs, connective
tissue, and stomach. These patients should be under contin-
uous surveillance for possible second cancer. In addition,
because of the high risks of lung cancer, patients should be
advised to quit smoking.

Prostate Cancer

In a large population-based retrospective cohort study of sur-
vivors of first primary prostate cancer in the Detroit metro-
politan area who were diagnosed between 1973 and 1982, the
overall risk of second malignancies was similar to the rates
of cancer in the general population.50 Subanalyses, however,
showed that prostate cancer survivors were at increased risk
of bladder cancer (SIR, 1.49; 95% CI, 1.07–2.02) when com-
pared to the Detroit-area male population. Researchers con-
cluded that the magnitude of relative and absolute risks did
not suggest the presence of large risks associated with radia-
tion treatment. In another large population-based study from
the database of the Connecticut Tumor Registry, comparison
of the risk of developing a SMN cancer following prostate irra-
diation compared to the underlying risk in patients with
prostate cancer showed that the risks were not significantly
different, at any time period and in all age groups, between
the two groups of patients.51 Short follow-up (mean follow-up
under 4 years) could have contributed to these negative find-
ings. However, more careful investigation of the cases who
survived more than 10 years again showed no significantly
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increased risk of second malignancy following radiation
therapy for primary prostate cancer.52

In the largest to date epidemiologic study of second
cancers after prostate cancer based on the SEER database, a
cohort of patients who received radiation treatment some-
time between 1973 and 1990 showed a significant 50%
increase in risk of second primary bladder cancer.53 Risk
remained increased for at least 8 years after initial radiation
treatment. There was no increased risk of rectal carcinoma or
leukemia after this type of radiation exposure.

In summary, prostate cancer is the most common male
cancer in the United States, with nearly 200,000 men diag-
nosed annually.1 Findings regarding the effect of RT for
prostate cancer have been conflicting. If present, risks are
probably significantly lower than risks described for other
first cancers. This fact could be explained by smaller doses
and less-aggressive treatments.

Lung Cancer

In a large retrospective cohort study of 2-year survivors of
primary small cell lung cancer, patients who received RT
experienced a 13-fold increase in the risk of second primaries
among those who received chest irradiation, whereas non-
irradiated patients experienced only a 7-fold increase 
compared to that of the general population.54 The highest 
risk was observed among those who continued smoking, with
evidence of an interaction between chest irradiation and 
continued smoking (RR, 21). Risks continued to increase with
time after radiation treatment.

In a large population-based study based on the Finnish
Tumor Registry lung cancer patients treated with RT between
1953 and 1989, there was a significant increase in the risk of
esophageal cancer and leukemia among lung cancer patients
subject to radiotherapy.55 The risk of a second cancer among
lung cancer patients increased with the length of follow-up.

Colorectal Cancer

In the past, radiotherapy was not widely used to treat colo-
rectal cancer. There are, consequently, only a few epidemi-
ologic studies of the effects of radiation in colorectal cancers.
These studies have shown that patients with primary cancers
of the colon and rectum have small increases in risks of SMN
cancers as a result of radiation therapies. In particular, irra-
diation increases the risk of second primaries of the breast,
uterus, ovaries, and other pelvic organs in the radiation
field.1,56

Chemotherapy

That only a small percentage of individuals receiving a given
chemotherapeutic regimen will go on to develop a SMN sug-
gests that individual variations play a role in this process.
Indeed, it has become apparent that a number of individual
factors contribute in part to this risk. Germ-line mutations
have long been recognized to predispose to primary malig-
nancies; indeed, more than 40 genes have been cloned that,
when mutated from the wild-type, are known to increase the
susceptibility to malignancy.57 Although the mechanisms of
this increased susceptibility are variable, it has become appar-

ent that many individuals with these germ-line mutations 
are at heightened risk of SMN and, specifically, treatment-
associated malignancies.

Next we explore the various factors that contribute to 
the risk of SMN among patients treated with systemic
chemotherapy, including the organ affected by the primary
cancer, the chemotherapeutic agents employed, and host
factors such as environmental exposures and immune status.

Individual Cancers

Although the use of chemotherapeutic alkylating agents
imparts a risk of secondary malignancy, particularly sec-
ondary leukemia, the concern regarding SMNs is not
restricted to their use alone. Indeed, for many of the hema-
tologic and solid malignancies, there are concerns about the
potential for patients to experience treatment-related neo-
plasms. Evidence for such an association is stronger for some
malignancies, weaker for others; in some malignancies, there
are as yet no convincing data regarding an elevated risk of
SMN as a result of treatment. Whether this lack of effect is
due to an inability of cancer chemotherapy to significantly
prolong life, or whether it reflects a truly low oncogenic
potential of the agents employed, is difficult to determine;
what is clear, however, is that as chemotherapeutic regimens
continue to become both more complex and more effective,
the challenge of treatment-related SMN will require ongoing
vigilance.

Pediatric Cancers

Acute Lymphocytic Leukemia

A number of reports have been published regarding the risk
of treatment-associated malignancies following treatment of
childhood acute lymphocytic leukemia (ALL). Children
treated with all the most common protocols in ALL therapy,
including the Berlin–Frankfurt–Munster (BFM) protocol,
Children’s Cancer Group protocol, and the Dana–Farber pro-
tocol, experience an estimated risk of SMN within 15 years
of treatment ranging from 2.5% to 3.3%, although children
receiving weekly or twice-weekly epipodophyllotoxin have
been found to have a 12% cumulative incidence of secondary
myelogenous leukemia.14,58–60 Despite these concerning sta-
tistics, the BFM study failed to find an association between 
a specific chemotherapeutic agent and subsequent acute
myeloid leukemia (AML); 12 of the 16 cases of secondary
AML they report had not received epipodophyllotoxin.60

Patients in these groups who also received craniospinal radi-
ation were found to be at an increased risk of a number of
radiation-induced SMNs, including primary CNS malig-
nancy, thyroid cancer, and skin cancers; more-recent ALL 
protocols have rejected craniospinal radiotherapy in favor 
of intrathecal chemotherapy for younger patients without 
evidence of CNS involvement at initiation of therapy.

An additional risk of SMN among patients treated during
childhood for ALL is that of malignant melanoma. It had been
reported that patients receiving monthly maintenance
therapy of vincristine and prednisone, weekly methotrexate,
and daily 6-mercaptopurine (6-MP) were found to have an
increased number of melanocytic nevi and dysplastic nevi; on
this basis, concern was raised that these patients may be at
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higher risk of subsequent malignant melanoma than the
general population.61 Whether such an effect will be seen with
more modern maintenance regimens has not yet been deter-
mined.

Sarcoma

In contrast to the specific case of RB-associated sarcoma, the
treatment and sequelae from therapy of primary pediatric
sarcoma have been well studied. Among these patients, a con-
sistent and long-lasting rate of SMN following intensive
chemotherapy of sarcoma has been identified. The reported
cumulative incidence of solid SMN among patients treated
for Ewing’s sarcoma ranges from 5% at 15 years of follow-up
to more than 20% at 20 years, whereas the risk of leukemia
has been estimated in the range of 2%.62–64 These patients
went on to develop a variety of hematologic complications,
including myelodysplasia (MDS) as well as AML and ALL,
between 1 and 8 years after therapy for Ewing’s sarcoma. 
Secondary sarcomas within the field of radiotherapy have
been described as well; no clear association with systemic
chemotherapy has yet been established for these SMNs.

Treatment of pediatric rhabdomyosarcoma has also been
associated with the development of SMNs. The latency
period for these patients appears to be slightly longer, with a
median time to diagnosis of between 5 and 11 years follow-
ing initial treatment.65,66 The cumulative incidence of SMN
following rhabdomyosarcoma appears to be similar to that
found in Ewing’s sarcoma, but unlike the case of Ewing’s
sarcoma, this risk seems to be at least in part attributable to
a potentiating effect of systemic chemotherapy.62,67 Although
solid tumor SMNs appear to be salvageable with multimodal
therapy, hematologic SMNs following treatment for pediatric
sarcoma appear to share the generally poor prognosis of sec-
ondary leukemias more commonly seen with epipodophyllo-
toxins and alkylating agents.64,66

Wilm’s Tumor

Long-term follow-up data gathered by the National Wilms
Tumor Study Group (NWTSG) demonstrated that, between
1969 and 1991, patients treated in childhood for Wilm’s
tumor went on to develop an eightfold-greater risk of SMN.68

These malignancies consisted of both solid tumors, largely
within the field of irradiation, and hematologic malignancies,
including both lymphomas and leukemias. The NWTSG
reported that their cohort had developed carcinomas of the
breast, thyroid, colon, and parotid gland, hepatocellular car-
cinoma, and primary CNS malignancies. The study group
concluded that it appeared that treatment of these patients
with doxorubicin increased the risk of SMN, potentiating the
oncogenic effect of the administered ionizing radiation.

Hodgkin’s Disease

Patients treated for Hodgkin’s disease with chemotherapy,
ionizing radiation, or both have a risk of developing a variety
of SMNs that, cumulatively, is 2 to 4 times greater than unaf-
fected individuals.23,27,28,48,69–71 The relative risk of developing
specific solid tumors as SMNs shows a great variability,
ranging from 2 to more than 50 times greater, depending upon
the tissue of origin as well as the chemotherapeutic agents
used and whether ionizing radiation was administered con-

comitantly. The cumulative incidence of SMN following the
treatment of Hodgkin’s disease thus shows a great variability
as well, from as low as 2% to as high as 27% within 30 years
of treatment.

Specific tissues of origin for these secondary SMNs
include thyroid, breast, and skin (melanoma and non-
melanoma). Thyroid cancer remains the most common SMN
following the treatment of Hodgkin’s and is affected by both
chemotherapeutic agents as well as the dose of ionizing radi-
ation.18 And, although the risks associated with ionizing radi-
ation have already been discussed, the risks associated with
alkylating agents apply to patients treated for Hodgkin’s
disease as well. Indeed, up to 25% of SMNs among these
patients are either lymphomas or leukemias.27,28,48,69,70 The
risk of hematologic malignancy as an SMN is, in large part,
attributable to the chemotherapeutic agents included in the
management of the disease, that is, alkylators versus others.
Risks of leukemia, demonstrating the dose–response rela-
tionship as discussed, continue to rise with additional
chemotherapy, and thus patients requiring retreatment for
recurrence of Hodgkin’s disease are at higher risk yet of SMN.
Given the significant concerns regarding long-term risk of
SMNs from therapy, pediatric oncologists have begun modi-
fying treatment regimens, with boys receiving fewer alkylat-
ing agents and girls receiving less chest wall irradiation.

Breast Cancer

Women with breast cancer are known to be at higher risk for
SMN malignancies within the contralateral breast, as well as
at least a slightly elevated risk of primary malignancies of
many other organs, including the ovaries, endometrium, and
lower gastrointestinal tract; this risk elevation, however,
appears to be independent of the treatment modalities used
in the primary malignancy.72–74 These associations suggest
that these organs share one or more common risk factors for
malignancy with the breast, including hormonal status, diet,
and adiposity. A subset of patients with breast cancer carries
a heritable risk due to mutations in BRCA1 and BRCA2;
these patients are also at greatly increased risk for ovarian
neoplasms and second primary breast cancer. Among patients
with a history of breast cancer, rigorous screening for SMN
within the breast is universally advocated, and many experts
argue for screening for both ovarian and endometrial neo-
plasms as well.31,74

The modalities employed in the treatment of breast
cancer have the ability to impact the frequency of SMNs
within and beyond the breast. However, unlike each of the
organs discussed so far, treatments of breast cancer can either
raise or lower this risk. There appears to be an increased risk
among patients receiving radiotherapy administered for
breast cancer of ipsilateral lung cancer, particularly among
smokers.33,75 When alkylating agents or anthracyclines are
used in the adjuvant setting, an increased risk of treatment-
associated leukemia has been seen, an effect that appears to
be augmented by concomitant radiotherapy.30,76

Antiestrogenic therapy has been well documented in its
ability to both decrease the mortality from primary breast
cancer as well as diminish the frequency of second breast
cancers.77–79 This chemoprotective effect has been observed in
the high-risk subgroup of patients with BRCA1 and BRCA2
mutation-associated primary malignancies, with odds ratios
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of between 0.4 and 0.6, odds that approach those seen with
prophylactic oophorectomy.80 Data from the largest random-
ized clinical trial, however, have to date been unable to
confirm this observation. Although limited by an extremely
small number of incident cancers among BRCA mutation car-
riers in the trial, the investigators were unable to show a pro-
tective effect among BRCA1-positive patients (RR, 1.67; 95%
CI, 0.32, 10.7) and only found a trend toward efficacy among
BRCA2-positive patients (RR, 0.38; 95% CI, 0.06, 1.56).81

Newly emerging data suggest that the protective benefit of
tamoxifen’s antiestrogenic effect on breast tissue can be
further prolonged by the use of aromatase inhibitors after the
discontinuation of tamoxifen. Tamoxifen, however, acts in
certain tissues, such as breast tissue, as an estrogen receptor
antagonist, whereas in others as an estrogen receptor agonist,
tissues that include the ovaries and endometrium.82 Research
has consistently found that women who undergo long-term
tamoxifen therapy are at approximately twice the risk of
endometrial cancer, or about 80 excess cases per 10,000
tamoxifen-treated individuals.83–85 Early suggestions that
tamoxifen may confer an additional risk of ovarian, colorec-
tal, and stomach cancers as SMNs have not been borne out
by additional investigation.82,85 Although there is some debate
concerning the potential value of screening for endometrial
cancer via transvaginal ultrasonography or endometrial
biopsy among breast cancer patients taking tamoxifen,
experts agree on the value of annual visits to an experienced
gynecologist for these patients and on the im-
portance of an expeditious evaluation of abnormal vaginal
bleeding.1,86

Testicular Cancer

Etoposide is a mainstay of chemotherapy in testicular malig-
nancies, often at high doses, and it comes as little surprise
that long-term survivors demonstrate an elevated risk of
hematologic malignancy. Estimates have placed the cumula-
tive incidence of AML or non-Hodgkin’s lymphoma as SMNs
following treatment of testicular cancer at between 1.3% and
2%.46,87–89 Although the development of metachronous con-
tralateral testicular cancer remains a concern for patients
cured of a primary unilateral cancer, the incidence of con-
tralateral testicular cancer as an SMN does not appear to be
influenced by the treatments chosen for the first primary
malignancy.90

Survivors of primary testicular cancer have also been
described as having an increased incidence of solid tumors
involving the stomach, colon, rectum, pancreas, prostate,
kidney, bladder, and thyroid, as well as soft tissue sarcomas
and cutaneous malignancies. All of these, with the possible
exception of cutaneous malignancies, have been found to be
solely associated with the dose of ionizing radiation admin-
istered.91 The association of both melanoma and non-
melanoma skin cancers with chemotherapy of testicular
cancer has been reported but remains incompletely 
elucidated.92

Lung Cancer

Both non-small cell lung cancer (NSCLC) and small cell lung
cancer (SCLC) have been clearly associated with an increased
risk of developing SMNs. However, the elevated risk of

second upper aerodigestive tract tumors, including head and
neck tumors, esophageal cancers, and second primary lung
cancers, has been clearly and closely linked to smoking
status93,94 and the field cancerization that can ensue follow-
ing continuous exposure to the carcinogens present in ciga-
rette smoke.95,96 No association has been identified to link the
treatment of a primary NSCLC with an increased risk of
SMN. This stands in contrast to the case of SCLC, for which
such an association does appear to exist.

Although long-term survival in SCLC patients with
extensive disease (ED) rarely exceeds 5 years, more-favorable
results have been reported in patients with limited disease
(LD); disease-free survival at 2 years in some reports has
approached or exceeded 50%.97–99 Among SCLC survivors,
there has been noted a markedly greater risk of subsequent
development of an SMN, as has been noted. However, this
risk is not limited to those patients undergoing therapeutic
irradiation. An early retrospective analysis of long-term
SCLC survivors had found a markedly elevated risk of SMN,
with an overall risk of 10.3% per person-year and an 8-year
actuarial risk of 50.3%.100 Although all SCLC patients have
an increased rate of second lung cancers (typically NSCLC in
histology), this risk rises from approximately 7 times that of
unaffected patients to approximately 13 times among patients
treated with any of a number of combination chemotherapy
protocols.54

Prostate Cancer

Although some reports concerning the risk of therapy-
associated SMN with radiotherapy of prostate cancer have
emerged, far less attention has been either merited or received
from the risk of SMN from chemotherapy for prostate cancer.
While systemic chemotherapy has a limited role in the treat-
ment of prostate cancer, there is some use of nitrogen
mustard, which has been associated with increased risk of
myelodysplastic syndrome in patients receiving it for the
treatment of prostate cancer.92 The use of antiandrogenic
therapy in controlling this malignancy is far more common
than traditional chemotherapeutic agents, and the theoretical
possibility exists that such agents could predispose to tumors
that are suppressed by the androgenic state. Suggestion of
such a possible phenomenon can be found in a recent report
of an increased risk of male breast cancer among patients
treated for prostate cancer.101

Gastrointestinal Cancers

It is interesting to note that among the most prevalent gas-
trointestinal cancers—colorectal cancer, gastric cancer, and
pancreatic cancer—there are no convincing data suggesting
linkage between chemotherapy and SMN. The reasons under-
lying this lack of convincing connections undoubtedly vary
by malignancy (see Chapters 41 and 43).

Gynecologic Cancers

Analyses of the common gynecologic malignancies—cervical,
uterine, and ovarian—have established some patterns of
increased risk of SMNs. However, there lacks a robust liter-
ature addressing the attributable risk of systemic chemother-
apy in patients with cancer of either the uterine cervix or the
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corpus uteri; that chemotherapy has at this time a limited
role in the treatment of these malignancies both makes the
identification of such an association difficult and renders any
findings clinically unimportant.

Ovarian cancer presents a different scenario altogether, as
it is often treated with a multimodal regimen that includes
systemic chemotherapy. Historically, associations had been
seen between melphalan-based chemotherapeutic regimens
that would now be considered outdated and risk of secondary
leukemia in patients treated for ovarian cancer.43,102 A
Swedish record-linkage study from 1995 found a relative risk
of 7 for leukemia among patients with ovarian cancer, likely
reflecting the common use of melphalan during the time
period under investigation, 1958–1992.40 Although an ele-
vated risk of acute nonlymphocytic leukemia has been sug-
gested to exist for patients treated for ovarian cancer with
cyclophosphamide, chlorambucil, or regimens containing
doxorubicin and cisplatin,102–105 a retrospective analysis strat-
ified by decade demonstrated that the risk of leukemia fol-
lowing treatment of ovarian cancer has decreased from 40
during the 1970s to 17 from 1980 to 1992.41 While this sug-
gests that more modern regimens, largely cisplatin based,
may be less leukemogenic, clearly more data are needed 
to more thoroughly clarify this risk relationship more 
thoroughly.

Transplantation and Oncogenesis

An additional predisposing factor toward treatment-induced
SMN that has recently emerged is immunosuppression. Over
the past two decades we have seen a dramatic improvement
in the ability to suppress immunologic transplant rejection
thanks to new, potent immunosuppressive agents, including
cyclophosphamide, cyclosporine A, tacrolimus, and myco-
phenolate mofetil, but it has become apparent that the long-
term administration of such medications can dramatically
increase the risk of developing late neoplasia, both hema-
tologic and solid malignancies.106,107

Risk of hematologic malignancy has been noted to be
dramatically elevated among transplant recipients, both allo-
geneic bone marrow transplant (BMT) recipients as well as
patients receiving solid organ donation. Indeed, the name
posttransplantation lymphoproliferative disorder (PTLD) has
emerged in the literature to report and describe such patients.
PTLD as a diagnostic category includes a spectrum of pathol-
ogy ranging from atypical marrow hyperplasia to frank non-
Hodgkin’s lymphoma; what the constituent diagnoses share
is a common association with Epstein–Barr virus infection,
either acute seroconversion or reactivation of latent infec-
tion.107 Rates of lymphoma are dramatically increased by bone
marrow ablation and hematopoietic stem cell transplant in
the treatment of malignancy; these rates are higher yet when
the stem cell transplant was given for an indication 
of an underlying immunocompromised condition, such 
as Hodgkin’s disease or chronic myelogenous leukemia
(CML).108 These PTLDs can occur quite rapidly following
BMT, with a median time to onset of 2.5 months, whereas
secondary leukemias have an almost equally rapid arrival,
with a median time to onset of 6.7 months.109,110 PTLD com-
plicates solid organ transplant as well; while most studies
place the cumulative “de novo” tumor incidence among

recipients of solid organs at between 5% and 15%, PTLD
accounts for 15% to 25% of these malignancies, a marked ele-
vation of risk as compared to the general population.111,112

Although the rise in risk of lymphoproliferative disorders
among transplant recipients is striking, there have been noted
elevated risks of a number of solid tumors as well in this pop-
ulation. Kaposi’s sarcoma, another malignancy with a viral
pathogenesis (human herpesvirus 8), is seen among transplant
recipients, as are hepatomas among patients with chronic
infection by hepatitis B or C virus. And while some solid
tumors (renal carcinoma in renal transplant patients, for
example) are largely attributable to the underlying conditions
necessitating transplantation (e.g., analgesic nephropathy), it
is clear that others are strongly associated with the induction
of an immunocompromised state. This connection is most
clear in the case of squamous cell skin cancer: the cumula-
tive incidence of this malignancy 10 years after transplant is
10% and 20 years after transplant rises to 40%. In Australia,
where the baseline incidence is higher than that in the United
States because of more-intense solar UV exposure, these
numbers rise to 45% and 70%, respectively.113
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revalence data on psychosocial morbidity indicate that
from 30% to 50% of cancer patients may experience
distress significant enough to warrant professional

intervention at some time during survivorship.1,2 These
patients may require professional attention to manage the
debilitating effects of diagnosis, treatment, and morbidity
that can wax and wane over time depending upon a host of
other variables. It is in this group that some form of psy-
chosocial rehabilitation may be useful.3,4

Psychosocial Rehabilitation in Cancer Care

The formal definition of rehabilitation is “the process by
which physical, sensory and mental capacities are restored 
or developed in (for) people with disabling conditions.”5

This definition implies some type of disabling condition that
requires rehabilitation. Not all cancer patients experience a
disability and not all cancer patients require rehabilitation of
any sort. The founders of cancer rehabilitation were physi-
cians trained in rehabilitative medicine largely focused on
physical needs of cancer patients with interdisciplinary
teams.6,7 The Oncology Nursing Society in 1989 defined
cancer rehabilitation as “a process by which individuals
within their environments are assisted to achieve optimal
functioning within limits imposed by cancer.”8 Psychosocial
rehabilitation in cancer care has a more specific focus than
rehabilitation in general9 and is often described by the broader
term psychosocial intervention.

The diagnosis, treatment and survivorship of cancer often
involves much more varied rehabilitation needs than those
experienced following most other medical problems.10 There
are more than 100 cancer diagnoses that can elicit a multi-
tude of psychosocial responses. Hence, there may be wide
variability in the needs for rehabilitative intervention in the
psychosocial area. For example, the patient with radical head
and neck surgery left with significant disfiguration is very dif-
ferent than the early-stage breast cancer patient expected to
have complete cure with no significant appearance alteration
who may require minimal or no psychosocial intervention.
The irony of this situation is that although we would expect
one patient to experience intensive psychosocial distress and

the other not, depending upon a host of mediating variables
(social support, natural resilience, effective communication
with healthcare team, etc.), the outcome may be not what 
one would predict. This variability of psychosocial needs and
experiences illustrates but one challenge for the psychosocial
care of patients: How can patients who need and want ser-
vices be identified?

The National Comprehensive Cancer Center Network
has developed definitions and guidelines to help treat dis-
tressed cancer patients.11 Distress has been defined as “a 
multifactorial, unpleasant experience of an emotional, 
psychological, social, or spiritual nature that interferes with
the ability to cope with cancer, its physical symptoms, and
its treatment. Distress extends along a continuum ranging
from normal feelings of vulnerability, sadness and fear to dis-
abling conditions such as clinical depression, anxiety, panic,
isolation and existential or spiritual crisis” (p. 369). In the
context of cancer care, the term psychosocial refers to the psy-
chologic and social adaptation and reaction of the patient to
the diagnosis of cancer, treatment, and survivorship.12

Scope of the Field

Psychosocial rehabilitation could include all psychosocial
interventions that are designed to positively influence patient
psychosocial adaptation and adjustment to diagnosis, treat-
ment, and survivorship. For example, physical and occupa-
tional therapists play a significant role with patients
undergoing debilitating treatment. To illustrate, bone mar-
row transplantation and cytoreductive surgery plus intra-
peritoneal hyperthermic chemotherapy often leave patients
deconditioned physically and distressed psychologically.13,14

Such patients might benefit significantly from a physical
rehabilitation program without explicit emphasis on psy-
chosocial care or intervention. An example of a physical 
rehabilitation program (walking) following bone marrow
transplantation has been reported as effective.15 Such inter-
ventions do not explicitly focus on psychologic outcomes
with the use of targeted psychosocial interventions but may
measure them as secondary endpoints. This chapter focuses
primarily on randomized clinical trials specifically designed
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to address psychosocial deficits in patients that have been the
result of initial diagnosis, treatment, and morbidities of treat-
ment and survivorship.

Models for Understanding Psychosocial
Rehabilitation

The biopsychosocial model of medical care is most useful in
conceptualizing the rehabilitation of the patient with cancer
and holds that health or illness outcomes are a consequence
of the relationship between biologic, psychological, and social
factors.16,17 Both macro forces (e.g., culture–subculture,
family) and micro forces (e.g., organ systems, cells) interact
with the person to determine health outcomes. For example,
attention to the psychologic and social aspects of a patient’s
life can direct attention to macro-level processes such as the
existence of social support or the presence of a helpful care-
giver. The presence or absence of caregiver support can 
interact with micro-level events (cellular disorders) such as
anemia. Low hemoglobin may result in significant fatigue,
mild depression, and/or waning social support associated
with a failure to return to normal functioning following
hematopoietic cell transplantation.13 The biopsychosocial
model takes account of both health and illness and provides
the conceptual framework for understanding patient adapta-
tion following rigorous medical treatments. In this situation,
a biopsychosocial approach would direct providers to test for
anemia and inquire about social support in the home, perhaps
leading to both a medical (e.g., epoetin alpha injection) and a
behavioral intervention (e.g., caregiver consultation).

The Kornblith Vulnerability Model of Psychosocial Adap-
tation of Cancer Survivors suggests that adaptation to cancer
(psychologic, vocational, sexual, and social) and its treatment
is influenced by a host of mediating variables, medical man-
agement of late effects, and psychosocial interventions17

(Figure 112.1). Patients who adapt well will not need rehabil-
itation. It is likely that mediating variables such as the
patient’s communication with the medical team can have 
a powerful effect on the patient’s need for psychosocial 
rehabilitation.18 For example, the patient who is upset by the

way the diagnosis was conveyed can experience debilitating
anxiety and depressive symptoms that require psychologic
intervention. Also, fear of recurrence, which is heightened by
an obsessive-compulsive personality style, can hinder healthy
adaptation.

Historical Perspective

One of the earliest studies to assess cancer rehabilitation
needs identified 805 patients who were comparable to a
national study sample.19 This group was screened to identify
(1) rehabilitation problems experienced with different cancer
diagnoses; (2) need for rehabilitation services; and (3) signifi-
cant gaps in the delivery of rehabilitation care. Psychologic
problems were found to be fairly common and appeared to be
more severe in patients with concomitant physical disabili-
ties. The percentage of patients with psychologic problems
varied from a low of 30% in patients with bladder cancer to
a high of 78% in patients with central nervous system
tumors. The authors concluded that psychologic and physi-
cal rehabilitation problems were common in patients with
most cancer diagnoses and that many of these problems
would likely be amenable to therapeutic intervention.
However, at the time of the study there were many barriers
to optimal rehabilitative care.

Over a decade ago, Ivan Barofsky provided an eloquent
description of the status of psychosocial research in the reha-
bilitation of the cancer patient.20 A basic assumption in the
literature is that the patient sustains some type of loss (phys-
ical, psychologic, social). Rehabilitation involves an attempt
to restore the person to previous functioning. The definition
of rehabilitation implies that restoration is possible; how and
if restoration can occur becomes the fundamental issue in
rehabilitation research.

Much of the research on the psychosocial dimension of
cancer care involves the management of anxiety and depres-
sive symptoms as well as distress, a term favored by many
researchers because it is less stigmatizing. Not all patients
with cancer need psychosocial rehabilitation in the form of a
systematic intervention delivered by a professional. However,
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it is likely that all patients will require a time period to be
restored to normal functioning following the diagnosis and
treatment of their illness. Moreover, the psychosocial reha-
bilitative process is further complicated by the fact that the
treatment of cancer is rarely a single event but often consists
of a series of different treatments over time.

The most economical approach may be to assume that a
certain percentage of patients will develop psychosocial dis-
tress over the course of diagnosis, treatment, and survivor-
ship. Some patients may be more or less vulnerable depending
upon a host of individual factors.21 Some researchers have pro-
posed a screening process early in treatment to detect those
experiencing abnormal levels of distress22,23 to be targeted for
interventions.

Systematic Reviews and Meta-Analyses of
Psychosocial Interventions

There are a number of excellent reviews24–26 as well as meta-
analyses27–29 of the effects of psychosocial interventions in
cancer care. Newell and colleagues24 conducted a compre-
hensive, systematic review and analysis of psychologic ther-
apies for cancer patients. They identified 627 relevant papers
that reported on 329 intervention trials. More specifically,
they identified 34 trials with psychosocial outcomes. These
trials were aimed at reducing patient anxiety or depression 
or at improving functional ability (e.g., overall quality of life)
or the interpersonal relationships of patients. The authors
applied a rigorous criteria of evidence that has been estab-
lished by the Cochrane Collaboration.30 The Cochrane Col-
laboration recommends that randomized trials should be
assessed on 10 methodologic quality indicators that specify
whether potential threats to the trial’s internal validity have
been adequately controlled. Largely due to the failure of
nearly all trials to gain a good rating based on this assessment,
the authors’ recommendations for psychological therapies are
somewhat guarded. This review applied the most rigorous
standards for evidence and, unfortunately, only one trial eval-
uated achieved a quality rating of good for its methodology.
This study, a pilot project on reducing patient anxiety,31 was
followed by a larger RCT with a similar methodology32 that
was not reported in the review. The dearth of findings 
suggests that the evidence supporting the effectiveness of 
psychological therapies with cancer patients needs further
development.

The authors used a method they term “decision process”
to analyze the results and to produce recommendations for or
against each intervention strategy. This method of analysis

resulted in the following five outcome recommendations: (1)
strong recommendation for the intervention strategy, (2) a
tentative recommendation for it, (3) a tentative recommen-
dation against it, (4) a strong recommendation against it, or
(5) no recommendation for or against it. With regard to patient
anxiety, the authors concluded that music therapy can be ten-
tatively recommended for reducing a patient’s anxiety levels.
Additionally, a number of therapist-delivered interventions
(e.g., individual therapy, cognitive behavior therapy, commu-
nication skills training, guided imagery, and self-practice of a
cognitive intervention) warrant further exploration before a
recommendation for or against their use can be made. The
authors concluded that no intervention strategy reviewed
could be recommended for reducing a patient’s levels of
depression. However, group therapy, education, structured
counseling, cognitive behavior therapy, communication skills
training, and self esteem building warrant further assessment
before recommendation either for or against could be made.

A widely cited meta-analysis by Meyer and Mark yielded
a more positive conclusion regarding psychosocial interven-
tions.27 They identified 45 studies that reported 62 treatment–
control comparisons. This sample of studies included only
published randomized experiments conducted on adult
cancer patients receiving a psychosocial, behavioral, or psy-
choeducational intervention. Five categories of dependent
measures were developed in this analysis: (1) emotional
adjustment, (2) functional adjustment, (3) treatment or
disease-related symptoms, (4) medical measures category, and
(5) global measures, which combine core aspects of more than
one of the preceding categories. The results and effect sizes
reported by Meyer and Mark are shown in Table 112.1.

While all five of the categories of dependent measures have
relevance for psychosocial rehabilitation, it is emotional
adjustment that is most relevant to this chapter. The overall
average effect size was 0.31 (95% confidence interval defined
by -0.13 ~ 0.31 ~ 0.75), for emotional adjustment, was
recorded. A score in the 0.20 to 0.40 range is considered typical
of effective psychologic interventions. The authors were cau-
tious in their conclusions, particularly because the studies
included in their meta-analysis were made up predominately
of white women from the United States. It is difficult to know
just to what extent the results of these studies can be gener-
alized to the broader population. A further limitation of Meyer
and Mark’s study was that they grouped all psychological ther-
apies (in this case five different categories) into one and further
reduced all possible outcomes increasing overall sample size
and thereby the chance of significant findings.

Another meta-analysis of studies examined the effects of
psychosocial interventions on quality of life in adult cancer
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TABLE 112.1. Weighted effect sizes for dependent measure categories.

Measure Studies Comparisons Total N d d 95% CI

Emotional Adjustment 41 56 2,840 0.24 0.17/0.32
Functional Adjustment 16 21 940 0.19 0.06/0.32
Treatment- and disease- 28 39 1,606 0.26 0.16/0.37
related symptoms
Medical 5 7 232 0.17 0.10/0.44
Compound and global 5 7 373 0.28 0.08/0.49

CI, confidence interval; d, weighted average effect sizes.

Source: Data from Meyer and Mark.27



patients.33 The stated hypothesis was that cancer patients
treated with adjuvant psychosocial intervention experienced
a higher level of subjective quality of life (QOL) compared to
those without additional psychosocial intervention. The
authors identified 37 studies that included a total of 3,120
cancer patients. The overall effect size on QOL in this study
was 0.31 [95% confidence interval (CI), 0.13 £ 0.31 £ 0.75).
The authors concluded that psychosocial interventions have
a positive impact on quality of life in adult cancer patients,
and the effect was moderated by duration of treatment, sug-
gesting that psychosocial interventions should be planned for
at least 12 weeks.

A study of psychological interventions for patients with
symptoms of anxiety and depression has particular relevance
for this chapter.28 In this study, two meta-analyses were con-
ducted with anxiety and depression examined as separate
outcome measures. Even though the majority of trials
included in the analysis were preventive (i.e., not targeted to
patients with identified abnormal symptoms of anxiety or
depression), these studies can shed some light on the reha-
bilitation process. Nineteen trials on anxiety had a combined
effect size of 0.42 favoring treatment against “no treatment
controls” (95% CI, 0.08–0.74; n = 1,023). Twenty trials on
depression had a combined effect size of 0.36 as well, favor-
ing the treatment (95% CI, 0.06–0.66; n = 1,101). Four trials
focusing on patients who were identified as “at risk” had 
particularly significant effects, suggesting that targeted inter-
ventions were more likely to demonstrate beneficial effects.
However, the mean effect size for depression was weak to
negligible (0.19), prompting the authors to state that preven-
tive psychological interventions with cancer patients may
have a moderate effect on anxiety but little effect on depres-
sion. The authors concluded that resources should be directed
toward those patients demonstrating psychological or psy-
chosocial deficits, and that group therapy trials appear to be
equally effective relative to individual interventions and 
are likely more economical. Finally, relatively short, inten-
sive interventions delivered by more-experienced counselors
appear to be more effective than interventions delivered by
less-experienced counselors over a long period of time.

Measurement Tools in Psychosocial
Rehabilitation

A number of assessment tools are widely used by researchers
and clinicians for examining the psychosocial impact of
cancer and its treatment as well as the impact of psychoso-
cial interventions on patient functioning. These tools include
measures of general mood (e.g., Profile of Mood States, 
Positive and Negative Affect Scale), depression (e.g., Center
for Epidemiologic Studies Depression, Beck Depression
Inventory, Hamilton Depression Inventory), anxiety (e.g.,
State-Trait Anxiety Inventory), and general mental health
symptoms (e.g., Brief Symptom Inventory).22 These instru-
ments have been used largely because of their psychometric
properties and ease of administration.

The interest in overall patient QOL has spawned the
Functional Assessment of Cancer Therapy (FACT) and the
European Organization for Research and Treatment of Cancer
(EORTC) questionnaires. These methods include modules
that measure symptoms of specific cancers or characteristics

of treatment situations (e.g., bone marrow transplantation).
For example, the FACT includes many disease site-related
subscales (breast, colon, brain, etc.)34,35 and treatment- or
symptom-related modules (bone marrow transplantation,
etc.).36–38 The SF-36 has also been used in the assessment of
cancer patients because it provides normative values for the
nonmedical patient population;39 this allows for comparison
of patients undergoing treatment with normative samples in
the U.S. adult population. Such comparisons can be helpful
when patients ask what they might expect in terms of healthy
functioning following specific treatments.40–42 These instru-
ments have been particularly useful as they allow for com-
parisons over time because of their sensitivity to change.
Thus, one would be able to look at baseline levels of emo-
tional well-being with the FACT or mental health function-
ing on the EORTC and compare these with posttreatment
functioning in longitudinal studies. These instruments,
however, were not developed with the intent of measuring
outcomes of psychosocial rehabilitation following cancer
treatment.

In contrast, the Cancer Rehabilitation Evaluation System
(CARES) allows patients to identify problems and to indicate
with which problems they want help.43 For example, one 
item on the CARES reads something like the following, “I
have difficulty doing physical activity such as running.”
Patients are asked to answer on a 5-point scale from “not 
at all” to “very much” and then to indicate “yes” or “no” to
the question, “Do you want help?” The 139 items on the
CARES cover nearly every conceivable problem situation. It
has been used in a number of studies attempting to assess
rehabilitation needs and success in patients.44–46 Because
of the depth of coverage of items in the CARES, it is not 
typically used in clinical trials where the emphasis must 
necessarily be on rapid assessment and fewer items, but one
of the most significant strengths of the CARES is that it
directs patients to identify problems (including psychosocial
problems) that they want to address. This coverage can be
very useful to providers trying to focus scarce resources,
because as few as one-third of patients actually are interested
in a counseling intervention47 even though a significant
number of cancer patients may experience psychosocial 
distress.1

Randomized Controlled Trials

We systematically searched Pub Med and PsychInfo with the
following descriptors: psychosocial rehabilitation and cancer,
psychosocial intervention and cancer, psychological inter-
vention and cancer, and behavioral intervention and cancer.
After compiling this list we also looked for relevant studies
in the reference sections of studies identified in the searches.
We selected studies based on two criteria: (1) for the most
part, the intervention was targeted toward a current or antic-
ipated need or deficit exhibited by the patient (e.g., high dis-
tress, anxiety, or depression); and (2) assignment to treatment
was made randomly. We have selected representative studies
that provide evidence for the effectiveness of psychosocial
interventions in modifying and potentially improving out-
comes for patients in the psychological and social domains.
The studies reviewed, including caregiver studies, are sum-
marized in Table 112.2.
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TABLE 112.2. Randomized control trials.

Reference Year n/dx Intervention/source/duration Measures/timing Outcomes

Gordon et al.48 1980 217/Breast = 71 Three interventions: Problems (number, intensity Intervention group showed 
Lung = 37 (1) patient education severity); MAACL; LPIS; SREs; improvement of some 
Melanoma = 109 re: how to live with disease; HLC; ADL (modified version); problems, more rapid decline 

(2) general counseling; (3) API. of neg. affect, more realistic 
environmental Hospital admit., hosp. d/c, 3 and outlook, return to previous 
manipulation, e.g., 6 months post d/c. vocational status and more 
consultation with other active pattern of time usage.
professionals vs. usual 
care/a single oncology 
counselor

Average of 11 
20-minute sessions

Cheung et al.49 2003 59/Colorectal Progressive muscle relaxation STAI; QOL-Colostomy; WHO Reduced state anxiety; no
training (PMRT) vs. QOL measure abbreviated significant difference 
standard care/therapist and version (all instruments between groups over time on 
audiotape/two face-to-face Chinese version for Chinese disease-specific QOL; both 
teaching sessions before population). groups improved with time. 
intervention of listening to Within 1 week of surgery, week Improved general QOL for 
tape 5, and week 10 postsurgery. experimental group.

Two to three times/1-week
interval period

Mishel et al.51 2002 239/Prostate Three intervention groups: Mishel Uncertainty in Illness Improvement in cognitive 
uncertainty management scale, Self-Control scale reframing and problem 
direct, uncertainty (problem solving and cognitive solving at 4mos. for 
management supplemented reframing subscales), the intervention groups; decrease 
(family support person Symptom distress scale, and in symptom intensity for all 
received phone call also), two study specific measures, groups, no difference by 
and control/trained nurse i.e., the Cancer intervention. 

Eight consecutive weekly Knowledge Scale and a measure Impact of impotence was
phone calls of patient–provider modified for some in 

communication. intervention group. 
Baseline, 4 and 7 months. Some differences between 

African-Americans and 
Caucasians described.

Lepore et al.52 2003 250/prostate Three groups: group Prostate cancer knowledge; Both interventions increased 
education (GE); group ratings of lectures; health prostate ca. knowledge. GED 
education + discussion behavior index; SF-36; CES-D; group had fewer sexual 
(GED); usual care control/ UCLA Prostate Cancer Index. problems than controls. 
content experts, i.e., Baseline, 2 weeks, 6 months, Among noncollege graduates, 
oncologist, urologist, etc. and 12 months. GED and GE results in better 

Six weekly 1-hour sessions physical functioning than 
controls and GED resulted in 
more positive health 
behaviors.

No differences in these variables
for college graduates.

Goodwin et al.53 2001 235/breast Two groups: supportive POMS; LASA pain; EORTC- No increased survival; improved 
expressive group therapy QLQ-30; Survival. mood and reduced pain for 
or usual care control/two Baseline, 4, 8, and 12 months. intervention group.
professional counselors

Weekly group sessions of 
90 minutes for 1 year

Molassiotis et al.55 2002 71/breast Two groups: progressive POMS; STAI; MANE; Significant decrease in duration 
muscle relaxation training, Karnofsky Performance Index/ and trend toward lower 
including individual baseline (POMS, STAI,  frequency of N/V in 
audiocassettes and 30- Karnofsky). intervention group; significant 
minute video training At 7 and 14 days decrease in total mood 
program or control/ postchemotherapy (MANE). disturbance.
therapist trained in PMRT

Thirty-minute sessions 
daily beginning 1 hour 
before chemotherapy and 
for 6 days following
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TABLE 112.2. (continued)

Reference Year n/dx Intervention/source/duration Measures/timing Outcomes

McArdle et al.56 1996 272/breast Three groups: support from GHQ; HADS. Psychological morbidity fell for 
breast care nurse; support First postoperative visit, 3, 6, all groups over 12 months. 
from voluntary and 12 months. Compared to other groups, 
organization; support from support from breast care 
both nurse and nurse resulted in significant 
organization; routine care declines in depression, 
control/breast care nurse anxiety, and insomnia. 
and Tak 

Tent (Take Care) volunteer 
organization Variable

Winzelberg et al.57 2003 72/breast Two groups: internet-based CES-D, PCL-C, STAI, PSS, Significantly greater decreases 
social support group with Cancer Behavior Inventory, in depression, cancer-related 
moderator; wait-list control Mini-MAC. trauma, and perceived stress 
health care professional Baseline (before randomization), in intervention compared to 

Twelve weeks post termination of group control group.
session.

Helgeson et al.58 2001 312/ breast Four groups: education; peer SF-36/six assessments. Long-term follow-up (mean, 
discussion; education + Baseline (after diagnosis, before 3.6 years): higher vitality and
peer discussion; control/ randomization). physical functioning and 
facilitators and content Time 6 was mean 3.6 years lower bodily pain in education 
experts postdiagnosis. group. No long-term benefits 

Eight weekly 45-minute on health-related QOL in peer
sessions discussion or education + peer

discussion groups.
Antoni et al.59 2001 100/ breast Two groups: cognitive- POMS-SF; CES-D; IES; LOT-R; No overall effects of 

behavioral stress novel measures of perceived intervention on distress for 
management group benefits and emotional intervention group; however, 
(intervention) and seminar processing. reduced depressive symptoms 
(control)/postdoctoral Baseline; postintervention; 3 and for those with higher 
fellows and graduate 9 months postintervention. depressive symptoms at 
students baseline.

Ten weekly 2-hour sessions Intervention group increased in
(intervention) and 1 day benefit finding and 
(control) optimism, particularly those 

with lower scores at baseline.
Edelman et al.60 1999 121/ breast Two groups: cognitive- POMS; Coopersmith Reduced depression and total 

behavioral group Self-Esteem mood and disturbance and 
intervention; control Inventory; Survival. increased self-esteem in 
group/professional Baseline, immediately intervention compared to 
therapists postintervention, and 3, 6, and control group. No group 

Twelve 2-hour sessions 12 months postintervention. differences at 3- or 6-month 
follow-up. No survival effects.

Fukui et al.61 2000 50/ breast Two groups: cognitive- POMS; MAC; HADS Significant decreases in anxiety 
behavioral therapy group; Baseline, 6 weeks and depression for tx group 
wait-list control group/ (postintervention), and 6 but no group differences for 
one psychologist and one months. these outcomes. Tx group had 
psychiatrist lower mood disturbance, 

Six weekly 90-minute greater vigor, and greater 
sessions fighting spirit at both follow-

ups compared to control 
group.

Edmonds et al.62 1999 66/ breast Two groups: psychological POMS; POMS-SF; FLIC; MAC; No group differences for mood, 
intervention, (supportive RED; DUFSS; RED; M-C. QOL, social support, or 
therapy + cognitive- Baseline, 4, 8, and 14 months. repression. 
behavioral techniques); In intervention group, greater 
control group (received anxious preoccupation and 
information on coping and less helplessness; no survival 
relaxation audio tapes)/ effects.
trained therapists

Weekly 2-hour sessions for 
35 weeks + one weekend
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In one of the earliest randomized clinical trials measuring
the efficacy of a psychosocial intervention, cancer patients
with diagnoses of breast or lung cancer or melanoma were
studied.48 The intervention group (n = 157) was given one of
three types of psychosocial intervention: (1) patient education
about how to live with the disease effectively; (2) a more
generic counseling intervention focusing on patients’ reac-
tions to and feelings about their disease; and (3) environ-
mental manipulation, including consultations with other
healthcare personnel and referral for additional services as
necessary. The control group (n = 151) received usual care and
evaluations only. The most notable effects of the intervention
included amelioration of psychosocial problems reported by
the patient, a more-rapid decline of negative affect (anxiety,
hostility, and depression), a more realistic outlook on life, a
greater proportion of return to previous vocational status, and
a more-active pattern of time usage.

Another study examined the effect of progressive muscle
relaxation training (PMRT) on anxiety and quality of life fol-
lowing stoma surgery in Chinese colorectal cancer patients.49

Subjects were randomly assigned to a control group (n = 30)

and the experimental group utilizing PMRT (n = 29). This pro-
cedure significantly decreased state anxiety and improved
overall quality of life in the experimental group. These find-
ings are notable particularly because patient baseline state
anxiety scores were higher than reported norms.50 Thus, this
sample would constitute one that needed psychosocial reha-
bilitation, assuming that premorbid state anxiety was lower
than that reported at baseline here.

In a unique study with prostate cancer patients, Mishel et
al. examined effects of a nurse-delivered psychoeducational
intervention over the telephone in helping patients to manage
uncertainty and treatment side effects.51 A total of 239 men
were randomly assigned to one of the three treatment condi-
tions: (1) uncertainty management with the patient, (2) uncer-
tainty management with the patient and a family member
(supplemented group), and (3) the control group. The inter-
vention consisted of eight weekly telephone calls by a nurse
who was trained in this specific intervention. Patients in each
of the two treatment groups (individual or supplemented)
received the same intervention. However, in the supple-
mented group, a spouse or designated significant other from

TABLE 112.2. Randomized control trials. (continued)

Reference Year n/dx Intervention/source/duration Measures/timing Outcomes

Classen et al.63 2001 125/ breast Two groups: supportive- POMS; IES. Greater decline in traumatic 
expressive group + Baseline, every 4 months for stress symptoms for 
educational materials; 1 year, every 6 months intervention group but no 
educational materials only thereafter. group difference for mood at 
(control)/a psychiatrist, 1 year. 
psychologists, and social When data excluded in year 
workers preceding death, mood 

Weekly 90-minute sessions disturbance and traumatic 
for 1 year stress symptoms declined 

more for treatment group.
Bultz et al.64 2000 36 breast cancer Two groups: POMS; Index of Marital Partners in intervention group 

partners psychoeducational and Satisfaction; DUFSS; MAC. had less mood disturbance 
control/cofacilitated by Pre- and postintervention, 3 than controls 3 months post-
two psychologists months postintervention. intervention. Women whose 

Six weekly 1.5- to 2-hour partners received the 
sessions intervention reported less 

mood disturbance, and greater 
confidant support and marital 
satisfaction.

Toseland et al.65 1995 40 cancer patients Two groups: intervention For caregivers: CES-D; STAI; No significant between-group 
and spouses (support, problem-solving, Dyadic Adjustment Scale; differences found for any 

coping skills) and usual Social Functioning Subscale measures. 
treatment (control)/ from Health & Daily Living Intervention appeared to be 
experienced oncology Form; SF-20; Zarit Burden effective only for distressed 
social worker Inventory; Help-Seeking subsample of caregivers.

Six 1-hour sessions with Coping Index; Index of 
patient’s spouse Coping Responses; Pressing 

problems (cancer caregiving); 
drug/EtOh use; Personal 
Change Scale. 

For patients: FLIC; ECOG 
Global Performance Scale.
Baseline, postintervention.

n/dx, number of patients/diagnosis; MAACL, Multiple Affect Adjective Checklist—state form; LPIS, Langer Psychiatric Impairment Scale; SRE, Schedule of recent events;
HLC, Health Locus of Control; ADL, activities of daily living; ADPI, Activity Pattern Indicators; STAI, State-Trait Anxiety inventory; QOL, quality of life; WHO, World
Health Organization; SF-36, Short Form 36 (Rand Medical Outcomes Study); CES-D, Center for Epidemiologic Studies–Depression scale; POMS, Profile of Mood States;
LASA, Linear Analog Scale Assessment; EORTC-QLQ-30, European Organization for Research and Treatment of Cancer—Quality of Life Questionnaire–30; PMRT, pro-
gressive muscle relaxation training; MANE, Morrow Assessment of Nausea and Emesis; GHQ, General Health Questionnaire; HADS, Hospital Anxiety and Depression
Scale; PCL-C, posttraumatic stress disorder (PTSD) Checklist—Civilian Version; PSS, Perceived Stress Scale; Mini-MAC, mini-mental adjustment to cancer scale; SF-36,
Medical Outcomes Study Short-Form 36; SF-20, Medical Outcomes Study—20; IES, Impact of Events Scale; LOT-R, Life Orientation Test–Revised; MAC, Mental Adjust-
ment to Cancer Scale; FLIC, Functional Living Index for Cancer; ECOG, Eastern Cooperative Oncology Group performance status scale; DUFSS, Duke-UNC Functional
Social Support Questionnaire; RED, Rationality/Emotional Defensiveness Scale; M-C, Marlowe Crowne Social Desirability Scale; N/V, nausea/vomiting.



the family also received a weekly telephone call and a similar
intervention was applied. The majority of intervention effects
were seen at 4 months after baseline, a time when treatment
side effects were also most intense. Both uncertainty man-
agement approaches were useful in producing cognitive
reframing and problem solving. When both individual and
supplemented intervention groups were combined for analy-
sis, there was measured improvement in control of inconti-
nence at the 4-month assessment. Furthermore, the negative
impact of impotence could be modified for some of the men
who had received the intervention. This study represents an
economical and convenient intervention in a population with
significant morbidity, particularly in terms of sexual func-
tioning and incontinence following treatment for localized
prostate cancer. The telephone intervention method is also
portable and has great potential for psychosocial interven-
tions with cancer patients.

Lepore et al. attempted to improve the QOL of men
recently treated for prostate cancer.52 Two hundred and fifty
patients were randomly assigned to a control group, a group
education intervention (GE), or a group education-plus-
discussion intervention (GED). Both GE and GED increased
prostate cancer knowledge. In the year following the inter-
vention, men in the GED condition were less bothered by
sexual problems than men in the control condition, and they
were more likely to remain steadily employed than men in
the GE or control conditions. Both the Mishel and Lepore
studies support the idea that relatively straightforward inter-
ventions can be useful for improving psychosocial function-
ing in prostate cancer patients.

Breast Cancer Studies

Breast cancer patients are the most extensively studied group
in randomized clinical trials conducted in the area of psy-
chosocial rehabilitation. The literature is extensive, and we
only cite representative studies here. There is an excellent
review of health-related QOL results that does include 20
studies with psychosocial outcomes in breast cancer.53

In a study of women with newly diagnosed breast cancer
(n = 96) about to begin chemotherapy, patients were random-
ized to an intervention (standard care plus relaxation training
and imagery) or to a control condition (standard care only).54

The goal of this study was to develop and evaluate a simple
and easily administered intervention to help women cope
with the diagnosis and treatment of breast cancer. Those 
in the intervention group practiced relaxation and imagery
daily for the 18 weeks of their chemotherapy. No significant
between-group differences were noted for anxiety and depres-
sion. Using intention-to-treat analyses, between-group effects
were found with women in the intervention group reporting
fewer psychologic symptoms and higher quality of life during
chemotherapy.

Molassiotis and colleagues assessed the effectiveness 
of progressive muscle relaxation training (PMRT) in the 
management of chemotherapy-related nausea and vomiting,
mood disturbance and anxiety.55 Women diagnosed with 
nonmetastatic breast cancer (n = 71) were randomized to the
PMRT intervention or to a control condition. The PMRT
intervention was administered by a trained therapist six
times for 30 minutes before receiving chemotherapy. The

total mood disturbance score of the POMS decreased in the
intervention group and increased in the control group when
assessed at 7 and 14 days postintervention. No between-group
differences were observed for POMS subscales or for anxiety.

McArdle et al. examined the effects of support from a
nurse specialist and from a volunteer support organization in
breast cancer.56 Women under 70 years of age diagnosed with
breast cancer (n = 272) were randomized to one of four groups
before undergoing surgery for breast cancer: (1) standard
support from ward staff and information booklet; (2) standard
support from ward staff plus support from a specialist breast
care nurse; (3) standard support from ward staff plus support
from a voluntary organization (included any combination of
information, counseling, and group meetings); and (4) stan-
dard support from ward staff plus support from a specialist
breast care nurse and from a voluntary organization. Individ-
uals in the treatment group receiving support mainly from
the nurse specialist reported improved depressive symptoms,
anxiety symptoms, somatic symptoms, and social dysfunc-
tion compared to all other groups, including the group that
had support from both the nurse specialist and the voluntary
organization.

Another RCT employed a newer technologic approach 
to providing psychosocial support to women with breast
cancer.57 Women with breast cancer (n = 72) were randomly
assigned to a 12-week internet-based social support group
moderated by a healthcare professional or to a wait-list con-
trol group. Participants in the intervention group reported sig-
nificantly decreased depressive symptoms, cancer-related
traumatic stress, and perceived overall stress when compared
to the control group. No changes were found for anxiety or
coping measures.

Helgeson and colleagues examined the long-term effects
of participation in a psychosocial group intervention on
health-related quality of life (measured with the SF-36)58 in
which 312 women with early-stage breast cancer were ran-
domly assigned to one of four conditions: education, peer 
discussion, education plus peer discussion, and control. The
length of the intervention was 8 weeks with participants
meeting once each week. The education group focused on the
provision of information to enhance sense of control while
the peer discussion group focused on the expression of feel-
ings and self-disclosure. Intent-to-treat analysis was used in
this study. Follow-up with those who had no recurrent disease
at 3 years revealed that the women in the education-only
group retained higher levels of vitality (energy and lack of
fatigue) and physical functioning and lower bodily pain than
women in the control group. No benefits of the peer discus-
sion group or the education plus peer discussion group were
observed at 3-year follow-up.

Antoni et al. examined distress as well as positive out-
comes in women who had recently been treated for early-
stage breast cancer.59 Patients were randomly assigned to 
take part in a 10-week cognitive-behavioral stress manage-
ment intervention (met weekly for 2 hours over 10 weeks) 
or to a more-limited control condition (1-day informational
seminar). Findings showed that while there were no overall
effects of the intervention on measures of distress, participa-
tion in the 10-week intervention reduced the prevalence of
moderate depressive symptoms for those whose levels were
higher at baseline. Also, benefit-finding and optimism
increased for those taking part in the intervention, with the
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effects most pronounced in women with low baseline scores.
Findings from this study underscore the notion that psy-
chosocial rehabilitation is most likely to be useful for those
patients who report the most psychosocial distress and/or the
least psychosocial resources.

In a study with metastatic breast cancer patients, 124
patients were randomized to take part in a group cognitive
behavioral therapy (CBT) intervention or to a no-therapy
control group condition.60 Participants in the CBT group
attended eight weekly group sessions, followed by a family
night and three additional monthly sessions. Immediately fol-
lowing participation in the CBT group, data indicated signif-
icant improvements in depression, total mood disturbance,
and self-esteem. However, no significant differences between
the CBT and control groups were evident at 3- or 6-month
follow-up.

A similar study of a short-term psychosocial interven-
tion was conducted with lymph node-positive breast cancer
patients in Japan.61 Patients (n = 50) were randomized to a 6-
week structured psychosocial group intervention (included
health education, coping skills training, stress management,
and support) or to a wait-list control group. Analyses were
conducted on the 46 women who completed the intervention.
Anxiety and depression decreased significantly over the
course of the study for the treatment group; however, no sig-
nificant between-group differences emerged for these out-
comes. Significant between-group differences were found 
for POMS total mood disturbance score at both the 6-week
(immediately following the intervention) and 6-month assess-
ments. The experimental group had significantly lower scores
than the controls for total mood disturbance and significantly
higher scores for vigor on the POMS, and significantly higher
scores for fighting spirit on the MAC at the end of the 6-week
intervention. These improvements were sustained over 6
months of follow-up.

Several of the previously described studies demonstrated
that short-term psychosocial interventions resulted in
improvement in quality of life and psychosocial distress.
There has been little evidence, however, for the efficacy of
longer-term psychosocial interventions. In a study of longer
duration, patients with metastatic breast cancer were ran-
domized to an 8-month weekly psychologic intervention (n =
36; group discussion, emotional support, coping skills train-
ing, and relaxation) or to a control group (n = 30; received
information on coping and relaxation audio tapes).62 Study
outcomes included mood, quality of life, and adjustment to
cancer measured at baseline, 4 months, 8 months, and 14
months. Participation in the long-term psychologic interven-
tion did not result in significantly improved mood or quality
of life in comparison to those in the control group, although
there were short-term clinical gains reported by therapists
that were not quantified.

A group of 125 metastatic breast cancer patients was 
randomized to a 1-year weekly supportive-expressive group
psychotherapy intervention with additional educational
materials or to a control group offered only educational mate-
rials.63 Data from all participants who completed at least one
follow-up assessment (n = 102) regardless of level of group
attendance were included in study analyses. Women in the
group intervention reported a significantly greater decline 
in traumatic stress symptoms at 1 year, but no difference in
overall mood when compared with women randomized to 

the control condition. However, when data from final assess-
ments that took place during the year before participants’
deaths were excluded, both mood disturbance and traumatic
stress symptoms declined significantly more for those in the
treatment compared to the control condition.

Caregiver Studies

The patient has long been the primary focus for psychosocial
rehabilitation or psychosocial interventions. However, the
diagnosis and treatment of cancer can have far-reaching
effects, evoking distress and feelings of helplessness in
spouses/partners and other close family members. Role tran-
sitions in spousal and family relationships are often required.
Relatively few interventions and even fewer RCTs to date
have focused on psychosocial rehabilitation issues in close
family members of cancer patients. The following several
studies are representative examples of high-quality research
that has sought to empirically validate methods for helping
family members increase their understanding of cancer and
treatment, normalize their responses to a loved one’s cancer,
and provide a safe place for relatives to express emotional 
distress.

One RCT examined the effects of a brief psychoeduca-
tional support group intervention for male partners of women
with early-stage breast cancer (n = 36 pairs).64 The interven-
tion was offered to partners of breast cancer patients weekly
for six sessions by two experienced psychologists and focused
on two primary components: education and support. Results
indicated that total mood disturbance score had improved by
3-month follow-up for both patients and partners who in the
intervention group; however, these findings did not reach 
statistical significance.

Another RCT offered a six-session intervention to spouses
(n = 40 male, n = 40 female) of patients with various types of
cancer.65 Spouses were randomly assigned to the intervention
that included support, problem-solving, and coping skills or
to a usual care condition. At baseline and within 2 weeks of
completing the intervention, spousal caregivers completed
measures of depression, anxiety, marital satisfaction, social
support, health status, burden, help-seeking behavior, coping
(perceived stressfulness of 17 cancer-related caregiving prob-
lems), and drug/alcohol use. At the same time points, patients
completed measures of functional and physical status. Taking
part in the group did not significantly improve any of the psy-
chosocial outcomes for those in the intervention versus the
control group. However, post hoc subgroup analyses revealed
that for those caregivers who were more distressed at base-
line (lower marital satisfaction, higher burden), greater
improvements were found in the intervention group com-
pared to the control group. This type of result, once again,
highlights the usefulness of targeting psychosocial rehabili-
tation interventions to those individuals most in need of
them.

Rehabilitation Programs

A number of programs have been developed and tested over
the past 15 years directed at psychosocial care of patients.66–68

Examples of such programs include Gilda’s House, The Well-
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ness Community, and the Commonweal Help Program. Even
though there are programs for posttreatment cancer survivors
that have a psychosocial component (e.g., the posttreatment
resource center at Memorial Sloan Kettering Cancer Center),
there is a need for dissemination of research outcomes so that
programs can integrate evidence-based rehabilitation strate-
gies. Additionally, specific programs have been developed to
attend to particular difficulties of patients.

In a review article, Ronson and Body described the 
psychosocial rehabilitation of cancer patients after curative
therapy.69 They reported that even though the majority of
cancer survivors do quite well, there is a substantial minor-
ity of patients who have significant psychosocial distress
and/or psychiatric disturbance. A number of factors seem 
to predict psychosocial difficulty or adjustment, including a
past history of psychiatric disturbance (especially depression),
comorbid physical problems, poor social support, low social
or economic status, and individual psychologic factors
(including certain coping styles and personality traits). An
important observation they make is that “no effective psy-
chosocial rehabilitation can be achieved without simult-
aneous efforts to promote improvement of the physical 
condition.” Physical and psychosocial functioning may be so
closely related that it is impossible to talk about one without
reference to the other. It is safe to say that patients returning
to predisease physical functioning are less likely to experi-
ence severe psychosocial distress, although this cannot be
stated with 100% certainty. Under the best of conditions,
when patients return to health, fear and anxiety can act to
rob the patient of the present when a feared future looms
ahead in the form of recurrent disease.

Specific psychologic disorders and symptom entities that
were summarized from the literature by Ronson and Body
with estimated prevalence rates were posttraumatic stress
disorder (as high as 14% to 21%), fear of recurrence (ranging
from 10% to 89%), conditioned nausea/vomiting (no esti-
mates given; highly dependent on emetogenic potential of
chemotherapy and antiemetic agents used), treatment-related
body image disturbances (no estimates given; related to area
of surgery, timing of assessment, and premorbid functioning),
and general psychosocial functioning (ranging from 18% to
40% depending on tumor type and treatment). They also iden-
tified aspects of physical functioning that have a psychoso-
cial impact. Although attention to the literature on physical
functioning is beyond the scope of this paper, it is important
that the reciprocal relationship between physical and psy-
chosocial functioning in general be understood, as well as the
psychosocial issues related to specific tumor types and their
treatment.

There are few randomized prospective studies of rehabil-
itation programs described in the literature. One such study
is the “Starting Again Group Rehabilitation Program”67 that
enrolled a total of 199 patients (n = 98 intervention; n = 101
control) in the program. The intervention (called the “Start-
ing Again Program”) consisted of eleven 2-hour sessions that
emphasized physical training, information, and coping skills.
Outcomes that improved following the intervention included
appraisal of having received sufficient information, physical
strength, and fighting spirit. The psychosocial area of this
study consisted of coping skills training and role playing
(employed to help study participants understand the issues 
of returning to work, as well as problem situations that may

arise with return medical appointments). One session devoted
to anxiety management included coping strategies such as
relaxation, distraction, and cognitive techniques. Depressive
symptoms for program participants diminished significantly
over time. The authors pointed out that the study included
patients at low risk for psychosocial disturbance, thereby
making it more difficult to measure appreciable change. Fur-
thermore, spontaneous recovery is common for those experi-
encing psychosocial morbidity in low-risk patients, and it
would be difficult for an intervention to achieve superior
results under these circumstances. In other words, many
people simply improve with time with regard to sadness and
depressive symptoms related to the diagnosis and treatment
of cancer.

The Tapestry Program is an example of a novel method
for providing psychosocial support for persons living with
cancer.68 It consists of a 5-day residential retreat program
focusing on the following areas: creating a safe environment
for patients, providing a daily narrative group, the use of 
arts and medicine therapy, providing yoga and meditation 
sessions, discussions about complementary therapies and
pain control, death and dying, and use of rituals to foster a
supportive collegial atmosphere. A primary method within
this group involves general support provided by patients
undergoing similar difficulties together. The Tapestry group
has attempted to measure patient improvement following
participation in the program with pre- and posttest measures
that generally favor the impact of this program. There have
been other promising reports of the effectiveness of these
types of programs.70

Returning to Normal

Returning to “normal” is a prominent theme in the clinical
care of patients. Although there has been some work in this
area,71 there is little research on returning to normal from 
a psychosocial standpoint only. Indeed, some patients
comment that “things will never be normal again,” because
the issue of recurrence is always present even after a decla-
ration of survival at the 5-year posttreatment time point.
However, although some patients may carry a constant sense
of foreboding and worry about cancer recurring, others may
claim not only a return to normality but a deeper apprecia-
tion for life.72–74 Such patients not only return to normal but
actually find some benefits and, perhaps, improved psy-
chosocial functioning in the form of deeper appreciation and
meaning in everyday living. This finding has been incidental,
although researchers are now focusing more on benefits that
patients experience following a cancer diagnosis and treat-
ment.74 Typically, such benefit finding is in the area attitudi-
nal shifts and/or improved social relations. For example, one
attitudinal shift might be reflected in a change of career or a
change of work habits in the direction of increasing time with
family or friends as a consequence of recognition of mortal-
ity. Even though benefit finding is not a particularly common
approach in psychosocial rehabilitation, it is an important
area to consider because it could be that one psychosocial
deficit such as fear of recurrence is balanced by a benefit in
the form of deeper meaning noted by the patient or other
family members.
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Concluding Comments

There is a growing body of literature supporting the effec-
tiveness of psychosocial interventions in the rehabilitation of
cancer patients. Interest in this area is driven by the increas-
ing number of cancer survivors living 5 years or longer, less
stigma attached to utilizing psychosocial services such as
support groups or individual coaching/counseling, research
initiatives of the National Cancer Institute (NCI) emphasiz-
ing psychosocial care, efforts of the National Coalition for
Cancer Survivorship and Office of Cancer Survivorship of 
the NCI, growing consumer interest, effective intervention
techniques, and validated measurement tools for assessing
the usefulness of such interventions. Another force operating
within the community of cancer medicine is the emphasis 
on quality of life as an important outcome in addition to 
survival.

There are specific types of treatments that have been
shown to be effective for a variety of patients for reasons of
their ease of administration as well as face validity. These
interventions include cognitive behavioral therapy, pro-
gressive muscle relaxation, structured psychoeducational
interventions including problem solving, and supportive-
expressive therapy. For the most part, such interventions have
been demonstrated with breast cancer patients, possibly
because of funding opportunities provided by the Department
of Defense and the Komen Foundation. There are few RCTs
with psychosocial interventions in most other cancer sites.
Patients with head and neck and pancreatic cancer, as well as
those with brain tumors, remain little researched for a variety
of reasons. Most of the excellent randomized clinical trials
that have been conducted are associated with major medical
centers. However, the vast majority of cancer care is deliv-
ered in communities. Patients treated in community settings
are most likely to find psychosocial care with mental health
counselors and the clergy, American Cancer Society pro-
grams, and in Wellness Communities. These settings are 
hard pressed to devote the resources necessary to conduct a
clinical trial on psychosocial care.

If psychosocial rehabilitation is to move forward, more
clinical trials with a broader range of patients need to be
developed and conducted. There has been progress made. 
Cognitive behavior therapy and structured supportive 
educational approaches have promise, as do telephone inter-
ventions. Yet, the central question remains: What interven-
tions for what patients along what point of their trajectory of
survivorship and care, delivered by what type of professional,
can offer the promise of reduced suffering and return to 
full-quality living following the diagnosis and treatment for
cancer?
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Cancer Advocacy
Ellen L. Stovall

housands of individual citations using the expression
cancer advocacy can be found in contemporary
medical and scientific literature as well as in the

popular press and on Internet websites. For purposes of this
chapter, the term cancer advocacy is used to describe a skill
set that has been documented in previously published work
by Clark and Stovall.1 This chapter also includes specific
examples of how self-described advocacy organizations are
involved with research organizations and how they influence
cancer research and related health policy.

In 1996, Clark and Stovall described a cancer-related 
advocacy skill set that could be acquired through a learn-
ing process and would ideally be incorporated into care plans
for cancer patients. Their article proposed a definition of
cancer advocacy that most easily correlated with the terms
“cancer survivor” and “cancer survivorship” first used by the
founders of the National Coalition for Cancer Survivorship
(NCCS) in 1986.2 NCCS defines a cancer survivor as anyone
with a diagnosis of cancer—from the time of its discovery 
and for the balance of life. NCCS further defines cancer sur-
vivorship as a process that begins when an individual is diag-
nosed with cancer and continues until their death. NCCS
believes that, at the time of diagnosis, an individual with
cancer [and/or a significant person in his or her life—known
as the “other survivor”(s)] can play a very active role in assur-
ing that they receive quality care. This is the first step in the
cancer advocacy continuum and is further defined by Clark
and Stovall as “personal advocacy or self-advocacy.” The next
step in the continuum is “advocacy for others.” This is where
some of the most effective advocacy occurs for individuals
with cancer, and it is where many people with cancer find a
role for themselves as advocates in their own community.
The third part of the advocacy paradigm described by Clark
and Stovall is national advocacy, or public interest advocacy.

Over the past decade, relative survival data for all cancer
types have ranged from 6 to 10 million survivors in any given
year, and estimates are that of that number, more than half
are living 5 years or more postdiagnosis.3 With this epidemi-
ology alone, it is likely that this cohort (and their primary
caregivers and healthcare providers) could be the most likely
beneficiaries of a greater understanding of the role that advo-
cacy can play as part of a successful adjustment to a cancer
diagnosis. To accept the notion that advocacy can play a 
role in enhancing the quality of one’s survivorship, a shared
understanding of cancer advocacy and its relationship to
cancer survivorship among healthcare professionals and sig-

nificant others involved with a cancer patient’s adjustment
postdiagnosis is desirable.

The term cancer survivorship was a term of art rather
than science when the founders of NCCS used it to describe
the condition of living with the consequences of a diagnosis
of cancer. Now commonly referred to as the cancer survivor-
ship movement, several of its early founders and adopters
crafted the language and gave definition to terminology fre-
quently used today for what has become a burgeoning field 
of study called cancer survivorship research. Mullan wrote
about cancer survivorship as the “act of living on.”4 Carter
and Leigh have written about survivorship in terms of “going
through” and “the experience of living with, through or
beyond cancer.”5,6 These dynamic concepts of survivorship
suggested that more research was needed to focus on cancers
whose prognosis could be defined as protracted and/or
episodic, rather than as an acute diagnosis followed by death.
It was also noted that the degree to which a history of cancer
affects the life of an individual is largely dependent on many
qualitative variables with respect to how they experience
their illness. These variables include, but are not limited 
to, their familial and cultural relationships, their religious
beliefs, how their cancer is treated, and how their disease pro-
gresses or is resolved.

Previous chapters in of this section elaborate on the sur-
vivorship issues and deal specifically with the myriad of
medical and psychosocial sequelae of many cancers. The chal-
lenges posed by these changes in one’s biologic and psycho-
logic condition suggest that although each person’s cancer is
an individual experience, there are overarching issues with
which many survivors contend.7 We also know from the lit-
erature and from the cancer survivorship movement that the
skills necessary for positive adaptation to cancer have been
identified and that survivors must become self-advocates and
viewed by health professionals as partners in making the very
important decisions that will impact on their medical, social,
psychologic, and vocational well-being. What follows is a 
suggestion by Clark and Stovall that successful adaptation to
cancer involves acquiring advocacy skills that will enhance
each survivor’s sense of self-determination throughout his or
her survivorship. The skill set is neither gender- nor age-spe-
cific and does not suggest an impact on longevity, but rather
on quality of life across several domains.

Using advocacy as an approach to adjusting to cancer calls
for establishing a competency model that has skill-building
and coping strategies at its core. This approach is suggested
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as a way of preventing or overcoming psychosocial limita-
tions and promoting expectations for effective living.8,9 The
notion of learning an advocacy skill set is especially useful if
one agrees that the psychosocial dimensions of a cancer diag-
nosis may cause a time-limited state of diminished function-
ing. Maher10 defines a diagnosis of cancer as an anomic
situation for many, suggesting it is “a temporary state of mind
occasioned by a sudden alteration in one’s life situation, and
characterized by confusion and anxiety, uncertainty, loss of
purpose, and a sense of separateness from one’s usual social
support system.” Clark11 suggests that the concept of crisis is
useful for adaptation to cancer in terms of both situational
requirements and the various phases over time of the mobi-
lization of resources. The tasks facing the individual, as well
as the strategies selected for attempted management of these
tasks, become important parts of the process for resolving
crises. These tasks and the strategies for managing them, such
as seeking information or support, can be integrated into a
method of skills training.

Skills training is used across many diverse professional set-
tings, including education, psychology, sociology, and social
work, and is distinguished from competence by McFall,12,13

who associates skills with the specific underlying component
processes that enable a person to perform in a manner which
has been identified as competent. Skills are task specific and
are acquired through a learning process.

Skills training is especially useful because of the com-
plexities of the cancer experience. Drawing from a body of
evidence found largely in the psychosocial research literature
and derived from educational programs developed by cancer
advocacy organizations, four interrelated skills have been
identified as integral to the advocacy skills model: (1) 
information-seeking skills,14–16 (2) communication skills,17–21

(3) problem-solving skills,22–28 and (4) negotiation skills.29–31

The founders of many patient advocacy organizations
widely agree that providing reliable and timely information
as well as providing decision support to people with cancer
are among the most pressing needs of the public who are in
touch with them when dealing with a diagnosis of cancer.
Information needs are variable among cancer patients and
change over the course of their illness. Also variable are the
methods used by people when they seek health- and medical-
related information. Books and articles about cancer can be
found in public, university, hospital, and medical school
libraries, and public access to the Internet is widely available.
If anything, the amount of cancer information is daunting,
and there are few compendia that annotate the information
available, often making it difficult to identify what are the
most suitable and reliable cancer-related resources. The Inter-
net Health Care Coalition32 offers an excellent guide for eval-
uating the reliability of online health information and advice,
including cancer information. Being a wise medical consumer
involves asking questions, seeking answers, gathering and
organizing data, and the ability to access resources. Training
for the development of information-seeking skills involves
well-developed communication and negotiation skills.

Communication skills-building is an aspect of medical
consumerism that is frequently complicated by the patient’s
need to learn a new lexicon of terms to increase his or her
comprehension and understanding of cancer. At the critical
time of learning about and understanding the diagnosis, the
goals of treatment, and decision making about which treat-
ment is most suitable, shared responsibility for communi-

cating clearly between the healthcare provider and patient is
important. The quality of communication should be charac-
terized by equity, reciprocity, and a mutual understanding of
hope and goals, wherein both patient and professional have
input into care decisions.33

The literature on effective communication skills is widely
available and adaptable to a clinical setting. The American
Society of Clinical Oncology (ASCO) and the Oncology
Nursing Society (ONS) are excellent resources of information
on patient/provider communications skills building, and both
associations provide workshops to their members on effective
communication strategies.

Problem-solving skills are especially helpful when uti-
lized to more carefully consider a situation with no clear and
evident resolution. A diagnosis of cancer is one of those 
situations that can benefit from employing a number of
problem-solving methods including modeling and role-
playing.34 Modeling is a form of observational learning in
which the behavior of an individual or group acts as a stim-
ulus for similar thoughts, attitudes, and behavior on the part
of another individual. Role-playing relies on the re-creation
of real or hypothetical situations. Cancer survivors use role-
playing effectively in group settings where peer support and
critique for their interactions with role-playing professionals
can be supported.

It is common to hear cancer survivors use words such as
“powerless” or “out of control” when describing how they
felt when diagnosed with cancer. Because these feelings of
temporary impotence frequently accompany a diagnosis of
cancer, how one advocates for one’s own needs during this
time may be compromised. Especially relevant to a diagnosis
of cancer is negotiation skills training if one must contend
with employment, insurance, and financial institutions.
Advocating in the occupational setting or with insurers 
often includes negotiations that go beyond anyone’s ordinary
mastery of skills and requires the involvement of legal
counsel.35,36 Because conflict is inherent in many well-
intended interactions, conflict resolution through negotiation
bears attention as part of a good self-advocacy model. Effec-
tive communication, resourcefulness, open-mindedness, and
understanding alternative positions are central to all negoti-
ation efforts.37

The advocacy continuum as described by Clark and
Stovall may begin at a personal level wherein the previously
outlined skill sets are most relevant. As the survivorship con-
tinuum changes, so do the advocacy needs of the individual
and his/her support system. Self-advocacy may evolve into
wanting to participate or interact with small groups or orga-
nizations at the community level, and, for some, public policy
activities at the national level. Succinctly stated, Clark and
Stovall describe an advocacy paradigm as follows: (1) Personal
Advocacy; (2) Advocacy for Others; and (3) Public Interest
Advocacy.

Personal advocacy or self-advocacy is a way of taking
charge in an otherwise portentous environment of tests,
surgery, radiation, chemotherapy, and office visits. From
arming oneself with good information about one’s diagnosis,
to seeking second opinions, to locating resources for identi-
fying and obtaining support, to knowing how to ask the right
questions and negotiate the terms of one’s employment while
undergoing treatment, a cancer patient can become self-
efficacious. This type of self-determination can mean the 
difference between maintaining a positive future outlook and
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enhancing one’s quality of life or feeling helpless and less
certain of the desirability of survival.38,39

For many cancer survivors, the 5 years following diagno-
sis and treatment mark a time of reentry and reevaluation of
one’s life. Many significant relationships in the lives of sur-
vivors change during this time as family and friends cannot
understand why survivors are not simply jubilant with their
survival. Support systems that were intact during the initial
workup and treatment period may diminish or disappear. It
is at this time in survivorship that many seek out others with
whom they can identify. This transitional period, whether at
age 20 or 70, calls for another kind of self-advocacy. With the
notion that they may want to “give something back” in grat-
itude for their survival, many survivors seek to share their
experiences with others.40 The idea that shared information
can be both powerful and validating—the veteran helping the
rookie—is what the survivorship movement is largely about.
When occurring in the context of a support group, this trans-
mission of wisdom from a more-seasoned survivor to the
newcomer provides a strong foundation for people who have
had cancer to play a more-proactive role in making the myriad
decisions that will follow them the rest of their lives.

The second part of the advocacy paradigm is characterized
by cancer survivors going on to relay their experiences beyond
one-on-one counseling interventions or small group inter-
actions. Involvement in one’s community can range from
speaking to civic or religious groups and to the local media,
participating in runs/walks for cancer awareness and cancer
research, enrolling in advocacy training courses such as the
National Breast Cancer Coalition’s Project LEAD, to inquir-
ing about participation on local Institutional Review Boards,
etc. By speaking about one’s experience to groups of medical
students, for example, cancer survivors have an opportunity
to educate them about the complex interpersonal and psy-
chosocial issues that dominate their lives after treatment.
This public speaking becomes a testimony that affirms 
one’s survival, defies the myths and stigmas about cancer, 
and perhaps reaches others who are silently struggling with
similar issues.

The last part of the cancer advocacy paradigm is Public
Interest Advocacy. Largely a consequence of improved diag-
nostic tools and treatments for cancer that resulted in months
and years of survival beyond initial diagnosis, issues related
to adult cancer survivorship emerged as an agenda for advo-
cacy and activism in the mid-1980s. These issues principally
fall into three areas: economic/vocational, psychosocial/spir-
itual, and physiologic.

Compared with the number of cancer survivors, relatively
very few engage in this type of advocacy, although breast
cancer survivors have been visible and notable in the way
they have brought about policy change through political advo-
cacy and activism. A distinction is being made between the
visibility or awareness of breast and other cancers through
mass cause-related marketing campaigns and the work of
cancer advocates and activists who participate in focused
activities to change or initiate public policies.

Although cancer advocacy is not a contemporary phe-
nomenon and includes much public education and outreach
to diverse constituencies, cancer activism is in its relative
infancy. Cancer survivors as advocates became very visible
during the mid-1980s and 1990s when national breast cancer
activists petitioned the federal government to target research
in breast cancer and petitioned Congress to earmark funds

through an unprecedented appropriation from the Depart-
ment of Defense. Their petitioning not only increased federal
funding for research, but led to a change in the peer-review
process for granting monies to research under this program.
The distinguishing characteristic of this example was the
involvement of cancer survivors at every step of designing 
the Department of Defense Breast Cancer Program. Their
activism laid the groundwork and set an example for partici-
pation of advocates at all levels of government-funded cancer
research programs.

The 1990s and the new millennium ushered in an era 
that witnessed the creation of many organizations that self-
identify themselves as cancer advocacy groups. Often founded
by survivors and/or their supporters, these groups represent
the voices of people with commonly diagnosed cancers, for
example, breast, colon, lung, lymphatic, and prostate, as well
as less-common cancers, such as ovarian, head and neck,
brain, pancreatic, and kidney, and provide a valuable resource
for people with cancer and their families. Increasingly, their
representation can be found sitting on review groups, on the
boards of cancer centers, on federal advisory commissions,
and walking the halls of Congress to educate their elected
officials about the needs of those they represent.
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371–372, 376

Argramostim, 1528
Arm edema (AE), 1837–1842
Armed Forces Institute of Pathology,

508

Aromatase, 308–309
Arsenic compounds, 234

genotoxic mechanisms of, 236
in groundwater, 236

Arsenic trioxide, 1163
ART. See Assisted reproductive

technology
Arterial embolization, 747–748
Arthritis. See Rheumatoid arthritis
Asbestos, 234, 292

mechanisms of action of, 238–240
types of, 237

ASCO. See American Society of
Clinical Oncology

ASCT. See Autologous stem cell
transplantation

Aseptic necrosis, 1912
Asparaginase

emetogenicity of, 1474
HSR and, 1356
pregnancy and, 1741

Aspergillus
HCC and, 745
transplant patients and, 1909
treatment for, 1381–1382

Aspirin
chemoprevention with, 310, 312
fetal risk of, 1747

Assays. See also Diagnostic
technologies

tumor markers and, 106, 
108–109

types of, 341–342
Assisted reproductive technology 

(ART)
cryopreserved embryos and, 1584
cryopreserved sperm and, 1582
hormone therapy and, 1584
IVF-ICSI and, 1584–1585

Association of Cancer Online
Resources, 145

Asthenia
myasthenia gravis and, 1511
terminal patients and, 1604

Astrocytomas, 491–497
Asymmetry, Border irregularity, Color

inhomogeneity, Diameter
(ABCD), 1079

AT. See Ataxia telangiectasia
Ataxia telangiectasia (AT), 523

ATM and, 210
ATR and, 210
HBOC and, 350–351
immunosuppressed patients and,

1681–1682
Ataxia telangiectasia and Rad3-related

kinase (ATR), 210
Ataxia telangiectasia-mutated kinase

(ATM), 210
Atelectasis, 394. See also Lung cancer
ATL. See Adult T-cell leukemia and

lymphoma
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ATM. See Ataxia telangiectasia-
mutated kinase

Atomic bomb survivors, 296
ALL among, 1174
mental retardation and, 1743
radiation effects on, 1930

ATR. See Ataxia telangiectasia and
Rad3-related kinase

Atypical adenomatous hyperplasia
(AAH)

incidence of, 552
lung cancer development and, 549

Autoimmune disorders
ALPS and, 1684–1685
autoimmune hemolytic anemia and,

1514
HSCT and, 92

Autoimmune hemolytic anemia, 1514
Autoimmune lymphoproliferative

syndrome (ALPS), 1684–1685
Autologous stem cell transplantation

(ASCT), 94–95
HD and, 1237, 1239–1241
for lymphoma, 471
MCL and, 1267
NHL and, 1259–1260

Autonomic neuropathy, 1819–1820
Avascular necrosis, 1770
Axillary lymph node dissection

(ALND)
breast cancer and, 954–957
breast cancer survivors and,

1837–1842
Axillary radiation therapy (XRT),

1837–1842
Azathioprine

CAPT and, 1406
renal dysfunction and, 1729

Aziridines, 16, 24
Azlocillin, 1385

B7-1, 260–261
Baby boom generation, 1758
Bacteremia, 1367–1368
Barbiturates, 1604
BARF genes, 215, 217
Basal cell carcinoma (BCC)

on eyelids, 524–526
sunlight exposure and, 293

Base excision repair (BER), 43
BAY12-9566

pancreatic cancer and, 776
target of, 74

BAY43-9006, 74, 79
Bayesian statistical methodology, 124
Bazex’s syndrome, 1512
BCC. See Basal cell carcinoma
B-cell chronic lymphocytic leukemia.

See Non-Hodgkin’s lymphoma
B-cell prolymphocytic leukemia. See

Non-Hodgkin’s lymphoma
BCNU. See Carmustine

Bead arrays, 280–281
Beckwith-Wiedemann syndrome, 343
Behavior modification, 358–364

alcohol and, 359, 1884
cognitive behavioral therapy and, 

950
diet and, 358, 1884
lung cancer survivors and, 

1883–1884
obesity and, 359–361, 1884
physical inactivity and, 359
physician counseling and, 359–360

improvements to, 361–364
professional groups and, 360–361
sunlight and, 359
tobacco smoke and, 358, 1883–1884

Behavioral Risk Factor Surveillance
System, 7

Benzamides, 1477
Benzene, 234
Benzodiazepines, 1604
Benzonatate, 1604
Benzo(a)pyrene, 234
Benzydamine hydrochloride, 

1341–1342
BER. See Base excision repair
Bereavement, 1606–1607
Best practices in interdisciplinary care,

187
Betel nut, 528–529
Bethesda System, 323
Bevacizumab

angiogenesis and, 85
pancreatic cancer and, 776
target of, 74

Bias
in case-control studies, 7
in epidemiologic studies, 289
omission, 179
in screening, 166–167

Bilateral diffuse uveal melanocytic
proliferation, 524

Biliary tract obstruction, 1328
Bioinformatics. See Informatics
Bioinformatics: A Practical Guide to

the Analysis of Genes and
Proteins, 144

Bioinformatics Sequence and Genome
Analysis, 144

Biologic endpoints, 84
Biological therapies. See Targeted

therapies
Biomagnification, 233
Biopsy

of adrenal adenomas, 432
colon cancer and, 707
diagnosis with

core-needle method for, 63–64
excisional method for, 64–65
incisional method for, 64, 66
sentinel lymph node method of, 

65

lung cancer and, 562
of mediastinal malignancies, 

648–650
for melanoma, 1079–1081
for MPM, 626
of osseous metastases, 1662
pregnancy and, 1740
for prepubertal fertility preservation,

1583
of skin, 1360
of soft tissue sarcomas, 1049–1051
testicular cancer and, 848
tools for, 66

Bioreductive drugs, 54
Birth defects, 1740–1741. See also

Pregnancy
Birt-Hogg-Dube syndrome, 784
Bismuth-Corlette classification, 753,

755
Bisphosphonates

hypercalcemia and, 1317
MM and, 1279–1280
osseous metastases and, 1664–1666
pain management with, 1463–1464
prostate cancer survivors and, 1864

BK virus, 218–219. See also
Papovaviruses

Black cohosh, 1587
Bladder cancer, 806–816

arsenic and, 236
chemotherapy and, 16, 812–814
CMT for, 186
diagnosis of, 809–810
etiology of, 806
imaging of, 427–430
orthotopic bladder reconstruction

and, 1584
pathology of, 806–807
prognostic factors of, 807–808
screening for, 809
staging of, 807
TCC and, 806
tobacco smoke and, 806
treatment of

early-stage disease and, 810–811
muscle-invasive T2 disease and,

811–812
muscle-invasive T3/T4/N+ disease

and, 812–814
Bladder fibrosis, 1770
Bladder tumor antigen (BTA), 809
Bleomycin, 12, 27

CAPT and, 1403–1404, 1408
cell cycle specific effect of, 16
for CNS tumors, 497
gestational trophoblastic neoplasia

and, 898
HSR and, 1356
immunosuppressed patients and,

1690
pregnancy and, 1741
renal dysfunction and, 1729
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surgical therapy and, 70
testicular cancer and, 859–861
toxicity of, 19, 22

emetogenicity, 1474
late effects and, 1770
pulmonary, 1776, 1792, 1807

Block randomization, 120
Blood oxygen level dependence (BOLD),

375
Blood-brain barrier

breakdown of, 489
disruption of, 500

Bloom syndrome, 343
BM. See Bone marrow
BMI. See Body mass index
BMS-275291, angiogenesis and, 85
BMT. See Bone marrow transplantation
Body mass index (BMI), 295

of childhood cancer survivors, 1793
cranial irradiation and, 1775

BOLD. See Blood oxygen level
dependence

Bone loss, 1845
Bone marrow (BM), 93
Bone marrow scanning, 1659–1660
Bone marrow transplantation (BMT),

1536–1546, 1902–1928
complications with

allogeneic transplant concerns and,
1536–1537

delayed engraftment and, 1536
early posttransplant toxicities and,

1536
IP and, 1539
late, 1545–1546
neutropenia and, 1334
oral, 1348
VOD and, 1334, 1539

GVHD and
prevention of, 1543–1544
treatment of, 1544–1545

host defense after, 1539–1541
infections and, 1364–1365,

1539–1541
fungal, 1540
late, 1543
viral, 1541–1542

peripheral blood v. bone marrow
allografts for, 1537–1538

quality of life and, 1546
recovery after, 1546
second malignancies and, 1931, 1938
UCB allografts for, 1538

Bone metastases. See Osseous
metastases

Bone sarcomas, 1025–1033
chondrosarcoma and, 1031–1033
Ewing’s sarcoma and, 1028–1033
osteosarcoma and, 1026–1028

childhood, 1129–1131
staging of, 1026

Bone scintigraphy, 1658

Bone tissue, 1770
Bortezomib, 81

AML and, 1160
MCL and, 1268
MM and, 1285
target of, 74

Bowel dysfunction
bowel obstruction and, 1325–1328
colorectal cancer survivors and,

1892–1893
constipation and, 1604

Bowel obstruction. See Gastrointestinal
obstruction

Brachytherapy (BT)
pancreatic cancer and, 772
prostate cancer and, 834–836

survivors of, 1862–1863
radiotherapy and, 52
for retinoblastoma, 515

Brain cancer, 298
Brain metastases, 1612–1622

chemotherapy for, 1622
diagnosis of, 1612–1614

neurologic symptoms and, 1613
primary histology and, 1613

epidemiology of, 1612
prognostic factors for, 1614–1615
radiosensitizing agents for,

1621–1622
salvage therapy for, 1622
SRS for, 1618–1621

radiobiology of, 1619
surgical therapy for, 1617–1618
symptomatic therapy for, 1614–1615
WBRT for, 1615–1618

dose fractionation of, 1617
neurocognitive function and, 1617
SRS and, 1620–1621

Brain tumors
ADC and, 371–372, 376
BOLD and, 375
choline in, 373–374
creatine in, 373–374
emergency management of,

1305–1308
anticonvulsants for, 1307
chemotherapy for, 1309
CMT for, 1308
decompressive surgery for,

1307–1308
diagnosis for, 1305
radiation therapy for, 1308
steroids/osmotic agents for,

1306–1307
imaging of, 369–378

CT, 369
DTI, 376
DWI, 371–372
FLAIR, 369–371
fMRI, 375
intraoperative MRI, 377–378
MRS, 373–374

perfusion, 372–373
PET, 376
postoperative, 378
SPECT, 377
stereotactic navigation, 377

NAA in, 373–374
psychosocial issues and, 1798
rCBV and, 373, 378

Branched-chain amino acids,
1498–1499

BRCA genes, 67
breast cancer and, 970–971
ovarian cancer and, 904–905
pregnancy and, 1585

Breast cancer. See also Breast cancer
survivors; Hereditary
breast/ovarian cancer

alcohol and, 294
ART and, 1584
axillary node status and, 387
brain metastases and, 1612
chemoprevention of, 970–972
chemotherapy and, 16
CMT for, 186
contraceptive use and, 296
DCIS and, 171, 381–383, 385–386
DDT and, 236
diagnostic assays for, 270
epidemiology of

global burden and, 291
incidence and, 171
mortality and, 171

Gail risk model for, 308
HHV-8 and, 215
hot flashes and, 1585–1586
HRT and, 296–297
imaging of, 381–388

PET and, 459–463
immunotherapy and, 255
infections and, 1364
liver metastases and, 1649
lumps and, 384
metastasis and, 246, 387

cardiotoxic/cardioprotective agents
for, 1413

diagnosis of, 971
liver metastases and, 1649
monitoring of, 975
novel targeted therapies for,

974–975
prediction of, 973
prognosis of, 971
systemic therapy for, 973–974

nipple discharge and, 385
overtreatment of, 382
pregnancy and, 1744–1745
prophylactic organ removal and, 67
psychosocial rehabilitation and,

1949–1950
radiation and, 296
recurrence of, 387
risk reduction for, 970–972
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Breast cancer (cont.)
screening for, 319–322, 951–954

benefits of, 172, 320, 322
breast density classifications and,

381–382
BSE and, 171, 319–320, 381, 951
CBE and, 171, 319–320, 381
computer-assisted reading for, 320
effectiveness of, 319, 321
elderly patients and, 1712
false positives and, 383–384
frequency of, 320
harms of, 171–172
mammography and, 171, 319–320,

381
recommendations for, 322, 384
ultrasound and, 320

second malignancies after, 
1936–1937

radiation therapy and, 1932–1933
sexual dysfunction and, 1588–1589

desire and, 1590–1591
tamoxifen and, 308–309
treatment of, 954–970

adjuvant chemotherapy for, 959,
962, 965

adjuvant endocrine therapy for,
958–959

adjuvant systemic therapy for,
957–962

ALND for, 954–957
axillary node management and,

954–957
breast conservation therapy for,

954
chemotherapy for, 963–966
DCIS and, 967–970
ovarian ablation/suppression for,

959–961
radiation therapy for, 962–963

tumor marker CPGs for, 107
Breast cancer survivors, 1836–1855

CAM and, 1850, 1852
cognitive functioning of, 1850–1851
diet and, 1850, 1852
HRQOL by subgroup of

adjuvant therapy and, 1854
age at diagnosis and, 1852
breast reconstruction and, 1854
ethnicity and, 1852
surgical procedure and, 1852–1854
time since diagnosis and, 1854

marital status of, 1850
medical issues of

AE and, 1837–1842
cardiac toxicity and, 1843
fatigue and, 1843
HRQOL and, 1843–1849
menopause and, 1842–1845
pregnancy and, 1843
second malignancies and, 1843
surveillance and, 1843

upper body function and,
1837–1842

physical functioning of, 1846
psychologic status of, 1846–1849
research issues and, 1836–1837
sexual functioning of, 1846, 1850
social functioning of, 1850
spirituality and, 1850

Breast density classifications, 
381–382

Breast ovarian cancer syndrome, 343
Breast reconstruction, 1854
Breast self exam (BSE)

effectiveness of, 171, 319–320
recommendations about, 951

Breast-conserving surgery, 1837–1842
Bromodeoxyuridine, 1621
Bronchial carcinoid, 398–399. See also

Lung cancer
Bronchiolitis obliterans, 1912
Bronchiolitis obliterans organizing

pneumonia, 1912
Bronchoalveolar carcinoma, 552
Bronchogenic carcinoma, 238. See also

Lung cancer
Bronchoscopy

lung cancer and, 562
WLB and, 551

BSE. See Breast self exam
BT. See Brachytherapy
BTA. See Bladder tumor antigen
BTA stat test, 809
Bulking agents, 1604
Bupropion, 1747
Burgdorf’s syndrome. See Acral

erythema
Burkitt’s lymphoma. See also Non-

Hodgkin’s lymphoma
EBV and, 215, 216
gastrointestinal

perforation/hemorrhage and,
1331

Burzynski, Stanislaw, 194–195
Buserelin, 1407
Busulfan, 24

CAPT and, 1405
fertility and, 1223
HSCT and, 94
pregnancy and, 1741
renal dysfunction and, 1729
toxicity of, 18, 22

emetogenicity and, 1474
pulmonary, 1793

Butyrophenones, 1478

C. difficile. See Clostridium difficile
CAA. See Coloanal anastamosis
CaBIG. See Cancer Biomedical

Informatics Grid
Cachexia, 1488–1492. See also

Nutritional support
effect on survival of, 1489

mechanisms of
carbohydrate metabolism and,

1491
energy expenditure and, 1490
lipid metabolism and, 1491–1492
protein metabolism and,

1490–1491
NRI and, 1489
paraneoplastic syndromes and, 1515
PNI and, 1489

Cadmium, 234
Calcitonin

osseous metastases and, 1667
prostate cancer survivors and, 1864

Calcium supplements, 309–310
CAM. See Complementary and

alternative medicine
Campath-1H

CLL and, 1207–1210
PLL and, 1212–1213

Camptothecins, 35
cell cycle specific effect of, 16
end-organ dysfunction and,

1723–1724
Canale-Smith syndrome. See

Autoimmune
lymphoproliferative syndrome

Cancer advocacy, 1955–1957
community involvement and, 1957
personal advocacy and, 1956–1957
public interest advocacy and, 1957
skills training and, 1956
survivorship and, 1955

Cancer Biomedical Informatics Grid
(CaBIG), 144, 148

Cancer cachexia, 69
Cancer Informatics, 144
Cancer mapping, 291
Cancer Statistics, 287
Cancer-associated retinopathy (CAR),

524
Cancer.gov, 144–145
Cancer.org, 145–146
CancerVax, 260
Candida, 1379–1381
Candidemia, 1380
Candidiasis

esophagitis, 1379–1380
hepatosplenic, 1380–1381
oopharyngeal, 1379–1380
visceral, 1380

Canertinib, 74, 77
Cannabinoids

antiemetic effects of, 1478
end-of-life care and, 1604
nutritional support with, 1498

Capecitabine, 30
end-organ dysfunction and, 1725
hepatic dysfunction and, 1733
renal dysfunction and, 1729

recommendations regarding, 1734
toxicity of, 20, 23
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Capsule video endoscopy, 326
CAPT. See Chemotherapy-associated

pulmonary toxicity
CAR. See Cancer-associated

retinopathy
Carbamazepine

cardiac toxicity of, 1773
end-of-life care and, 1604

Carbenicillin, 1385
Carboplatin, 26

CAPT and, 1408
for CNS tumors, 497
emetogenicity of, 1474
gonadal toxicity of, 1819
hemodialysis and, 1732–1733
HSCT and, 94
HSR and, 1356
lung cancer and, 575, 587–589,

591–592, 600–601
neurotoxicity of, 1419
ovarian cancer and, 911
radiation therapy and, 53
renal dysfunction and, 1729,

1730–1731
recommendations regarding, 1734

testicular cancer and, 852, 861
toxicity of, 19, 22

Carboprost, 1427–1428
Carcinoembryonic antigen (CEA)

colorectal cancer and, 706
immunotherapy and, 255–256

Carcinoid tumors, 1015–1018
carcinoid syndrome and, 1017
prognosis of, 1017–1018
treatment, 1017–1018

Carcinosarcoma, endometrial cancer
and, 931–932

treatment of, 942–943
Cardiac complications, 1411–1415

5-FU and, 1415
alkylating agents and, 1414
anthracyclines and

acute/subacute toxicity of, 1411
cardioprotective agents with, 1413
chronic cardiotoxicity of,

1411–1413, 1770–1773
liposomal, 1414

HD and, 1806
late effects and, 1770, 1771–1773
mitoxantrone and, 1414
taxanes and, 1415

Cardiac sequelae, 1771–1773
Cardiomyopathy, 96

5-FU and, 1415
alkylating agent-induced, 1414
anthracycline-induced, 1411–1414,

1770–1773
in childhood cancer survivors,

1791–1792
late effects and, 1770
taxanes and, 1415

Cardiovascular death, 1821

Cardiovascular disease, 1778
Cardiovascular late effects, 1770
Carmustine (BCNU), 24

CAPT and, 1406, 1408
emetogenicity of, 1474
for gliomas, 493
late effects of, 1770
melanoma and, 1085
pulmonary toxicity of, 1793
renal dysfunction and, 1430
toxicity of, 18, 22

Caroli’s disease, 748
b-Carotene

chemoprevention with, 302, 311
dosage of, 304
lung cancer and, 302, 547
oxidative byproducts of, 303
trial studies on, 303

Carotenoids, 294
Casanthranol, 1604
Case reports, 8, 10
Case series, 8, 10
Case-control studies, 7, 9

bias in, 7
confounders and, 7
epidemiology and, 288

Caspofungin, 1380–1381
Castleman’s disease, 215, 217
Cataracts

HSCT and, 96
late effects and, 1770

Catecholamine precursors, 1604
Catheters

complications with, 1438–1444
arterial puncture and, 1438
chyle leaks and, 1439
hemorrhage and, 1439
nerve damage and, 1438–1439
pneumothorax and, 1438–1439
thrombosis and, 1440

infection from
antibiotics for, 1440
catheter exchange and, 1440–1441
CDC guidelines regarding, 1442
impregnated/coated catheters and,

1441–1443
local catheter care and, 1441
risk factors of, 1440

insertion techniques for, 1436–1438
CVC guidelines for, 1436
internal jugular vein-specific, 

1438
subclavian vein-specific,

1437–1438
IVDR BSI and, 1371–1375
site selection for, 1435–1436
types of, 1434–1435

CB-3717, 636
CBE. See Clinical breast exam
CCI-779, 79
CCNU. See Lomustine
CD40 ligand, 259

CDAD. See Clostridium difficile-
associated diarrhea

CDK. See Cyclin-dependent kinases
CDK inhibitors, 79, 211–212
CDKN genes, 208, 210
CEA. See Carcinoembryonic antigen
CED. See Convection-enhanced

delivery
Cefixime, 1385
Ceftriaxone, 1385
Celecoxib

chemoprevention with, 310
fetal risk of, 1747

Celiac disease, 734
Cell cycle, 207–213

CDKN1A genes and, 208
checkpoints of, 46
cyclin-cdk complexes and, 207–208
drugs and, 16
G0 phase of, 207
G1 phase of, 207–208
G2 phase of, 207–208
INK4 proteins and, 208
M phase of, 207–208
MCCs and, 209
phosphorylation and, 208
PP2A and, 209
pRb pathway and, 209–210
S phase of, 207–208
targeted therapies and, 211–213
telomerase and, 209
therapies targeted at, 79–81

Cell population kinetics
combination chemotherapy and, 15
cytotoxic agents and, 14
drug resistance and, 15
exponential tumor growth and, 14
Goldie and Coldman hypothesis and,

15
Gompertzian model of, 14

cell-cycle specific drugs and, 14
log-kill hypothesis, 14
Norton-Simon model of, 14–15
Skipper’s model of, 14–15

Cell survival curve, 42
Cell-mediated immunity (CMI), 1363
Cementoplasty, 1667
Central nervous system (CNS). See also

CNS emergencies; CNS
metastases; CNS tumors

imaging of, 369–378
late effects and, 1770

Central venous catheters (CVC), 1436.
See also Catheters

CENU. See Fotemustine
CEP-701, 1160
Cerebellar degeneration, 1510
Cerebrovascular hemorrhage, 1821
Cervical cancer

asymptomatic patients and, 875
diagnosis of, 875–876
HPV and, 219, 874–875
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Cervical cancer (cont.)
imaging of, 433–435
incidence of, 169
mortality of, 169
pathology of, 876–877

adenocarcinomas and, 876–877
SCC and, 876

pregnancy and, 1745–1746
pretreatment evaluation for, 

877–878
screening for

benefits of, 170
Bethesda System rating of, 323
direct visualization inspection and,

323–324
efficacy of, 325
frequency of, 324
harms of, 169–170
HPV and, 169, 322
LBC and, 323
Pap tests and, 169, 323
recommendations for, 324
risk factors and, 322
spectroscopic evaluation and, 324
Thin-Prep test and, 323

second malignant neoplasms and,
1937–1938

staging of, 433, 877
treatment of

metastatic disease and, 882–884
stage I disease and, 878–879
stage II disease and, 879–882

Cervical cancer survivors, 1828–1833
characteristics of, 1828–1829
interventions for, 1833

medical, 1832
psychosocial, 1832

medical issues of
fatigue and, 1830
gastrointestinal symptoms and,

1829
menopausal symptoms and, 1830
neurotoxicity and, 1830
pain and, 1830

psychosocial issues of, 1830–1831
sexual functioning of, 1831–1832

Cervical intraepithelial neoplasia
(CIN), 169

Cetuximab, 74–75
CFS. See Chronic fatigue syndrome
Chamberlain procedure, 649
Charged-particle beam therapy, 510
Charlson Index, 1711
Chediak-Higashi syndrome, 1685
Chemo brain, 1761
Chemoprevention, 301–313

anti-initiation strategies for, 302
anti-promotion/progression strategies

for, 302
aromatase inhibitors and, 308–309
breast cancer and, 970–972
b-carotene and, 302–304

for colorectal cancer survivors,
1898–1899

diet and, 304–306
trial limitations and, 304–305

finasteride and, 309
green tea and, 197
hormone therapy and, 308
lifestyle interventions for, 313
lycopene and, 303
multistage carcinogenesis model and,

301–302
NSAIDs and, 310
proof of principle of, 312
raloxifene and, 308–309
research on, 313
retinoids and, 306–307
risk assessment models and, 313
SCCHN and, 536
with tamoxifen, 67
tamoxifen and, 308–309
timing of, 312

Chemotherapy, 14–37
adjuvant, 15
alopecia and, 1354–1356
BBB disruption with, 500
bladder cancer and, 16, 812–814
CAM and, 197
CED and, 500
cell cycle nonspecific drugs and, 16
cell cycle specific drugs and, 16
cell population kinetics

drug resistance and, 15
exponential tumor growth and, 14
Goldie and Coldman hypothesis

and, 15
Gompertzian model of, 14
log-kill hypothesis, 14
Norton-Simon model of, 14–15
Skipper’s model of, 14–15

CNS tumors and, 493
colorectal cancer and, 709–713
cutaneous complications of

acral erythema and, 1357
extravasation reactions and,

1356–1357
GVHD and, 1357–1359
hyperpigmentation and, 1357
hypersensitivity reactions and,

1356
inflammation of keratosis and,

1357
lymphocyte recovery eruption and,

1359
radiation enhancement and, 1359
radiation recall and, 1359
skin biopsies and, 1360
UV photosensitivity and, 1359

dose intensity v. dose density, 15–16
dose-response curve with, 15
drugs for, 16–36

alkylating agents, classic, 17–18,
24

alkylating agents, nonclassic, 18,
24–25

antimetabolites, 28–33
antimicrotubules, 33–35
antitopoisomerases, 35–36
antitumor antibiotics, 26–28
platinum compounds, 25–26

esophageal carcinoma and, 670–676
gastric adenocarcinoma and, 691–694
for gliomas, 492–494, 494–495
history of, 185
HSCT and, 93–94
hypercoagulability and, 69
induction, 15
infectious complications with

BMT and, 1365
immunotherapy and, 1364–1365
myeloablative chemotherapy and,

1365
purine analogues and, 1363–1364

infertility and, 1581
intraarterial, 500
MPM and, 635–637, 638
neoadjuvant, 15
nutrition and, 1493–1495
oral complications from, 1345–1347
pain management with, 1461–1462
pharmacogenetics and, 36–37
pregnant women and, 1585
radiation therapy interactions with,

53–55
for retinoblastoma, 515–516
SCCHN and, 532–533
surgical therapy and, 70
thymoma and, 653
tumor responses to, 16
ureteral cancer and, 815

Chemotherapy-associated pulmonary
toxicity (CAPT), 1401–1408

alkylating agent-related, 1405
antibiotics-related, 1403–1404

bleomycin and, 1403–1404
antimetabolite-related, 1405–1406
combined agent related, 1407–1408
diagnosis of, 1408
gefitinib and, 1407
interleukin 2 related, 1406–1407
nitrosoureas-related, 1406
other agents and, 1407
radiation effects on, 1407
typical presentation of

histologic patterns in, 1402–1403
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treatment of, 1475–1478
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treatment of, 1481
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1 9 6 6 index



delayed, 1473–1474
treatment of, 1478–1481

endogenous mediators of, 1474
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hepatic dysfunction and, 1733
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pregnancy and, 1741
toxicity of, 18, 22
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surgical treatment of, 754–755
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CNS imaging with, 373–374, 489
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Choristomas. See Phakomatoses
Chromium hexavalent compounds, 
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Chronic fatigue syndrome (CFS),

1811–1812
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HSCT and, 92
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genetic markers of, 1202–1203
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potential agents for, 1210–1211
rituximab for, 1205–1207
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treatment of
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chemotherapy for, 1226
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interferons for, 1225–1226
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recommendations for, 1227
splenectomy for, 1226

Chronic obstructive pulmonary disease
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colon cancer and, 1711
lung cancer survivors and, 1883

comorbidity and, 1885
Chrysotile. See Asbestos
Chyle leaks, 1439
CI-1040, 79
Cilengitide, 84

angiogenesis and, 85
target of, 74
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nausea and vomiting
Cip/Kip inhibitors, 207
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late effects and, 1770
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SCCHN and, 532
toxicity of, 19, 22

Citalopram
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RCC pathology and, 785
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effectiveness of, 171, 319–320
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phase I of, 84, 112–116
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statistical concepts for, 112
surrogate markers and, 84

Clitoris, 1592
Clodronate, 1665
Clofarabine, 1160
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prevention/treatment of, 1372
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Cluster investigations, 288
CMI. See Cell-mediated immunity
CMT. See Combined modality 

therapy
CNS. See Central nervous system

CNS emergencies, 1299–1309
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leukemic brain infiltration and, 1309
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MSCC and, 1299–1305

CNS metastases, 1612–1622
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neurologic symptoms and, 1613
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salvage therapy for, 1622
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dose fractionation of, 1617
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495–497
cognitive deficiencies and, 490
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imaging of, 488–490
medulloblastomas and, 498–499
novel therapies for, 500–501
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prognostic factors and, 487–488
symptoms and, 488
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thromboembolism and, 490

Coal tars, 234
Codeine, 1604
Codman’s triangle, 1130
Cognitive behavioral therapy, 1950. See

also Behavior modification
Cohort studies, 6, 9

epidemiology and, 288
loss to follow-up and, 6

Coke oven emissions, 234
Col-3, 1667
Collecting duct carcinoma, 785
Coloanal anastamosis (CAA), 718–719
Colon cancer

chemoprevention for, 1898–1899
chemotherapy and, 709–713
comorbidities and, 1711
lymph node metastasis and, 705
MSI and, 713
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perforations and, 709
pretreatment evaluation for, 
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radiation therapy for, 709
radiotherapy v. optimal surgery

and, 1897–1898
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707–708
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708
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707
surgical resection for, 706
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healthcare utilization in, 1896
quality of life in, 1894–1895
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Complementary and alternative
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1582, 1584
Intrahepatic cholangiocarcinoma,

752–753. See also
Cholangiocarcinoma

Intraoperative radiotherapy (IORT),
772–773

Intratubular germ cell neoplasia
(ITGCN), 847

Intraurethral prostaglandin
suppositories

ED and, 1591
prostate cancer survivors and, 1861

Intravasation, 246
Intravascular device-related

bloodstream infection (IVDR
BSI), 1371–1375

blood cultures of, 1372
diagnosis and management of, 1373
microbial profile of, 1373
rates of, 1372

Intravesical therapy, 810
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Iododeoxyuridine, 55
IP. See Interstitial pneumonitis
IPS. See Idiopathic pneumonia

syndrome
Iridology. See Complementary and

alternative medicine
Irinotecan (CPT-11), 35

CAPT and, 1408
colorectal cancer and, 711–712
emetogenicity of, 1474
end-organ dysfunction and, 1723
gestational trophoblastic neoplasia

and, 899
hepatic dysfunction and, 1733

recommendations regarding, 1734
liver metastases and, 1644
lung cancer and, 588, 599
pancreatic cancer and, 775
toxicity of, 21, 23

IRLM. See International Registry of
Lung Metastases

Ischemia, 245
Ischemic stroke, 1792
Islet cell tumors

pancreatic
epidemiology of, 1011
MEN and, 353, 1018–1019
pathology of, 1011–1012

specific, 1012–1014
Isoflavone, 1587
Isolated hepatic perfusion, 1650
Isolated limb perfusion (ILP), 1082
Isolated lung perfusion, 1632
ITGCN. See Intratubular germ cell

neoplasia
Itraconazole

antifungal prophylaxis with, 1392
fungal pathogens and, 1380–1381,

1382, 1383
IVDR BSI. See Intravascular device-

related bloodstream infection
IVF. See In vitro fertilization

J pouch, 1897
JC virus, 218–219. See also

Papovaviruses
Jugular vein, 1438
Justifiable killing, 1608

Kaplan-Meier estimator (KM), 122–123
Kaposi’s sarcoma

classical, 217
clinical manifestations of, 1687–1688
EBV and, 215
endemic, 217
epidemic, 217
epidemiology of, 1686–1687
eyelids and, 527
HHV-8 and, 217
iatrogenic, 217
pathogenesis of, 1688–1689
pRb pathway and, 209

serology of, 1686–1687
treatment of, 1689

Kaposi’s sarcoma-associated
herpesvirus (KSHV)

KS and, 1686–1689
NHL and, 1692

Karyotypes of survivor offspring, 1585
Keratosis inflammation, 1357
Ketamine, 1459
Ketones, 1606
Ketoprofen, 1747
Kidney cancer, 236
Klinefelter syndrome, 343
KM. See Kaplan-Meier estimator
Koch’s postulates, 214
KSHV. See Kaposi’s sarcoma-associated

herpesvirus
Kyphoplasty, 1280

Lactate dehydrogenase (LDH), 845–846
Lactulose, 1604
Laetrile, 195
Lambert-Eaton syndrome (LES),

1510–1511
Laparoscopy

cervical cancer and, 878
colectomy, 707–708
colorectal cancer treatment with,

1896–1897
gastric adenocarcinoma and, 684
liver metastases and, 1638
pregnancy and, 1740

Laparotomy
gastric adenocarcinoma and, 684
pregnancy and, 1739–1740

Lapatinib, 74, 77
Large cell carcinoma, 552
Large T antigen (Tag), 218
Laser photocoagulation ablation, 515
Laser scanning confocal microscopy, 247
Laser therapy, 820
Laser-induced fluorescence endoscopy

(LIFE), 551
Late complications. See Late effects
Late effects, 1768–1783

adulthood cancers and
elderly patients and, 1771
middle age and, 1771
reproductive years and, 1770–1771

ancillary sequelae and
fatigue and, 1777
lymphedema and, 1777
sexuality and, 1777

background of, 1768
of chemotherapeutic agents, 1770
childhood cancers and, 1770
definitional issues and, 1768–1769
follow-up care for, 1779–1781
generalizations about, 1769
grading of, 1778–1779

CTC for, 1779
CTCAE v3.0 for, 1779

of radiation therapy, 1770, 1777
recurrence and, 1776–1777
research implications of, 1780, 1782
second malignant neoplasms and,

1776–1777
site-specific, 1769–1777

cardiac sequelae and, 1771–1773
endocrinologic sequelae and,

1774–1776
gastrointestinal/hepatic organs and,

1776
genitourinary tract and, 1776
hematologic/immunologic systems

and, 1776
neurocognitive sequelae and,

1773–1774
peripheral neuropathies and, 1776
pulmonary sequelae and, 1776

surgical therapy and, 1777
survivors and, 1777–1778

Latent membrane protein (LMP), 215,
217

LBC. See Liquid-based cytology
LDH. See Lactate dehydrogenase
Lead time, 319
Lead time bias, 166
Left ventricular failure (LVF), 1411
Leiomyoma

EBV and, 215
uterine cancer and, 944–945

Leiomyosarcoma, 944–945
Length-time bias, 167
Lentigo maligna melanoma (LMM),

1074. See also Melanoma
LES. See Lambert-Eaton syndrome
LET. See Linear energy transfer
Letrozole, 1742
Leucovorin

colorectal cancer and, 710–711
liver metastases and, 1644,

1648–1649
Leucovorin rescue, 29
Leukapheresis

CML and, 1226
MM and, 1280

Leukemia
brain infiltration with, emergency

management of, 1309
diagnostic assays for, 270
imaging of, 371
radiation and, 296, 298
testicular cancer survivors and,

1817–1818
Leukocytosis, 1514
Leukopenia, 1514
Levamisole, 710
Levodopa, 1604
Levonantradol, 1478
Leydig cells, 1818
Libido

disorders of, 1590–1591
late effects and, 1776
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Libido (cont.)
transplant patients and, 1920–1922
treatment algorithm for, 1593

Lidocaine
fetal risk of, 1747
oral mucositis and, 1342

LIFE. See Laser-induced fluorescence
endoscopy

Life-sustaining treatment, 1608
Li-Fraumeni syndrome, 210, 343

gastric adenocarcinoma and, 683
HBOC and, 349–350
soft tissue sarcomas and, 1039–1040

Limbic encephalitis, 1510
Linear accelerators, 43
Linear energy transfer (LET), 42–43
Lipoid lesions, 442
Liquid-based cytology (LBC), 169, 323
Literacy, 179
Literature reviews, 9, 10
Liver cancer

alcohol and, 294
arsenic and, 236
HBV and, 222

Liver disease
cirrhosis and

HBV and, 221
HCC and, 745
HCV and, 223
late effects and, 1770

colon cancer and, 1711
Liver flukes, 748
Liver metastases, 1636–1650

colorectal cancer natural history and,
1636

cryosurgical tumor ablation for, 1645
HAI chemotherapy for, 1648–1649
isolated hepatic perfusion for, 1650
non colorectal cancer related,

1649–1650
patient evaluation for, 1636–1638
recurrence of, 1643
resections for, 1638–1644

adjuvant HAI chemotherapy with,
1644

commonly performed, 1638–1639
hepatic vein and, 1640–1641
liver parenchyma and, 1641–1642
outcomes of, 1642–1643
prognostic factors after, 1643–1644

RFA for, 1645–1648
operative v. percutaneous,

1646–1647
outcomes of, 1647–1648
techniques for, 1645–1646

Liver parenchyma, 1641–1642
Liver transplantation, 747
LMM. See Lentigo maligna melanoma
LMP. See Latent membrane protein
Lobectomy, 566–567
Lobular carcinoma in situ, 67
Log-kill hypothesis, 14

Log-rank test, 122–123
LOH. See Loss of heterozygosity
Lomustine (CCNU), 24

CAPT and, 1406
emetogenicity of, 1474
hepatic dysfunction and, 1733
pulmonary toxicity of, 1793
renal dysfunction and, 1430
toxicity of, 18, 22

Lonafarnib, 78
pancreatic cancer and, 776–777
target of, 74

Lonidamine, 1621
Lorazepam

anxiety and depression and, 1573
end-of-life care and, 1604

Loss of heterozygosity (LOH), 209
Loss to follow-up, 6
Lubricants, 1592
Lumpectomy, 386
Lung cancer

arsenic and, 236
asbestos and, 237

tobacco smoke and, 238
basic science of

AAH and, 549, 552
angiogenesis and, 550–551
EGFR and, 550
gene expression patterns and, 551
genetic mutations and, 550
methylation and, 551
molecular changes and, 549
serum and, 551
sputum and, 551

b-carotene and, 302–304
chemotherapy and, 16
CMT for, 185
etiology of

air pollution and, 547
cigarette smoking and, 545
diet and, 547
environmental tobacco smoke and,

545–546
gender and, 547–548
genetics and, 548–549
occupational exposure and, 547
smoking cessation and, 546–547

gefitinib and, 282
global burden of, 290–291
imaging of, 392–399

TNM staging and, 395–398
immunotherapy and, 255
infections and, 1364
lycopene and, 303
mediastinal staging of

invasive surgical techniques for,
562–565

lymph nodes and, 560–561
minimally invasive surgical

techniques for, 562
noninvasive imaging techniques

for, 561

pathology of
biologic subtype distinctions and,

553
NSCLC and, 552
premalignant lesions and, 551
SCLC and, 552

PET and, 456–459
preoperative evaluation of

exercise testing for, 565
lung function predictions and, 565
pulmonary assessment for, 565

prognostic factors of
clinical, 553–554
COX-2 and, 556
gene expression signatures and,

557
genetic markers and, 555–556
metabolism and, 554
methylation and, 556–557
microvessel density and, 557
NER genes and, 554
proteomic patterns and, 557
RAR and, 556
RRM2 and, 554–555

radiation and, 296
screening for, 557–560

chest radiography for, 559
high-risk groups and, 558
low-dose helical CT scanning for,

559–560
sputum cytology for, 560

second malignancies after, 1935,
1937

staging of, TNM, 560–561
Lung Cancer Online Foundation, 1883
Lung cancer survivors, 1871–1887

behaviors of
alcohol use and, 1884
nutrition and, 1884
tobacco use and, 1883–1884
weight and, 1884

medical issues of, 1871–1881
dyspnea and, 1879–1880
fatigue and, 1880–1881
functional status and, 1880–1881
pain and, 1880
PFTs and, 1879
pulmonary impairment and,

1879–1880
vocal cord paralysis and, 1882

prognostics for
age and, 1884–1885
comorbidity and, 1885
ethnicity and, 1885
sex and, 1885
socioeconomic status, 1885

psychosocial issues of
anxiety and, 1881
cognitive difficulties and, 1881
depression and, 1881
emotional distress and, 1881
employment status and, 1882
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fears of recurrence and, 1881
relationships and, 1881–1882
sexual function and, 1882

quality of life, research on,
1872–1878

recommendations for, 1886
research on

future directions for, 1886–1887
limits to, 1885–1886

support for, 1882–1883
Lung Cancer Survivors for Change, 1883
Lung damage, 1806
Lung metastases, 1626–1633

colorectal cancer and, 1631
history of, 1626
IRLM survival data on, 1628–1629
melanoma and, 1631–1632
new treatments for, 1631–1633

inhalation therapy and, 1632
isolated lung perfusion and, 1632
RFA and, 1632
SRS and, 1633

osteosarcoma and, 1629–1630
prognostic grouping for, 1629
RCC and, 1630–1631
soft tissue sarcomas and, 1630
surgical techniques for, 1626–1628

Lung volume, 1770
Lycopene, 294

chemoprevention with, 303, 311
lung cancer and, 547

Lymphadenectomy, 61–62
anal cancer and, 722–723
cervical cancer and, 878
elective, 62
regional control with, 61
selective, 62
sentinel lymph nodes and, 62
therapeutic, 62

Lymphangitic carcinomatosis, 403–404
Lymphatic tumor metastasis, 245
Lymphedema

late effects and, 1776
soft tissue sarcomas and, 1041

Lymphocytes
CTL and, 259–260, 262
infusions of, 100, 1283–1284
recovery eruptions of, 1359

Lymphoma
EBV and, 215
HHV-8 and, 215, 217
HSCT and, 92
PET and, 467–472
treatment associated, 1697–1698

Lymphoplasmacytic lymphoma. See
Non-Hodgkin’s lymphoma

Lynch syndrome. See Hereditary
nonpolyposis colorectal
carcinoma

MAbs. See Monoclonal antibodies
MACIS score, 991

Macrolide antibiotics, 1496
Macrophages, 295
MAGE. See Melanoma antigen E
Magnetic devices, 1587
Magnetic resonance imaging (MRI), 50

of adrenal adenoma, 430, 432
of bladder cancer, 429–430
bone sarcomas and, 1026
of brain tumors, 369–376
breast cancer and, 953–954
of breast tumors, 381–388
of cervical cancer, 433–435
cervical cancer and, 877–878
cholangiocarcinoma and, 753
for clinical trials, 86
CNS metastases and, 1612
of CNS tumors, 489
colorectal cancer and, 716–717
dynamic contrast-enhanced, 86
for endometrial cancer, 435
fMRI and, 375
of GIST, 414
HCC and, 746
liver metastases and, 1637
of lung cancer, 392–399, 561
mediastinum and, 647–648
MPM and, 400–401, 625, 637
of musculoskeletal tumors, 445
osseous metastases and, 1660–1661
for ovarian cancer, 435–437
of pleural metastatic disease, 407
pregnancy and, 1743–1744
for prostate cancer, 432–433
of renal cell carcinoma, 425–427
for retinoblastoma, 514
small intestine and, 738
of soft tissue sarcomas, 1048–1049
testicular cancer and, 848

Magnetic resonance spectroscopy
(MRS), 51

of brain tumors, 373–374
CNS tumors and, 489–490

Malaria, 292
Malignant bowel obstruction. See

Gastrointestinal obstruction
Malignant melanoma. See Melanoma
Malignant mesotheliomas. See also

Malignant pleural mesothelioma
of pericardium, 639
of peritoneum, 637–639
of tunica vaginalis testis, 639

Malignant pleural mesothelioma
(MPM)

benign mesotheliomas and, 623
diagnosis of, 626
genetic predisposition to, 622
imaging of, 399–401, 625–626
natural history of, 626–627
pathology of, 623
physical examination for, 624
presentation of, 624
staging of, 627–628

SV40 and, 622
treatment of

chemotherapy and, 635–637
CMT for, 632–633, 638–639
novel approaches to, 633–635
radiotherapy and, 631–632
supportive care and, 627
surgical therapy and, 627, 629–632

TSGs and, 622
Malignant spinal cord compression

(MSCC), 1299–1305
clinical presentation of, 1300
diagnosis of, 1300
epidemiology of, 1299
imaging of, 1301
pathology of, 1299
pathophysiology of, 1299–1300
treatment of

CMT for, 1304–1305
radiation therapy for, 1302–1304
steroids for, 1301
surgical decompression for,

1301–1302
Malnutrition, 68–69

assessment of, 1488–1490
SGA classification of, 1490

effect on survival of, 1489
NRI and, 1489
PNI and, 1489
prevalence of, 1488

Mammography, 171
American College of Radiology

guidelines for, 320
breast cancer screening and, 951–954
computer-assisted reading of, 320
effectiveness of, 319–320, 321
elderly patients and, 1712
pregnancy and, 1743

Mannitol, 500
Mantle cell lymphoma (MCL),

1265–1268. See also Non-
Hodgkin’s lymphoma

chemotherapy for, 1266–1267
novel agents for, 1268
radioimmunotherapy for, 1267–1268
stem cell transplantation for, 1267

MAR. See Melanoma-associated
retinopathy

Marijuana
cannabinoids and

antiemetic effects of, 1478
end-of-life care and, 1604
nutritional support with, 1498

nutritional support with, 1498
Marimastat, 84

angiogenesis and, 85
pancreatic cancer and, 776
target of, 74

Marinol. See Dronabinol
Marital status

breast cancer survivors and, 1850
of childhood cancer survivors, 1797
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Marital status (cont.)
HD survivors and, 1811
prostate cancer survivors and, 1863,

1865
testicular cancer survivors and, 1821

MART. See Melanosome-related
differential proteins

Maruyama Index, 689–691
Mass spectrometry, 73, 273
Massage therapy, 198
Mastectomy

breast reconstruction and, 1854
radical, 60

Masturbation
FSAD and, 1592
male fertility and, 1585

Matrix metalloproteinases (MMP)
angiogenesis and, 84
pancreatic cancer and, 776

MAUS. See Microsatellite analysis of
urinary sediment

Maximal tolerated dose (MTD), 84, 
112

Mazindol, 1573
MCC. See Mitotic checkpoint complex
MCL. See Mantle cell lymphoma
MD Consult, 146
MDR. See Multidrug resistance
MDS. See Myelodysplastic syndrome
Mechlorethamine, 17

emetogenicity of, 1474
HSR and, 1356
toxicity of, 18, 22

Meclizine, 1747
Mediastinoscopy, 563, 649–650
Mediastinotomy, 563. See also

Chamberlain procedure
Mediastinum

anatomy of, 645
anterior compartment malignancies

of
diagnostic biopsy of, 648–650
imaging of, 647–648
physical examination of, 646
serologic evaluation of, 646–647

germ cell tumors of
nonseminomatous, 656–658
seminomas and, 656–657
teratomas and, 655–656

lung cancer staging and, 560–565
middle compartment malignancies

of, 658–659
posterior compartment malignancies

of, 659
thymic carcinoma and, 654–655
thymoma and, 650–654

Medical futility, 1607
Medical implants, 1041
Medical Informatics, 144
Medicare claims data, 12
Medicare Hospice Benefit, 1605
Meditation, 194, 198

Medroxyprogesterone acetate (MPA),
1497–1498

Medullary thyroid cancer (MTC),
998–1001

associated hereditary conditions of,
998–999

clinical features of, 998
MEN and, 1019–1020
multiple endocrine neoplasia and, 

68
pathology of, 998
PET and, 453
prognosis of, 999
prophylactic organ removal and, 68
risk factors for, 998–999
treatment of

chemotherapy for, 1001
preventive resection for, 

1000–1001
primary surgery for, 999–1000
radiation therapy for, 1001

Medulloblastoma, 215, 498–499
Medulloepithelioma, 498
Megestrol acetate

antiemetic effects of, 1483
end-of-life care and, 1604
nutritional support with, 1496–1497

MEK, 79
Melacine, 260
Melanoma, 16, 1073–1087. See also

Ocular melanoma
ABCD rule and, 1079
chemotherapy for

adjuvant interferon and, 
1083–1084

biochemotherapy and, 1086
combination, 1084–1085
cytokines and, 1085–1086
single-agent, 1084

epidemiology of, 1073
on eyelids, 527
follow-up on, 1087
HRT and, 1076–1077
IL-2 and, 258
immunotherapy and, 254–262
incidence of, 1073
metastasectomy and, 1631–1632
mortality of, 1073
oral contraceptives and, 1076–1077
pathology of, 1073–1076

ALM and, 1074
genetics and, 1075–1076
histologic features of, 1074–1075
LMM and, 1074
NM and, 1074
precursors and, 1073
SSM and, 1074

PET and, 472–473
pregnancy and, 1076
prevention of, 1076
radiation therapy for, 1082–1083
risk factors of, 1076

staging of, 1077–1079
sunlight exposure and, 293
surgical therapy for

biopsy techniques and, 1079
ELND and, 1081–1082
ILP and, 1082
intraoperative lymphatic mapping

and, 1080–1081
mucosal melanoma and, 1082
primary melanoma and, 

1079–1080
regional metastases and,

1081–1082
SLN biopsy and, 1080–1081
stage IV disease and, 1082

vaccine therapy for, 1086–1087
Melanoma antigen E (MAGE), 254–255,

260–262
Melanoma-associated retinopathy

(MAR), 524
Melanosome-related differential

proteins (MART), 254–255,
260–262

Melphalan
CAPT and, 1405, 1408
emetogenicity of, 1474
HSCT and, 94
HSR and, 1356
ovarian cancer and, 910–914
renal dysfunction and, 1729
toxicity of, 18, 22

Membranoproliferative
glomerulonephritis, 223

Membranous nephropathy, 1513
MEN. See Multiple endocrine 

neoplasia
Meningioma, 496
Menopausal symptoms, 1580

breast cancer survivors and,
1842–1845

gynecologic cancer survivors and,
1830

hot flashes and
breast cancer and, 1585–1586
estrogen replacement for, 1586
men and, 1586
nonhormonal therapies for,

1586–1588
HRT and, 1585
late effects and, 1770
psychosocial factors and, 1585
risk factors for, 1585

6-Mercaptopurine, 32, 1474
CAPT and, 1406
toxicity of, 20, 23

Merkel cell tumor, 527
Mesenchymal cells, 1039
Mesna, 1426–1428
Mesothelioma

asbestos and, 237, 238
SV-40 and, 215, 219

Meta analysis, 5, 9–10
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Metabolic emergencies
adrenal failure and, 1318
blood glucose and, 1318–1319
hypercalcemia and, 1315–1317
hyponatremia and, 1317–1318
SIADH and, 1317–1318
TLS and, 1312–1315

Metabolic therapies, 195
Metastasectomy

colorectal cancer and, 1631
lung metastases and, 1626–1628
melanoma and, 1631–1632
osteosarcomas and, 1629–1630
for RCC, 793–794
RCC and, 1630–1631
soft tissue sarcomas and, 1630

Metastases resection
in liver, 63
in lung, 63

Metastasis, 244–248
angiogenic switch, 245
extravasation and, 247
genes discovery and, 247
intravasation and, 246
lymphatic system and, 245
molecular origins of, 244

inhibition of suppressor genes
theory for, 244

preprogrammed genetic script
theory for, 244

random mutation theory for, 
244

organ-directed
blood flow hypothesis of, 246
organ endothelia address system

hypothesis of, 246
seed-and-soil hypothesis of, 246

secondary tumor growth and, 247
targeted therapies for, 247–248
tumor microenvironment and

immunologic status of, 244
vascular status of, 244–245

Metastat, 85
Metastatic potential, 106–107
Methenamine, 1474
Methicillin-resistant staphylococcus

aureus (MRSA), 1390–1391
Methiomine, 451
Methotrexate, 28–29

CAPT and, 1405–1406, 1408
childhood osteosarcoma and,

1130–1131
emetogenicity of, 1474
gestational trophoblastic neoplasia

and, 893–899
hepatic dysfunction and, 1733
high-dose therapy with, 29
HSR and, 1356
intravenous administration of, 29
late effects of, 1770
leucovorin rescue and, 29
MPM and, 636

neurotoxicity of, 1419, 1421, 1773,
1791

pregnancy and, 1741
pulmonary toxicity of, 1776
renal dysfunction and, 1430, 1729
SCCHN and, 532
toxicity of, 19, 23

Methylation, 551
Methyl-CCNU. See Semustine
Methylphenidate

end-of-life care and, 1604
pain management with, 1459

Methylprednisolone, 1573
Metoclopramide

antiemetic effects of, 1477, 1478,
1483

end-of-life care and, 1604
fetal risk of, 1747
nutritional support with, 1496

Metronomic dosing, 16
MF tricyclic, 310
Mianserin, 1573
Microangiopathic hemolytic anemia,

1514
Microarrays

cDNA and, 275
metastasis and, 247
spotted oligomeric DNA and,

275–276
synthesized oligomeric DNA and,

276
for target identification, 73

Microsatellite analysis of urinary
sediment (MAUS), 809

Microsatellite instability (MSI)
colorectal cancer and, 713
lung cancer and, 548

Minilaparotomy, 684
Mirels objective scoring system, 1668
Mirtazapine, 1747
Mismatch repair, 54
Misonidazole, 1621
Mistletoe, 196
Mitogen-activated protein kinase

(MAPK), 211
Mitogens, 210
Mitomycin, 24

hepatic dysfunction and, 1733
HSR and, 1356
lung cancer and, 591
renal dysfunction and, 1430, 1729
toxicity of, 18, 22

CAPT and, 1404, 1408
cardiac, 1414
emetogenicity and, 1474

Mitotic checkpoint complex (MCC),
209

Mitoxantrone, 27
CAPT and, 1404, 1408
cardiac toxicity of, 1414
emetogenicity of, 1474
hepatic dysfunction and, 1733

HSR and, 1356
prostate carcinoma and, 840
toxicity of, 19, 22

MLC. See Multileaf collimator
MLP. See Multiple lymphomatous

polyposis
MM. See Multiple myeloma
MMMSE. See Modified Mini-Mental

State Examination
MMP. See Matrix metalloproteinases
Modified Mini-Mental State

Examination (MMMSE), 1715
Modified radical mastectomy (MRM),

1837–1842
MODS. See Multiple organ dysfunction

syndrome
Mohs’ micrographic surgical technique,

525–526
NMSC and, 1101–1103
penile cancer and, 820

Moisturizer, 1592
Molecular epidemiology, 290. See also

Epidemiology
Molecular revolution, 106
Moll, adenocarcinoma of the gland of,

527
Monoclonal antibodies (MAbs), 74,

1742
Monocytosis, 1514
Morphine

drip of, 1606
end-of-life care and, 1604

Morphologic diagnosis, 269, 281
Motexafin gadolinium, 1621
Motor neuronopathy, 1510
MPA. See Medroxyprogesterone

acetate
MPM. See Malignant pleural

mesothelioma
MRI. See Magnetic resonance imaging
MRM. See Modified radical

mastectomy
MRS. See Magnetic resonance

spectroscopy
MRSA. See Methicillin-resistant

staphylococcus aureus
MS-27-275, 74, 81
MSCC. See Malignant spinal cord

compression
MSI. See Microsatellite instability
MTC. See Medullary thyroid cancer
MTD. See Maximal tolerated dose
m-TOR inhibitors, 79
MUC-1, 255–256
Mucormycosis. See Zycomycosis
Mucosal melanoma, 1082. See also

Melanoma
Mucosal-associated lymphoid tissue,

735
Mucositis. See also Oral mucositis

BMT and, 1538–1539
elderly patients and, 1715
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Multi-dimensional assessment of
cancer in the elderly (MACE)

elderly patients and, 1711
geriatric oncology and, 1708–1710

Multidisciplinary care. See
Interdisciplinary care

Multidrug resistance (MDR),
1159–1160

Multileaf collimator (MLC), 50
Multimodality therapy. See Combined

modality therapy
Multiple colorectal adenomas, 343
Multiple endocrine neoplasia (MEN),

68, 343
clinical features of, 999
DNA sequencing and, 354
gastrointestinal manifestations of,

1020
genetic abnormalities in, 1018–1019
germ-line mutation testing for, 353
hormone production and, 353
MTC and, 1019–1020
other tumors in, 1019
pancreatic islet cell tumors in,

1018–1019
parathyroid disease and, 1020
parathyroid hyperplasia in, 1018
pheochromocytoma and, 1020
pituitary tumors in, 1019
RET mutations and, 354
thyroid cancer and, 998–1001

Multiple Informants Analysis, 1711
Multiple lymphomatous polyposis

(MLP), 735
Multiple myeloma (MM), 1276–1285

bone disease and, 1277–1278
bone marrow microenvironment and,

1277
chemotherapy and, 16
clinical presentation of, 1277
diagnosis of

differential, 1278–1279
tests for, 1278

disorders related to, 1284
epidemiology of, 1276
etiology of, 1276
HHV-8 and, 215
HSCT and, 91
infections and, 1364
pathogenesis of, 1276–1277
treatment of

allo-SCT for, 1283
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